
  +1 360 676 3290 · help@spie.org      1Return to Contents

WWW.SPIE.ORG/APRS 

2016 
TECHNICAL
SUMMARIES•

CONNECTING MINDS. 
ADVANCING LIGHT.

Vivanta by TAj-Dwarka
New Delhi, India

Conferences 
4–7 April 2016



SPIE Asia-Pacific Remote Sensing 2016 · www.spie.org/aprs2
 

Return to Contents

Click on the Conference Title 
to be sent to that page

SPIE would like to express its deepest appreciation to the symposium chairs, 
conference chairs, program committees, session chairs, and authors who have so 
generously given their time and advice to make this symposium possible. 

The symposium, like our other conferences and activities, would not be possible 
without the dedicated contribution of our participants and members. This program 
is based on commitments received up to the time of publication and is subject to 
change without notice.

CONTENTS
9876:  Remote Sensing of the  

Atmosphere, Clouds, and 
Precipitation VI . . . . . . . . . . . . . 3

9877:  Land Surface and Cryosphere 
Remote Sensing III . . . . . . . . . 38

9878:  Remote Sensing of the Oceans 
and Inland Waters: Techniques, 
Applications, and  
Challenges  . . . . . . . . . . . . . . . 67

9879:  Lidar Remote Sensing for  
Environmental Monitoring  
XV  . . . . . . . . . . . . . . . . . . . . . . 81

9880:  Multispectral, Hyperspectral, 
and Ultraspectral Remote 
Sensing Technology, Techniques 
and Applications  
VI . . . . . . . . . . . . . . . . . . . . . . . 96

9881:  Earth Observing Missions 
and Sensors: Development, 
Implementation, and 
Characterization IV  . . . . . . . 120

9882:  Remote Sensing and Modeling 
of the Atmosphere, Oceans, and 
Interactions VI  . . . . . . . . . . . 144

DATES
Conferences: 4–7 April 2016

LOCATION
Vivanta by Taj-Dwarka
New Delhi, India

CO-SPONSORING 
ORGANISATIONS

COOPERATING ORGANISATIONS

SYMPOSIUM CHAIRS

SYMPOSIUM CO-CHAIRS

Upendra N. Singh,  
NASA Langley 
Research Ctr.  
(USA)

Vinay Dadhwal,  
Indian Space 
Research  
Organisation 
(ISRO) (India)

Toshio Iguchi, 
National Institute 
of Information and 
Communications 
Technology 
(Japan)

KJ Ramesh, 
Ministry of Earth 
Sciences (MoES) 
(India)

Jiancheng Shi,  
Institute of 
Remote Sensing 
and Digital Earth 
(China)



  +1 360 676 3290 · help@spie.org      3Return to Contents

Conference 9876: Remote Sensing of the  
Atmosphere, Clouds, and Precipitation VI
Monday - Thursday 4 –7 April 2016
Part of Proceedings of SPIE Vol. 9876 Remote Sensing of the Atmosphere, Clouds, and Precipitation VI

9876-1, Session 1

Status of the Global Precipitation 
Measurement (GPM) mission in Japan 
(Invited Paper)
Takuji Kubota, Riko Oki, Misako Kachi, Takeshi Masaki, 
Yuki Kaneko, Japan Aerospace Exploration Agency 
(Japan); Yukari N. Takayabu, The Univ. of Tokyo (Japan); 
Toshio Iguchi, National Institute of Information and 
Communications Technology (Japan); Kenji Nakamura, 
Dokkyo Univ. (Japan)

The Global Precipitation Measurement (GPM) mission is an 
international cooperative project to achieve highly accurate and 
highly frequent global precipitation observations by satellites. 
The GPM mission consists of the GPM Core Observatory jointly 
developed by U.S. and Japan and Constellation Satellites 
that carry microwave radiometers and provided by the GPM 
partner agencies. The GPM Core Observatory was successfully 
launched at 3:37 a.m. on February 28, 2014 (JST). The Dual-
frequency Precipitation Radar (DPR) was developed by the 
Japan Aerospace Exploration Agency (JAXA) and the National 
Institute of Information and Communications Technology 
(NICT), and installed on the GPM Core Observatory. JAXA 
develops the DPR Level 1 algorithm, and the NASA-JAXA 
Joint Algorithm Team develops the DPR Level 2 and DPR-
GMI combined Level2 algorithms. JAXA also develops the 
Global Rainfall Map (GPM-GSMaP) algorithm, which is the 
latest version of the Global Satellite Mapping of Precipitation 
(GSMaP), as national product to generate hourly and 0.1-degree 
horizontal resolution rainfall map. Moreover, ground validation 
activity using a dual Ka-band radar system developed by JAXA 
has been conducted along the slope of Mt. Zao in Yamagata 
Prefecture, Japan since Oct. 2013. The dual Ka-band radar 
system consists of two nearly identical Ka-band FM-CW 
radars, and the precipitation systems between two radars were 
observed in opposite directions. After the early calibration 
and validation of the products and evaluation that all products 
achieved the release criteria, all GPM standard products and 
the GPM-GSMaP product has been released to the public since 
September 2014. 

9876-2, Session 1

Assessment of satellite-based 
precipitation estimation in mountainous 
regions
Tarendra Lakhankar, Nir Krakauer, NOAA-CREST (United 
States)

Precipitation in mountain regions is often highly variable 
and poorly observed, limiting abilities to manage water 
resource challenges. Here, we evaluate remote sensing and 
ground station-based gridded precipitation products over 
Nepal against weather station precipitation observations on 
a monthly timescale. Satellite-based precipitation products 
have been shown to represent precipitation well over Nepal 
at monthly resolution, compared to ground-based stations. 
In this study, satellite precipitation products: Tropical Rainfall 
Measuring Mission (TRMM) 3B-43, (Global Satellite Mapping of 
Precipitation (GSMaP), the Climate Prediction Center Morphing 
technique (CMORPH), Precipitation Estimation from Remotely 
Sensed Information Using Artificial Neural Networks-Cloud 
Classification System (PERSIANN-CCS) assessed along with 
gridded station-based product Asian Precipitation-Highly 
Resolved Observational Data Integration Towards Evaluation 
of Water Resources (APHRODITE). We find that the Tropical 

Rainfall Measuring Mission (TRMM) 3B-43 precipitation 
product exhibits little mean bias and reasonable skill in 
giving precipitation over Nepal. Analysis on daily and sub-
daily timescales, which are relevant for mapping the hazards 
caused by storms as well as drought being carried out. We 
also find that higher-quality ground and satellite precipitation 
observations improve the correspondence between the two on 
the daily timescale, suggesting opportunities for improvement 
in satellite-based monitoring technology. We develop a 
probabilistic precipitation monitoring methodology that uses 
previous observations (climatology) as well as 3B42RT as 
input to generate daily precipitation accumulation probability 
distributions at each 0.25° x 0.25° grid cell in Nepal and 
surrounding areas. 

9876-3, Session 1

Rain rate retrievals from combined 
INSAT-3D infrared and GPM microwave 
observations
Rakesh Gairola, Bushair M. T., C. Mahesh, Atul K. Varma, 
Indian Space Research Organisation (India)

Precipitation is one of the key variables to be observed for 
realizing the Asian monsoon that has many applications in 
meteorology, agriculture, hydrology and climate studies. The 
INSAT Multispectral Rainfall Algorithm (IMSRA) has been 
operationally providing precipitation estimates using Kalpana 
(from 2008 onwards) and later also using INSAT-3D (from 2014 
onwards) measurements over Indian land and oceanic regions 
for dissemination to the users. 
Here an attempt has been made to estimate rainfall over 
the Indian monsoon region by the combined use of the 
geostationary INSAT-3D -derived IMSRA rainfall estimates and 
rain data from GPM Microwave Radiometer (GMI). The objective 
criteria of rain estimation from both the method benefits from 
high spatial and temporal resolutions of the Geostationary 
satellite and infrequent but more accurate microwave based 
rainfall estimates. The method is applied to various case 
studies for the southwest monsoon season of 2015 at both 
instantaneous and daily scale. Results are compared with 
independent global multi satellite rainfall products. The merged 
rainfall estimates show noticeable improvement over the 
IR-based rainfall estimates alone measurements over various 
parts of Indian land and oceanic regions. Overall results reveal 
that the synergistic use of satellite and in situ observations has 
potential for producing operationally more accurate rainfall 
over the Indian monsoon region. 

9876-4, Session 1

Evaluation of Gridded Precipitation 
Products from TRMM 3B43, APHRODITE 
and CRU-TS over Karakoram and Western 
Himalayas
Anant Kumar, Defence Research and Development 
Organization (India); Harendra S. Negi, Proof & 
Experimental Establishment (India); Neha Kanda, Snow 
and Avalanche Study Establishment (India); Ashwagosh 
Ganju, Defence Research and Development Organisation 
(India)

Precipitation plays an important role in maintaining glacier 
health. It also contributes to amount of runoff available for 
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groundwater systems, towards water availability for irrigation, 
power generation and other recreational purposes. Hence 
proper monitoring of precipitation, both rainfall and snowfall 
is much needed. Field based precipitation observations 
cannot be deployed at a fine network over Himalayan regions 
due remoteness and ruggedness of terrain. Since most 
of the rain gauge stations are located at lower altitudes, 
therefore estimating precipitation, both rainfall and snowfall 
is challenging in the regions of Karakoram and Western 
Himalayas. 
This work evaluates three gridded precipitation product 
available at different resolution over these regions. This 
includes satellite rainfall estimates: Tropical Rainfall Measuring 
Mission (TRMM), gridded in situ rain gauge data: Asian 
Precipitation Highly Resolved Observational Data Integration 
towards Evaluation of Water Resources (APHRODITE), and 
Climate Research Unit Time Series (CRU-TS) data. The mean 
annual cycle of precipitation (averaged over the time period 
1998-2007) and yearly precipitation estimate from the 
APHRODITE, TRMM and CRU data sets has been generated 
for Western Himalayas and Karakoram respectively. Our 
study shows that despite having different resolutions, all 
datasets follows similar pattern of precipitation during winter 
and summer months. The distribution of precipitation is 
bimodal over Karakoram as well as over Western Himalayas 
as there is further source of precipitation during winter which 
is linked with mid latitude westerly weather system. Over 
Karakoram, CRU-TS and TRMM shows similar trends for winter 
precipitation reaching maximum of 1.2 mm/day and 0.9 mm/
day respectively during 1998-2007. Precipitation estimate by 
TRMM and APHRODITE over regions of Western Himalayas 
shows coherency. Maximum amount of 150-160 mm has been 
detected during winter (Feb-Mar) in 2007. Maximum summer 
precipitation has been detected by APHRODITE during 1998-
2007 reaching 240 mm in August, 2006.
Further, this has also been observed that both in situ station 
data and satellite estimates have difficulties in detecting 
the snow component of precipitation which may lead to 
underestimation of precipitation particularly in Karakoram 
region. 

9876-5, Session 1

RaInCube: a proposed constellation of 
atmospheric profiling radars in cubesat
Ziad Haddad, Jet Propulsion Lab. (United States)

Numerical climate and weather models depend on 
measurements from space-borne satellites to complete 
model validation and improvements. Precipitation profiling 
capabilities are currently limited to a few instruments 
deployed in Low Earth Orbit (LEO), which cannot provide the 
temporal resolution necessary to observe the evolution of 
short time-scale weather phenomena and improve numerical 
weather prediction models. A constellation of cloud- and 
precipitation-profiling instruments in LEO would provide this 
essential capability, but the cost and time-frame of typical 
satellite platforms and instruments constitute a possibly 
prohibitive challenge. A new radar instrument architecture 
that is compatible with low-cost satellite platforms, such 
as CubeSats and SmallSats, has been designed at JPL. 
Its small size, moderate mass and low power requirement 
enable constellation missions, which will vastly expand 
our ability to observe weather systems and their dynamics 
and thermodynamics at sub-diurnal time scales down to 
the temporal resolutions required to observe developing 
convection. In turn, this expanded observational ability 
can revolutionize weather now-casting and medium-range 
forecasting, and enable crucial model improvements to improve 
climate predictions.

9876-65, Session PTM1

Aerosols scattering effects on retrieving 
atmospheric CO2 from simulated TanSat 
near-infrared hypersperspectral sensor 
measurements
Qian Wang, Zhong Dong Yang, Yanmeng Bi, China 
Meteorological Administration (China)

 In 2011,a National High Technology research and Development 
Program, Chinese Carbon Dioxid Observation Satellite 
mission(TanSat) was sponsored by the Ministry of Science 
and Technology of China. The TanSat main payload is a Near-
Infrared Hyperspectral Sensor. In the paper, we do the aerosols 
scattering and albedo effects analysis on retrieving atmosheric 
CO2 using simulated sensor measurements data.
Light path modification due to aerosols scattering is closely 
related to their type, mode and vertical distribution. 
Aerosols, urban aerosols and maritime aerosols in particular, 
have significant influence on the measured radiance. The 
negative changes of radiance indicates that aerosols will 
enhance CO2 absorption and lead to an overestimate of the 
column CO2 amount. For aerosols in accumulation mode, the 
continental aerosols with multilayer aerosol vertical distribution 
and maritime aerosol will lead to negative radiance changes 
in low AOD, and positive for larger AOD. However, aerosols 
in coarse mode can cause the negative changes of radiance 
under various vertical distribution conditions, which reveals 
an overestimate of CO2 . In addition, the trend of negative 
radiance changes decreases along with the aerosol height 
distribution increasing. 
Such a scattering influence will lead to systematic errors in the 
retrieval of column CO2 amounts if the aerosols scattering is 
unknown. Hence, it is crucial for accurate CO2 retrievals to take 
into account atmospheric scattering properties.

9876-66, Session PTM1

Lidar investigations on the structure and 
microphysical properties of cirrus at a 
tropical station Gadanki (13.50 N and 
79.20 E), India
Glory Selvan Jayeshlal, Univ. of Kerala (India); 
Satyanarayana V. Malladi, Univ. of Kerala (India) and 
Geethanjali College of Engineering and Technology 
(India); Motty G. S., Reji K. Dhaman, Univ. of Kerala 
(India); Vasudevannair Krishnakumar, St. Gregorios 
College (India); Vellara Pappukutty Mahadevan Pillai, 
Univ. of Kerala (India)

Cirrus clouds are mainly composed of ice crystals and are 
known to be the major natural contributors to radiative forcing 
in the Earth’s atmosphere system. Describing the formation 
and microphysical properties of cirrus clouds and their role in 
climate models remain a challenging study. Lidar is a unique 
instrument, which provides the information on the optical 
and microphysical properties of cirrus clouds with good 
spatial and temporal resolutions. In this study we present the 
microphysical properties of cirrus clouds and their temporal 
variability, obtained using the ground based dual polarisation 
lidar at the tropical station Gadanki (13.50 N and 79.20 E), 
India, during the period January2009 to March 2011. Using the 
method developed in house for deriving range dependent lidar 
ratio (LR), the lidar measurements are used for deriving the 
extinction coefficient and to obtain the nature of the scatterers 
present in the cloud. It is noted that lidar ratio plays an 
important role and its measurements indicate directly the type 
of the ice nucleating aerosol particles present in the cloud. The 
long term data obtained on the structure of the cirrus in this 
regard are useful in the climate modelling studies. 
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9876-69, Session PTM1

Short-range prediction and monitoring of 
downbursts over Indian region
C. J. Johny, V. S. Prasad, Sanjeev Kumar Singh, National 
Ctr. for Medium Range Weather Forecasting (India); 
Swati Basu, Ministry of Earth Sciences (India)

Convective downdraft motions and related outflow wind 
considered as an eventual source of potential damage which 
can be more severe in the aviation sector. A great variety 
of atmospheric environments can produce these downdraft 
motions. These events are not easily detectable using 
conventional weather radar or wind shear alert systems, while 
Doppler radars are useful for identifying these Downbursts. In 
order to identify the situations that can cause these downdraft 
events different diagnostic tools are designed. Recently 
launched Indian satellite INSAT-3D, with atmospheric sounder 
and imager on board, is capable of identifying regions of 
downburst occurrence and can help in monitoring them in 
real time. Some Downburst events reported over different 
parts of India, during January-April period is investigated 
using Microburst Wind Speed Potential Index (MWPI) and 
thermodynamic characteristics derived from the NCMRWF 
GFS (NGFS) model. An attempt is made to make a short range 
prediction of of these events using MWPI computed from 
NGFS model forecasts. The results are validated with ins-situ 
observations and also by employing INSAT-3D data and it 
is shown that the method has a reasonable success. All the 
investigated downdraft events are associated with the hybrid 
Microburst environment. 

9876-70, Session PTM1

Radiative transfer (RT) simulations for 
cloud microphysical retrieval using 
INSAT-3D channels
Jinya John, Bipasha P. Shukla, Chandra Mohan Kishtawal, 
Space Applications Ctr. (India)

Clouds strongly modulate the Earths energy balance and 
its atmosphere through their interaction with the solar and 
terrestrial radiation. They interact with radiation in various ways 
like scattering, emission and absorption. By observing these 
changes in radiation at different wavelength, cloud properties 
can be estimated. Cloud properties are of utmost importance in 
studying different weather and climate phenomena. The cloud 
microphysical parameters which are of interest are optical 
depth, effective radius, thermodynamic phase along with 
cloud properties like cloud top pressure, height etc. INSAT-3D 
imager observations in 6 spectral channels from geo-stationary 
platform offer opportunity to derive and monitor cloud 
microphysical properties over the Indian region. In this study, 
the feasibility of using INSAT?3D channels for retrieval of cloud 
microphysical properties has been investigated. The INSAT-3D 
imager channels include visible, SWIR (shortwave infrared), 
MIR (middle wave infrared) and TIR (thermal infrared). A 
review of globally available radiative transfer models (RTM) 
were carried out for this purpose. The choice of an appropriate 
RTM, which is a balance between accuracy and computational 
load is the first step towards retrieval of the cloud properties 
using INSAT-3D. Out of 15 radiative transfer models which 
have been reviewed, SBDART RT model was found suitable 
for this study. Using this model, the radiances in different 
spectral channels have been simulated. The dependence of 
radiance on microphysical parameters in each spectral channel 
has been analyzed. It has been demonstrated that the cloud 
microphysical parameters especially the effective radius, phase 
and optical depth provide distinct signatures in multispectral 
channels of INSAT-3D imager. As expected, the visible channel 
is found to be most sensitive towards the optical thickness 
of a cloud while the SWIR wavelength range is dependent on 
the particle size and provides useful information about the 
thermodynamic phase. The results show that it is possible to 

estimate cloud optical depth, particle size, thermodynamic 
phase and cloud top height using Visible, SWIR, TIR channels 
of the imager.

9876-71, Session PTM1

High-sensitivity remote detection of 
atmospheric pollutants and greenhouse 
gases at low ppm levels using near-
infrared tunable diode lasers
Anirban Roy, Abhishek Upadhyay, Arup Lal Chakraborty, 
Indian Institute of Technology Gandhinagar (India)

The concentration of atmospheric pollutants and greenhouse 
gases needs to be precisely monitored for sustainable industrial 
development and to predict climate shifts caused by global 
warming. Such measurements are made on a continuous basis 
in ecologically sensitive and urban areas in the advanced 
countries. Tunable diode laser spectroscopy (TDLS) is the 
most versatile non-destructive technology currently available 
for remote measurements of multiple gases with very high 
selectivity and under hazardous conditions with achievable 
sensitivities of the order of ppm (parts per million) and ppb 
(parts per billion). We demonstrate absolute measurements 
of acetylene, methane and carbon dioxide using a field-
deployable fully automated TDLS system that uses calibration-
free 2f wavelength modulation spectroscopy (2f WMS) 
techniques with sensitivities of low ppm levels. A 40 mW 
distributed feedback (DFB) tunable diode laser emitting at 
1531.52 nm and a 1 mW vertical cavity surface emitting laser 
(VCSEL) emitting at 2004 nm were used in the experiments 
to probe the P9 transition of acetylene and R16 transition of 
carbon dioxide respectively. Data acquisition and on-board 
analysis comprises a Raspberry Pi-based embedded system 
that is controllable over a wireless connection. The system is 
portable and can be mounted on land-based or aerial vehicles 
to monitor extensive regions. Gas concentration and pressure 
are simultaneously extracted by fitting the experimental signals 
to 2f WMS signals simulated using spectroscopic parameters 
obtained from the HITRAN database. The lowest detected 
concentration is 15 ppm for acetylene and 290 ppm for carbon 
dioxide using a 28 cm long single-pass gas cell. 

9876-72, Session PTM1

Lidar studies on climate sensitivity 
characteristics of tropical cirrus clouds
Motty G. S., Univ. of Kerala (India); Satyanarayana V. 
Malladi, Univ. of Kerala (India) and Geethanjali College 
of Enginnering and Technology (India); Glory Selvan 
Jayeshlal, Vellara Pappukutty Mahadevan Pillai, Univ. of 
Kerala (India)

The cirrus clouds play an important role in the Earth’s 
radiation budget due to their high frequency of occurrence, 
non-spherical ice crystal formations, and variability in the 
scattering/absorption characteristics. Mostly, the tropical cirrus 
clouds are considered as greenhouse modulators. Thus the 
parameterization of tropical cirrus clouds in terms of the micro- 
physical properties and the corresponding radiative effects 
are highly important for the climate studies. For characterizing 
the radiative properties of cirrus clouds, which depend on the 
size, shape and number of the ice crystals, the knowledge of 
extinction coefficient (?) and optical depth (?) are necessary. 
The ? provides information needed for understanding the 
influence of the scatterers on the radiative budget whereas 
the ? gives an indication on the composition and thickness of 
the cloud. Extensive research on the tropical cirrus clouds has 
been carried out by using a ground based and satellite based 
lidar systems. In this work, the characteristics of tropical cirrus 
cloud derived by using the data from the ground based lidar 
system over the tropical site Gadanki [13.50 N, 79.20 E], India 
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during 2010 are presented. Some of the results are compared 
with those obtained by us from satellite based CALIOP lidar 
observations of the CALIPSO mission. It is observed that 
there is a strong dependence of the some of the physical 
properties such as occurrence height, cloud temperature and 
the geometrical thickness on the microphysical parameters 
in terms of extinction coefficient and optical depth. The 
anti-correlation of both the ? and ? with temperature is also 
observed.

9876-73, Session PTM1

Lidar measurements of aerosol at 
Varanasi (25.28 N, 82.96 E), India during 
CAIPEEX scientific campaign
Vishnu R., National Atmospheric Research Lab. (India) 
and Vellore Institute of Technology (India); Bhavani 
Kumar Yellapragada, National Atmospheric Research 
Lab. (India); Y. Jaya Rao, Indian Institute of Tropical 
Meteorology (India); Thara Prabhakaran, Indian Institute 
of Tropical Meteorology (India); Achuthan Jayaraman, 
National Atmospheric Research Lab. (India)

A compact dual polarization lidar (DPL) was designed and 
developed at National Atmospheric Research Laboratory 
(NARL) for daytime measurements of the boundary layer 
aerosol distribution and depolarization properties with very 
high vertical and temporal resolution. The lidar employs a 
compact flashlamp pumped Q-switched Nd:YAG laser and 
operates at 532 nm wavelength. The lidar system uses a 
stable biaxial configuration between transmitter and receiver 
units. The receiver utilizes a 150 mm Schmidt Cassegrain 
telescope for collecting laser returns from the atmosphere. The 
collected backscattered light is separated into co and cross-
polarization signals using a polarization beam splitter cube. A 
set of mini-PMTs have been used for detection of light from 
atmosphere during daylight period. A two channel transient 
recorder system with built-in ADC has been employed for 
recording the detected light. The entire lidar system is housed 
in a compact cabinet which can be easily transported for field 
measurements. 
During 2014, the lidar system was installed at the Banaras 
Hindu University (BHU) campus, Varanasi (25.28?N, 82.96?E, 
82 m AMSL) and operated for a period of three months in 
to support the cloud aerosol interaction and precipitation 
enhancement experiment (CAIPEEX) conducted by Indian 
Institute of tropical meteorology (IITM). During this campaign 
period, the lidar measurements were carried out in the vertical 
direction with spatial resolution of 7.5 m and time sampling 
of 30s. The lidar measurements revealed the occurrence of 
boundary layer growth during convective periods and also 
detected the long-range transport dust layers with significant 
depolarization. In the present paper, we present the lidar 
measurements obtained during the campaign period and 
discuss the observation of transport of dust layer over the 
experimental site with support of back trajectory analysis and 
satellite data. The Lidar observations were compared with the 
available satellite observations also presented here.

9876-74, Session PTM1

Recent changes in dust and its impact on 
aerosol trends over the Indo-Gangetic 
Plain
Satyendra Kumar Pandey, Honey Bakshi, V. Vinoj, Indian 
Institute of Technology Bhubaneswar (India)

A synergistic use of satellite (MODIS, MISR) and ground based 
remote sensing (AERONET) data has been made for the 
analysis of the recent changes in the aerosol characteristics 
over the Indo Gangetic Plain. Despite the overall statistically 

significant increase in the trend of annual mean aerosol 
optical depth (AOD) over last decade, a prominent seasonal 
variation is observed. Summer and monsoon seasons have 
a slight decreasing trend, while post monsoon and winter 
have significant increasing trend. The optically equivalent 
composition inferred based on long term measurements of 
aerosol size and absorption characteristics reveals that summer 
and monsoon season are mostly dust dominated. Whereas, 
post monsoon and winter seasons are dominated by black 
carbon (BC) and/or other absorbing aerosols. We find that the 
observed decreasing trend in AOD is mainly associated
with changes in dust loading in the atmosphere. Similarly, 
changes associated with absorbing carbonaceous aerosol 
species dominate during the periods showing an increasing 
trend. The decreasing dust loading over Indian region along 
with increase in absorbing black carbon aerosols during 
the pre-monsoon and the monsoon period have significant 
implication for Indian summer monsoon rainfall.

9876-75, Session PTM1

Monitoring long-range transport of dust 
in China using INSAT-3D/IMG data
Lu She, Institute of Remote Sensing and Digital Earth 
(China); Yong Xue, Institute of Remote Sensing and 
Digital Earth (China) and London Metropolitan Univ. 
(United Kingdom); Aojie Di, Institute of Remote Sensing 
and Digital Earth (China); Xihua Yang, New South 
Wales Office of Environment and Heritage (Australia); 
John Leys, NSW Office of Environment and Heritage 
(Australia)

s one of the major mineral dust source regions, the deserts in 
western/northern China emitted important quantity of mineral 
dust propagates eastwards and southeastwards, especially 
in the spring time. Geostationary satellites have advantages 
of monitoring the dust storm’s intensity and of tracking its 
movement with a large spatial coverage. The spatio-temporal 
evolution and dynamic transport behavior of the intense dust 
storm in northern China during April 20-27, 2014 were analyzed 
in this study using Indian Satellite System (INSAT-3D/IMG) 
data. Land Aerosol property and Bidirectional reflectance 
Inversion by Time Series technique (LABITS) algorithm (Li 
et al., 2013) was used to estimate hourly Aerosol Optical 
Depth (AOD) using the single visible channel of INSAT-3D/
IMG. Cloud-Aerosol Lidar and Infrared Pathfinder Satellite 
Observation (CALIPSO) data were used as an additional 
data source to monitor the dust vertical distribution. Terra/
Aqua MODIS aerosol fine-mode fraction (FM) index and 
the Ozone Monitoring Instrument (OMI) Aerosol Index (AI) 
were also examined to provide independent information of 
dust presence and plume location. INSAT-3D derived AOD 
were compared with MODIS-derived AOD for the similar 
observation period, which shows good agreement. The results 
of INSAT-3D observations also have a good consistency 
with ground-based air quality measurements and AERONET 
measurements. Simulation results by the HYSPLIT model were 
similar to the distribution of retrieved aerosols, the analysis of 
air mass back-trajectory indicates the dust particles originated 
from the Taklimakan Desert, passed through desert areas 
in northwestern Gansu, western and central region of Inner 
Mongolia, Ningxia, northern Hebei, Beijing, Tianjing and the 
western part of the northeast China.

9876-76, Session PTM1

Evaluation of cloud height simulated 
from high-resolution regional model with 
ceilometer and satellite observations 
over Ahmedabad, India
Prashant Kumar, Space Applications Ctr. (India); Som 
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Kumar Sharma, Rajesh Vaishnav, Shyan Lal, Physical 
Research Lab. (India)

Clouds play an important role in the earth-climate system and 
influence the energy budget balance, incoming short-wave 
solar radiation and outgoing long-wave thermal radiation. 
Clouds are highly variable in temporal and spatial scale 
and changing cloud field structures feedback on the time 
dependent atmospheric processes.
In this study, the Weather Research and Forecasting (WRF) 
model is customized at high spatial and vertical resolution 
to simulate heavy rainfall events over western India. The aim 
of this study is to assess the skill of regional model at high 
spatial resolution to predict the cloud properties in such 
kind of extreme events. For this purpose, cloud base height 
measured from ground based ceilometer CL31 instrument 
and satellite retrieved cloud top information are used for 
verification purposes. Moreover, temporal variation of in situ 
rainfall and ceilometer measured different layers of clouds are 
studied which demonstrate that multi-layer clouds are settled 
in lower troposphere during rainfall period. It is interesting to 
notice here that the WRF model is able to capture the cloudy 
conditions over this region. 

9876-77, Session PTM1

Statistical characteristics of aerosol 
extinction coefficient profile in East Asia 
from CALIPSO
Yongbo Zhou, Xuejin Sun, Haoran Li, Riwei Zhang, The 
PLA Univ. of Science and Technology (China)

Aerosol extinction coefficient profile (ECP) is an important 
parameter in many fields. However, knowledge of ECP in some 
areas has not been clearly recognized. In this study, statistical 
characteristics of ECP in different aerosol optical depth bins 
are explored in three Asian regions: the Mongolian Plateau, the 
North China Plain and the Yellow Sea. CALIPSO aerosol product 
in 2012 is processed by conventional statistical methods. Curve 
fitting of the orbit averaged ECP sample indicates that orbit 
averaged ECP samples are mainly exponential and Gaussian 
patterns with their combined frequency of occurrence larger 
than 50 percent, and the value is especially high in the Yellow 
Sea with its minimum value reaching to over 80 percent. To 
be specific, Gaussian pattern is the main ECP distribution for 
the Mongolian Plateau in winter, while exponential pattern 
predominates for the Yellow Sea in spring and autumn. In other 
cases, neither of the two typical patterns shows superiority 
over the other as for the frequency of occurrence. Analyses 
of aerosol scale height and vertical distribution aerosol types 
indicate that the uplifting and deposition of dust during 
transportation are potential explanations to the occurrence 
of Gaussian ECP pattern. Finally provided are the parameters 
determining those fitting curves. The results have certain 
representativeness, and contribute to reducing uncertainties of 
aerosol model in relevant researches.

9876-78, Session PTM1

Pre-monsoon aerosol loading over the 
Indo-Gangetic plains and the Himalayas: 
association with convection and regional 
sources
Sobhan Kumar Kompalli, Kandula V. Subrahmanyam, S. 
Suresh Babu, Vikram Sarabhai Space Ctr. (India)

Several studies have highlighted that during the pre-monsoon 
season (March through early June) enhanced aerosol loading 
(mostly absorbing aerosols, including dust) is observed over 
the Indo-Gangetic Plains (IGP), as well as over the elevated 
slopes of the Himalayas,due to the pollution out-flow from 
upwind regions aided by strong westerlies, upslope transport 

and enhanced convective transport to upper levels. Such 
aerosol build up is postulated to contribute to anomalous mid 
and upper tropospheric warming and anomalies in the Asian 
summer monsoon through ‘elevated heat pump’ effect.In this 
study we have used satellite and ground based observations 
to examine the inter-annual variability in the aerosol loading 
over IGP and the Himalayan region and its association with 
convection and regional biomass burning.The analysis include 
6 years (2009-2014) of aerosol optical depth data from the 
Moderate Resolution Imaging Spectroradiometer (MODIS) 
for aerosol loading and space-based GPS-radio occultation 
measurements to examine the strength of convection. 
Additionally 6 years of near surface aerosol black carbon (BC)
measurements from a high altitude station, Hanle (32.78°N, 
78.96°E, 4520 meters amsl) in western trans-Himalayas 
were also used, along with MODIS fire counts to identify the 
association between BC loading and fire counts.It is found that 
aerosol loading is higher whenever convection is stronger in the 
IGP region. The temperature anomaly in the upper tropospheric 
levels did not reveal any consistent association with the extent 
of aerosol enhancement. The surface BC enhancement is 
positively associated with fire events in the west/northwest IGP 
regions.

9876-79, Session PTM1

Long-term trend in tropospheric carbon 
monoxide over the globe
Imran Girach, Indian Space Research Organisation 
(India); Prabha R. Nair, Vikram Sarabhai Space Ctr. 
(India)

Tropospheric Carbon monoxide (CO) is an air pollutant 
and indirect greenhouse gas which plays a major role in 
atmospheric chemistry involving hydroxyl (OH) radical. We 
utilised the remote-sensing retrievals of lower-tropospheric 
CO (at 900 hPa) from Measurements of Pollution in the 
Troposphere (MOPITT) aboard Terra-satellite for the 
period of ~15 years. Using simple linear regression model, 
we estimated the decreasing trend of ~1-2 %year-1 in the 
lower-tropospheric CO over the globe. Utilising the in-situ 
measurements of surface-CO over 83 locations carried out by 
the NOAA (National Oceanic and Atmospheric Administration) 
network, we confirmed the observed negative trend. To 
estimate the trend in tropospheric columnar CO, we utilised 
the four different set of retrievals of from different satellites, 
MOPITT, AIRS (Atmospheric InfraRed Sounder), IASI (Infrared 
Atmospheric Sounding Interferometer), TES (Tropospheric 
Emission Spectrometer). All four data sets show the decreasing 
trend of ~1 %year-1 in columnar CO when averaged over 
northern and southern hemisphere. However, the heterogeneity 
in the trend is observed on regional basis among the different 
retrievals. The retrievals of upper tropospheric CO (at 200 hPa) 
from MOPITT show an increasing trend of 1-4 %year-1 over 
the globe. However, the retrievals of upper-tropospheric CO 
from MLS (Microwave Limb Sounder) show decreasing trend. 
Further investigations are needed to confirm the trend in the 
upper-tropospheric CO over the globe. The decreasing trend 
in lower-tropospheric CO and columnar CO could be due to 
moistening of troposphere and/or increase in tropospheric 
ozone, causing increase in OH radical (strengthening the 
depletion of lower tropospheric CO).

9876-81, Session PTM1

Retrieval and comparison of cloud macro 
and microphysical parameters from 
ground-based radiometers and satellite
Harikishan Gandham, Padmakumari Burrala, Indian 
Institute of Tropical Meteorology (India)

The important radiative properties of clouds such as cloud 
optical depth (COD), liquid water path (LWP) and droplet 
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effective radii (Re) are retrieved from the simultaneous 
measurements of ground-based radiometers such as Multi-
Filter Rotating Shadowband Radiometer (MFRSR) and 
Microwave Radiometric Profiler (MWRP), co-located at a 
ground site in a rain shadow region in southern peninsular 
India. COD is retrieved from the surface measurements of 
narrow band spectral irradiance obtained from MFRSR, by 
using an iterative algorithm developed by Min and Harrison, in 
which a radiative transfer model based on DIScrete Ordinate 
Radiative Transfer (DISORT) is incorporated. COD and LWP 
obtained from two independent instruments of MFRSR and 
MWRP, respectively showed reasonably good correlation. 
Inter comparison of ground-based and Moderate Resolution 
Imaging Spectroradiometer (MODIS)-Terra and Aqua derived 
COD, LWP and Re over the observational site for warm clouds 
indicate that on an average, MODIS retrieved mean COD and 
LWP are under estimated, while mean Re is over estimated as 
compared to ground retrievals. More bias is observed between 
MWRP measured and MODIS retrieved LWP compared to 
ground retrieved and MODIS retrieved COD and Re. The 
observed biases are found to be more over the tropical region 
as compared to mid-latitudes. Further, the bias differences 
between polluted and pristine clouds will be addressed and 
discussed. Validation of MODIS cloud products with ground-
based measurements is very much essential over the tropical 
region. 

9876-82, Session PTM1

Megha-tropiques SAPHIR data analysis 
for deep convective cloud studies
Nizy Mathew, Ramachandran Pillai Renju, Chellappan 
Pillai Suresh Raju, Indian Space Research Organisation 
(India)

SAPHIR is a microwave humidity sounder aboard Megha-
Tropiques (MT) satellite. It has six channels very close to the 
water vapor absorption peak at 183.31 GHz. The channel at 
183.31 ±0.2 GHz enables retrieval of humidity/cloud information 
up to the highest altitude possible with the present nadir 
looking microwave humidity sounders. MT satellite has an 
equatorially inclined orbit, which ensures frequent spatial and 
temporal coverage of the global tropical belt. Methodologies 
have been deduced to use SAPHIR brightness temperature 
(TB) data effectively to quantify the occurrence frequency of 
deep convective clouds having varying vertical extent.
 Making use of SAPHIR TB level1 data a method has been 
developed to delineate tropical deep convective (DC) clouds 
with their different vertical extents. The methodology has 
been qualitatively validated by comparing SAPHIR derived 
cloud information with the concurrent and collocated CloudSat 
measurements of radar reflectivity at different altitudes of a 
DC cloud system and has been used to study DC clouds with 
different vertical extents and examined the seasonality in the 
tropical belt. The methodology is unbiased to any specific 
local time with high spatial and temporal resolutions. Deep 
convective clouds play an important role in transporting 
humidity into the upper troposphere. 

9876-83, Session PTM1

A merged aerosol dataset based on 
Level-2 MODIS and MISR aerosol optical 
depth products
Manoj Singh, Ritesh Gautam, Parvatham Venkatachalam, 
Indian Institute of Technology Bombay (India)

Aerosol Optical Depth (AOD) products available from 
MODIS and MISR observations are widely used for aerosol 
characterization, and global/environmental change studies. 
These products are based on different retrieval-algorithms, 
resolutions, sampling, and cloud-screening schemes, which 
have led to global/regional biases. Thus a merged product is 

desirable which bridges this gap by utilizing strengths from 
each of the sensors. In view of this, we have developed a 
Level-2 “merged” AOD product based on MODIS and MISR 
AOD datasets, using Bayesian principles which takes error 
distributions from ground-based AOD measurements (from 
AERONET). Our methodology and resulting dataset are 
especially relevant in the scenario of combining multi-sensor 
retrievals for satellite-based climate data records; particularly 
for long-term studies involving AOD. Specifically for MISR AOD 
product, we also developed a methodology to produce a gap-
filled dataset, using geostatistical methods (e.g. Kriging), taking 
advantage of available MODIS data. Merged and spatially-
complete AOD datasets are inter-compared with other satellite 
products and with AERONET data at three stations- Kanpur, 
Jaipur and Gandhi College, in the Indo-Gangetic Plains. The 
RMSE of merged AOD (0.08-0.09) is lower than MISR (0.11-
0.20) and MODIS (0.15-0.27). It is found that merged AOD has 
higher correlation with AERONET data (R within 0.92-0.95), 
compared to MISR (0.74-0.86) and MODIS (0.69-0.84) data. In 
terms of Expected Error, the accuracy of valid merged AOD is 
found to be superior as percent of merged AOD within error 
envelope are larger (71?92%), compared to MISR (43?61%) and 
MODIS (50?70%).

9876-84, Session PTM1

Establishment of a calibration of test site 
for INSAT-3D satellite using radiometric 
vicarious calibration approach: joint field 
campaigns
Ashok Kumar Sharma, Minstry of Earth Sciences (India); 
Ashim K. Mitra, Ministry of Earth Sciences (India); 
Shailesh Parihar, India Meteorological Dept. (India)

Post-launch calibration and characterization of meteorological 
satellite sensors is a keenly felt need in most applications of 
satellite data for climate research which requires very high 
accuracies and can only be assured if the calibration of the 
instruments on board different satellites is accurately known 
and maintained. The visible sensor on INSAT-3D geostationary 
satellite has no onboard calibration device, it is necessary to 
develop post-launch calibration coefficients (or slopes) which 
take into account the in-orbit degradation of the sensor so that 
the derived products are rendered accurate. A CAL/VAL site 
therefore needs to be established and maintained.
Vicarious calibration methods are one approach that has been 
used successfully for the absolute radiometric calibration. 
One of these vicarious calibration methods is the reflectance-
based approach that is applied here for radiometric calibration 
of sensors onboard for geostationary satellite INSAT-3D. A 
joint campaign for radiometric calibration of optical sensor 
of INSAT-3D in the year 2013 and 2015 started the search of a 
suitable site of atleast 5 km x 5 km area of time invariant and 
uniform reflectance over Thar Desert (desert sand), Jaisalmer 
in the state of Rajasthan and Bhuj, Gujrat respectively. 
Results of ground-based measurements of atmospheric 
conditions and surface reflectance made at these two sites 
are presented including descriptions of test sites. Cal/Val 
joint campaign was carried out to these sites with hyper-
spectral Spectroradiometer covering spectral range of 350nm-
2500nm and Sun photometer / Ozonometer for measuring 
the atmospheric parameters in the region for radiometric 
characterization of site. The spectral signature and top of the 
atmosphere (TOA) radiances were computed using radiative 
transfer model 6S (Second Simulation of the Satellite Signal 
in the Solar Spectrum). The computed 6S TOA radiances then 
compared with the INSAT-3D measured radiances. The scope 
of this paper is to fully describe the characteristics of a test site 
so that those referring to its use or those seeking to use it, can 
assess its suitability for their application.
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9876-85, Session PTM1

Aerosols and contrasting monsoon 
conditions over the Himalayan region
Charu Singh, Indian Institute of Remote Sensing (India); 
Dilip Ganguly, S. K. Dash, Indian Institute of Technology 
Delhi (India)

Impact of aerosols on the Indian summer monsoon (ISM) 
variability is well documented; however there are limited 
studies which have quantified the role of aerosols in modifying 
the amount of rainfall. To address this research problem, we 
make use of the remotely sensed data set of precipitation 
and aerosols from different observations. In the present study 
remotely sensed precipitation data set has been utilised to 
define contrasting monsoon conditions over the Himalayan 
region. As per the classical definition, active and break spells 
are defined over the central part of the Indian land region, 
and during the break spells over the central Indian region, 
the Himalayan region receives substantial amount of rainfall. 
We propose that the substantial aerosol loading and its 
associated dynamical feedback over the Himalayan foothills 
may have considerable impact on the amount of rainfall over 
the mountainous regions of the Indian subcontinent. Results 
presented in this paper are supported by the statistically 
robust significance test and would be useful to develop the 
understanding of the role aerosols in modulating the rainfall 
intensity during the summer monsoon season. 

9876-86, Session PTM1

Comparison of INSAT-3D AOD over 
Indian region with satellite- and ground-
based measurements: a data assimilation 
perspective
Sumit Kumar, Presenjit Das, John P. George, M. N. 
Raghavendra Sreevathsa, National Ctr. for Medium 
Range Weather Forecasting (India)

Aerosols play a major role in the radiation and cloud processes 
in the atmosphere. They absorb and scatter the radiation 
results in the modifications of surface and atmospheric energy 
budget. Semi-direct and indirect effect of aerosols describes 
the cloud-aerosol interactions, which can also influence various 
other atmospheric processes. Spatial and temporal distribution 
of aerosol is highly variable hence continuous measurement 
of aerosols is important for understanding the various aerosol 
related processes. Aerosol measurements from the geo-
stationary platforms can provides frequent observations on the 
aerosol distribution, which can be used in various applications 
including assimilating it into the models. INSAT-3D launched 
in 2013 is an advanced geostationary weather satellite of 
India at 82º East longitude provides Aerosol Optical Depth 
(AOD) observations at 650 nm over both land and ocean. This 
study compares the INSAT-3D AOD with other space based 
and ground based observations over the continental regions. 
AOD measurements from MODIS, MISR, CALIPSO as well as 
from the AERONET are used for comparison with that from 
INSAT-3D. Our study indicates that significant differences 
exist between different aerosol observations which may be 
partly due to temporal sampling. Since the study is aimed to 
assimilate the INSAT-3D AOD in the 4D-Var data assimilation 
system for creating the initial condition for the dust model, it 
is also compared against the dust model forecast over dust 
dominated continental regions over India and surroundings. 
Details of the results will be presented in the conference.

9876-88, Session PTM1

Study of satellite-based cloud properties 
over Jammu and Kashmir region with 
special emphasis on the Leh Cloudburst 
event of 2010
Sudeshna Purakait, Charu Singh, Indian Institute of 
Remote Sensing (India)

The Himalaya plays a major role on the onset of Indian summer 
monsoon. By virtue of its length and height it forces the 
moisture-laden winds blowing from the South-West direction 
from the Indian Ocean onto the Indian landmass during June 
through September to rise and gradually it causes precipitation 
in the foothills and the adjoining plains of India to its south. The 
Himalayan region has its distinctive climate and study of cloud 
properties in this region remains least explored because of its 
complicated orography. Also the frequently occurred extreme 
rainfall events in this region are the most challengeable 
problem now days since the cloud resolving models are unable 
to capture these events as they are influenced by orography 
and combined planetary-synoptic phenomena. Unavailability 
of ground observation also creates problems in studying cloud 
properties here. The present study focuses on the interannual 
variation of the cloud properties (cloud water path, ice water 
path, and rain water path) using Tropical Rainfall Measuring 
Mission (TRMM) v7 data sets for the period 1998-2013 over 
Jammu & Kashmir (J & K) with special emphasis on Leh (34° 
10? N, 77° 40? E) cloudburst event (around 0100 -0200 IST 
06/08/2010). The present study will try to fill the major gap 
in investigating the cloud properties utilizing satellite data 
in this region on long term scale. A probable explanation 
of the cause of frequently occurring extreme rainfall events 
surrounding Leh region (although it lies in dry region) will be 
given. Study of cloud properties during Leh cloudburst will be 
helpful in parameterizing the cloud resolving models in a more 
appropriate way so that it works better in future.

9876-90, Session PTM1

Effects of South Asian dust storm on air 
quality over the capital city of India
Yesobu Yarragunta, Shuchita Srivastava, Indian Institute 
of Remote Sensing (India)

An Intense dust storm occurred over the western part of Middle 
East on March 19, 2012. Its plume substantially spreaded across 
the Arabian Sea, Northern India and severely affected the air 
quality of New Delhi, the capital city of India. A drastic increase 
in Terra/Aqua MODerate resolution Imaging Spectroradiometer 
(MODIS) Aerosol Optical Depth at 550 nm (>1.0) and 
significant decrease in Angstrom Exponent (?) have been 
observed on 20 March which indicate sudden arrival of coarse 
mode aerosols over this city. Very high UV aerosol Index (> 2) 
on this date indicates the presence of UV absorbing aerosols. 
In-situ measurements of PM 2.5 and PM10, obtained from CPCB 
observational site over New Delhi, showed abrupt increase on 
20 March. Concentration of the particulate matters less than 10 
µm (PM10) is found to be ~990 µg/m3 and particulate matters 
less than 2.5 µm (PM2.5) is found to be ~900 µg/m3. These 
values are remarkably higher than National Ambient Air Quality 
Standards (NAAQS) limit i.e. 100 µg/m3 and 60 µg/m3 for 
PM10 and PM2.5 respectively. In addition, Vertical distribution 
of dust has been examined using CALIPSO observation. The 
layer of dust is found to be trapped within lower 3 km in 
altitude. The Potential Source Contribution Function (PSCF) 
modeling has been carried out to identify the specific source 
locations which might be influencing the air quality over  
New Delhi.
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9876-91, Session PTM1

Analysis of hail storm using dual-
polarization radar observations and 
numerical model simulations
Devajyoti Dutta, Ministry of Earth Sciences (India) and 
National Ctr. for Medium Range Weather Forecasting 
(India); V. Chandrasekar, Colorado State Univ. (United 
States); Abhijit Sarkar, National Ctr. for Medium Range 
Weather Forecasting (India) and Ministry of Earth 
Sciences (India)

A hailstorm event over Delhi on 11th April 2015 was captured 
by the C-band dual-polarization radar located at Mausam 
Bhavan, India Meteorological Department, New Delhi. The aim 
of this paper is to analyze the associated convective cloud 
structures using the C band dual-polarization radar and those 
obtained from Weather Research and Forecasting (WRF) 
model simulations. The rapid advance in the use of dual-
polarization radars is driven by the for possible improvements 
in the estimation of precipitation and the identification of the 
prevailing types of hydrometeors. Also, dual-polarization radar 
data provides a novel analysis of physical processes associated 
with hail storm. The combination of radar reflectivity factor 
Z and differential reflectivity ZDR measured by the dual-
polarization radar is efficient for discriminating between pure 
rain and dry hail. The model-simulated radar reflectivities using 
WSM 6 and Milbrandt-Yau 2-moment microphysics schemes 
have been compared with observed dual-polarization radar 
observations and the results are discussed.

9876-92, Session PTM1

Relative humidity anomalies during 
convective rain at a tropical location
Rohit Chakraborty, Shamitaksha Talukdar, Upal Saha, 
Animsh Maitra, Univ. of Calcutta (India)

Radiometric observations of relative humidity profile at 
Kolkata shows a significant fall at around 1 to 2Km height 
during rain event. This fall in the humidity profile has also been 
supported by simultaneous satellite observations (CALIPSO) 
for many events. An extensive investigation shows that the fall 
of relative humidity is strongly related to an abrupt drop in 
temperature lapse rate profiles at the said height. Moreover the 
phenomenon may have strong association with boundary layer 
structure. This fall in atmospheric lapse rate profiles has also 
been observed in some other stations over India. The reason 
for such humidity anomalies in the planetary boundary layer 
humidity profile might be due to the release of latent heat 
at the mentioned height region. It has been realized that the 
association between the abrupt decreases in relative humidity 
aloft with the height of the boundary layer may significantly 
be a signature of the top of the boundary layer height during 
rain. In additional investigation, the relative humidity profile has 
been separately studied for stratiform and convective type of 
rain events. It has been found that, the anomalous behaviour is 
absent in case of stratiform rain events. The reason might be 
that the stratiform rain events do not show any significant fall 
in lapse rate and an increase in latent heat unlike convective 
events. The present feature hence can be considered as a 
determinant of the rain type instead of bright band structures 
from radar reflectivity profiles.

9876-93, Session PTM1

Source apportionment of absorbing 
aerosols in the central Indo-Gangetic 
Plain
Aditya Vaishya, Vikram Sarabhai Space Ctr. (India); 
Prayagraj Singh, Shantanu Rastogi, Deen Dayal 

Upadhyay Gorakhpur Univ. (India); S. Suresh Babu, 
Vikram Sarabhai Space Ctr. (India)

Atmospheric aerosols in the Indo-Gangetic Plain (IGP) depicts 
high spatial and temporal heterogeneity in their radiative 
properties. Despite the fact that significant advancement in 
terms of characterizing aerosols radiative and physiochemical 
properties in the IGP have been made, information regarding 
the organic content towards total absorbing aerosol budget is 
lacking.
In the present study we have analyzed two years of aerosol 
spectral light absorption measurements from the central-IGP, 
Gorakhpur (26.75 oN, 83.38 oE, 85m amsl), in order to study 
their seasonal behavior and to quantify their magnitude in 
terms of absorbing aerosols loading and source speciation. 
Remote sensing data in the form of ‘Cloud corrected Fire 
Count’ from MODIS Terra and ‘Absorption Aerosol Index’ from 
OMI satellites platform have been used to identify absorbing 
aerosol source regions. 
Spectral absorption analysis reveals a four-fold enhancement 
in absorption in the winter (W) and the post-monsoon (PoM) 
seasons at UV wavelengths as compared to 880 nm on account 
of increased biomass aerosol contribution to total absorbing 
aerosol load. Despite having higher fire events and absorption 
aerosol index, both indicating high biomass burning activities, 
in the pre-monsoon (PM) season, aerosols from the biomass 
sources contribute ~ 27% during the W and the PoM seasons 
as against ~17% in the PM season to the total absorbing aerosol 
content. This is due to near stagnant wind conditions and 
shallow height of air masses travelling to the central IGP in the 
W and the PoM seasons. 

9876-148, Session PTM1

Heavy rains over Chennai and 
surrounding areas as captured by 
Doppler weather radar during Northeast 
Monsoon 2015: a case study
Kamaljit Ray, B. A. M. Kannan, India Meteorological Dept. 
(India); Stella Samuel, Sankaranarayanan Bagulayan 
Thampi, Regional Meteorological Ctr. (India)

During the Northeast monsoon season, India receives about 
11% of its annual rainfall. Many districts in South Peninsula 
receive 30-60% of their annual rainfall. Coastal Tamil Nadu 
receives 60% of its annual rainfall and interior districts about 
40-50 %. During the month of November, 2015, the following 
three synoptic scale weather systems affected Tamil Nadu and 
Pondicherry, causing extensive rainfall activity over the region:
(i) Deep Depression over Bay of Bengal (08-10 November 2015)
(ii) Well marked Low pressure area over Southwest Bay of 
Bengal (12-18 November 2015)
(iii) Low (28 November-04 December 2015).
Chennai recorded very heavy rains on 9 and 13 November 
and extremely heavy rains on 16 November. In Cuddalore 
district, some stations like Chidambaram recorded 34 cm 
rains on 10 November. Thiruvallur district recorded very heavy 
rains on 9 and 13 November and extremely heavy rains on 
16 November. Kancheepuram district recorded extremely 
heavy rains on 13 and 16 November. The state received 48 
cm rain (area weighted) against the normal of 33 cm (45 % 
excess) in the month of November. Due to the trough of low 
and subsequently low pressure area formation during 28 
November-04 December 2015, very heavy rainfall occurred 
again over north coastal Tamil Nadu and Pondicherry. 
Extremely heavy rains led to flooding in districts of Chennai, 
Tiruvallur and Kancheepuram. Due to the above three systems, 
during 1 November to 5 December, 2015, rainfall received in 
Chennai district was 1416.8 mm against the normal of 408.4 
mm All time record of 1071.4 mm for November in 1985 for 
Chennai (Meenambakkam) was broken with the new record 
of 1178.3 mm against the normal of 358.9mm. 122 people in 
Tamil Nadu were reported to have died due to the flooding, 

Conference 9876: Remote Sensing of the  
Atmosphere, Clouds, and Precipitation VI



  +1 360 676 3290 · help@spie.org      11Return to Contents

while over 70,000 people were rescued. State government 
reported flood damage of the order of around Rs 8481 Crores. 
The pattern of rainfall that these low pressure systems brought 
was erratic. This paper analyses the synoptic conditions that 
led to these torrential rains and also the heavy rainfall analyses 
using Doppler radar at Chennai during the North east Monsoon 
period, 2015.

9876-95, Session PTM2

A review of the space-based remote 
sensing for NWP
Indira Rani, National Ctr. for Medium Range Weather 
Forecasting (India) and Ministry of Earth Sciences 
(India); John P. George, National Ctr. for Medium Range 
Weather Forecasting (India) and Ministry of Earth 
Sciences (India)

Space based remote sensing provides continuous and 
contiguous information about the state of the Earth-
atmosphere system which is crucial to Numerical Weather 
Prediction (NWP). Since 1960, after the successful launch of 
the first weather satellite TIROS-1, a range of weather satellites 
carrying different sensors to monitor atmospheric parameters 
used in NWP have not only improved the weather forecasting 
but also enhanced our understanding of the physical and 
dynamical processes in the atmosphere. Satellite based 
earth observing system provides data in different spatial and 
temporal resolutions from the geostationary and low-earth 
orbits. This review briefly describes general introduction 
to both active and passive satellite remote sensing, various 
satellite sensors used for NWP applications in the past and in 
the present and observational data requirements for future 
NWP models. The presentation also includes the importance 
of re-calibration of satellite observations of the past, especially 
the data from Indian satellites (INSAT series) which can be used 
in the atmospheric reanalysis in the future. 

9876-96, Session PTM2

Dust forecast over North Africa: 
verification with satellite- and ground-
based observations
Aditi Singh, National Ctr. for Medium Range Weather 
Forecasting (India)

Dust is a major atmospheric aerosol which affects radiation 
balance, visibility and air quality. North Africa is the largest 
source region for the dust aerosol in the world. Present study 
discusses the accuracy dust aerosol optical depth (DOD) 
forecast by NCMRWF Unified Model (NCUM) with prognostic 
dust scheme over different regions of North Africa. Model 
forecasts of DOD at 550nm are verified against satellite and 
ground based observations during summer months, May 
and June 2014. Observation from Aerosol Robotic Network 
(AERONET), Moderate Resolution Imaging Spectroradiometer 
(MODIS) and Cloud-Aerosol Lidar with Orthogonal Polarization 
(CALIOP) of CALIPSO satellite are used for the verification of 
model forecast. It is found that over most of the AERONET 
stations in this region, the trend in DODs is well predicted by 
the model up to three days advance. Model forecast has good 
correlation, with consistently low Bias and Root Mean Square 
Error (RMSE) against AERONET observations, except over one 
location Cinzana (Mali), even in day three forecast. However, 
model forecast shows slightly higher DOD values compared to 
the CALIOP retrieved DOD throughout the study period over 
most of the North African region.

9876-97, Session PTM2

Morphology and 3D chemical 
heterogeneity of individual desert dust 
and urban particles: implications to 
ground- and space-born retrievals
Vikas Goel, S. K. Mishra, Chemendra Sharma, M. V. S. 
N. Prasad, T. D. Senguttuvan, B. Gupta, CSIR-National 
Physical Lab. (India)

In retrieval techniques for ground and space borne 
observations, atmospheric particles are considered as 
chemically homogeneous spheres which do not seem to 
be a realistic approach. To improve the retrieval of aerosol 
properties from such radiometric measurements, it is critical 
to use proper scattering and absorption properties of aerosols 
by accounting their composition and morphology (Mishra 
et al., 2015 and references therein). In general, the existing 
aerosol retrieval techniques do not incorporate the chemical 
heterogeneity and complex morphology of atmospheric 
particles yet into the forward radiative transfer simulations. 
The mineral dust over the desert has been reported to be 
highly non-spherical. The dust from the desert can be more 
chemically complex by interacting with the local pollutants in 
the urban environment. 
In present study, we experimentally collected particles from 
typical desert and urban environments and characterized them 
for their 3D structures and spatial distribution of chemical 
species using Focused Ion Beam with Field Emission-Scanning 
Electron Microscopy equipped with Energy Dispersive X-Ray 
spectroscopy and simulated optical properties corresponding 
to their model shapes using various optical models. Results 
reveal that the atmospheric particles are highly chemically 
heterogeneous and majorly show the core-shell configurations. 
Based on the aforesaid observations, four modal shapes 
[homogeneous sphere and spheroid; spheroids with 2D 
and 3D chemical heterogeneities] have been considered for 
assessing their deviation from that of their volume equivalent 
homogeneous sphere approximation. The results and its 
implications to the retrieval algorithms will be discussed in 
detail during presentation. 

9876-98, Session PTM2

Comparative analysis of TRMM 3B42 V7 
and IMSRA rainfall estimates over the 
Northwest Himalayan region
Arkadeb Banerjee, Indian Space Research Organisation 
(India)

Comparative analysis has been carried out using remotely 
sensed data from Kalpana-1 and TRMM over the North-West 
Himalayan region. Three hourly accumulated gridded rainfall 
data from TRMM satellite (TRMM 3B42 V7 or TRMM Multi-
satellite Precipitation Analysis (TMPA) and IMR product from 
INSAT Multispectral Rainfall Algorithm (IMSRA) is utilized for 
2010-2012 monsoon months (JJAS). The results show that 
the IMSRA technique is close to the TMPA rainfall estimate in 
capturing the spatial pattern of the rainfall. Rainfall retrieval 
from IMSRA is also validated with rain gauge data. It has been 
reported that IMSRA overestimates the rainfall in some of the 
areas with respect to ground based measurements (Soma sen 
roy et.al Oct., 2012). But still rainfall retrieved based on IMSRA 
method shows good result in heavy rainfall estimation. It is also 
further suggested that the IMSRA rain product may also be 
used for short period rainfall estimation. 
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9876-99, Session PTM2

Jet waves and instabilities as observed 
by continuous UHF wind profiler 
measurements during monsoon
Jaya Rao Yeddu, Balaji Baduru, Thara Prabhakaran, Sunil 
M. Sonbawne, Asha Nath, Kundan K. Dani, Madhavan 
N. Rajeevan, Indian Institute of Tropical Meteorology 
(India); Latha G., Suresh V., Hema Kumari P., Astra 
Microwave Products Ltd. (India)

Wind measurements in the lower part of the atmosphere 
are limited and which makes the insignificant knowledge on 
the vertical dynamic features of the atmosphere during the 
monsoon season. A UHF wind profiler, operating at 1280 MHz 
with 1.4 m phased array of micro strip patch antennas, was 
installed at IITM since July 2015. This system employs the 
DBS technique for making wind measurements. Continuous 
observations carried out using this system at Pune during 
the monsoon season of 2015 illustrated several interesting 
dynamical features. Observations illustrated in this study are 
pertaining to the moist conditions and the performance may 
vary during other conditions. 
Observations have been carried out using this UHF profiler 
with a range resolution of 150 m and beam dwell time of 
about 1 minute in the height region 0.75 – 8.0 km. This 
system is able to provide profiles up to about 4-5km and up 
to about 8-10 km during normal and precipitating weather 
conditions respectively. Profiles of raw data are subjected to 
advanced signal processing techniques to handle undesirable 
contamination such as clutter, if any, before estimating the 
spectral moments and then wind components. It is illustrated 
that the monsoon Low level jet has a periodicity of nearly 10 
days with active and break periods. The diurnal cycle of the LLJ 
has also been illustrated with a much greater vertical extent 
than has been reported earlier. 
Direct measurement of vertical velocity is the unique capability 
of wind profiler with zenith pointing measurements. The 
sensitivity of UHF frequency to hydrometeors could be used 
to derive the fall velocity of hydrometeors during precipitating 
weather conditions and is illustrated to be useful for the 
microphysical studies, however, needs proper validation. 

9876-101, Session PTM2

Variability of aerosol optical depth and 
aerosol radiative forcing over Northwest 
Himalayan region
Darga Saheb Shaik, Yogesh Kant, Mitra D., Indian 
Institute of Remote Sensing (India)

In recent years, the aerosol loading in India is increasing that 
has significant impact on the weather/climatic conditions. The 
present study discusses the analysis of temporal (monthly 
& seasonal) variation of aerosol optical depth(AOD) by the 
ground based observations from sun photometer and estimate 
the aerosol radiative forcing and heating rate over selected 
station Dehradun in North western Himalayas, India during 
the Oct-2014 to Sep-2015. The in-situ measurements data 
illustrate that the maximum seasonal average AOD observed 
during summer season AOD at 500nm ≈ 0.59±0.27 with an 
average angstrom exponent, ? ≈0.86 while minimum during 
winter season AOD at 500nm ≈ 0.33±0.10 with angstrom 
exponent, ? ≈1.18. The MODIS & MISR derived AOD was also 
compared with the ground measured values and are good to 
be in good agreement. Analysis of air mass back trajectories 
using HYSPLIT model reveal that the transportation of 
desert dust during summer months. The Optical Properties 
of Aerosols and clouds (OPAC) model was used to compute 
the aerosol optical properties like single scattering albedo 
(SSA), Angstrom coefficient (?) and Asymmetry(g) parameter 
for each day of measurement and they are incorporated in a 

Discrete Ordinate Radiative Transfer model, i.e Santa Barbara 
DISORT Atmospheric Radiative Transfer (SBDART) to estimate 
the direct short-wave (0.25 to 4 ?m) Aerosol Radiative forcing 
at the Surface (SRF), the top-of-atmosphere (TRF) and 
Atmosphere (ARF). The maximum Radiative Forcing (RF) was 
observed during summer months at surface SRF ≈ -56.42 w/
m^2, at top of atmosphere TRF ≈-21.62 w/m^2 whereas in 
atmosphere ARF ≈+34.79 w/m^2 with corresponding to heating 
rate 1.24 C/day with in lower atmosphere. 

9876-102, Session PTM2

Evapo-transpiration -- role of aerosol 
radiative forcing: a study over a dense 
canopy
Vinayak Bhanage, Savitribai Phule Pune Univ. (India); 
Latha R., Murthy B. S., Indian Institute of Tropical 
Meteorology (India)

Current study uses Satellite and Reanalysis data to quantify the 
effect of aerosol on ET at various space and time scales. All the 
data are obtained for the period June 2008 to May 2009 over 
Dibrugarh district, Assam, India where NDVI has limited change 
of 0.4 – 0.8 through the year. Monthly Evapo-Transpiration (ET, 
cumulative), Normalized Difference Vegetation Index (NDVI) 
and Aerosol Optical Depth (AOD) are retrieved from satellite 
images of Terra-MODIS AOD data are evaluated against in-situ 
observations. Maximum values of AOD are observed in the pre-
monsoon season while in the month of October and November 
minimum AOD values are perceived. Aerosol Radiative Forcing 
(ARF) is calculated by using the MERRA data sets of ‘clean-
clear radiation’ and ‘clear-radiation’ at surface over the study 
area. Maximum aerosol radiative forcing is observed during the 
pre-monsoon season; this is in tune with ground observations. 
Strong positive correlation (r=0.75) between ET and NDVI is 
observed and it is found that the dense vegetative surfaces 
exhibit higher rate of evapo-transpiration. A strong positive 
correlation (r= -0.85) between ARF at surface and AOD is 
observed with radiative forcing efficiency of 35 W/m2. A 
statistical regression equation of ET as a function of NDVI 
and AOD i.e. ET = 0.25 + (-84.27) * AOD + (131.51) * NDVI, is 
obtained that shows a correlation of 0.824.

9876-103, Session PTM2

Investigation on the monthly variation 
of cirrus optical properties over the 
Indian subcontinent using cloud-aerosol 
lidar and infrared pathfinder satellite 
observation (Calipso)
Reji K. Dhaman, Univ. of Kerala (India) and Indian 
Naval Academy (India); Satyanarayana V. Malladi, 
Vasudevannair Krishnakumar, Glory Selvan Jayeshlal, 
Vellara Pappukutty Mahadevan Pillai, Univ. of Kerala 
(India)

Cirrus clouds have been identified as one of the atmospheric 
component which influence the radiative processes in the 
atmosphere and plays a key role in the Earth Radiation Budget. 
This paper reports the study on the physical and optical 
properties of cirrus cloud over the Indian sub - continent for 
a period of two years from January 2009 to December 2010, 
using the Cloud-Aerosol Lidar with Orthogonal Polarization 
(CALIOP) measurements. CALIOP also provides profiles of 
linear depolarization at 532 nm. It was found that during the 
south-west monsoon periods there is a large cirrus cloud 
distribution over the southern Indian land masses. Also it is 
observed that the north-east monsoon periods had optical 
thick clouds hugging the coast line. The summer had large 
cloud formation in the Arabian Sea. The dependence of cirrus 
cloud properties on cirrus cloud mid-cloud temperature and 
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geometry thickness are generally similar to the results derived 
from the ground-based lidar. It is observed that most of the 
clouds occurring at the descending limb of the Hadley cell in 
the latitude region 10 to 20 degree N are optically thin. The 
monsoon period is the period where active cirrus formation 
is seen over the Indian Ocean region. The depolarisation 
measurements during the period of north east monsoon show 
that the clouds occurring near the western coast line also 
have a high depolarisation value in the range 0.3 to 0.4. This 
suggests that most of the clouds occurring near the western 
coast have hexagonal thin plate crystal morphology

9876-104, Session PTM2

Radiative characterization of aerosols in 
the central Indo-Gangetic plain
Prayagraj Singh, Deen Dayal Upadhyay Gorakhpur Univ. 
(India); Aditya Vaishya, Vikram Sarabhai Space Ctr. 
(India) and Indian Space Research Organisation (India); 
Shantanu Rastogi, Deen Dayal Upadhyay Gorakhpur 
Univ. (India)

Gorakhpur (26.75 °N, 83.38 °E and 85m amsl), is strategically 
located in the central Indo-Gangetic Plain (IGP), near the foot 
hills of Himalayas and hence is an ideal place for studying 
long-range transport as well as local sources of aerosols and 
its radiative implications. Here we present results from two 
years, October 2013 until September 2015, of measurements of 
spectral aerosol optical depth (AOD) utilizing ground based, 
Multi-Wavelength Radiometer (MWR), and satellite, MODIS 
TERRA, remote sensing platforms.
For the period of study using MWR measurements, mean AOD 
obtained at 500 nm (AOD500) is 0.67±0.43, associated with a 
moderate Angstrom exponent (?) of 1.01±0.51. Highest AOD500 
is found during the pre-monsoon months of May and June 
while lowest AOD500 in the post-monsoon months of October 
and November. The MWR observations have been compared 
with MODIS TERRA derived AOD and a good correlation of 
0.87 is found. 
We used HYSPLIT Lagrangian trajectory model to investigate 
long-range transport of aerosols to the study region. Aerosol 
sources in winter season are from the North-West while that 
during pre-monsoon season lies in the south-westerly arid 
regions. This finding is also reflected in the ? values, which 
are high during winter months suggesting significant urban 
and biomass-burning contribution. The ? values are low and 
the turbidity coefficient (?) is high during summer months 
indicating long-range transport of coarse dust particles carried 
by south westerly winds from the westerly desert regions. 
Radiative implications of the same will be presented.

9876-105, Session PTM2

The impact of hydrometeors on the 
microphysical parameterization in the 
WRF modelling system over southern 
peninsular India
Ragi Rajagopalan, Maithili Sharan, Indian Institute of 
Technology Delhi (India); Ziad Haddad, Jet Propulsion 
Lab. (United States)

This study examines the influence of Purdue-Lin microphysical 
parameterization scheme (Lin et al.,1983) on quantitative 
precipitation for pre-monsoon/monsoon conditions over 
southern peninsular India in the Weather Research and 
Forecasting (WRF) model. An ideal microphysical scheme has 
to describe the formation, growth of cloud droplets and ice 
crystals and fall out as precipitation. Microphysics schemes can 
be broadly categorized into two types: bin and bulk particle 
size distribution (Morrison, 2010). Bulk schemes predict one 
or more bulk quantities and assume some functional form 

for the particle size distribution. For better parameterization, 
proper interpretation of these hydrometeors (Cloud 
Droplets, Raindrops, Ice Crystals and Aggregates, Rimed Ice 
Particles, Graupel, Hail) and non-hydrometeors (Aerosols 
vs. Condensation Nuclei vs. Cloud Condensation Nuclei vs. 
Ice Nuclei) is very important. The Purdue-Lin scheme is a 
commonly used microphysics scheme in WRF model utilizing 
the “bulk” particle size distribution, meaning that a particle 
size distribution is assumed and mass weighted mean terminal 
velocities are used by an inverse exponential with intercept 
(N0) and slope (?) parameters. The parameter N0 is, in fact, 
turns out to be independent of the density. However, in situ 
observations suggests (Haddad et al., 1996, 1997) that the mass 
weighted mean diameter is a function of water content per 
unit volume or density (?), leading to the fact that N0 depends 
on ?. Notice that, there are no realistic dynamics for the detail 
precipitation variables. Here, in order to analyze the correlation 
of droplet size distribution with the convection, we have carried 
out simulations by implementing a consistent methodology to 
calculate N0 in the Purdue-Lin microphysics scheme in WRF 
model. The effect of particles in Indian Summer Monsoon 
has been examined using frequency distribution of rainfall 
at surface as well as vertical velocity (?). The simulations are 
conducted by analyzing the maximum rainfall days in the pre-
monsoon/monsoon seasons using Tropical Rainfall Measuring 
Mission (TRMM) accumulated rainfall data for 24 hours.
References:
Lin, Y., Farley, R., and Orville, H, 1983: Bulk parameterization of 
the snow field in a cloud model, J. Clim. Appl. Meteorol., 22, 
1065–1092.
Haddad, Z.S., S.L. Durden and E. Im, 1996: Parameterizing the 
raindrop size distribution. J. Appl. Meteor., 35, 3-13.
Haddad, Z.S., D.A. Short, S.L. Durden, E. Im, S Hensley, M.B. 
Grable and R.A. Black, 1997: A new parameterization of the rain 
drop size distribution. IEEE Trans. Geosci. Remote Sensing, 35, 
532-539.
Hugh Morrison, 2010: An overview of cloud and precipitation 
microphysics and its parameterization in models, WRF 
Workshop, June 21, 2010.

9876-106, Session PTM2

Estimation of global solar radiation using 
clearness index at Anantapur, India
Pavan Kumari Sankarayogi, Raja Obul Reddy Kalluri, Sri 
Krishnadevaraya Univ. (India); Siva Kumar Reddy Nagi 
Reddy, Sri Krishandevaraya Univ. (India); Balakrishnaiah 
Gugamsetti, Rama Gopal Kotalo, Sri Krishnadevaraya 
Univ. (India)

The global, extraterrestrial and diffuse solar radiations on the 
horizontal surface at Anantapur from January – December 2013 
is analyzed by using pyranometer (Latitude 14.62° N, Longitude 
77.65° E and altitude 331 m asl). In diurnal variation, it shows a 
steady rise in solar radiation received at the surface after 7:30 
H and attains a maximum solar radiation between 12:00 – 13:00 
H. The amount of solar radiation also varies depending on the 
time of day and the season. The annual mean of daily global, 
extraterrestrial and diffuse radiation at Anantapur are found 
to be 202.43 ± 40.45, 408.15 ± 61.63 and 49.33± 11.26 W/m2. 
The high global and diffuse solar radiations were observed 
during March-May (257.67 ± 34.18 W/m2, 65.07 ± 11.20 W/
m2+) whereas low global and diffuse solar radiations during 
monsoon months (137.66 ± 12.41, 33.47 ± 7.44 W/m2). In the 
case of extraterrestrial solar radiation was high in the month of 
December (472.92±0.67 W/m2) and low in the month of June 
(312.87 ±2.58 W/m2). The clearness index was evaluated and 
compared with global solar radiation. The average values of 
clearness index and diffuse index are noticed to be 0.50 and 
0.24 respectively for the entire study period.
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9876-107, Session PTM2

Dust storm events over Delhi: verification 
of dust AOD forecasts with satellite and 
surface observations
Aditi Singh, National Ctr. for Medium Range Weather 
Forecasting (India)

Thar Desert lying in northwest part of India is considered as 
one of the major regions of dust source. Dust storms occur 
frequently in this region during pre-monsoon season, which 
affects large part of Indo-Gangetic plains. High dust loading 
cause deterioration of the ambient air quality and degradation 
in visibility. Present study focuses on the identification and 
verification of dust storm events experienced over Delhi, 
lying in the IG Plains, during the pre-monsoon season of 2015. 
Meteorological conditions are analyzed for identification of 
dust storm. Dust forecasts by NCMRWF Unified Model (NCUM) 
with prognostic dust scheme for the three selected dust 
events are verified against satellite (MODIS) and ground based 
(AERONET) aerosol observations. Comparison of observed 
aerosol optical depth from MODIS with NCUM predicted dust 
aerosol optical depth reveals that NCUM is able to predict 
the spatial and temporal variation of dust during large scale 
aerosol events such as dust storms. Good correlation (~0.67) 
is obtained between the NCUM predicted dust aerosol optical 
depth and location specific observations of aerosol optical 
depth available from AERONET. Details of the study will be 
presented in the conference.

9876-109, Session PTM2

Retrieval and validation of cloud water 
content profile from cloud radar
Sukanya Patra, Madhu Chandra Kalapureddy, Indian 
Institute of Tropical Meteorology (India)

Due to the importance associated with cloud water content 
for determining global radiation budget, climatic implications, 
classifying different type of clouds and cloud processes 
determination of Cloud water (liquid and Ice) content (CWC) is 
an important aspect of study. CWC profile holds the key to map 
the location of microphysical processes and the associated 
changes with the various tropical clouds. Retrieving CWC 
profile is the need of the hour to study microphysics of clouds. 
For this study, a ground based Ka-band Scanning Polarimetric 
radar measured reflectivity which is function of sixth power of 
cloud droplet diameter and the number concentration whereas 
the observed average vertical velocity profile associated with 
vertical looking cloud radar inferring the mean cloud droplet 
size, will be used to estimate CWC profile of cloud system. The 
error/accuracy of retrieved CWC technique will be discussed 
after checking/comparing it with the existing ground/space 
based (Cloudsat/GPM) observations.

9876-110, Session PTM2

The role of Western Ghat in modulating 
the clouds and precipitation 
characteristics
Kaustav Chakravarty, Samir Pokhrel, S. G. Narkhedkar, 
Indian Institute of Tropical Meteorology (India)

The impact of orography for modulating the characteristics 
of clouds and precipitation during the monsoon and post-
monsoon period is illustrated by examining precipitation 
characteristics over Mumbai and Pune, two stations situated 
over the western and eastern part of the Western Ghat 
Mountain respectively. It is found that the convective rain 
dominates over Mumbai while non-convective rain over Pune 
during the monsoon season whereas the situation completely 

reverses during the post-monsoon months when convective 
rain dominates over Pune. The dynamical, thermodynamical 
and microphysical aspects of the atmosphere prevailing over 
the either side of western ghat mountain during the monsoon 
and post-monsoon months have been studied in details to 
support the above findings. The variations of raindrop size 
distribution as obtained from the ground based instruments 
like Disdrometer and the variation in respect to the nature of 
clouds obtained from the satellite data like MODIS and TRMM 
have been used to hold up the above observation. It has 
been found that low level convergence, high-latent heat flux, 
low sensible heat flux, negetive vertical velocity (i.e omega), 
low cloud top temperature and higher Convective Available 
Potential Energy (CAPE) are responsible for the convective 
rain during monsoon season over Mumbai and post-monsoon 
season over Pune. 

9876-111, Session PTM2

Extreme rainfall events of short duration 
over Jammu and Kashmir
Vidhi Bharti, Charu Singh, Indian Institute of Remote 
Sensing (India)

Jammu and Kashmir is the northwestern Himalayan state of 
India characterized by extremely varied topography. Usually 
considered predominantly cold and arid mountainous region 
with severely low rainfall reception during Indian Summer 
Monsoon, it has been experiencing rainfall extremes rather 
frequently in recent times. These events feature heavy rainfall 
intensity which can last from few hours to several days. In the 
present study, we attempt to analyze the short-lived rainfall 
extremes over the orographic region using Tropical Rainfall 
Measuring Mission (TRMM) Multi-Satellite Precipitation Analysis 
(TMPA) gridded product 3B42V7 with 3-hourly temporal 
resolution and 0.25° x 0.25° spatial resolution for past 16 years 
i.e. 1998 to 2013. Our analysis shows a sudden increase in short-
lived rainfall extremes since 2012. The changing climatology 
and increasing natural disasters due to heavy rainfall has 
evoked a new debate on the impact of warming climate and 
anthropological activities in this geographically sensitive 
zone. The present paper explores the characteristics of such 
extremes in conjunction with other topographical and climatic 
factors responsible for heavy rainfall over the region. 

9876-112, Session PTM2

Observed cloud and precipitation 
features during Indian summer monsoon 
from space-borne radars
Mata Mahakur, Govindan Pandithurai, Indian Institute of 
Tropical Meteorology (India)

The cloud profiling radar (CPR) on board CloudSat provides 
range resolved information on cloud types along with its 
water content (liquid/ice) at a greater spatial resolution but 
limited to only the near nadir direction. CloudSat is a part of 
the A-Train formation of the constellation of satellites, so it 
has additional cloud products in combination with MODIS and 
CALIPSO. The CALIOP onboard CALIPSO attenuates fast due 
to presence dense cloud with greater depths but it detects thin 
cirrus in contrast to CPR. Hence, the distributions of various 
types of clouds from both the instruments are compared as a 
first glance. Although, cirrus does not contributes to surface 
precipitation but those are important because of its significant 
contributions towards radiation as they occurs in abundance 
along the global tropics. In this work the percentage of cirrus 
clouds attached with organised convective cloud systems is 
determined using a feature based approach. Similarly using 
similar approach the intensity and volume information of 
precipitation features was obtained by utilising the available 
TRMM precipitation radar data. Some silent features of this 
analysis will be discussed.
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9876-113, Session PTM2

TRMM observations of latent heat 
distribution over the Indian summer 
monsoon region and associated 
dynamics
Subrahmanyam Kandula, Karanam Kishore Kumar, Indian 
Space Research Organisation (India)

The latent heat released/absorbed in the Earth’s atmosphere 
due to phase change of water molecule plays a vital role in 
various atmospheric processes. It is now well established 
that the latent released in the clouds is the secondary source 
of energy for driving the atmosphere, the Sun being the 
primary. In this context, studies on latent heat released in the 
atmosphere become important to understand the some of 
the physical processes taking place in the atmosphere. One 
of the important implications of latent heat release is its role 
in driving the circulations on various temporal and spatial 
scales. Realizing the importance of latent heat released in the 
clouds, a comprehensive study is carried out to understand 
its role in driving the mesoscale circulation. As Indian summer 
monsoon (ISM) serves as natural laboratory for studying 
the clouds and their microphysics, an attempt is made to 
explore the latent heat distribution over this region using 
fourteen years of Tropical Rainfall Measuring Mission (TRMM) 
observations. The observed profiles of latent heating over 
ISM region showed large spatial and temporal variability in 
the magnitude thus reflecting the presence of organization 
of convection on mesoscale. The latent profiles in convective 
and stratiform regions are segregated to study the differences 
in their interaction with large-scale environment. Various re-
analysis dataset were used to examine the role of latent heating 
distribution on the mesoscale circulation. The significance of 
the present study lies in establishing the vertical distribution of 
latent heating and their impact on the background circulation.

9876-114, Session PTM2

A simple method for the detection of 
PM2.5 air pollutions using MODIS data
Yoshinobu Kato, Fukui Univ. of Technology (Japan)

In recent years, PM2.5 air pollution is a social and 
transboundary environmental issue with the rapid economic 
growth in many countries. As PM2.5 is small and includes 
various ingredients (e.g., sulfur oxide, nitrogen oxide, vitriol, 
nitrate salt, soot, etc.), the detection of PM2.5 air pollutions 
by using satellite data is difficult compared with the detection 
of dust and sandstorms (DSS). DSS can be detected by 
using Aerosol Vapor Index (AVI) method. AVI is defined as 
AVI=T12-T11, where T12 and T11 are the brightness temperatures 
at 12?m and 11?m wave lengths, respectively. For MODIS data, 
T12 and T11 correspond to band32 and band31, respectively. In 
this paper, we examine various RGB composite color images 
for detecting PM2.5 air pollutions by using MODIS data. A 
good method for the detection of PM2.5 air pollution is {R, 
G, B = band10, band9, T11}. In this composite color image, 
PM2.5 air pollutions are represented by light purple or pink 
color. This proposed method is applied to the detection of 
PM2.5 air pollutions in the wide area from China and India to 
Japan by using MODIS data, and AVI method is applied to DSS 
detection in the same area. By comparing the AVI image with 
the image by the proposed method, PM2.5 air pollutions can be 
distinguished from DSS. The proposed method is simpler than 
the method by Nagatani et al. (2013), and is useful to grasp the 
distribution of PM2.5 air pollutions in the wide area.

9876-115, Session PTM2

Seasonal variations of raindrop size 
distributions over a coastal station 
Thumba
Lavanya Sasikumar, Space Physics Lab. (India); 
Kirankumar Nadimpally, Space Physics Lab. (India) and 
Indian Space Research Organisation (India)

Variation of raindrop size distribution (DSD) are investigated 
using long-term (2007-2014) measurements made at Thumba 
(8.5 N, 76.9 E) by Joss-Waldvogel disdrometer. The DSD is 
observed to be distinctly different for NE and SW monsoon 
seasons. Results show a significant difference in the diurnal 
pattern of rainfall with large amplitude in the diurnal variation 
of rainfall in the monsoon with an evening (19:00 LT) to 
midnight (04:00 LT) peak and a weak diurnal variation in 
the Pre-monsoon and Post monsoon seasons. Probability 
of occurrence of rain is minimum during 10:00 – 13:00 LT 
for all seasons. The diurnal variation of DSD parameter Dm 
(mass-weighted mean diameter) also shows a distinct pattern 
with smaller values in monsoon compared to pre-, and post 
monsoon seasons. During monsoon season due to the presence 
of large number of small drops reduces the Dm value. While the 
presence of fewer small drops and relatively more big drops in 
the post and pre monsoon increases the values of Dm.

9876-116, Session PTM2

The relationship of clouds-radiation-SST 
during Indian Summer Monsoon
Chandrima Chakrabarty, Indian Institute of Remote 
Sensing (India)

This study examines the relationship of clouds-radiation-
SST during Indian Summer Monsoon (ISM). For the same 
observational (i.e. MODIS, GPCP, OAFlux, Reanalysis data) and 
coupled modeling (CFSv2) studies are performed. Relationship 
of clouds with SST, rainfall and OLR are investigated. Radiations 
have major impact on clouds. Increase in SST leads to increase 
in evaporation which may lead to an increase in convection and 
formation of deeper cloud. 

9876-117, Session PTM2

Atmospheric boundary layer 
characteristics and vertical flux of 
energy and momentum flux over Indian 
Antarctic station, Bharati
Kirankumar Nadimpally, Subrahmanyam Kandula, 
Space Physics Lab. (India) and Indian Space Research 
Organisation (India); Siva Kumar Reddy Nagi Reddy, 
Sri Krishnadevaraya Univ. (India); Shreedevi P. R., 
Space Physics Lab. (India) and Indian Space Research 
Organisation (India)

Three-dimensional winds and virtual temperature observed 
using sonic anemometers (25 Hz) mounted at 3m level above 
the ground level is used to investigate the atmospheric 
boundary layer over the Indian Antarctic station, Bharati during 
the summer period 05-13 February, 2015. In addition to the 
fast response sensors, slow response meteorological data 
obtained from co-located automatic weather station from 
India Meteorology Department (IMD) were also used for the 
present study. Boundary layer dynamics over this region during 
summer is dominated by the large wind speed (~ 12 ms-1) 
around 23-03 LT. The wind speed decreases during the daytime 
and attain minimum around 16 LT. The peak mean values of TKE 
(1.75 m2s-2) and MF (0.44 Nm-2) were observed to be around 
08-09 LT. Preliminary results show that the ABL characteristics 
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over the Polar Regions are distinctly different from tropical 
regions. Unlike in the tropics (dominated by diurnal cycle of 
ABL evolution), temporal variations of ABL characteristics 
caused by the diurnal cycle of surface energetics and due to 
the effect of airmass movement (advection) are comparable. 
Further, the presence of sea ice, open water, snow covered 
regions and orographic features create a highly heterogeneous 
environment over the Antarctic region, which makes the 
Antarctic ABL processes complex.

9876-118, Session PTM2

Distribution and radiative impact 
of tropical clouds: an integrated 
approach based on multi-year satellite 
observations
Ashok K. Gupta, Kunjukrishnapillai Rajeev, Vikram 
Sarabhai Space Ctr. (India)

Seasonal mean three-dimensional distribution of tropical 
clouds, their impact on Earth’s radiation budget and 
association with prevailing atmospheric dynamics are 
investigated based on an integrated analysis of multi-year 
observations (2006-2010) using the CloudSat and CERES. 
Observations using CERES onboard the polar sun-synchronous 
satellite, Terra, are used for estimating the shortwave and 
longwave cloud radiative forcing (SWCRF and LWCRF) 
during the noon and mid-night periods., while the spaceborne 
radar, CloudSat provides the vertical distribution of clouds. 
Descending limbs of the Hadley cell are characterized by the 
least values of LWCRF (typically <15 Wm-2), and are most 
prominently observed over the south Equatorial Pacific, 
the South Atlantic, the South Indian Ocean, and northern 
hemispheric continental areas. The subsidence zones over 
the southern hemispheric oceanic regions are manifested by 
highly reflecting clouds, which cause a SWCRF of -40 to -60 
Wm-2, resulting in a net cooling of >25 Wm-2. Highly reflecting 
marine low-level clouds, characterized by large SWCRF (-80 to 
-160 Wm-2) and substantially smaller LWCRF (<20 Wm-2) are 
observed over vast areas of the southeast Pacific and the south 
Atlantic adjoining the continental regions. Largest cooling 
(NCRF of -140 to -60 Wm-2) over the entire tropics is caused 
by these highly reflecting low-level marine clouds. This study 
brings out the contrasting roles of deep convective clouds 
at the ascending limb of Walker cell (a net cooling effect by 
clouds at Earth’s surface), and the low altitude marine clouds at 
the descending limb of Hadley cell (substantial cooling of the 
surface). 

9876-119, Session PTM2

Pre-monsoon enhancement in elevated 
aerosol absorption over India: results 
from RAWEX observations
S. Suresh Babu, Vikram Sarabhai Space Ctr. (India)

Recognizing the importance of three dimensional information 
of aerosol properties and realizing the scarcity of such 
measurements over South Asia and especially over Indian 
mainland, Regional Aerosol Warming Experiment (RAWEX) 
has been conceived to study the regional climate impacts of 
elevated aerosol layers. In addition, multi-year observations 
from the network of ground-based observatories (ARFINET) 
and space-borne lidar (CALIPSO) along with simulations 
from the chemical transport model (GOCART) are used to 
characterize the meridional structure of the vertical distribution 
of atmospheric aerosols over the Indian landmass. To further 
investigate the vertical distribution of aerosol properties as 
well as the seasonality in their spatial variations, extensive 
campaign-mode measurements were carried out using an 
instrumented aircraft during the winter and pre-monsoon over 
different base stations spread over the Indian mainland. A 

clear enhancement in aerosol loading and its absorbing nature 
is seen at the lower free troposphere level over the entire 
mainland during pre-monsoon compared to winter, whereas 
concentration of aerosols with in the boundary layer showed a 
decrease from winter to spring. A strong meridional increase 
is observed in the vertical spread of aerosols across the Indian 
region in all seasons. It emerges that the strong thermal 
convections cause deepening of the atmospheric boundary 
layer, which although reduces the aerosol concentration at 
lower altitudes, enhances the concentration at higher elevations 
by pumping up more aerosols from below and also helping the 
lofted particles to reach higher levels in the atmosphere. The 
details of results and its regional climate implications will be 
presented.

9876-120, Session PTM2

Data assimilation for aerosol optical 
depth over an Indian region
Harshavardhana S. Pathak, S. K. Satheesh, Ravi 
Nanjundiah, Indian Institute of Science (India)

Atmospheric aerosol, colloids of fine solid particles or liquid 
droplets of micron size, affect radiation budget of the earth not 
only by scattering and absorbing incoming solar radiations but 
also by serving as cloud condensation-nuclei affecting cloud 
cover. So aerosol measurements are necessary.
The satellite based instruments (e.g. MODIS, MISR) provide 
aerosol measurements on the larger spatial domain though 
they have greater uncertainties as compared to ground based 
aerosol measurements, due to uncertainties associated with 
retrieval algorithms. Being direct measurements, ground based 
aerosol measurements are more reliable though they lack 
spatial coverage.
In the present study, data assimilation techniques, 3D-VAR 
and Cressman’s method are used in order to combine Aerosol 
Optical Depth (AOD) measurements by ground based stations 
in ARFINET and AERONET network with the background data 
given by satellite retrieved AOD over an Indian region. Monthly 
mean, Level-3 MODIS and MISR retrieved AOD data at 550 nm 
with spatial resolution of one degree is employed as a back-
ground data.
It is seen that assimilated data is better correlated with ground 
based data than satellite retrievals. Analysis of trends in area 
averaged AOD over various subregions, for various seasons is 
reveling that trends in ground based AOD are better matched 
by those in assimilated AOD than those in satellite retrieved 
AOD.

9876-121, Session PTM2

Assessment of forecast indices over 
Sriharikota using ground-based 
microwave radiometer
Pushpa Rapeti, Rajasekhar Meka, Paparao Gunta, 
Satish Dhawan Space Ctr., SHAR (India); Madhavan 
N. Rajeevan, Indian Institute of Tropical Meteorology 
(India); G. Bharathi, Andhra Univ. (India)

Continuous measurements of vertical profiles of 
thermodynamic variables are important for severe weather 
nowcasting& forecasting over a region instead of radiosonde 
observations which are available once or twice daily. Microwave 
Radiometer (MWR) provides high quality of thermodynamic 
(temperature, water vapor, and cloud liquid) soundings up 
to an altitude of 10 Kms in the clear and cloudy weather 
conditions except during heavy rainfall. Retrievals of MWR 
temperature, watervapor profiles are based on the intensity of 
the atmospheric radiation at selected frequencies (22-30 GHz) 
& (51-59 GHz) with high temporal and high vertical resolution 
in the troposphere. The MWR used in the present study is TP/
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WVP-3166A, measures the intensity of radiation at 8 water 
vapor channels and 14 oxygen channels which is installed at 
Sriharikota in June. In this research paper we analyzed the 
thermodynamic indices derived from MWR profiles during 
severe convective thunderstorms for Sriharikota region.
MWR derived thermodynamic profiles are compared with 
radiosonde observations during rainy & non rainy days. 
MWR derived temperature profiles and vapor density 
profiles are well correlated with the observations with a 
cold bias of 1.5°C & 2.5°C and with a dry bias of 0.37 g/m3 
& 0.04 g/m3 respectively. For this study we considered 10 
thunderstorm cases from June to November 2014 analysed 
with thermodynamic indices K index, MDPI, CAPE, Windex, 
KO index, L index, S index, Showalter index, Total totals 
index, Vertical totals along with integrated liquid water and 
vapour density.MDPI, CAP index, Windex, Kindex, Lindex and 
convective temperature were best performed indices before 
two hours prior to thunderstorm over SHAR region.

9876-122, Session PTM2

A novel approach for estimation of cloud 
motion vectors using airglow imager and 
lidar measurements
Satheesh Kumar Shekatam, T. Narayana Rao, National 
Atmospheric Research Lab. (India)

Clouds act as “atmospheric blankets” playing an important role 
in the earth’s energy budget because of their absorption and 
scattering of infrared and shortwave radiation, respectively. As 
clouds are highly dynamic, understanding their macro-physical 
properties like cloud base height, cloud location and motion 
is very important in studying the global climate. Satellite 
sensors have been using the clouds as tracers of wind. Optical 
instruments aided by a larger field of view, serve as a useful 
tool in studying the spatial and temporal variability of clouds. 
The paper explores the possibility of implementing an 
advanced photogrammetric technique, generally employed 
for satellite measurements, on airglow imager, a ground-
based remote sensing optical instrument primarily used for 
upper atmospheric studies, measurements of clouds for the 
extraction of cloud motion vectors (CMVs). The major steps 
involved in the algorithm remain the same, including image 
processing for better visualization of target elements and 
noise removal, identification of target cloud, setting a proper 
search window for target cloud tracking, estimation of cloud 
height, and employing 2-D cross-correlation to estimate the 
CMVs. Nevertheless, the implementation strategy at each step 
differs from that of satellite, mainly to suit airglow imager 
measurements. For instance, climatology of horizontal winds 
at the measured site has been used to fix the search window 
for target cloud tracking. The cloud height is estimated very 
accurately, as required by the algorithm, using simultaneous 
collocated lidar measurements. High-resolution, both in space 
and time (4 min), cloud imageries are employed to minimize 
the errors in retrieved CMVs. The derived winds are evaluated 
against MST radar-derived winds by considering it as a 
reference. A very good correspondence is seen between these 
two wind measurements, both showing similar wind variation. 
The agreement is also found to be good in both the zonal and 
meridional wind velocities with RMSEs < 2.4ms-1. Finally, the 
strengths and limitations of the algorithm are discussed, with 
possible solutions, wherever required.

9876-123, Session PTM2

Sea surface temperature - cloud 
distribution relationship: explaining how 
the cirrus outflow was misinterpreted in 
earlier studies
Anish Kumar M. Nair, National Atmospheric Research 
Lab. (India); Kunjukrishnapillai Rajeev, Vikram Sarabhai 

Space Ctr. (India)

Investigations on the variations of cloudiness with Sea Surface 
Temperature (SST) and the underlying physics have been 
carried out extensively during the past few decades using 
space borne imagers. Tapping the potential of spaceborne 
cloud Radar (CloudSat) and Lidar (CALIPSO), we have 
colocated and analysed the altitude distribution of clouds for 
different SST. It is clearly observed that the cirrus outflows 
often extend far from the deep convective regions where the 
local SST are considerably ?1 to 3 ?C smaller than the deep 
convective regions. However the physical thickness of these 
cirrus outflow layers are generally larger (vary from 2 to 5 km) 
and hence are expected to be optically thicker. The well defined 
cirrus outflows (fully detached from the lower or middle level 
clouds) arising from the deep convective region are clearly 
discernible in the observations. However, top altitudes of the 
outflows and deep convective clouds are comparable. Hence, 
the passive radiometer techniques (involving IR observations) 
would observe the same cloud top brightness temperatures for 
both these cloud types and hence cannot discriminate between 
the deep convective clouds extending from the lower or middle 
troposphere up to the upper troposphere and the optically 
thick cirrus outflows whose cloud top is similar to that of the 
deep convective clouds. This will lead to misinterpretation of 
the SST-cloudiness relationship when the SST are collocated 
with the cloud properties observed using passive imager data, 
and is a major limitation of similar studies that are reported in 
the literature.

9876-124, Session PTM2

Evaluation of CWB climate model 
forecasts by using simulated radiances 
from community radiative transfer model
Meng Yue Lin, Chian-Yi Liu, National Central Univ. 
(Taiwan); Mei Yu Chang, Central Weather Bureau 
(Taiwan)

The applications of atmospheric satellite remote sensing 
data are very comprehensive, which include monitoring of 
earth radiation budget, climate projection, air quality, and 
may assist numerical weather prediction (NWP) through data 
assimilation technique. In order to focus on NWP and climate 
projection, the satellite observation has the advantage on the 
global coverage. The observed spectral information that not 
only assists weather forecast and climate prediction, but also 
provides a unique dimension to evaluate model performance 
other than physical variable domains.
This study uses the Community Radiative Transfer Model 
(CRTM) to simulate the satellite-observed radiance at the top-
of-atmosphere (TOA) by using the global model forecast from 
Taiwan’s Central Weather Bureau (CWB).. The European Centre 
for Medium-Range Weather Forecasts (ECMWF) reanalysis 
dataset will be used as the evaluation reference. All simulated 
spectral radiances/brightness temperatures are assumed in 
the nadir direction. Therefore, the brightness temperature 
difference (BTD) between model forecasts and initial analysis 
are compared at the wavelengths of 6.7 (water vapor channel), 
11 (window channel) and 12?m (window channel with weak 
water vapor absorption effect), respectively. The preliminary 
result indicates that simulated CWB 6.7?m BT is close to the BT 
by using ECMWF’s reanalysis fields as input. The global mean 
bias of 6.7?m BTD is less than 2 K. However, BTD biases at 11 
and 12 ?m show a relative large positive value in the Antarctic 
region, which suggests the surface processes may need to 
further investigate in the future.

9876-7, Session 2

Evaluation of multi-satellite rainfall 
products over India during monsoon
Ashis K. Mitra, National Ctr. for Medium Range Weather 
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Forecasting (India); Satya Prakash, New York City 
College of Technology (United States); D. S. Pai, A. K. 
Srivastava, India Meteorological Dept. (India)

Simulation and prediction of Indian monsoon rainfall at scales 
from days-to-season is a challenging task for numerical 
modelling community worldwide. Gridded estimates of 
daily rainfall data are required for both land and oceanic 
regions for model validation, process studies and in turn for 
model development. Due to recent developments in satellite 
meteorology, it has become possible to produce realistic 
near real-time gridded rainfall datasets at operational basis 
by combining satellite estimates with rain gauge values and 
other available in-situ observations. Microwave and space 
based radar based estimates of rainfall has revolutionised the 
preparation of rainfall datasets especially for tropics. However, 
a variety of multi-satellite products are available over Indian 
monsoon region from a variety of sources. Popular products 
like TRMM TMPA3B42 (RT and V7), GsMaP, CPC/RFE, GPCP 
and GPM are available to end users in various space/time scales 
for applications and model validation. In this study, we show 
the representation and skill of monsoon rainfall from a variety 
of multi-satellite products over the Indian region. These data 
are compared with an operational daily merged satellite gauge 
dataset. The bias and skill of multi-satellite rainfall are evaluated 
against gauge based observations. It was found that the TRMM 
based TMPA was one of the best dataset for Indian monsoon 
region. Attempt is made to compare the latest GPM based data 
with other products. The GPM based rainfall product is seen to 
be superior compared to TRMM. 

9876-8, Session 2

Diurnal and spatial variation of remotely 
sensed precipitation over Indian region
D. Rajan, Gopal Iyengar, Ashis K. Mitra, National Ctr. for 
Medium Range Weather Forecasting (India)

The remotely sensed estimates obtained from the Tropical 
Rainfall Measuring Mission (TRMM) are used to examine the 
diurnal and spatial variation of precipitation over the Indian 
region. The precipitation data from TRMM Multi-satellite 
Precipitaion Analysis (TMPA), blended from a variety of sources 
(including rain gauges over land) and having both daily and 
3-hourly output are being used for evaluation of the Numerical 
Weather Prediction models of NCMRWF. The precipitation 
obtained from TRMM 3B42 for this study period has a spatial 
resolution of 0.25°X 0.25° latitude-longitude. The 3-hourly 
averaged values are centered at the middle of each 3 h period. 
This product is an optimal combination of various high quality 
microwave precipitation estimates from all sensors namely TMI, 
SSM/I, AMSR, AMSU etc. South Asian regions are dominated 
by seasonal climatic fluctuations and the major rainy season 
is the southwest monsoon season. In addition to the seasonal 
fluctuations, Indian summer monsoon is modulated by diurnal 
fluctuations; nature of diurnal variation of rainfall varies from 
place to place and depends upon the locations, topography 
of the region. Diurnal variation of rain-rate, frequency of rain, 
conditional rain rate etc are studied. 
Over Indian tropical region, maximum rainfall over land and 
Bay of Bengal regions is observed during the late-afternoon 
and early-morning period, respectively. Drizzle or less rainfall 
occur frequently in the morning over most land areas, whereas 
convective activity occurs during the afternoon. The model 
predicted diurnal cycle of precipitation peaks too early (by ~3h) 
and the amplitude is too strong over Indian land region and 
tropical ocean region. 

9876-9, Session 2

Pre-monsoon to summer monsoon 
transition of atmospheric parameters 
over Gadanki
Anish Kumar M. Nair, T. Narayana Rao, Bhavani Kumar 
Yellapragada, Vishnu R., Satheesh Kumar Shekatam, 
National Atmospheric Research Lab. (India)

Multi-year characteritics of the pre-monsoon to summer 
monsoon transitions of atmospheric parameters over a 
tropical inland station – Gadanki (13.5o N, 79.2o E) situated 
in the southern peninsular India are analysed. Over the past 
8 years, it is observed that the monsoon delays in reaching 
Gadanki by a few days after the onset over Kerala than the 
usual date (June 1). Frequency of occurrence of cirrus starts 
increasing before a week to 10 days prior to onset. It could be 
attributed to the transported outflow of cirrus from convective 
areas in the Andaman sea where monsoon usually sets in 10 
days ahead. The lowermost cloud base altitudes pertains to a 
minimum level of 700 hPa as represented by reanalysis. Cloud 
base altitude decreases further to 800 hPa after the monsoon 
shows its presence over Gadanki. Contrastingly, ground based 
lidar observations shows the presence of intermittent low 
level clouds and ocassional presence of convective clouds. It 
widely disagrees with the reanalysis. Lidar observations also 
shows an elevated aerosol layer which can be traced back to 
be transported from Thar/ Arabian desert. The onset phase 
is distinct with transition of scattered rainfall in the region to 
more homogeneous rain. The vertical velocity is almost always 
downwards at lower altitudes even after setting in of monsoon. 
The low level jet stream strengthens over Gadanki after a week 
to 10 days folowing the setting in of monsoon.

9876-10, Session 2

Observed dynamic and thermodynamic 
signatures of Monsoon convection
Balaji Baduru, Thara Prabhakaran, Y. Jaya Rao, Kaustav 
chakrvarty, Sunil M. Sonbawne, Asha Nath, Kundan K. 
Dani, Madhavan Nair N. Rajeevan, Indian Institute of 
Tropical Meteorology (India)

Collocated measurements from Radiometer and Wind profiler 
are used to investigate the link between the dynamical and 
thermo-dynamical features of the monsoon convection. 
Ground-based microwave radiometer (MWR manufactured 
by Radiometrics Corporation) was operated continuously 
at Pune (18.53o N, 73.8o E) to register the thermodynamic 
features of the 2015 monsoon. MWR used in the present 
study is MP-3000A profiler which operates in 35 microwave 
channels (21 channels in the 22-30 GHz band and 14 channels 
in the 51-59 GHz band) and Wind profiler used is 1280 MHz, 
64 element active array radar which uses Doppler beam-
swinging technique for wind estimation. MWR observations 
show temperature bias were systematically below (±2oC) and 
water vapor mixing ratio were below (±1 gm/kg) against the 
Radiosonde measurements. The drifting of Radiosonde during 
strong jets is a factor attributing to increase in the biases 
between the radiometer and Radiosonde. 
Intraseasonal and diurnal cycle of thermodynamic parameters 
is illustrated. The observations of moisture profiles with 
radiometer indicated that the mid level premoistening before 
the convective events is a systematic feature. The low level 
jet observed with the UHF wind profiler strengthened before 
these events. The diurnal peak of water vapor in the boundary 
layer was closely linked to the LLJ activity and subsequent 
convective events. The stratiform and convective events have 
been identified from the radiometer measurements and zenith 
pointing measurements from both radiometer and wind profiler 
is discussed to illustrate the microphysical aspects. 

Conference 9876: Remote Sensing of the  
Atmosphere, Clouds, and Precipitation VI



  +1 360 676 3290 · help@spie.org      19Return to Contents

9876-11, Session 3

Applying satellite remote sensing 
technique in disastrous rainfall systems 
around Taiwan (Invited Paper)
Gin-Rong Liu, National Central Univ. (Taiwan)

Taiwan is an island, and locate in the junctures of sea and land 
regions, tropical and temperate climatic zones. Meanwhile, 
most of the island are hilly and mountainous terrains, and 
deeply affected by the wet and hot water vapors from the 
North Pacific and the South China Sea, making Taiwan is 
frequently suffered from extreme and disastrous rainfall 
events. Therefore, the aim of this study is to develop new 
satellite remote sensing techniques to monitor and forecast 
the two main extreme rainfall systems, mesoscale convective 
systems (MCSs) and typhoons, around Taiwan. For MCSs, the 
study integrates and improves several satellite-based air-
sea parameter retrieving methods, and then uses the air-sea 
parameters to establish an Objective Potential Index (OPI) 
for objectively delineate the ocean areas where have higher 
probabilities in occurring MCSs. For typhoons, the satellite-
retrieved thermal and dynamic parameters are used to 
establish a set of thresholds for typhoon formation alerting. 
Meanwhile, an improved tropical rainfall potential (I-TRaP) 
technique, which considering typhoon rainband rotation, 
mountainous terrain effect and convergent effect with 
monsoon circulation to obtain more accurate rainfall potential 
than the traditional TRaP did, is demonstrated.

9876-12, Session 3

An algorithm for retrieval of precipitation 
using microwave humidity sounder 
channels around 183 GHz
Atul K. Varma, Space Applications Ctr. (India); Durgesh 
Nandan Piyush, Indian Institute of Science (India); 
Rakesh Gairola, Indian Space Research Organisation 
(India)

An algorithm is developed to identify precipitation affected 
pixels and quantitatively measure the precipitation using 
Megha-Tropiques humidity sounder (SAPHIR) channels around 
water vapor absorption line at 183 GHz. Based on observed 
brightness temperatures at all the six channels of the SAPHIR, 
a probabilistic rain identification algorithm is proposed. The 
rain thus identified is subjected to intensive testing using 
SAPHIR and PR collocated dataset, that showed that false 
alarm and missing rain is below 0.9 mm/h. Further a radiative 
transfer simulations supported rain retrieval algorithm is 
developed that explained a correlation of 0.7 and rmse of 
0.81 mm/h. When both precipitation detection and retrieval 
algorithms are applied the correlation marginally deteriorates 
but rmse reduces to 0. 45 mm/h. Further comparisons are 
made of monthly, daily and instantaneous rain over different 
geographical regions from SAPHIR with corresponding rain 
values from GSMap, TRMM-3B42 V7 and TRMM-TMI/PR, 
etc. The paper provides details of algorithm development 
and validation results. The rain from SAPHIR is recently 
operationalized and disseminated to global users.

9876-13, Session 3

Information theoretic approach 
using neural network for determining 
radiometer observations from radar and 
vice versa
Srinivasa Ramanujam Kannan, Indian Institute of 
Technology Bhubaneswar (India); V. Chandrasekar, 
Colorado State Univ. (United States)

The combination of radar and radiometer on board the TRMM 
satellite has made unprecedented observation of global 
rainfall for over 17 years. Even though both the rain measuring 
instruments, radar and radiometer observe the same rain 
scenes, they both are fundamentally different instruments. 
Radar is an active instrument and measures backscatter 
component from vertical rain structure; whereas radiometer 
is a passive instrument that obtains integrated observation of 
full depth of the cloud and rain structure. Further, their spatial 
resolutions on ground are different. While radar has a footprint 
size of 5 km at nadir, the resolution of TMI radiometer varies 
with frequency ranging from 9 km ? 63 km at 10.65 GHz to 
4.6 km ? 7.2 km at 85 GHz channel. Nevertheless, both the 
instruments are observing the same rain scene and retrieve 
three dimensional rainfall products. Hence it is only natural 
to seek answer to the question, what type of information 
about radiometric observations can be directly retrieved from 
radar observations. While there are several ways to answer 
this question, an informational theoretic approach using 
neural networks has been described in the present work to 
find if radiometer observations can be predicted from radar 
observations. A database of TMI brightness temperature and 
collocated TRMM vertical attenuation corrected reflectivity 
factor from the year 2012 was considered. The entire database 
is further classified according to surface type and rain type. 
Separate neural networks were trained for land and ocean, as 
well as for convective and stratiform type of rainfall and results 
will be presented therein.

9876-14, Session 3

An improved method to retrieve 
atmospheric water vapor over land
Dabin Ji, Jiancheng Shi, Tianxing Wang, Chuan Xiong, 
Institute of Remote Sensing and Digital Earth (China)

Water vapor plays an important role in Earth’s energy 
and water cycles. It absorbs energy from its surrounding 
environment during evaporation and releases heat when 
condensing to form cloud and rain. Compared to optical 
remote sensing, microwave remote sensing has the advantage 
to acquire information of atmosphere under cloudy condition. 
However, the retrieval of water vapor using microwave remote 
sensing over land has been limited due to high surface 
emissivity in microwave bands. 
In this study, an improved method is proposed to retrieve 
globally distributed atmosphere water vapor over land. The 
retrieval method is based on the water vapor sensitivity bands 
combination ?Tb18.7/?Tb23.8 (ratio of brightness temperature 
polarization difference at frequency 18.7 and 23.8GHz). The 
key of the retrieval method is to precisely estimate surface 
emissivity parameter ??18.7/??23.8 which is corresponding to 
?Tb18.7/?Tb23.8.There are three steps to estimate the surface 
emissivity parameter ??18.7/??23.8.First of all, ??18.7/??23.8 
in clear condition is estimated using water vapor data from 
MODIS and brightness temperature from AMSR-E on same 
platform Aqua. Second, ??18.7/??23.8 in cloudy condition is 
estimated using an improved estimation model. Finally, the 
estimated ??18.7/??23.8 is corrected according to the texture 
information retrieved from ?Tb18.7/?Tb23.8.
With the estimated ??18.7/??23.8, the atmospheric water vapor 
can be estimated using the corresponding sensitivity parameter 
?Tb18.7/?Tb23.8 with the help of a look up table. The look up 
table is build using atmosphere profiles from radiosonde on 
a global scale and microwave radiative transfer model. The 
retrieved atmospheric water vapor is further calibrated by 
water vapor data from MODIS to improve its accuracy. As a 
validation, the observed water vapor dataset from globally 
distributed GPS sites is used. The correlation coefficient of the 
two is 0.94 and RMSE is 4mm.
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9876-15, Session 3

Collision behavior of two spherical 
hydro-meteors falling in air: a 
fundamental numerical study
Chih-Che Chueh, Academia Sinica (Taiwan); Pao-Kuan 
Wang, Academia Sinica (Taiwan) and Univ. of Wisconsin 
Madison (United States)

Collision behavior is an inevitable part of hydro-meteor 
formation in cloud having great impact on cloud physical 
behaviors. One of the most important impacts is on the 
growth rate of these ice particles. There are, in general, two 
major growth modes of hydro-meteors: diffusion growth and 
collision growth. The former involves the diffusion of water 
vapor toward the surface of a hydro-meteor, whereas the 
latter involves the collision and subsequent coalescence of two 
or more ice particles. It is the latter that we want to discuss 
some in this talk. The talk is planning to show and discuss that, 
when two spherical hydro-meteors of different sizes falling 
in air are close to each other with different horizontal offsets 
(or, equivalently, horizontal distances), the interaction of their 
resulting fluid fields is crucial to determine whether they could 
have mutual collision through a set of numerical experiments. 
During the numerical experiments, the critical offsets of 
the two falling ice particles obtained when an initial offset 
starting from zero distance continues to increase until the two 
hydrometeors no longer have mutual collision subsequently 
are needed to estimate the collision efficiency, one physical 
indicator of the collision growth used by physical meteorologist 
to quantitatively estimate the graupel/hailstone formation rate 
for climate modeling.

9876-16, Session 3

A Novel Data Fusion Solution to 
Monitor Environmental State from the 
Multiplatform Satellite Observations
Chian-Yi Liu, Gin-Rong Liu, Tang-Huang Lin, National 
Central Univ. (Taiwan); Chung-Chih Liu, Minghsin Univ. of 
Science and Technology (Taiwan)

Atmospheric temperature soundings derived from satellite-
based advanced infrared (IR) sounder radiance measurements 
tend to have higher uncertainty in the upper troposphere. 
In contrast, radio occultation (RO) measurements have 
high accuracy and high vertical-resolution for atmospheric 
sounding in the upper troposphere and lower stratosphere. 
It is anticipated that the best estimation of atmospheric 
thermodynamic state can be obtained by synergistic use of RO 
and IR radiance measurements. A physical-based algorithm 
accounting for the significant geometric difference between 
the two observing systems, has been developed to combine 
RO refractivity and Atmospheric InfraRed Sounder (AIRS) 
radiances for atmospheric temperature and humidity vertical 
profiles. Comparisons between RO/AIRS and AIRS-alone 
derived profiles showed that the impact of RO observations to 
be most apparent in the upper troposphere between 100 hPa 
and 300 hPa, where the root-mean-square difference (RMSD) 
of estimated temperature is reduced by 24% (0.36 K) to 35% 
(0.66 K). In addition to having improved temperature profile 
retrievals in the upper troposphere, the humidity retrievals are 
also improved; the RMSD below 100 hPa was reduced by 22.4% 
(0.298 g/kg) when compared with radiosondes observations. 
Results indicated that the humidity profiles retrieved using this 
method were overall better than the infrared-only retrievals in 
all of the comparisons, and the temperature profiles improved 
upon the infrared-only retrievals most notably in the upper 
troposphere. These improvements are more significant using a 
three-dimensional (3D) slant-path collocation procedure.

9876-125, Session PTA1

Aerosol characteristics in the UTLS 
region: a satellite-based study over north 
India
A K Srivastava, Indian Institute of Technology Madras 
(India); A. Misra, Indian Institute of Technology Kanpur 
(India); Panuganti C. S. Devara, Amity Univ. Haryana 
(India)

Vertical profiles of aerosol backscatter coefficient and 
depolarization ratio, obtained from the Cloud-Aerosol Lidar 
and Infrared Pathfinder Satellite Observation (CALIPSO) 
satellite, were studied in the upper troposphere and lower 
stratosphere (UTLS) region over North India (21-30o N and 
72-90o E), covering the highly polluted Indo-Gangetic Plain 
(IGP). An enhanced aerosol layer was observed between 15 
and 18 km altitude, in the vicinity of tropopause, with a broad 
layer depth of about 2 km. The aerosol layer showed strong 
seasonal, monthly as well as day and night time variability, 
with a peak value of backscatter coefficient during monsoon 
season (~5.54?10-3 sr-1 in September). The corresponding 
depolarization ratio indicates anisotropic (non-spherical) 
nature of particles. The aerosol layer was found to be highly 
linked with the variability in tropopause height, showing a 
positive correlation between tropopause height and the height 
of maximum backscatter coefficient (correlation coefficient 
of 0.8). However, it was found to be negatively correlated 
with the integrated backscatter coefficient (IBC), with a 
correlation coefficient of 0.3. We further analyzed outgoing 
long-wave radiation (OLR) data to investigate the link between 
the observed enhanced aerosol layer in the UTLS region and 
prevailing deep convective activities during summer monsoon 
season over this region. Low values of OLR during monsoon 
(about 214 Wm-2) indicate the occurrence of deep convection 
over this region, which may cause a large-scale circulation-
driven vertical transport of boundary-layer pollution into 
the atmosphere of UTLS region. Results may have potential 
implications of these aerosols on overall radiative balance 
associated with aerosol composition and ozone chemistry in 
stratosphere.

9876-126, Session PTA1

The evaluation of AIRS and AMSU 
sounding retrievals for typhoon forecasts
Shen-Cha Hsu, Chian-Yi Liu, Szu-Chen Kuo, National 
Central Univ. (Taiwan)

The initial and boundary conditions are critical to the numerical 
weather prediction (NWP) model. It is known that satellite 
observations can overcome the limitations of the terrain, 
especially over the oceans where conventional observations 
are difficult to obtain. Therefore, the use of satellite data will 
expect to improve those regions where lack of traditional 
observation. The Advanced Microwave Sounding Unit (AMSU) 
and Atmospheric InfraRed Sounder (AIRS) onboard NASA’s 
EOS Aqua satellite, represent microwave and hyperspectral 
infrared observations, respectively. Both of them may provide 
atmospheric temperature and moisture soundings with 
complementary characteristics. For example, AMSU has the 
advantage to give cloudy retrievals while AIRS may retain the 
atmospheric gradient due to its finer high spatial resolution. 
Both data could estimate atmospheric thermodynamic state 
with substantial accuracy to improve high impact weather 
forecast such as hurricanes and typhoons.
In this study, we adopt the Weather Research and Forecasting 
(WRF) model and the community Gridpoint Statistical 
Interpolation (GSI) data assimilation system to evaluate the 
use of AMSU/AIRS retrievals for typhoon forecast in the west 
Pacific Ocean. Two cases, Typhoon Dujuan (2015) and Typhoon 
Soudelor (2015), are selected to demonstrate the benefit of 
using sounding data. The preliminary results shows a positive 
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impact on typhoon’s track while the intensity forecast may 
need further investigation.

9876-127, Session PTA1

Direct radiative forcing due to aerosols 
over South Asia: an observational 
portrayal
Vijay Kumar S. Nair, M. R. Manoj, S. Suresh Babu, K. 
Krishna Moorthy, Vikram Sarabhai Space Ctr. (India)

Quantitative assessment of the seasonal variations in the direct 
radiative effects (DRE) of aerosols, arising from changes in the 
properties of composite aerosols as well as the constituent 
species over the Indian sub-continent, has been carried out 
using a synergy of data from a dense network of aerosol 
observatories, supplemented with chemical transport model 
simulations and satellite data. Over India, aerosols cool (warm) 
the surface (atmosphere) by -28±12 Wm-2 (+19.6±9 Wm-
2) during winter and -33.7±12 Wm-2 (+27±9 Wm-2) during 
spring season. Seasonality in aerosol properties depicts 
transition from a strong anthropogenic influence in winter to 
natural influence in spring, even though the aerosol optical 
depth doesn’t change significantly between these seasons. 
Interestingly, compared to winter, spring time aerosols are more 
absorptive in nature and consequently the aerosol induced 
diabatic heating of the atmosphere goes as high as ~1 K day-1 
during spring, over the eastern India. The amount of radiation 
trapped by aerosols in the atmosphere is highest during spring. 
The atmospheric absorption due to dust aerosols (+14±7 W 
m-2) during spring season overwhelms that of black carbon 
(11.8±6 W m-2) during winter. The columnar aerosol loading, its 
anthropogenic fraction and radiative forcing shows a steady 
increase with latitude across Indian mainland and this leads 
to larger aerosol-induced atmospheric warming during spring 
than in winter.

9876-128, Session PTA1

Warning information in the 
preconvection environment from space-
borne sounder retrieval
Yi-Jing Wu, Chian-Yi Liu, Shen-Cha Hsu, National Central 
Univ. (Taiwan)

??Intense convections are very common from tropical to 
mid-latitudes regions. The deep convection, in term of 
thunderstorm, develops rapidly and may threaten to people’s 
life and property. On the other hand, the atmospheric 
thermodynamic state could be obtained from satellite 
observation and retrievals. It is an enhanced method from 
traditional radiosonde, which is limited by time and space. In 
this research, we derive atmospheric stability information such 
as convective available potential energy (CAPE) , lift index (LI) 
, and other stability parameters by the NASA’s Aqua microwave 
and hyperspectral infrared (IR) data. The Advanced Microwave 
Sounding Unit (AMSU) provides atmospheric temperature 
and moisture profiles at the coverage in both clear sky and 
cloudy sky but with coarse spatial resolution. The Atmospheric 
Infrared Sounder (AIRS) could estimate the more accurate 
atmospheric thermodynamic state with high spatial resolution 
at cloudless day globally due to its spectral resolving capability. 
Examples in summer season over Taiwan were chosen to 
evaluate the capability of systems. Our preliminary result 
suggests the use of both sounding retrieval algorithms could 
retrieve the atmosphere stability precisely, which help the 
nowcasting and the diagnostic of atmospheric environment.

9876-129, Session PTA1

Drought assessment using satellite-
derived meteorological parameters and 
NDVI
Saad Ul Haque, Institute of Space Technology (Pakistan)

Short term agriculture drought is experienced from time to 
time in Pakistan, due to various meteorological variations 
such as rainfall, air quality and related climate changes. The 
region is basically dry and semi-arid with average rainfall 
between 85mm 200 mm (summer months) and 30mm to 50 
mm (winter months). According to the Economic Survey of 
Pakistan, the drought period of 1998-2002 is considered to be 
the worst in 50 years in the history of this region. The Potohar 
plateau situated in northern Pakistan lacks the network of 
canals system due to its unique elevation pattern. Insufficient 
rainfall is the most significant factor responsible for the less 
than anticipated growth performance of agriculture sector that 
contributes nearly 21 percent of the national GDP. Around 62 % 
of the population is economically associated with this sector. 
Thus, there is necessity of taking the initiative planning for 
drought hazard management to alleviate its influences. In this 
study, Multi-temporal MODIS NDVI product 16-days composite 
for year 2000-2013 was used to identify any drought period. 
Meteorological parameters of NCEP satellite data such as 
Precipitation, Max. Temperature, Min. Temperature, Humidity, 
Solar Radiation and Wind speed were assessed for drought 
sensitivity for the identified drought period 2009-20010. 
Further precipitation based drought index, known as the 
Standardized Precipitation Index (SPI) was also derived for 6 
months, for correlational analysis. Maps for each parameter 
showing its intensity trend were generated for the drought 
period. For further investigation, the relationships between 
meteorological parameters were examined. It was found 
that, as the drought conditions become sever from month 
of October; there was negative relationship between Max. 
Temperature and SPI till December end. Similar trend was also 
identified in relationship of Humidity to Max. Temperature 
and Humidity to Min. Temperature. Since Humidity acts as a 
contributor of water through water vapors for plants. This 
could be useful to identify water stresses on crops. Fuzzy 
Overlay analysis was performed after generation of Fuzzy 
membership function of these meteorological parameters. This 
resulted a map of spatial extent of meteorological drought. 
Finally, VCI was used in estimating the vegetation health and 
over all drought severity map was generated by combining VCI 
and Fuzzy overlay of meteorological parameters. 

9876-130, Session PTA1

Systematic seasonal pattern of 
tropospheric trace gases over Indian 
region
Prabha R. Nair, Vikram Sarabhai Space Ctr. (India); Imran 
Girach, Indian Space Research Organisation (India); 
Kavitha Manickam, Indian Space Research Organisation 
(India); Revathy S. Ajayakumar, Vikram Sarabhai Space 
Ctr. (India)

The trace gases in the atmosphere constituting <1% of 
atmospheric mass form a crucial components with profound 
influence on the living environment and crucial climatic 
impacts. The large spatial and temporal heterogeneities in the 
distribution of these species demand measurements at regional 
scales with global coverage. This paper presents the spatio-
temporal variation of atmospheric trace O3, NO2, CO and 
CH4 over Indian region and surrounding oceanic environment 
making use of data from Ozone Monitoring Instrument (OMI), 
Microwave Limb Sounder (MLS), Measurements of Pollution in 
the Troposphere (MOPITT) and Scanning Imaging Absorption 
Spectrometer for Atmospheric Cartography (SCIAMACHY). 
The systematic seasonal pattern of these gases is presented 

Conference 9876: Remote Sensing of the  
Atmosphere, Clouds, and Precipitation VI



SPIE Asia-Pacific Remote Sensing 2016 · www.spie.org/aprs22
 

Return to Contents

along with their sources, sinks, active transport mechanisms 
and observed that the seasonal patterns are region dependent. 
The lower-tropospheric CO maximises during winter and shows 
a broad minimum during summer-monsoon, but with regionally 
varying seasonal amplitudes, while upper-tropospheric CO 
shows a seasonal pattern opposite in nature. Tropospheric 
ozone maximises during pre-monsoon season (March-April-
May) with minimum during monsoon (July-August). There 
are significant differences in the seasonal patterns between 
northern and southern India. Tropospheric NO2 is lower 
during monsoon (June-July-August), remaining high during 
other months. CH4 depicts a different pattern maximising 
in monsoon/post-monsoon depending upon the region. 
Monsoonal low in the trace gases (except CH4) is primarily 
due to synoptic scale meteorology as cleaner airmass from 
Indian-ocean/Arabian Sea flow over Indian subcontinent during 
Asian monsoon. The inter-dependence of monsoonal activity 
on the seasonal pattern of these minor constituents is also 
investigated.

9876-131, Session PTA1

The elevated aerosol system over the 
Indian region: role of mineral dust 
transport.
Lakshmi N. B., S. Suresh Babu, Space Physics Lab. 
(India)

Atmospheric warming due to elevated aerosols is a major 
concern in changing climate scenario. Presence of layers of 
aerosols well above the boundary layer can produce extensive 
warming that increases atmospheric stability and further 
prolongs the lifetime of the aerosols leading to enhanced 
absorption. Warming by absorbing aerosols can also affect 
cloud formation by inhibiting the droplet growth and even 
causing “burn off “ of clouds. Through direct experiments 
using LIDAR, it is known that most of the Indian region is 
characterized by the significant amount of elevated aerosols 
during the pre-monsoon season. Mineral dust is a good 
absorber of long wave radiation, and over Indian region 
synoptic circulation during pre-monsoon season favours 
transport of mineral dust from the north-western desert 
regions to Central India and to the Bay of Bengal. Studies 
have shown that dust absorption efficiency over the desert 
regions of India is much higher than that over the Saharan 
desert region. In this scenario, it is necessary to investigate on 
the contribution of mineral dust in warming the atmosphere 
over Indian region. Here we use vertical profiles of extinction 
coefficient from CALIOP (Cloud aerosol LIdar with Orthogonal 
Polarization) observations to examine the altitude distribution 
of aerosols and measurements of Infrared radiances of Very 
High Resolution Radiometer (VHRR) instrument onboard 
Kalpana-1 satellite stationed at 740E, to derive the IDDI 
(Infrared Difference Dust Index) for the characterization of 
dust aerosols, over the Indian region. The paper presents a 
comprehensive picture on the elevated aerosol system over 
India and it’s seasonal variability, along with the estimate on 
contribution of mineral dust aerosols to the warming produced 
by the elevated aerosol system over the Indian region during 
pre-monsoon season.

9876-132, Session PTA1

Observation of ionospheric disturbances 
for earthquakes (M>4) occurring June 
2013 to July 2014 in Indonesia using 
wavelets
Revathi Rallabandi, K. Uday Kiran, S. Lakshminaraya, 
Koteswara Rao Sanagapallea, Satya Ramesh 
Kanchumarthi, K L Univ. (India)

Seismo-ionospheric perturbations are extensively studied for 

large earthquakes occurred over various parts of the world. 
Specific signatures of these natural events are observed in the 
Total electron content (TEC) data prior to their occurrence. 
Analysis of these natural disasters occurring at a specific 
location will help in their accurate detection and prediction. In 
this paper the Java region of Indonesia comprising of a belt of 
volcanic mountains, where a considerable number of events to 
analyze their characteristics in the ionosphere are considered 
for study. This region of Indonesia has an International GNSS 
Station (IGS) at Bakosturnal, Cibinog, West Java. Vertical 
total electron content (VTEC) data from two days before 
the occurrence of the earthquake is analyzed for 24 events 
occurred during June 2013 to July 2014. So far, GPS network 
consisting of many receivers is in use to find out the changes 
in TEC data related to earthquakes. The authors would like 
to mention that using wavelets on GPS VTEC data of single 
ground based receiver, the same can be observed. It is also 
observed that present GPS network can identify earthquakes 
of M>6. With the proposed methods of using wavelets on the 
VTEC data of a single ground based GPS receiver, we can 
identify even if magnitude of the earthquake is between 4 and 
5(4< M>5). Complex Gaussian wavelets are used to analyze the 
disturbed VTEC from two days before the earthquake to the 
day of the occurrence of earthquake. 

9876-133, Session PTA1

Inter-comparison of aerosol optical 
thickness from MODIS, MISR, and OMI 
using measurements from solar radiation 
stations in China
Maohua Guo, National Satellite Ocean Application 
Service (China); Ling Sun, National Satellite 
Meteorological Ctr. (China); Xiaofeng Xu, Nanjing Univ. 
of Information Science & Technology (China)

Aerosol observations are essential for understanding the 
Earth’s radiation budget and the complexities of climate 
change. East Asia plays a significant part in aerosol loading. 
Several satellite-based aerosol optical thickness (AOT) 
products have provided long-term monitoring of aerosol 
properties, but they differ due to different sensors and 
algorithms. The discrepancies among them result in the 
uncertainty of the understanding of the long-time series of 
aerosols in East Asia, especially in China. China has 17 first-
class solar radiation stations providing hourly accumulated 
solar measurements since 1993. The AOT can be retrieved 
by a broadband extinction method, and the retrievals have 
been validated in comparison with AERONET(Aerosol 
Robotic Network). The AOT measurements from radiation 
stations provide more ground-based truth in satellite product 
validation in China. This research compares the AOT of 
several aerosol operational products, namely the Moderate 
Resolution Imaging Spectroradiometer (MODIS), the Multiangle 
Imaging Spectroradiometer (MISR), and the Ozone Monitoring 
Instrument (OMI), with ground-based measurement from China 
solar radiation stations from 2002 to 2012. MODIS products 
from Dark Target (DT) and Deep Blue (DB) algorithms, OMI 
products from Multi-wavelength (MW) and Near-UV (UV) 
algorithms and MISR product are evaluated. Analysis shows 
that (1) for MODIS DT, there are few retrievals in arid/semi-arid 
regions and winter, about 52.04% pairs fall within the error 
range (±(0.15?+0.05)), and RMSE is 0.24; (2) for MODIS DB, 
more retrievals could be provided in arid/semi-arid regions 
and winter, data percentage within error range and RMSE are 
54.96%, 0.17 in arid/semi-arid regions, and 35.84%, 0.42 in 
other regions; (3) for MISR, AOT tends to be underestimated 
when AOT larger than 0.2, the data percentage and RMSE 
are 83.88%, 0.11 in arid/semi-arid regions, and 50.94%, 0.25 in 
other regions; (4) for OMI, UV could provide more effective 
retrievals than MW, MW AOT tends to be overestimated with 
data percentage and RMSE of 21.79%, 0.28 in arid/semi-arid 
regions, and 11.87%, 0.63 in other regions; UV AOT tends to be 
overestimated in arid/semi-arid regions with data percentage 
and RMSE of 11.70% and 0.30, while underestimated in other 
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regions when AOT larger than 0.2, and the data percentage 
and RMSE are 40.23% and 0.41. In arid/semi-arid regions, the 
overall performance in decreasing order is MISR, DB, UV (after 
system error correction), and MW, while in other regions, the 
overall performance in decreasing order is DT, MISR, DB, UV 
and MW. The results are consistent with previous validations 
based on sunphotometer measurements. 

9876-134, Session PTA1

Aerosol properties in Dunhuang China 
Radiometric Calibration Site (CRCS) by 
ground-based measurements
Lin Chen, Peng Zhang, Xiuqing Hu, National Satellite 
Meteorological Ctr. (China)

Duhuang site has been selected as China Radiation Calibration 
Site(CRCS) for Remote Sensing Satellite Sensors since 1996. 
The reflectance-based method is used as the vicarious 
calibration for reflective solar bands. Aerosol can affect the 
reflectance energy and could be a key factor of the vicarious 
radiometric calibration method. The ground reflectance, 
characteristic data of atmosphere, including aerosol optical 
depth, total ozone unit and water-vapor content, were 
measured during the each in-suit measurement campaigns 
by ground-based measurements. The CIMEL sunphotometer 
was used to measure the aerosol optical depth in Dunhuang 
CRCS. Data from aerosol-bands of sunphotometer were used 
in a Langley method to determine spectral optical depths 
of aerosol.The aerosol optical depth at 550 nm in Dunhuang 
during the in-suit measurement campaigns was from 
0.1~0.3. The results showed that the aerosol concentration of 
atmosphere in Dunhuang was small and suitable for in-flight 
calibration for remote sensing satellite sensors. Lidar can 
obtain three-dimensional aerosol information.During 2010 
and 2013 in-suit measurement campaigns, the Mie- scattering 
lidar was used to acquired the aerosol vertical profile. Fernald 
inversion method has been used to retrieved vertical profile 
of atmospheric aerosol extinction coefficient in this region. 
Observations results indicated that the presence of a layer 
of high aerosol concentration values from the near-surface 
layer to 2-4 km in Dunhuang area. The aircraft for radiometric 
calibration should fly above this altitude to avoid the impact of 
high concentrations of aerosol layer. 

9876-135, Session PTA1

CO2 variability over India using data 
from satellites
Prabhunath Prasad, Shantanu Rastogi, Deen Dayal 
Upadhyay Gorakhpur Univ. (India); Raghavendra P. 
Singh, Space Applications Ctr. (India)

The concentrations of CO2 in Earth’s atmosphere have rapidly 
increased over the last 250 years. The main source of this 
increase is mainly human activity (fossil fuel combustion, 
deforestation, etc.). Few natural events (volcanic activity, 
natural coal fires etc.) also contribute to the global CO2. 
Ground-based measurements provide a strong global 
constraint on both human and natural CO2 fluxes into 
the atmosphere. However, for the identification and 
characterization of strongest natural sources and sinks, and to 
discriminate the anthropogenic CO2 emissions from the natural 
background, more comprehensive measurement network is 
needed. Such measurements are essential for the formulation 
of carbon management policies.
Detailed global measurements can be provided by satellite 
observations for both spatial and temporal studies. The satellite 
instruments that provide or have provided atmospheric 
CO2 information include SCIAMACHY, GOSAT and OCO-2. 
SCIAMACHY collected column-averaged CO2 measurements 
over the sunlit hemisphere from 2002 to 2012 whereas GOSAT 
has been collecting CO2 observations since April 2009. The 

Orbiting Carbon Observatory-2 (OCO-2), launched on 2 July 
2014, is a NASA mission is providing data since September 
2014.
Analysis of SCIAMACHY and GOSAT data for CO2 in the 2003 
– 2011 period shows similar seasonal variability but the GOSAT 
derived concentration values are about 1–2% smaller than 
those obtained from SCIAMACHY. This could be due to their 
different observing sensitivities and retrieval algorithms. In this 
sequence, analysis of recently obtained OCO-2 data is also 
performed. The spatial and temporal variability of CO2 over the 
globe as well as over the Indian land boundary is studied. The 
high spatial resolution of OCO-2 instrument (1.29km X 2.25km) 
can help identify regional CO2 hot spots. Seasonal variations 
and comparison among the satellites shall be reported.

9876-136, Session PTA1

Snow cover detection using dynamic 
warping-based matching with reflectance 
spectral library
Kyeongsang Lee, Pukyong National Univ. (Korea, 
Republic of); Sang-il Kim, Electronics and 
Telecommunications Research Institute (Korea, Republic 
of); Kyungwon Park, Asia-Pacific Economic Cooperation 
(Korea, Republic of); Kyung-Soo Han, Pukyong National 
Univ. (Korea, Republic of)

Snow Cover is one of climate factors that affects the artic 
environment, and it has an important role about hydrological 
modeling and water resource management. Snow cover is 
decreasing in last 10 year. For this reason, accurate detection 
of snow cover acts as an essential element for regional water 
resources management. Snow cover detection using satellite 
data have some advantages such as obtain wide spatial range 
data, available time-series observations periodically. In snow 
cover mapping using satellite, discrimination of snow cover and 
cloud is very important. Misclassified cloud and snow pixel can 
lead directly to error factor for retrieval of surface products 
from satellite data. Cloud has similar reflectance to snow. 
But Cloud shows higher reflectance than snow in 1.5~1.7?m 
because cloud has lower grain size and moisture content than 
snow. So Cloud and snow show difference reflectance patterns 
change according to wavelength. Therefore, in this study, we 
perform algorithm for classifying snow cover and cloud with 
remote sensing data. For classifying snow cover and cloud, 
we use Dynamic Time Warping (DTW) Algorithm which is one 
of commonly used pattern analysis methods such as speech 
and fingerprint recognitions. Cloud and Snow spectral library 
as reference data is constructed using MOD21km (MODIS 
Level1 swath 1km) data that their reflectance is at six channels 
including 3 (0.466), 4 (0.554), 1 (0.647), 2 (0.857), 26 (1.382) 
and 6 (1.629). We validate our result using MODIS RGB image 
and MOD10 product which is MODIS snow cover product. In the 
result qualitative validation, MODIS snow cover did not detect 
as snow in the several region which is judged as snow in MODIS 
RGB images. In the same region, result of our study is detect as 
snow.

9876-137, Session PTA1

Satellite-based aerosol indirect 
effect in the different meteorological 
environments
Piyushkumar N. Patel, Raj Kumar, Space Applications 
Ctr. (India)

Aerosols affect Earth’s energy budget and hydrological cycle. 
Aerosols absorb and scatter the solar radiation, change the 
thermodynamic structure of the atmosphere, alter cloud 
microphysics and alter cloud macrophysics. Moderate 
Resolution Imaging Spectrometer (MODIS) Terra and Aqua 
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aerosol and cloud properties are combined with Cloud and 
Earth’s Radiant Energy System (CERES) radiative fluxes along 
with ECMWF reanalysis data for Arabian Sea (AS) between 
2009 and 2013 to study the effects of aerosol, cloud and 
atmospheric conditions on the aerosol indirect effect (AIE). 
Emphasis is placed in examining the relative importance of 
meteorological variable (relative humidity) and atmospheric 
conditions to AIE over AS.
We compute statistical relationships between aerosol optical 
depth (AOD) and other cloud and radiation quantities for 
both Terra and Aqua. The comparison between thin (LWP ≤ 20 
gm-2) and thick (LWP > 20 gm-2) liquid water clouds under 
different atmospheric conditions showed that AIE is generally 
prevalent for thick clouds where a high moisture content over 
a region can increase the probability of aerosols to act as CCN 
while also making this observations of these effects easier from 
a remote sensing perceptive. The AIE is found greatest during 
summer months during which aerosol concentrations are 
greatest. It is observed that the sensitivity of AIE can change 
when including the cofounding influence of relative humidity. 
Overall, we conclude that atmospheric conditions along with 
meteorological variable do make a significant contribution to 
AIE.

9876-138, Session PTA1

Variation of DSD parameters during 
stratiform precipitation over a coastal 
station Thumba (8.5 N, 76.9 E)
Kirankumar Nadimpally, Lavanya Sasikumar, Space 
Physics Lab. (India)

Using the observations of both ground based disdrometer 
and Micro Rain Radar, Drop size distribution (DSD) parameters 
were derived using gamma function over coastal station 
Thumba. Stratiform rain regime has been considered to 
study the vertical variability of DSD parameters for different 
monsoon seasons during 2006-2008. The analysis clearly 
reveals a significant variation in DSD parameters for different 
seasons. Contour Frequency by Altitude Diagram (CFAD) of 
DSD parameters is carried out to examine salient microphysical 
characteristics of DSD during Stratifom precipitation. Results 
show that the observed variability of gamma parameters 
and median volume diameter is attributed to microphysical 
processes like evaporation, break-up and collision-coalescence. 
The significance of the present results demonstrates the 
capability of Ka band radar in understanding the microphysics 
of rain during light to moderate rain regimes.

9876-139, Session PTA1

Observation of aerosol hygroscopic 
growth with increase in the boundary 
layer water vapor content over a tropical 
site, Gadanki
Jaswanth Subramanyam, National Atmospheric 
Research Lab. (India)

The Hydrological cycle is one of the most important cycles 
of the biosphere. Studies regarding the Hydrologic cycle 
lack good observations of Water vapour. Water vapour is 
an important agent in the climatic feedback loop leading to 
greenhouse effect. Observations of water vapour are necessary 
to test the theoretical models to understand the role of water 
vapour as a greenhouse gas. [1] Monitoring long-term changes 
in water vapour also helps to predict and detect changes in 
climate. Aerosols exhibit hygroscopic properties and grow in 
size. The composition and size of the atmospheric aerosols are 
a function of atmospheric water vapor. An in-house Raman 
LIDAR system was developed for the measurement of high 
vertical and temporal resolution profiles of Water vapour and 
Aerosol backscatter. The Raman LIDAR system is designed for 

continuous day and night aerosol observation and continuous 
night-time Water vapour profiling. During nighttime continuous 
observation done in the month of January, a significant growth 
in boundary layer water vapor content was observed within a 
short period of time. Simultaneously an increase in the aerosol 
backscatter was also observed. The Aerosol particle size 
distribution is calculated using a synthetic approach.[2] The 
increase in aerosol size due to deliquescence is investigated. 
Profile measurements of Water vapour and Aerosol backscatter 
were done using the Raman LIDAR system operated over 
a tropical site Gadanki (13.5 N, 79.2 E). The constructional 
features and the capability for simultaneous Aerosol, Water 
vapour and Nitrogen profiling through the boundary layer and 
extended to free troposphere are demonstrated.
Ref:
1) Printed version ISBN number 0-87590-865-9, Water vapour 
in the Climate System, Special Report. December 1995, 
American Geophysical Union
2) Particle size distribution retrieval from multiwavelength Lidar 
signals for droplet aerosol. Anna et. Al, 2008

9876-140, Session PTA1

Estimation of particulate matter (PM2.5) 
using satellite and meteorological 
products
Manoj K. Mishra, Debojyoti Ganguly, Indian Space 
Research Organisation (India)

Near surface aerosols shows adverse impact on human 
health. In recent past, surface-based air quality monitoring 
has been improved by using aerosol products derived from 
satellite data. Satellite derived aerosol products can be used 
for assessing surface level PM2.5 (aerodynamic diameter 
less than 2.5 ?m). However, since satellite derived aerosol 
products gives information about entire aerosol column, not 
only about near surface aerosol, therefore, the estimated 
PM2.5 shows large uncertainty. In present work, we show 
how use of meteorological parameters (relative humidity, 
planetary boundary layer, surface temperature and wind 
speed) along with satellite derived aerosol optical depth (AOD) 
improves the estimate of surface PM2.5 level. We developed 
an artificial neural network (ANN) based model using satellite 
AOD (derived from MODIS and INSAT-3D), ground based 
measurements (obtained from central pollution control board, 
India) and meteorological data from WRF model to asses 
PM2.5 level in Indian cities Ahmedabad, Mumbai and Delhi. 
From comparison it is found that in all three cities the ANN 
model (using satellite and meteorological datasets as input) 
derived PM2.5 is in good agreement with ground based 
PM2.5 measurements. We have also compared the results 
obtained from ANN model with those obtained through 
simple correlation between PM2.5 and AOD. It is found that 
due to the use of meteorological datasets along with satellite 
derived AOD, the ANN model gives better estimates of PM2.5 
compared to that obtained through simple correlation method.

9876-141, Session PTA1

The impact of LULC on WRF model 
performance in a sub-tropical urban 
environment
Manju Mohan, Shweta Bhati, Indian Institute of 
Technology Delhi (India)

Delhi, the capital city of India has witnessed immense urban 
growth in past few decades. Many agricultural and green areas 
have transformed into built-up areas. Landuse - Landcover 
(LULC) in the model domain is mapped in the Weather 
Research and Forecasting (WRF) model using 24 category 
AVHRR based USGS land use data as default that seems 
inadequate in terms of current land use representation due to 
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rapid urbanization and development throughout the world. 
Consequently, there is a substantial mismatch between actual 
landuse data with that used in the model. Present study is 
aimed at analyzing impact of change in input land cover on 
model outputs of some surface meteorological parameters. 
Three different types of land use data have been applied to 
the model viz. USGS land use data, MODIS based land use 
data and user-modified USGS land use data. The modified land 
use data has then been coupled with urban canopy model 
for incorporation of canopy features. Model performance has 
been evaluated for surface meteorological. Spatial urban heat 
island intensities (UHI) have also been analyzed with respect 
to those observed in a field campaign over Delhi conducted 
earlier. Modification of LULC significantly improves the model 
performance for temperature and relative humidity but has 
relatively lesser influence on wind. Nighttime urban heat island 
intensities are also better simulated with UCM simulations. 
The study highlights the significance of impact of land use/
land cover in atmospheric processes and the urgent need for 
updated LULC for meteorological modeling.

9876-142, Session PTA1

Analysis of air pollution during a severe 
smog episode of November 2012 and 
Diwali Festival over Delhi, India
Ankur Prabhat Sati, Manju Mohan, Indian Institute of 
Technology Delhi (India)

The hazardous combination of smoke and pollutant gases, 
smog, is harmful for health. A severe smog episode was 
observed over Delhi, India during November 2012 which 
resulted in very low visibility and various respiratory problems. 
Very high values of pollutants (PM10 as high as 989 µg m-3, 
PM2.5 as high as 585 µg m-3 an NO2 as high as 540 µg m-3) 
were measured all over Delhi during the smog episode. In 
the study done, episodes of different nature and intensity are 
analyzed based on remote sensing data for 3 years (2010-
2012) one of regional origin (the Delhi smog episode of 2012) 
and another of local origin (Diwali). Remote sensing and in 
situ data have revealed an insight into the genesis, temporal 
and spatial variance during these episodes. Satellite derived 
parameters like fire maps, Ultra Violet Aerosol Index (UVAI) 
from Aura satellite and Aerosol Optical Depth (AOD) are 
used in the present study along with the output trajectories 
from HYSPLIT model and the in-situ data. It is observed that 
during the smog episode all the AOD, UVAI, PM 2.5 and PM10 
values surpassed those of the Diwali period by a considerable 
amount at all stations across Delhi. The parameters used from 
the remote sensing data and the ground based observations 
at various stations across Delhi are very well in agreement 
about the intensity of Smog episode. The analysis clearly 
shows that regional pollution can have greater contributions 
in deteriorating the air quality than the local under adverse 
meteorological conditions.

9876-143, Session PTA1

Validation of new space-borne lidar 
cloud-aerosol transport system (CATS) 
on-board the International Space 
Station (ISS) using ground-based lidar 
observations from a tropical Indian 
station Gadanki
Amit Kumar Pandit, National Atmospheric Research 
Lab. (India) and Sri Venkateswara Univ. (India); Harish 
S. Gadhavi, Karnam Raghunath, Achuthan Jayaraman, 
National Atmospheric Research Lab. (India)

Clouds and aerosols play vital role in modulating the Earth’s 
climate through their effects on radiation and water-vapour 

budget. Being highly variable, these are one of the most 
uncertain components of the climate. The representation of 
cloud-aerosol processes in the global climate models are poor 
owing to their inhomogeneity, shorter life-times and complex 
interactions. This leads to poor climate predictions and hence 
poor understanding of climate system and its feedback. 
Improvement in the climate model predictions demands highly 
accurate range-resolved vertical distributions of clouds and 
aerosols at global scale which only space-borne lidars can 
provide. Cloud-Aerosol Transport System (CATS) is a recent 
space-borne lidar installed at the International Space Station 
(ISS) intended to provide multi-wavelength, high temporal 
resolution global coverage of clouds and aerosols. Initial 
validation of space-borne lidar data is essential before the 
release of its science data products.
 This study presents initial validation results of the cloud-
aerosol observations of CATS using the near-simultaneous and 
co-located observations obtained from a ground-based lidar 
situated at a tropical Indian station: Gadanki (13.45˚ N, 79.18˚ 
E). CATS overpasses near Gadanki are found within 30 km at 
least for two cases during the period March-September 2015 
which provide unique opportunity for its validation. We have 
validated the Level 1B data of CATS lidar at 532 nm wavelength. 
The aerosol and cloud layers observed from these two different 
lidars show good agreement. The optical properties of these 
layers are also compared, details of which will be presented in 
the conference.

9876-144, Session PTA1

Digital designing using VHDL and FPGA
Durri Shahwar, Univ. of Kashmir (India)

The project objective involves describing the general FGPA 
architectures and the design flow, VHDL programming, 
modelling digital circuits by developing source codes in VHDL 
and then with an appropriate VHDL software, simulating, and 
synthesizing VHDL code. The software used in this project 
is the Actel’s Liaero 8.6-IDE software, which implements the 
full IEEE standard, for compilation, simulation, synthesis and 
implementation using FPGAs. The latter software also provides 
for schematic entry and simulation. All the models will be 
tested using the Actel Libero 8.6-VHDL software. FPGAs (Field 
Programmable Gate Arrays) have today revolutionized digital 
design, generally replacing ASICs in the field. Current trends 
indicate that, fuelled by lower development and life-cycle 
costs, FPGAs are set to completely dominate the digital world 
of tomorrow. Finalizing a design on an FPGA and moving it to 
a structured ASIC can cut cost, time and risk as well as result 
in smaller size and lower power consumption. To mitigate this 
risk, FPGAs are often used as prototyping vehicles. With their 
high levels of logic density and performance, FPGAs are often 
used as prototyping vehicles. With their high levels of logic 
density and performance, high-density FPGAs help developers 
implement complex designs that can be tested in the target 
system. FPGA prototypes offer many distinct advantages and 
tested at full speed without a multi-million-dollar price tag. 
FPGAs offer a low-risk, quick time solution that one can easily 
modify when one needs to make changes, fix bugs or create 
product derivatives at some point in the future. VHDL is a fairly 
general-purpose language, and it doesn’t require a simulator on 
which to run the code. There are many VHDL compilers, which 
build executable binaries. It can read and write files on the host 
computer, so a VHDL program can be written that generates 
another VHDL program to be incorporated in the design 
being developed. Because of this general-purpose nature, it 
is possible to use VHDL to write a test bench that verifies the 
functionality of the design using files on the host computer 
to define stimuli, interacts with the user, and compares results 
with those expected. A final point is that when a VHDL model 
is translated into the “gates and wires” that are mapped onto 
a programmable logic device such as a CPLD or FPGA, and 
them it is the actual hardware being configured, rather than the 
VHDL code being “executed” as if on some form of a processor 
chip.
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9876-145, Session PTA1

Refined optical model of 
stereophotography ground-based 
experiment for determination the cloud 
base height
Alexey I. Chulichkov, Lomonosov Moscow State Univ. 
(Russian Federation); Andrey P. Medvedev, Oleg V. 
Postylyakov, A.M. Obukhov Institute of Atmospheric 
Physics (Russian Federation)

For the reconstruction of some geometrical characteristics 
of clouds a method was developed based on taking pictures 
of the sky by a pair of digital photo cameras and subsequent 
processing of the obtained sequence of stereo frames to obtain 
the height of the cloud base. The method of the morphological 
analysis of images is used to determine the relative shift of the 
coordinates of some fragment of cloud. The shift is used to 
estimate the cloud base height and cloud speed.
Since in practice the positioning of the cameras enough precise 
to solve the stated problem can’t be provided, we proposed an 
approach to adjusting the relative position of the optical axis of 
one (adjustable) of two cameras relative to another (reference) 
using photographs of specially selected test objects. As test 
objects for the calibration we used the starry sky. Frames 
of cloudy sky with the adjustable camera, using parameters 
estimated by the photographing the starry sky, were converted 
to mean that it would be in the perfect adjustment of its 
characteristics relative to the reference camera. The report 
describes an improved optical model of stereophotography 
which take into account radial distortion of photocamera glases 
in procedure of adjusting.

9876-146, Session PTA1

Laser sensing atmosphere for monitoring 
methane emissions in the Arctic
Alexsandr S. Grishkanich, Sergey Kascheev, ITMO Univ. 
(Russian Federation); Aleksandr P. Zhevlakov, Julia 
Ruzankina, ITMO Univ. (Russian Federation); Igor S. 
Sidorov, Univ. of Eastern Finland (Finland); Leonid 
Smirnov, ITMO Univ. (Russian Federation)

In the last decade, a wide spread in relation to the remote 
control and monitoring environmentally harmful and dangerous 
products pollution of the atmosphere and hydrosphere has 
received lidar technique. On the one hand, this is due to the 
fact that the sensors based on laser sensing allows detalyado 
investigated objects and environmental components in their 
spectral characteristics in conditions substantially below 
the limit level of spatial the approval of the Supervisory 
systems. On the other, through cheaper components products 
and hardware components, as well as the progress in laser 
technology, computational tools equipment and software. 
The task of ecodiagnostic, research of dangerous gases 
man-made origin that appear in the atmosphere in the 
destruction of waste and trash, detection of toxic and explosive 
substances, search the forest and land narcotic plants – this 
is not a complete coverage of possible applications of lidar 
in commercial purposes.Automated on-Board lidar will allow 
you to set the power methane emissions, the qualitative and 
quantitative parameters of anomalies. According to
aerogeodezicheskoe shooting will be possible to identify the 
places where the methane, quickly to monitor the levels of 
changes in the concentration, thereby obtaining the necessary 
data to model climate and predict the degree of “global 
warming”. Except also it is possible to evaluate environmental 
conditions and engineering design, the construction and 
operation of wells, piping, etc.

9876-147, Session PTA1

Impact of El Nino and La Nina on the 
meteorological elements
Rajasri Sen Jaiswal, Sona College of Technology 
(India); Samuthra Govindan, Punitha Murugan, Subitha 
Thangarasu, Vinotha Ramalingam, Sri Sarada College for 
Women (India)

The El Nino and La Nina have been found to influence the 
weather at a remote place. In this paper, the authors investigate 
the impact of El Nino & La Nina on the surface temperature 
and rainfall over few selected locations in India and abroad. 
The study shows that the El Nino & La Nina affect the surface 
rainfall; however, the impact is not the same over all the 
locations. Effect of El Nino and La Nina on all India rainfall has 
also been analysed. In order to find out whether such influence 
is latitude sensitive, the study has been performed over 
locations located at different latitudes and at a fixed longitude. 
Similarly, in order to find out whether the longitude plays any 
roles on the impact of the phenomenon, locations at different 
longitudes, and at a fixed latitude have been investigated.
To check if the El Nino/La Nina leaves any impressions on 
the upper air meteorological elements, the cloud liquid water 
(CLW), precipitation water (PW), latent heat (LH), freezing 
level height (HFL) and the bright band height (BBH) over a few 
locations have been studied from the Earth’s surface up to a 
height of 18 km above. The CLW, PW and LH values have been 
obtained from the data product 2A12 of the Tropical Microwave 
Imager (TMI) onboard the Tropical Rainfall Measuring Satellite 
(TRMM), while that of the BBH and the HFL are obtained from 
the data product 2A12 of the precipitation radar (PR) onboard 
the TRMM.

9876-17, Session 4

Gridded radar rainfall product for 
comparison with model rainfall
Amar Jyothi Kasimahanthi, Devajyoti Dutta, D. Preveen 
Kumar, National Ctr. for Medium Range Weather 
Forecasting (India)

Radar derived precipitation are burdened with errors from 
different sources like ground clutter, partial beam blockage due 
to topography, sea clutter, birds, attenuation of radar signals 
by hydrometeors, electromagnetic interference with the sun, 
microwave emitters, anomalous propagation of the radar beam 
due to specific atmosphere temperature. The characterization 
of quality of DWR data is essential for generating the radar 
gridded rainfall products. The static QI maps give a quick 
overview about the inherent errors in the DWR data. Various 
quality control algorithms are applied for the generation of 
composite QI and quality indices have been assigned. The 
quality indices generated for the radar reflectivity includes the 
effect of beam shielding, beam broadening, bright band and 
finally the attenuation due to rain. The radar data is quality 
controlled for the artifacts like speckle, spikes and clutters. 
The static composite quality index is used for the generation 
of gridded radar reflectivity’s. Using this gridded radar 
reflectivity other products like gridded rainfall and 3D mosaic 
is developed. The gridded radar rainfall is further used for the 
generation of hourly and accumulated radar rainfall.
The high resolution numerical weather model output needs a 
product of similar resolution for verification/comparison and 
radar derived rainfall is a very good tool for this purpose. The 
comparison of UM high resolution model (4 km) rainfall with 
the gridded radar rainfall is presented. 
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9876-18, Session 4

Development of a laser transceiver for 
small-scale rainfall measurements in the 
horizontal direction
Satheesh Kumar Shekatam, Bhavani Kumar Y, T. 
Narayana Rao, National Atmospheric Research Lab. 
(India)

Measurement of rainfall in spatial extent plays an important 
role in the fields related to meteorology, hydrology, agriculture 
andEM wave propagation.Traditionally rainfall measurements 
using tipping bucket rain gauge (TBRG)are considered as 
standard on point scale, where as the measurements from 
weather radars are employed for spatial scale interpretation.
Microwave radar (MWR) employed in weather applications 
provide information on rainfall over wide area. However, 
MWR measurements are questionable for rainfall atsurface 
level covering short ranges. The reasons for this are due to 
MWR beam blockage, enhanced ground-clutter, anomalous 
propagation, strong path attenuation etc.To fill this gap area, 
laser based rainfall sensors are suitable.
Recently, at the National Atmospheric Research Laboratory 
(NARL), a Department of Space (DOS) unit located at 
Gadanki near Tirupati, a compact laser based transreceiver 
was developed for measurement of laser backscatter in rain 
conditions in the horizontal direction. The spatial variation 
of laser backscatter intensity provides the rainfall rate. The 
temporal variation of rain echo signal provides the wind 
induced patterns in the surface rainfall. The transreceiver 
employs diode pumped laser and operates at visible 
wavelength. The laser based sensor operates at 7.5 m range 
resolution and one second time sampling. At present there is 
no suitable in situ instrument for direct comparison of laser 
transreceiver output due to its high time and range sampling. 
However, the laser backscatter returns are compared with 
single point TBRG measurements and are found agreeing 
well for small scale rainfall conditions. The unique feature of 
the instrument is that its sensitivity to light rain (drizzle). In 
the absence of rain it responds to the airborne aerosols and 
produces laser backscatter. The clear air laser backscatter 
has been considered as the reference for rainfall intensity 
measurements.
In this paper, we present the lidar transreceiver measurements 
of rainfall and wind induced patterns during rain conditions. 

9876-19, Session 4

Cross validation of microphysics 
between GPM DPR and ground radar for 
tropical storms
Minda Le, V. Chandrasekar, Colorado State Univ. (United 
States)

The Global Precipitation Measurement (GPM) mission was 
successfully launched in February 2014. The GPM core satellite 
is equipped with a dual-frequency precipitation radar (DPR) 
operating at Ku- (13.6 GHz) and Ka- (35.5 GHz) band. DPR 
on aboard the GPM core satellite is expected to improve our 
knowledge of precipitation processes relative to the single-
frequency (Ku- band) radar used in TRMM (Tropical Rainfall 
Measurement Mission). New Ka- band channel observation of 
DPR helps to improve the detection thresholds for light rain 
and snow relative to TRMM PR. The dual-frequency signals 
allow us to distinguish regions of liquid, frozen, and mixed-
phase precipitation. Le and Chandrasekar (2013) developed 
rain type classification and melting layer detection algorithms 
for dual-frequency classification module in GPM DPR level 2 
algorithm using parameter of measured dual frequency ratio 
(DFRm). 
Ground validation system is of central importance for cross 
validation of space radar algorithms. In this research, we 
focus on the cross validation of microphysics including 

precipitation types, melting region detection and precipitation 
rate estimations between GPM DPR and ground radars. 
NPOL (NASA S-Band Dual-Polarimetric Radar) radar and 
NEXRAD (Next Generation Radar) radar data are used in this 
comparison. Tropical storms in year 2014 and 2015 observed by 
both space radar and ground radar are studied. 

9876-20, Session 4

Strategic outlook for weather radar 
deployment in India
V. Chandrasekar, Colorado State Univ. (United States); 
Madhavan Nair N. Rajeevan, Govindan Pandithurai, 
Indian Institute of Tropical Meteorology (India); 
Devendra Pradhan, India Meteorological Dept. (India)

Weather radars have become indispensable tools for 
modern observation systems not only for weather forecast, 
and numerical model data assimilation , but also for other 
civilian applications such as aviation, flood forecast, smart 
transportation systems, homeland security and smart city 
concepts. Traditional paradigms of long range weather radar 
networks have been replaced by a mix of long range and 
multi-scale networks such as dense network of short range 
weather radars in urban domain. The initiative to deploy a 
network of X band radars along the Himalayan range namely 
the , “Integrated Himalayan Meteorology Project”, is a good 
example. The rapid advance in radar technology such as 
dual-polarization, higher frequency small radars such as X 
band systems have become part of operational systems as 
those demonstrated in other places such as Dallas Fort Worth 
USA and Tokyo Japan. This paper will present a scientific and 
engineering analysis of the radar deployment paradigm for the 
Indian sub-continent in the modern multi-scale radar network 
paradigm. This paper will consider multiple stakeholders 
as well as, distribution of complex terrain, climatology and 
aviation meteorology. Several of the concepts discussed in the 
weather radar brainstorming meeting at the Indian Institute of 
Bangalore will also be summarized.

9876-21, Session 4

Understanding the variability of Z-R 
relations over the coastal station Thumba 
(8.5°N, 76.9°E)
Lavanya Sasikumar, Kirankumar Nadimpally, Space 
Physics Lab. (India)

One of the limitation of weather radar in estimation of rainfall 
through relationship between radar reflectivity Z and rain rate 
R (Z=ARb), is attributed to the variability of coefficients and 
exponent in the relationship. Numerous reports have shown 
that, they not only vary with space and time, but also with the 
type of precipitating system. The observed rainfall, raindrop 
size distributions (DSDs) over the ground arise from the 
convective or stratiform clouds, a suitable approach would be 
to analyze their variability in relation to that of Z-R relationship. 
In order to investigate this, and to establish a suitable Z-R 
relation over a coastal region Thumba, disdrometer data 
collected for different rain types and for different seasons 
during the period 2007-2014 forms the data set. Firstly, the 
disdrometer data are classified into convective, transition and 
stratiform based on the variation of median volume diameter 
(D0) and R. The results show that, for convective and stratiform 
rain, the coefficient A (exponent b) are found to be larger 
(smaller) during pre-monsoon (MAM) season and smaller 
(larger) during SW-monsoon (JJAS) seasons. The variations in 
the observed Z-R are explained with the variations in the rain 
drop size distributions parameters.
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9876-23, Session 5

Investigation of tropical cirrus cloud 
properties using ground based lidar 
measurements
Reji K. Dhaman, Univ. of Kerala (India) and Indian Naval 
Academy (India); Satyanarayana V. Malladi, Glory 
Selvan Jayeshlal, Vellara Pappukutty Mahadevan Pillai, 
Vasudevannair Krishnakumar, Univ. of Kerala (India)

The macrophysical and optical properties of cirrus clouds 
were investigated using the Mie LIDAR and radiosonde 
measurements at the National Atmospheric Research 
Laboratory, Gadanki, India (13.5?N, 79.2?E), an inland tropical 
station during the period of observation 2009. From the 
analysis of the measurements we determined the cirrus 
macrophysical properties such as cloud base cloud top, cloud 
mid altitudes, cloud mid temperature and cloud geometrical 
thickness and the optical properties of cirrus such as extinction 
coefficient, optical depth, scattering ratio and lidar ratio. Cirrus 
clouds were most generally observed at an altitude range from 
9 to 16 km, with mid cloud temperatures in the range from 
-81? to -46?C. The seasonal variation of cirrus geometrical 
and temperature properties were observed. The cirrus cloud 
thickness ranges from 0.9 to 4.5 km and 56% of cases the 
thickness lie in the range 1-2 km. During the SW monsoon and 
NE monsoon the mean cloud thickness were 3.3 km and 2.07 
km. 50% of cirrus cloud observed are optically thin with optical 
depth < 0.3 and mean optical depth during the monsoon 
period were 0.20 - 0.26. The optical depth and geometrical 
thickness increases with mid cloud temperature. The back 
scattered signal from the thin cirrus clouds exhibit significant 
depolarisation ratio, which indicates the presence of randomly 
oriented non-spherical ice crystals. The lidar ratio varied from 
5 to 100 sr and the mean lidar ratio of thin cirrus was greater 
than that of opaque cirrus. Also we have observed the variation 
of lidar ratio with optical depth.

9876-24, Session 5

Remote measurement of cloud 
microphysics and its influence in 
predicting high-impact weather events
Bipasha P. Shukla, Jinya John, Space Applications 
Ctr. (India); Chandra Mohan Kishtawal, Indian Space 
Research Organisation (India)

Understanding the cloud microphysical processes and precise 
retrieval of parameters governing the same are crucial for 
weather and climate prediction. Advanced remote sensing 
sensors and techniques offer an opportunity for monitoring 
micro-level developments in cloud structure. . Using the 
observations from a visible and near-infrared lidar onboard 
CALIPSO satellite (part of A-train) , the spatial variation of 
cloud structure has been studied over the Tropical monsoon 
region . It is found that there is large variability in the cloud 
microphysical parameters manifesting in distinct precipitation 
regimes. In particular, the severe storms over this region are 
driven by processes which range from the synoptic to the 
microphysical scale. As a case study, using INSAT-3D data, 
retrieval of cloud microphysical parameters like effective 
radius (CER) and optical depth (COD) were carried out for 
tropical cyclone Phailine. It was observed that there is a general 
increase of CER in a top–down direction, characterizing the 
progressively increasing number and size of precipitation 
hydrometeors while approaching the cloud base. The 
distribution of CER relative to cloud top temperature for 
growing convective clouds has been investigated to reveal 
the evolution of the particles composing the clouds. It is seen 
that the relatively high concentration of large particles in the 
downdraft zone is closely related to the precipitation efficiency 
of the system. Thus the remote observations of microstructure 
of convective storms provide very crucial information about the 

maintenance and potential devastation likely to be associated 
with it. With the synergistic observations from A-Train , 
geostationary and futuristic imaging spectroscopic sensors, 
a multi-dimensional, and multi-scalar exploration of cloud 
systems is anticipated leading to accurate prediction of high 
impact weather events.

9876-26, Session 5

Assessment of cloud properties from 
INSAT-3D sounder
Munn Vinayak Shukla, Pradeep K. Thapliyal, Ipshita Dey, 
Prateek Kumar, Chandra Mohan Kishtawal, Indian Space 
Research Organisation (India)

INSAT-3D provides several important parameters that are used 
for various weather and climate applications. INSAT-3D carries 
a six channel imager and 18 channels sounder. It is important 
to mention here that INSAT-3D imager doesn’t have any CO2 
absorption channel whereas INSAT-3D sounder has a few 
CO2 absorption channels, therefore the methodologies for 
deriving cloud top height from two instruments are different. 
Water vapor intercept method is used for calculating cloud 
top height from INSAT-3D imager whereas CO2 slicing method 
is used to compute cloud height from sounder. The present 
study briefly describes the methodology of generating cloud 
properties from INSAT-3D imager and sounder. Since two 
different methodologies are being used to generate same 
cloud properties from two different instruments, therefore it 
is interesting to see relative errors of two products. The study 
further extends to estimate the accuracies of various cloud 
products from INSAT-3D. For estimation of errors in two cloud 
products, the cloud products from INSAT-3D imager and 
sounder are compared with each other. For more realistic error 
estimation, the cloud top height from imager and sounder is 
also compared with MODIS cloud height product. 

9876-27, Session 5

Cloud microphysical parameters of warm 
clouds observed at South India
Venkata Ramana Muvva, Indian Institute of Space 
Science and Technology (India)

The cloud microphysical parameters and the effects of aerosol 
on cloud microphysical parameters (namely, cloud droplet 
number concentration and cloud droplet effective radius) 
are analysed from direct ground-based in-situ measurements 
carried out at Ponmudi Climate Observatory, South India. At 
Ponmudi climate observatory (1km amsl), continuous cloud 
and aerosol parameters are measured simultaneously since 
2014. Also, cloud condensation nuclei (CCN) measurements at 
5 different supersaturations (0.2%–1%) are made using a CCN 
counter. The aerosol concentration showed distinct seasonality 
with 4 times higher values during winter period than in 
summer. This increase is due to build up of aerosols with the 
advancement of dry monsoon season. Associated changes 
are noticed in CCN concentrations. The CCN concentrations 
at 0.4% super saturation are varied from 50 to 700 cm-3 
in summer and are from 1800 to 3500 cm-3 in winter. The 
corresponding Hygroscopicity parameter (‘kappa’) for July is 
in the range from 0.6 to 1.5 and for November it ranges from 
0.3 to 0.5; which suggests that the summer aerosols are more 
Hygroscopic in nature. 
The mean in-situ cloud droplet concentrations (CDCs) during 
the period of study are varied from 0.02 to 900 cm-3, with 
low values in winter and high values in summer. The cloud 
droplet effective radius (Re) values varied from 1 to 11µm and 
the retrieved liquid water content (LWC) values varied from 
0.02 to 0.3 g/m3. The result showed that with an increase in 
aerosol concentration the Re values decreased from 11µm to 
2µm and LWC decreased from 0.3 g/m3 to 0.02 g/m3, while 
cloud droplet concentration increased from around 50 cm-3 to 
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500 cm-3. This study suggests such determination of aerosol-
cloud interaction with larger set of data points covering all the 
seasons. 

9876-108, Session 5

Characterization of tropical cloud 
systems using cloud radar
Madhu Chandra Kalapureddy, Sachin Deshpande, 
Subrata Das, Kaustav Chakravarty, Sukanya Patra, Indian 
Institute of Tropical Meteorology (India)

Tropical cloud system (TCS) vertical structure is the key 
issue to be understood besides the seasonal change of it in 
unraveling the characteristics and role of tropical clouds. The 
cloud radars are inherently much sensitive to cloud particles 
that enable to study and characterize the wide variety 
of TCS. In order to venture on it, high resolution remote 
sensing observations from ground based cloud radar has 
been analyzed to understand and characterize the tropical 
cloud systems from the western part of India. The radar 
operations are mainly focused to cover the entire monsoon 
season. Even though cloud radars are immune to clutter 
but they frequently encounter insects echo near couple of 
kilometers close to the surface. So, it is important to identify 
and separate the meteorological (cloud and precipitation) 
and non-meteorological (insects) information. The current 
work also focuses on the important data quality issue. This will 
improve to have the unbiased statistics on the tropical clouds. 
Further, statistical approach has been utilized to classify the 
meteorological returns from the cloud system on the basis of 
variations associated to the vertical profile pertinent to the 
type of cloud system. While preparing data statistics enough 
care has been taken with attenuation from the precipitation 
and strong returns from close objects viz., ground clutter 
and insects besides to fixing the profile of the critical back-
scattered signal strength to qualify for further cloud analysis to 
bring out the cloud characteristics. 

9876-28, Session 6

Recent advancement in atmospheric 
motion vectors retrieval from INSAT-3D
Chandra Mohan Kishtawal, Sanjib Kumar Deb, Indian 
Space Research Organisation (India)

The advanced Indian meteorological geostationary satellite 
INSAT-3D was launched on 26 July 2013 with an improved 
imager and an infrared sounder and is placed at 82E over the 
Indian Ocean region. The retrieval techniques and accuracy of 
Atmospheric Motion Vectors (AMV) has improved significantly 
with the availability of improved spatial resolution data along 
with more options of spectral channels in the INSAT-3D imager. 
This study mainly focused on providing brief descriptions of 
INSAT-3D data and AMV derivation processes adopted using 
these data. It also discussed the initial quality assessment 
of INSAT-3D AMVs with other independent observations: 
i) Meteosat-7 AMVs available over this region, ii) in-situ 
radiosonde wind measurements, iii) cloud tracked winds 
from Multi-angle Imaging Spectro-Radiometer (MISR) and iv) 
numerical model analysis. It is found that the qualities of newly 
derived INSAT-3D AMVs have improved significantly compared 
to other Indian missions (viz. INSAT-3A and Kalpana-1) and are 
comparable with Meteosat-7 AMVs over this region. The initial 
applications INSAT-3D AMVs are demonstrated by assimilating 
them in the Weather Research and Forecasting (WRF) model 
and it is found that the assimilation of newly derived AMVs has 
improved the forecast in regional-scale as well as cyclone track 
forecast over the Indian Ocean region. Though, the present 
study is limited to its application to two case studies, however, 
it will provide some guidance to the operational agencies for 
implementation of this new AMV dataset for future applications 
in the Numerical Weather Prediction (NWP) over the south 
Asia region.

9876-29, Session 6

Atmospheric sounding of winds using 
scanning Doppler cloud radar to 
characterize the kinematic properties of 
the tropical cloud system
Soumojit Bose, Indian Institute of Tropical Meteorology 
(India) and Birla Institute of Technology (India); Madhu 
Chandra Kalapureddy, Indian Institute of Tropical 
Meteorology (India); Subrat Ku. Swain, Birla Institute of 
Technology (India)

Wind plays a vital role in atmospheric energetics. It transports 
heat, mass, moisture and pollutants from one place to another. 
The winds and their variability in Planetary Boundary Layer 
(PBL) are important in various fields, like meteorology, 
atmospheric physics, environmental protection, agriculture, 
wind energy utilization, and air traffic control etc. Accordingly, 
the characterization of wind and its variability is extremely 
important. Wind variability associated with changing 
atmospheric conditions especially during the deep (convective) 
to shallow (stratiform) cloud system will be an ideal case 
to understand the contrasting cloud dynamical features 
associated with the tropical cloud system (TCS). Such studies 
are needed to classify the TCS kinematic properties to identify 
the conspicuous processes involved within it. This work utilizes 
the volume observations of scanning cloud radar, which is 
sensitive to the non-precipitating clouds that act as tracers to 
compute the kinematics associated with TCS. Using Velocity 
Azimuth Display/Volume Velocity Processing, the evolution 
of computed 3-D wind profiles, divergence, deformation etc., 
associated with wind fields will be the key for this study.

9876-30, Session 6

Wind from Indian doppler weather 
radars: a data assimilation view point
Devajyoti Dutta, Ministry of Earth Sciences (India); 
Swapan Mallick, Amar Jyothi Kasimahanthi, John P. 
George, D. Preveen Kumar, National Ctr. for Medium 
Range Weather Forecasting (India)

Doppler Weather Radar (DWR) can provide tropospheric 
wind observations with high temporal and spatial resolutions. 
It is important to assess the accuracy and source of errors 
of the observation before DWR winds are used in Numerical 
Weather Prediction (NWP) applications such as assimilation of 
observations in high resolution models. Indian Meteorological 
Department (IMD) has established a network of fifteen DWR in 
India. The Volume Velocity Processing (VVP) technique is one 
of the processing method which can provides vertical profiles 
of mean horizontal winds. The DWR observed VVP winds 
gives a continuous observation of the wind field at various 
atmospheric levels. The quality of the VVP winds is studied 
against the short-range forecast of the NCUM model (model 
background). The biases of the observation are calculated 
against model background. This study focuses on the quality of 
VVP winds and seasonal variation of bias of the observed wind. 
The observed VVP winds are used in NCMRWF 4D-Var data 
assimilation systems to produce the initial condition (analysis) 
for its NWP model NCUM (NCMRWF Unified Model). In this 
study, we also analyze the impact of VVP wind in the NCUM 
model assimilation and forecast system.

9876-31, Session 6

Influence of Walker circulation in 
stratosphere-troposphere exchange
K. V. Suneeth, Siddarth S. Das, Space Physics Lab. 
(India)
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Seasonal and annual characteristics of ozone and water vapour 
are studied globally, with emphasize on the influence of Walker 
circulation on Stratosphere-Troposphere Exchange (STE). 
Seven years of ozone and water vapour measurements from 
Aura MLS and temperature measurements from COSMIC Radio 
occultation technique have been used for the study. Latitudinal 
averaged (15oN-15oS) mixing ratios of ozone and water vapour 
shows some peculiar characteristics in the Upper Troposphere-
Lower Stratosphere (UTLS) region over the ascending and 
descending branch of Walker circulation. Mixing ratio of Water 
vapour shows relatively higher value in the ascending branches 
of walker circulation in all month as expected. Enhancement 
of ozone in the upper troposphere (~14km) is found highest 
between 80oW-40oE throughout a year, peaking between 
40oW-80Wo in JJA season and between 0o-40Eo in all other 
seasons. To understand the role of descending branches of 
walker circulation in the enhancement of upper tropospheric 
ozone, we also make use of temperature data from COSMIC 
Radio Occultation. Detail results will be presented in the 
upcoming conference.

9876-32, Session 6

Quantification of turbulence in cirrus/
anvil clouds using MST radar and lidar 
measurements
Satheesh Kumar Shekatam, T. Narayana Rao, National 
Atmospheric Research Lab. (India)

It is widely accepted that the exchange between the 
troposphere and stratosphere in tropics occurs primarily 
through two mechanisms: a fast transport by convection or a 
slow transport by stratospheric diabatic circulation. Among 
these processes, there is a consensus that the turbulence 
transport in overshooting convective cores is one of the 
important stratosphere-troposphere exchange mechanisms. 
Further, marginally severe turbulence was reported in the anvils 
besides active convection regions by air craft measurements. 
The present paper attempts to the quantification of the 
turbulence in the cirrus clouds. While working for this 
climatological quantification, we have utilized simultaneous 
MST Radar and Lidar measurements made over Gadanki 
during 1998-2014. The seasonal, altitudinal and cloud-type 
(optical depth as proxy) differences in turbulence have been 
statistically demonstrated.

9876-33, Session 7

Tropical cyclone intensity, structure, 
and track observed with multi-satellite 
sensors
Song Yang, U.S. Naval Research Lab. (United States); 
Joshua Cossuth, U.S. Naval Research Lab. (United 
States) and National Research Council (United States); 
Kim Richardson, Melinda Surratt, Richard L. Bankert, U.S. 
Naval Research Lab. (United States)

Tropical cyclones (TCs) are among the most severe weather 
systems and can lead to catastrophic damage to human lives, 
properties, and society. A TC’s intensity, structure and track are 
the major parameters for weather forecasts of TC activities. 
Satellite sensors provide the only method of global, near real-
time observations of TC life cycles. Passive microwave sensors, 
such as Advanced Microwave Scanning Radiometer 2 (AMSR-
2), Global Precipitation Measurement microwave imager (GMI), 
and Special Sensor Microwave Imager/Sounder (SSMIS), can 
present accurate analysis of TC intensity, center position, 
eyewall, and spiral convection zones because of the ability 
for microwave frequencies to penetrate clouds and observe 
hydrometeor structure. Multi-satellite sensors are required to 
provide a near real-time global coverage of TCs because each 
Low Earth Orbit (LEO) sensor can make observations twice 

per day over a given location. The Naval Research Laboratory-
Monterey (NRL-MRY) TC web page is the one-stop site where 
people can search for all available TC microwave sensor 
observations and associated numerical weather prediction 
(NWP) TC forecasts for current TCs and historical TC datasets. 
This TC web page can provide information of near real-time TC 
observations and predictions for local/regional managements 
to make better decisions on mitigating potential TC damages. 
This presentation will describe recent advances on the rich 
resources of satellite-based TC observations and related NWP 
forecasts on the NRL-MRY TC web page, including the inter-
sensor calibration on frequency shift between sensors for 
consistent view of TC brightness temperatures (TBs) among 
these sensors, recenter of TC position with the Automated 
Rotational Center Hurricane Eye Retrieval (ARCHER) algorithm, 
and a new interpolation scheme to create a unified TC TB 
database. An improved TC track analysis and TC diurnal 
properties with this new TC TB database will also be presented 
and discussed for better understanding of TC structure, 
intensity and track.

9876-34, Session 7

Assessment of raindrop size distributions 
and Z-R relations over coastal station 
Thumba during cyclones
Kirankumar Nadimpally, Lavanya Sasikumar, 
Subrahmanyam Kandula, Space Physics Lab. (India)

The rain drop size distribution (DSD) and associated Z-R 
relationships are known to vary with the seasons, from storm 
to storm, within the storm. Recent studies reveal that there 
exist significant seasonal differences in the rain cyclonic DSDs 
originated in the Bay of Bengal (BOB). In the present study, 
an attempt has been made to investigate the characteristics 
of DSD over AS and compare the cyclonic DSDs that are 
originating from Arabian Sea (AS) with that of the BOB. For 
this study, observations of Joss?Waldvogel disdrometer (JWD) 
rain data collected during cyclones originated in AS and BOB. 
Results show that the exponent and coefficients in the Z-R 
relationship are different in different rain regimes. In particular, 
the coefficients of convection differ from transition and 
stratiform rain in large magnitude for the cyclones originating 
from AS than that of BOB. These results highlight the presence 
of larger drops for the cyclones originating in AS during pre-
monsoon than NE monsoon seasons. The concentrations of 
medium and small size drops are large in number during NE-
monsoon whereas big drops are less in number for cyclonic 
DSD of AS origin than that of BOB.

9876-35, Session 7

Structural analysis of tropical cyclone 
using INSAT-3D observations
Neeru Jaiswal, Space Applications Ctr. (India); Chandra 
Mohan Kishtawal, Indian Space Research Organisation 
(India)

The continuous observations from visible and thermal infrared 
(TIR) channels of geostationary satellites are highly useful for 
obtaining the features associated with the shape and dynamics 
of cloud structures within the tropical cyclones (TCs). As TC 
develops from an unstructured cloud cluster and intensifies, 
the cloud structures become more axisymmetric around the 
centre of the TC. The gradient of the brightness temperatures 
measures the level of symmetry of each structure, which 
characterizes the degree of cloud organization of the TC. To 
better understand the structure of TC during different stages 
of its evolution i.e. from its cyclogenesis to maturity and 
dissipation, the multi-sensor satellite imageries plays a key 
role. The high spatial and temporal resolution observations 
from geostationary satellites are very useful in order to analyze 
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the cloud organization during the cyclogenesis and its further 
intensification. 
In the present work, the structural analysis of TC during its 
life period using the observations from Indian geostationary 
satellite INSAT-3D has been discussed. The INSAT-3D visible 
and TIR observations were used to fix the center position of the 
cyclone which is an input for the cyclone track and intensity 
prediction models. This data is also used to estimate the 
intensity of cyclone in the advanced Dvorak technique (ADT), 
and in the estimation of radius of maximum winds (Rmax) of 
TC which is an essential input parameter for the prediction 
of storm surge associated to the cyclones. The different 
patterns of cloud structure during the intensification stage, 
eye-wall formation and dissipation have been discussed. The 
early identification of these features helps in predicting the 
rapid intensification of TC which in turn improves the intensity 
predictions. 

9876-36, Session 7

Satellite-based nowcasting technique for 
thunderstorms
Suman Goyal, India Meteorological Dept. (India)

Satellite based Nowcasting technique is customized version 
of Forecast and Tracking the Evolution of Cloud Clusters 
(ForTraCC), it uses the extrapolation technique that allows 
for the tracking of Mesoscale convective systems (MCS) 
radiative and morphological properties and forecasts the 
evolution of these properties (based on cloud-top brightness 
temperature and area of the cloud cluster) up to 360 minutes, 
using infrared satellite imagery. The Thermal Infrared (TIR) 
channel of the weather satellite has been broadly used to 
study the behaviour of the cloud systems associated with deep 
convection. The main advantage of this approach is that for 
most of the globe the best statistics can only be obtained from 
satellite observations. Such a satellite survey would provide 
the statistics of MCSs covering the range of meteorological 
conditions needed to generalize the result and on the other 
hand only satellite observations can cover the very large range 
of space and time scale.
The algorithm script is taken from Brazilian Scientist Dr. Danial 
Vila and implemented it into the Indian environment and made 
compatible with INSAT-3D hdf5 data format. For Indian region 
it utilizes the INSAT-3D satellite data of TIR1 (10.8 µm) channel 
and creates nowcast. The output is made compatible with GUI 
based software MIAS by generating the output in hdf5 format 
for better understanding and analysis of forecast. The main 
features of this algorithm are detection of Cloud Cluster based 
on Cloud Top Brightness Temperature (CTBT) and area i.e. 
≤235 ºK and ≥2400 km2 respectively. The tracking technique 
based on MCS overlapping areas in successive images. The 
script has been automized in Auxiliary Data Processing System 
(ADPS) and generating the forecast file in every half an hour 
and convert the output file in geotiff format. The geotiff file is 
easily converted into KMZ file format using ArcGIS software to 
overlay it on google map and hosted on the web server.

9876-37, Session 7

A study on the recent severe 
thunderstorms in northern India
Gokul Vishwanathan, Sunanda Narayanan, G. Mrudula, 
CSIR-National Aerospace Labs. (India)

Thunderstorm, resulting from vigorous convective activity, 
is one of the most spectacular weather phenomena in the 
atmosphere which is associated with thunder, squall lines 
and lightening. On 13 April 2010, a severe storm struck 
parts of Bangladesh and eastern India which lasted about 
90 minutes, with the most intense portion spanning 30–40 
minutes. The severe Thunderstorm on 13th April 2010 spawned 
a large tornado, which lasted about 20 minutes and was 

the first tornado recorded in Bihar history. In the year 2015, 
Bihar experienced a similar storm on 21 April during which 
multiple microbursts were observed. Various meteorological 
parameters have been analysed to study the factors affecting 
the development of the thunderstorm. Satellite images from 
Kalpana and Meteosat has been analysed to capture the 
temporal and spatial evolution of these storms. The satellite 
images show the development of a convective clouds system 
in the early afternoon hours which developed further into 
the severe storms by late evening. The analysis carried out 
further using K-index, lifted index, CAPE etc also shows the 
development of multiple cells of convection. Further analysis of 
these storms will be presented in detail at the conference.

9876-38, Session 7

Doppler weather radar observations of a 
severe hailstorm
Uma K. N., Space Physics Lab. (India) and Vikram 
Sarabhai Space Ctr (India); Siddarth S. Das, Space 
Physics Lab. (India) and Vikram Sarabhai Space 
Ctr. (India); S. K. Das, Indian Institute of Tropical 
Meteorology (India); D. Pradhan, S. B. Thampi, India 
Meteorological Dept. (India)

The knowledge on the intensity and organization of convection 
is very much crucial to understand the tropical climate. The 
organization of convection contains variability on variety of 
spatial and temporal scales, ranging from individual clouds, 
cloud clusters to ensemble of clusters. Despite various 
efforts, there are still significant gaps in the knowledge on the 
formation of convective systems and the controlling factors 
that lead either to their organization or dissipation. There is a 
need to understand the propagation and interaction of tropical 
convection at various spatial and temporal scales. The present 
study utilizes the unique observations of Doppler Weather 
Radars to understand the organization of convection during a 
severe hailstorm. This particular hailstorm event occurred on 
22nd March 2014, over Kolkata caused damage to agricultural 
crops and was reported in several newspapers. The analysis 
revealed that the above convective event was a severe multi-
cell convection with two single cells propagated from two 
different directions and merged to form a strong single cell. 
Reflectivity, velocity and turbulence were observed to be 
very high. The reflectivity of the single convective cell was 
observed to reach an altitude of 15 km. In order to understand 
the background thermal and microphysical characteristics, 
additional data such as Megha-Tropiques (Humidity), INSAT-
3D (Temperature), Reanalysis data (Vertical wind) have been 
utilized. The results will be presented in detail in the upcoming 
workshop. 

9876-39, Session 8

Microwave radiometer observations of 
vertical structure of water vapor and 
characterization of convections over a 
tropical station
Ramachandran Pillai Renju, Nizy Mathew, Chellappan 
Pillai Suresh Raju, Tinu Antony, K. Krishnamoorthy, 
Indian Space Research Organisation (India)

The study of water vapor variability over a tropical station 
is important to understand the influence of water vapor on 
small scale weather phenomena like convection to complex 
and organized phenomena like monsoon. This paper presents 
results of multi-year (2010-2014), multi-frequency microwave 
(Ka & V bands) radiometer profiler (MRP) measurements 
from the tropical coastal station, Thiruvananthapuram (TVM), 
are used for the characterization of intra-seasonal and inter-
annual variability of atmospheric water vapor and water vapour 
vertical distribution and its link with the strength of monsoon 
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over the station. The potential, accuracy and consistency of 
MRP of water vapor over equatorial coastal condition including 
the monsoon period have been established by comparing the 
concurrent and collocated measurements of PWV by MRP and 
GPS using a station-based regression model between PWV 
and GPS wet delay component for TVM. Significant diurnal 
and intra-seasonal variations of PWV are observed during 
winter and pre-monsoon seasons. There is large inter- annual 
PWV variability during pre-monsoon, owing to frequent 
local convection and summer thunderstorms whereas during 
monsoon, low inter-annual variability due to water vapor 
advection by southwest oceanic monsoon winds. However, 
significant inter annual variability is seen for the humidity in 
the 2 to 6 km height altitude layer and that is also linked to 
the monsoon strength over the station. Prior to the onset of 
monsoon over the station, the specific humidity increases 
up to 5-10 g/kg in the altitude layer above 5 km and remains 
consistently so throughout the active spells. This study 
assumes significant important for study of monsoon. 

9876-40, Session 8

Characterization of tropical convective 
systems in different scale sizes using 
microwave radiometer observations
Chellappanpillai Suresh Raju, Nizy Mathew, 
Ramachandran Pillai Renju, Edvin V. Davis, Tinu Antony, 
Vikram Sarabhai Space Ctr. (India)

Characterization of the microphysical and thermodynamical 
properties of convective events over the tropical coastal 
station Thiruvananthapuram (TVM) has been carried out by 
multiyear Microwave Radiometer Profiler (MRP) observations. 
The analyses have been extended to develop a methodology 
to identify convective events, based on the radiometric 
brightness temperature (Tb) differences, at 30 GHz and 22.5 
GHz channels and are compared using reflectivity and rainfall 
intensity deduced from concurrent and collocated disdrometer 
measurements. In all 84 such convections were identified 
using the above methodology over the station for a period of 
years, 2010-2013; both during pre- and post- Indian summer 
monsoon months and further evaluated by computing their 
stability indices. The occurrence of convection over this coastal 
station peaks in the afternoon and early morning hours with 
genesis, respectively, over the land and the sea. The number 
of occurrence of convective events are less during monsoon 
deficit year whereas strong and more during heavy monsoon 
rainfall year. These findings are further evaluated with the 
percentage occurrence of fractional convective clouds derived 
from microwave payload SAPHIR observations on Megha- 
Tropique satellite.

9876-41, Session 8

X-band radar observation of ZDR 
columns in deep convection over the 
Western Ghats in India
Sachin Deshpande, Neeraj Poul, Subrata Das, Kaustav 
Chakravarty, Madhu Chandra Kalapureddy, P. Murugvel, 
Thara Prabhakaran, Govindan Pandithurai, Indian 
Institute of Tropical Meteorology (India)

The Indian Institute of Tropical Meteorology (IITM) has 
deployed an X-band Doppler radar at Mandhardev site (18.51°N, 
73.85°E, asl 1297 m), located in windward side of the Western 
Ghats of India. In this paper, vertical structure of a deep 
convection formed over the region on 12th November 2014 
is studied using X-band radar observations. The Countered 
Frequency by Altitude Diagrams (CFADs) of radar reflectivity 
(Z), differential reflectivity (ZDR) and radial velocity (V) fields 
at different stages of storm (i.e. from early convective to more 
stratiform stage) during the course of one hour period revealed 

the statistical representation of evolution of deep convection. 
The tall, narrow (few kilometers wide) columnar regions of 
enhanced positive ZDR (called as “ZDR columns”) extending 
upwards more than 4 km above the environmental 0°C level 
are noticed. An extension of ZDR contour greater than 1.5 
dB with maximum of 1.68 dB at the summit of ZDR column 
(10 km) is observed. These regions of positive ZDR correlate 
well with the locations of updraft (i.e. convergence) noticed 
in the vertical section of radial velocity. The evidence of 
“ZDR columns” indicates that supercooled liquid drops being 
lofted by the updraft. An increasing ZDR in growing column 
indicates that storm updraft is intensifying and is correlated 
to increase in near surface Z/rain after a lag of 15-25 minutes. 
The combined use of X-band radar (dynamical properties) and 
Lightening Location Network (electrical properties) infer that 
the deep convection was triggered through deep columns 
of supercooled liquid, leading to formation of graupel and 
possible link with lightning. 

9876-42, Session 8

Evaluation of a convective downburst 
prediction application for India
Kenneth L. Pryor, National Oceanic and Atmospheric 
Administration (United States); V. S. Prasad, C. J. Johny, 
National Ctr. for Medium Range Weather Forecasting 
(India)

During the month of June 2015, the South Asian (or Southwest) 
monsoon advanced steadily from the southern to the 
northwestern states of India. The progression of the monsoon 
had an apparent effect on the relative strength of convective 
storm downbursts that occurred during June and July 2015. 
A convective downburst prediction algorithm, involving the 
Microburst Windspeed Potential Index (MWPI) and a satellite-
derived three-band microburst risk product, and applied with 
meteorological geostationary satellite (KALPANA-1 VHRR 
and METEOSAT-7) and MODIS Aqua data, was evaluated 
and found to effectively indicate relative downburst intensity 
in both pre-monsoon and monsoon environments over 
various regions of India. The MWPI product, derived from 
T574L64 Global Forecast System (NGFS) model data, is being 
generated in real-time by National Center for Medium Range 
Weather Forecasting (NCMRWF), Ministry of Earth Sciences, 
India. The validation process entailed direct comparison of 
measured downburst-related wind gusts at airports and India 
Meteorological Department (IMD) observatories to adjacent 
MWPI values calculated from GFS and India NGFS model 
datasets. Favorable results include a statistically significant 
positive correlation between MWPI values and proximate 
measured downburst wind gusts with a confidence level near 
100%. Case studies demonstrate the influence of the South 
Asian monsoon on convective storm environments and the 
response of the downburst prediction algorithm.

9876-43, Session 8

Development of lidar sensor for cloud-
based measurements during convective 
conditions
Vishnu R., National Atmospheric Research Lab. (India) 
and Vellore Institute of Technology (India); Bhavani 
Kumar Yellapragada, T. Narayana Rao, Anish Kumar 
M. Nair, Achuthan Jayaraman, National Atmospheric 
Research Lab. (India)

Atmospheric convection is a natural phenomena associated 
with heat transport. Convection is strong during daylight 
period and rigorous in summer months. Severe ground 
heating associated with strong winds are experienced during 
these periods. Tropics are considered as the source regions 
for strong convection. Formation of thunder storm clouds is 

Conference 9876: Remote Sensing of the  
Atmosphere, Clouds, and Precipitation VI



  +1 360 676 3290 · help@spie.org      33Return to Contents

common during this period. Location of cloud base and its 
associated dynamics is important to understand the influence 
of convection on the atmosphere. Lidars are sensitive to 
Mie scattering and are the suitable instruments for locating 
clouds in the atmosphere than instruments utilizing the radio 
frequency spectrum. Thunder storm clouds are composed of 
hydrometers and strongly scatter the laser light.
Recently, a lidar technique was developed at National 
Atmospheric Research Laboratory (NARL), a Department of 
Space (DOS) unit, located at Gadanki near Tirupati. The lidar 
technique employs slant path operation and provides high 
resolution measurements on cloud base location in real-time. 
The laser based remote sensing technique allows measurement 
of atmosphere for every second at 7.5 m range resolution. 
The high resolution data permits assessment of updrafts at 
the cloud base. The lidar also provides real-time convective 
boundary layer height using aerosols as the tracers of 
atmospheric dynamics. The developed lidar sensor is planned 
for up-gradation with scanning facility to understand the cloud 
dynamics in spatial direction.
In this presentation, we present the lidar sensor technology 
and utilization of its technology for high resolution cloud base 
measurements during convective conditions over lidar site, 
Gadanki.

9876-45, Session 9

A ten-year global record of absorbing 
aerosols above clouds from OMI’s near-
UV observations
Hiren Jethva, Universities Space Research Association 
(United States); Omar Torrres, NASA Goddard Space 
Flight Ctr. (United States); Changwoo Ahn, Science 
Systems and Applications, Inc. (United States)

Aerosol-cloud interactions continue to be one of the most 
uncertain components of the climate models. One important 
aspect of the problem is when aerosol and clouds are 
observed in the same atmospheric column; for instance, light 
absorbing carbonaceous particles and dust aerosols overlay 
low-level cloud decks. Contrary to the negative radiative 
forcing (cooling) exerted by these aerosols in cloud-free skies, 
the absorbing aerosols over clouds can potentially lead to 
significant warming of the atmosphere, which subsequently 
can have a great influence on the atmospheric stability, cloud 
formation and its lifetime, and hydrologic cycle. The severity 
of these effects depends on the magnitudes of the aerosol 
loading above cloud, chemical composition of aerosols, and 
properties of underlying clouds. In efforts to reduce these 
uncertainties, we introduce a novel product of optical depth of 
absorbing aerosols above clouds retrieved from OMI’s near-
UV observations. The presence of absorbing aerosols above 
cloud reduces the upwelling radiation reflected by cloud and 
produces a strong ‘color ratio’ in the near-UV region, which 
can be unambiguously detected in the OMI measurements. 
This forms the physical basis of the algorithm (OMACA), 
which retrieves the optical depths of aerosols and clouds 
simultaneously under a prescribed state of atmosphere. 
OMACA has been applied to OMI observations to deduce a 
global decadal record (2005-2014) of aerosols above clouds. 
We will present the regional and global climatology, time-
series, and trend analysis of the derived parameters. Validation 
activities, future field campaigns, and inter-comparison with 
other satellite products will be discussed. 

9876-46, Session 9

Dynamical characteristics of atmospheric 
aerosols over IG region
Manish Sharma, Sharda Univ. (India); Ramesh P. Singh, 
Chapman Univ. (United States); Rajesh Kumar, Sharda 
Univ. (India)

The dynamical characteristics of atmospheric aerosols over 
the IG region are primarily dependent on the elementary 
geography in longitudinal direction from west to east as well 
on variable meteorological conditions of the region. Detailed 
analysis of multi satellite data and ground observations have 
been carried out over three different cities i.e. Kanpur, Greater 
Noida and Amritsar during 2010-2013. Level-3 MODIS terra 
daily global grid product at spatial resolution of 1° ? 1° shows 
the mean AOD value of 0.73, 0.70 and 0.67 with the standard 
deviation of 0.43, 0.39 and 0.36 over Amritsar, Greater Noida 
and Kanpur respectively during the study period of 2010-2013. 
It is noticed the large influx of desert dusts from the western 
arid and desert regions of Arabia during the pre-monsoon 
season (April–June) over Amritsar. The results shows the great 
influence of increasing distance from the origin of the western 
arid and desert regions of Arabia on Aerosols. The seasonal 
variation of atmospheric aerosols at 550 nm wavelengths for 
winter, pre-monsoon, monsoon and post monsoon as well as 
the characteristics of trace gases and aerosol parameters will 
also be presented. 

9876-47, Session 9

Aerosol optical properties over the 
Svalbard regions of Arctic: delineation 
with ground-based and satellite remote 
sensing
Mukunda M. Gogoi, S. Suresh Babu, Indian Space 
Research Organisation (India)

In view of the increasing anthropogenic presence and influence 
of aerosols in the northern polar regions, 5-years (2010-1015) 
of continuous long term data (in-situ and remote sensing) over 
the Svalbard region of Norwegian Arctic (Ny-Alesund, 79°N, 
12°E, 8 m ASL) have been investigated. This study has shown a 
consistent spring-time enhancement in the concentrations of 
both scattering and absorbing aerosols. Near the surface, the 
relative dominance of absorbing aerosols is more (lower single 
scattering albedo) compared to that at the higher altitude, 
which indicates the presence of local anthropogenic influence. 
Spectral variation of absorbance indicates that long-range 
transported biomass burning aerosols further contribute to 
the higher concentrations of absorbing aerosols in the arctic 
atmosphere. Columnar aerosol optical depth (AOD) estimates 
from both ground (Mirotop-Sunphotometer) and satellite 
(MODIS) based remote sensing reveals the highest abundance 
of aerosols during spring. The simultaneous analysis of snow 
samples indicates a range of concentrations from 0.64 ppb 
to 4.08 ppb of black carbon (BC) in Arctic snow. The details 
about the accuracy of the in-situ measurements and satellite 
remote sensing in estimates of aerosol optical properties in the 
Arctic will be presented. 

9876-49, Session 10

Impact of horizontal and vertical 
localisation scales on microwave sounder 
SAPHIR radiance assimilation
Chandramouli Krishnamoorthy, Balaji Chakravarthy, 
Indian Institute of Technology Madras (India)

Megha-Tropiques satellite a joint Indo-French venture, launched 
in 12th October 2011 is India’s first climate research satellite. The 
satellite carries three instruments aboard namely Microwave 
Analysis and Detection of Rain and Atmospheric Structures 
(MADRAS), Sounder for Probing Vertical Profiles of Humidity 
(SAPHIR) and Scanner for Radiation Budget (ScaRaB). SAPHIR 
is a 6 channel nadir viewing passive microwave sounder with 
central frequency around 183.32 Ghz water vapour line. In the 
present study, the effect of horizontal and vertical localization 
scales on the assimilation of direct SAPHIR radiances is 
studied. An Artificial Neural Network (ANN) has been used as 
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a surrogate for the forward radiative calculations. The training 
input dataset for ANN consists of vertical layers of atmospheric 
pressure, temperature, relative humidity and other hydrometeor 
profiles with 6 channel Brightness Temperatures (BTs) as 
output. The best neural network architecture has been arrived 
at, by a neuron independence study. Since vertical localisation 
of radiance data requires weighting functions, a ANN has been 
trained for this purpose. The radiances were ingested into the 
NWP using an Ensemble Kalman Filter (EnKF). The horizontal 
localization has been taken care of, by using a Gaussian 
localisation function centered around the observed coordinate. 
Similarly, the vertical localization is accomplished by assuming 
a function which depends on the weighting function of the 
channel to be assimilated. The cut-off radius and level for 
horizontal and vertical localisations were varied using a tuning 
parameter. Different sets of parameters for both horizontal 
and vertical localisations were generated using a Markov Chain 
Monte Carlo algorithm. The effect of these parameters on EnKF 
assimilation is studied for the Indian Ocean region, for a raining 
atmosphere. 

9876-50, Session 10

Use of INSAT-3D Sounder and 
Imager radiances in the 4D-VAR data 
assimilation system and its implications 
in the analyses and forecasts
Indira Rani, National Ctr. for Medium Range Weather 
Forecasting (India); Ruth Taylor, Met Office (United 
Kingdom); John P. George, Rajagopal E. N., National Ctr. 
for Medium Range Weather Forecasting (India)

In collaboration with UK Met Office, NCMRWF developed 
the assimilation capability of INSAT-3D Clear Sky Brightness 
Temperature (CSBT), from both the sounder and imager, in the 
4D-Var assimilation system being used at NCMRWF. Out of the 
18 sounder channels, radiances from 9 channels are selected 
for assimilation depending on relevance of the information 
in each channel. The first three high peaking channels, the 
CO2 absorption channels and the three water vapor channels 
(channel no. 10, 11, and 12) are assimilated both over land and 
Ocean, whereas the window channels (channel no. 6, 7, and 
8) are assimilated only over the Ocean. Out of the 6 channels 
in the imager, two thermal infrared channels are monitored 
and the water vapor channel is assimilated. Measured satellite 
radiances are compared with that from short range forecasts 
to monitor the data quality, based on the assumption that the 
observed satellite radiances are free from calibration errors and 
the short range forecast provided by NWP model is free from 
systematic errors. Innovations (Observation – Forecast) before 
and after the bias correction are indicative of how well the 
bias correction works. Since the biases vary with air-masses, 
time, scan angle and also due to instrument degradation, 
an accurate bias correction algorithm for the assimilation of 
INSAT-3D sounder radiance is important. This paper discusses 
the bias correction methods and other quality controls used 
for the selected INSAT-3D sounder and imager channels and 
the impact of bias corrected radiance in the data assimilation 
system. 

9876-51, Session 10

Investigation of ice-albedo feedback 
controlling factors (1995-2013) over the 
Antarctic sea ice regions
Sandip Oza, Indian Space Research Organisation 
(India); Rajak D. Ram, Space Applications Ctr. (India); 
Jayaprasad P., Indian Space Research Organisation 
(India)

Sea ice cover is the largest varying feature in the polar regions, 
and thereby contributing significantly in Earth’s energy 

balance. Atmosphere warming reduces the sea ice cover and 
that is being resulted in the either melting of ice surface or 
reduction in sea ice cover. This in turn decreases the reflectance 
of snow/ice surface. Decrease in albedo in turn results into 
higher absorption of solar radiation that further decreases the 
ice cover. Hence, understanding of the factors controlling this 
positive feedback loop is essential to understand the future 
climate scenario.
Recent space-borne observations indicated the significant 
regional variations in the Antarctic sea ice. We have derived 
the grid-cell wise data of (i) change in albedo and (ii) change 
in Sea Ice Cover (SIC) resulted due to the unit change in 
temperature. Regression approach has been followed to 
understand the impact of (i) metamorphosis (k3) and (ii) 
reduction in sea ice cover over the change in the ice albedo. 
We have used the monthly AVHRR extended Polar Pathfinder 
data (at 25km resolution) to understand the spring-to-summer 
(November-December) variations covering time span from 
1995-2013. 
Sector-wise investigations suggest that during the year 2000 
the contribution from the Amundsen-Bellingshausen Seas 
sector has dominated the Antarctic scale factor. Whereas 
lower value observed in 2001 is due to the contribution from 
Indian Ocean and Western Pacific sectors. The study provided 
an insight of inter-annual variations and trends observed in 
ice-albedo controlling factors over the Antractic sea ice cover 
using extended polar pathfinder data.

9876-52, Session 10

Evaluation of CERES/MODIS 
downwelling shortwave and longwave 
radiation data over global tropical 
oceans
Venugopal Thandlam, Rahaman Hasibur, M. 
Ravichandran, Indian National Ctr. for Ocean Information 
Services (India)

In the present work, we have evaluated satellite derived daily 
downwelling shortwave (QI) and Longwave radiation (QA) from 
Moderate Resolution Imaging Spectrometer (MODIS)/Clouds 
and the Earth’s Radiant Energy System (CM) with moored buoy 
data from Global Tropical Moored Buoy Array (GTMBA) during 
2001-2009. The global observed (CM) mean of QI and QA are 
228 (233) W/m2 and 410 (405) W/m2 respectively. The mean 
standard deviation of CM for QI and QA are 47.5 W/m2 and 
15.2 W/m2 which are less than the buoy observed values of 64 
and 17 W/m2. The observed QI variability is highest over Indian 
Ocean among all the three basins. The average RMSE of three 
basins for QA and QI are 9 W/m2 and 39.5 W/m2 respectively. 
The RMSE of QI over Indian Ocean is slightly higher than the 
other two basins. The average correlation coefficient of QI and 
QA are 0.8 and 0.9 respectively with height values over Indian 
Ocean.

9876-53, Session 10

A novel atmospheric temperature 
sounding unit: system design, 
configuration, and performance analyses
Prantik Chakraborty, Priyanka Gupta, Dilip B. Dave, 
Nilesh M. Desai, Tapan Misra, Space Applications Ctr. 
(India)

A new venture in the series of ISRO’s earth-observation 
missions will be the millimeter-wave atmospheric Temperature 
Sounding Unit (TSU). It enables 3D temperature profiling of 
the earth’s atmosphere even in the presence of clouds and 
hydro-meteors. This is ISRO’s first leap towards millimetre-
wave technology. A novel set of channels has been selected 
for the TSU. These channels are primarily centred at optimal 

Conference 9876: Remote Sensing of the  
Atmosphere, Clouds, and Precipitation VI



  +1 360 676 3290 · help@spie.org      35Return to Contents

off-resonance frequencies in the 50-60 GHz oxygen line-
absorption spectrum which offer near-uniform attenuation 
over a relatively large bandwidth. This simplifies design of 
channel-separation filters and also improves the NE∆T. The 
channels are distributed across absorption-valleys at different 
attenuation levels in order to achieve more than 50% overlap 
of weighting functions that can be harnessed to yield vertical 
resolution of the order of <1km near surface and ±2km at 30km 
height. Traditionally mm-wave sounders (viz. AMSU-A, ATMS 
and SSMIS) have 6 line–wing channels and multiple narrow-
bands around line-centres for sounding higher up. The TSU 
channel consortium has 11 line-wing single sideband channels 
for sounding up to 30 km (9 with 300 MHz bandwidth and 2 
with 100 MHz) and two double side-band channels near line-
centres to sound up to 40km. In addition, there are a couple of 
radiometric channels at 23.8GHz and 31.5 GHz for estimation of 
surface-contamination as well as for sensing of columnar water 
vapor and rain over oceans.
The TSU will be a cross-track scanning sensor. In a vertical 
scan-cycle the sensor will look at the earth through an angular 
window of ±450 defining a swath of 1550 km across the 
sub-satellite track. The same optics will also look towards 
an indigenously developed and qualified black-body target 
serving as the hot source, and the deep space serving as 
the cold reference. The TSU has been configured as a pair of 
Total Power Radiometers (each sensing a polarization H/V) 
that will operate in tandem. Dual-reflector Gregorian antenna 
configuration offset-fed by 900 has been adopted to make 
the design compact for each of the bands i.e. 50-60 GHz 
and 23.8/31.5 GHz. The scanning reflectors of both antenna 
systems will be placed back-to-back so that their rotation can 
be synchronised by a common scan-mechanism. A prototype 
of TSU has been developed, tested and qualified at Space 
Applications Centre, ISRO. The radiometer has been irradiated 
with low power and frequencies swept across 50-60 GHz in 
order to characterize its RF response and detect presence of 
image-frequencies. The RF response of the instrument has 
been assimilated in the forward RT model as an end-to-end 
performance evaluation exercise. 

9876-54, Session 11

Total column ozone, water vapor, and 
AOT over Ahmedabad and Mt. Abu 
region
Som Kumar Sharma, Chintan Jethva, Physical Research 
Lab. (India); Prashant Kumar, Space Applications Ctr. 
(India); Rajesh Vaishnav, Physical Research Lab. (India)

Water vapour, Ozone and aerosols play vital role in various 
atmospheric processes and impact human life in several ways, 
directly as well as indirectly. These are equally important for 
weather and climate conditions and exert significant influence 
on the radiation budget of the Earth’s atmosphere. For the 
present study, the measurements of TCO, water vapour and 
Aerosol Optical Thickness (AOT) were made using MICROTOP 
II Ozonometer. Observations were taken at Ahmedabad and 
over the Mt Abu region. Ahmedabad is an urban polluted 
site while Mt. Abu is a cleaner high altitude free tropospheric 
site. Variability of TCO, WV and AOT have been studied using 
diurnal and monthly observations over Ahmedabad and Mt. 
Abu regions. Correlations between TCO-WV, TCO-AOT, WV–
AOT for daily observations have also been studied. Observation 
in the March 2013 (0900 to 1700 hrs) showed very significant 
variability. In particular, on 6 March, the TCO varied from 256-
268 DU, water vapour 0.73-0.86 cm, and AOT 0.13-0.21 with 
a peak at ~1500 hrs and on 8 March TCO varied from 252-
261 DU, WV 0.75-0.95 cm, and AOT 0.22-0.31 with an abrupt 
decline at ~1330 hrs. On 11 March, sky was visibly hazy and 
it was found that AOT and WV were very much higher than 
the measurements on clear sky days. A set of observations 
during April 2013 at Abu Road (MSL~0.2 km), Mt. Abu (MSL 
~1.1 km) and Gurushikhar (MSL ~1.7 km) provided the relative 
contributions of boundary layer in the TCO, WV and AOT. 

9876-55, Session 11

Comparison and validation of BRD 
and PCA SO2 retrievals from satellite 
observations
Huanhuan Yan, Institute of Remote Sensing and Digital 
Earth (China) and National Satellite Meteorological Ctr. 
(China)

Remote sensing technology provides an unprecedented tool 
for continuous and real-time monitoring for atmospheric SO2 
from volcanic eruption and anthropogenic emission. The BRD 
(Band Residual Difference) algorithm for operational SO2 
retrieval has been replaced by PCA (Principal Component 
Analysis) algorithm, which effectively reduces the retrieval 
error in SO2 column. However, the PCA SO2 retrievals need to 
be evaluated and validated for years of data, especially over 
China. In this study, SO2 column retrievals from 2004-2014 
over oceanic area, China and volcanic eruption were selected 
to compare the precision and accuracy of PCA and BRD 
algorithm by using in situ MAXDOAS and RAMS-CMAQ model. 
Results show that PCA SO2 retrievals have higher precision 
than BRD, but SO2 columns from PCA algorithm over China 
are lower than those from BRD, and meanwhile have lower 
correlation with in situ MAXDOAS than BRD retrievals. In the 
case of volcanic eruption with high SO2 columns, the BRD SO2 
columns are underestimated comparing with PCA retrievals. 
This study is important for the application of OMI SO2 
products, and also can promote the improvement of retrieval 
algorithm.

9876-56, Session 11

Spatio-temporal variability of 
atmospheric CO2 over India and 
its surroundings based on satellite 
measurements and numerical modeling
Rabindra Kumar Nayak, Vinay K. Dadhwal, M. 
Krishnapriya, A. Bhuvan Chandra, National Remote 
Sensing Ctr. (India)

We examined the spatio-temporal variability of atmospheric 
CO2 over India and its surrounding based on satellite 
observations and regional implementation of Goddard Earth 
Observation System Chemical (GEOS-CHEM) transport 
model. The satellite observations were used here based on 
mid troposphere CO2 based on Atmosphere Infrared Sounder 
(AIRS) on board NASA’s Aqua and lower troposphere CO2 
based on Greenhouse-gas Observing Satellite (GOSAT) of 
Japanese Aerospace Exploration Agency (JAXA). The GEOS-
CHEM model solutions at 0.330 spatial resolutions with 48 
vertical layers in the troposphere were derived though the 
nesting mechanism for the Indian regions extended between 
the latitudes 300S - 450N and longitudes 400E-1100E. The 
model is driven by GEOS meteorological fields along with 
surface boundary fluxes and anthropogenic sources from 
different sources. The model run was performed for the period 
2006-2013 and the solutions at three hourly intervals were 
stored for the analysis. In this paper, we are discussing the 
diurnal, seasonal and inter-annual characteristics of simulated 
atmospheric CO2 along with various uncertainties associated 
with the simulated results and input data bases. There exist 
good coherence between model and satellite observation. 
Simulated CO2 shows strong seasonality near the surface and 
has been decreases its amplitude upward. Amplitudes of the 
seasonal and annual cycles are stronger over the northern 
hemisphere, especially over the lands. The model solutions 
were used to understand budget of atmospheric CO2 at 
seasonal and annual scales together with contributions from 
various intervening processes. 
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9876-57, Session 11

A quantitative comparison of GOSAT 
CO2 concentration with carbon tracker, 
TCCON, and flask measurements over the 
Indian region
K. Nalini, Uma K. N., Space Physics Lab. (India) and 
Vikram Sarabhai Space Ctr. (India); Yogesh Tiwari, 
Indian Institute of Tropical Meteorology (India); Radhika 
Ramachandran, Space Physics Lab. (India) and Vikram 
Sarabhai Space Ctr. (India)

Carbon-di-oxide (CO2) is one of the major greenhouse gases 
and plays a crucial role in controlling the earth’s temperature 
and hence global warming. Recent studies have shown that 
the CO2 concentration has gone up to a daily mean of 400 
ppm in May 2013 at Mauna Loa, Hawaii. Hence there is a need 
to quantify the biosphere and anthropogenic contributions 
to the atmospheric rise of CO2 by building a comprehensive 
monitoring system. GOSAT is the first major greenhouse 
satellite to measure the column averaged mixing ratios of CO2 
and CH4 over the globe and was launched on January 23, 
2009. This serves as a boon to the atmospheric community 
to understand the global variability of the major greenhouse 
gas. The comparison and validation are the essential exercise, 
before using the measurements for addressing the scientific 
issues of the mission and hence quality of the data has to be 
examined by comparing with independent measurements. 
Hence in the context the present study deals with the 
comparison of GOSAT CO2 with that of the independent 
ground based flask measurements over Singhahad (18.36 
oN, 73.75 oE) and Cape Rama (15.08oN, 73.83oE) in the 
Indian region. It also compares these observations with that 
of the Carbon Tracker to give a comprehensive picture of 
the variability of CO2. The comparison of GOSAT and Flask 
measurements over Cape Rama has been made during 
the period 2009 – 2013 and between 2011 and 2013 over 
Singhahad. The analysis over both the regions reveal similar 
increasing trend over the years in both satellite data and 
ground based measurements, whereas the magnitudes of the 
estimates showed significant differences. An independent 
comparison between the GOSAT and Carbon Tracker (A 
full reanalysis using fossil fuel emissions, CASA-GFEDv3 fire 
emissions, and first-guess biosphere model fluxes) show a 
good comparison between the two with a difference of about 
2-3 ppm over the Indian region. A detailed statistical analysis 
and interpretation of the results will be presented during the 
workshop. 

9876-58, Session 11

Characteristics of ozone and water 
vapour at upper troposphere and lower 
stratosphere over the Tibetan high
Siddarth S. Das, K. V. Suneeth, Space Physics Lab. 
(India) and Vikram Sarabhai Space Ctr. (India)

The Tibetan Plateau is the world highest and largest plateau 
which is also known as the ‘Roof of the World’. It has an 
unique feature due to its thermal and dynamical influence 
on the local atmospheric processes and thus act as a natural 
laboratory for regional climate and weather studies. The 
thermal influences have been inferred from the presence of a 
huge upper tropospheric anticyclone during the Indian summer 
monsoon. Over the past few decades there are ample of 
observational and modeling studies which have deal with the 
thermal influence of Tibetan high on the upper tropospheric 
and lower stratospheric ozone and water vapour. In spite of 
various studies, there still many unaddressed questions and 
the area is still a focus of increasing interest. The present study 
emphasis on the characteristics of Tropopause and its influence 
on exchange of the minor constituents viz., ozone and water 
vapour between the troposphere and stratosphere over the 

Tibetan region. The Tropopause is determined from the thermal 
structure measured by GPS-RO COSMIC, whereas the minor 
constituents, i.e. ozone and water vapour are derived from 
Aura MLS measurements. The study is also supplements using 
MERRA reanalysis data sets. The study revealed that the high 
Tropopause height and temperature during summer monsoon 
controls the exchange of ozone and water vapour between 
the stratosphere and troposphere. The detail results will be 
discussed in the upcoming conference. 

9876-59, Session 11

On characterization of formaldehyde 
column and overcast based on DOAS 
measurements
Oleg V. Postylyakov, Alexander N. Borovski, A.M. 
Obukhov Institute of Atmospheric Physics (Russian 
Federation); Victor A. Ivanov, V.E. Zuev Institute of 
Atmospheric Optics (Russian Federation)

DOAS technique is used to determine slant column density 
(SCD) of absorbing gases in the atmosphere. SCD of the 
collision complex O2-O2 is used to characterize scattering 
by aerosol and clouds in the atmosphere and to improve 
accuracy of gas retrieval. Besides that color index of DOAS 
radiation and its absolute calibration based on clear sky days 
are used for inferring characteristics of clouds. We developed 
an algorithm for retrieval of the HCHO vertical column density 
(VCD) in cloudless and extend it to overcast usind UV DOAS 
observation. The accuracy of the VCD retrieval significantly 
depends on information of cloud charcteistics, mainly on cloud 
base height (CBH) and optical depth (COD). In case one knows 
CBH, but doesn’t know COD, the VCD error is about 10-20% 
for winter season, about 5% for summer season; if one knows 
also COD, the error is about 5-10% for winter season, less 
than 5% for summer season. The errors dramatically increase 
when clouds penetrate into atmospheric boundary layer. The 
retrieval algorithm and data retrieved from UV spectra of the 
scattered solar radiation measured by the DOAS instrument 
at Zvenigorod, Moscow Region, Russia are presented and 
analyzed.

9876-60, Session 12

Precipitation and cloud microstructure 
variations between two southern Indian 
stations
Balaji Kumar Seela, Academia Sinica (Taiwan); K. Krishna 
Reddy, Yogi Vemana Univ. (India); Jayalakshmi Janapati, 
National Central Univ. (Taiwan); T. Narayana Rao, 
National Atmospheric Research Lab. (India); Pay-Liam 
Lin, Chian-Yi Liu, National Central Univ. (Taiwan); Utpal 
Kumar, Academia Sinica (Taiwan)

Knowledge of raindrop size distribution (RSD) and its variability 
is important for understanding the processes associated with 
precipitation and their estimation. Studying of RSD in terms 
of temporal and spatial distribution is useful in deriving the 
rainfall amounts for a given location. In the present work we 
tried to find out RSD characteristics variations between two 
southern Indian stations [Gadanki (13.5o N, 79.2o E) Kadapa 
(14.47o N, 78.82o E)] using ground based parsivel disdrometer 
and remote sensing data. Number concentration of mid and 
large drops is more over Gadanki when compared to Kadapa 
precipitation. The mean value of mass weighted mean diameter 
(Dm) is higher (lower) in Gadanki than Kadapa precipitation. 
Both monthly and diurnal variations of Dm show higher 
values of Dm over Gadanki than Kadapa. After classifying 
the precipitations systems into stratiform and convective, 
Gadanki has higher (lower) Dm than Kadapa in stratiform 
(convective). The cloud top temperatures measured from 
MODIS satellite found to be lower over Gadanki than Kadapa. 
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Possible reasons for the variations in RSD between Kadapa and 
Gadanki are due to uplifting of precipitating clouds to higher 
altitudes by influence of small hilly terrains surrounded over 
Gadanki than Kadapa. Different Z-R relations over Kadapa and 
Gadanki revealed to adapt different criteria in deriving the 
rainfall amounts from weather radar observations for both the 
locations.

9876-61, Session 12

Inter-relation between cloud base-height 
and precipitation in a tropical location
Shamitaksha Talukdar, Arpita Adhikari, Animsh Maitra, 
Univ. of Calcutta (India)

The inter-relation of rain drop size distribution with cloud base 
height has been investigated at a tropical location, Kolkata 
(22°34? N, 88°29? E). The study focuses the association 
of rain drop size distribution (DSD) with cloud base height 
(CBH) during the summer monsoon and pre-monsoon. In this 
paper the association of precipitation and rain DSD with cloud 
base height during the Indian summer monsoon and pre-
monsoon have been studied using a ground-based Joss-type 
disdrometer and a multi-frequency radiometer (RPG-HATPRO) 
at a tropical location. Cloud base height refers to the minimum 
height of cloud from where the cloud properties are detectable. 
It has been observed that CBH varies for different types of rain. 
Tropical region experiences distinguishable rain characteristics 
during different seasons of a year. Rain DSD is a significant 
parameter which varies with rain type and thus expected to 
have noteworthy relation with CBH. It is observed that the 
mean diameter of the largest drop increases with the lowering 
of cloud base height. A notable difference between the pre-
monsoon and monsoon rain events have been identified in the 
inter-relation of rain drop size with cloud base height. Results 
indicate that the large drops are more probable in the pre-
monsoon season than for the similar CBH in monsoon. The 
study also provides a better understanding of the evolution of 
rain DSD during their fall from the cloud base under different 
raining conditions.

9876-62, Session 12

Effect of Asia dust on cloud and regional 
precipitation derived from CALIPSO
Jianping Huang, Lanzhou Univ. (China)

In this study, we studied the typical transport paths of East 
Asian dust, which affect regional and global climates, and 
found numerous effects of dust aerosols on clouds and 
precipitation primarily over East Asian arid and semi-arid 
regions from 6 year CALIPSO measurements. Compared with 
the aerosols of Saharan dust, those of East Asian dust are 
more absorptive of solar radiation, and can influence the cloud 
properties not only by acting as cloud condensation nuclei and 
ice nuclei but also through changing the relative humidity and 
stability of the atmosphere (via semi-direct effect). Converting 
visible light to thermal energy, dust aerosols can burn clouds 
to produce a warming effect on climate, which is opposite to 
the first and second indirect effects of aerosols. Over Asian 
arid and semi-arid regions, the positive feedback loop in the 
aerosol-cloud-precipitation interaction may aggravate drought 
in its inner land. Impact of Asia dust on regional environment, 
especially on haze weather, are also presented in this talk.

9876-63, Session 12

Associative study of absorbing aerosol 
index (AAI) and precipitation in India 
during monsoon season (2005 to 2014)
Manu Mehta, Indian Institute of Remote Sensing 
(India); Shivali Dubey, National Institute of Technology 
Karnataka, Surathkal (India)

Based on their interaction with solar radiation, aerosols may be 
categorized as absorbing or scattering in nature. Not only the 
aerosols affect radiative forcing, but they can also influence the 
precipitation properties (by participating in the formation of 
Cloud Condensation Nuclei). The prominent absorbing aerosols 
found in India are black carbon, soil dust, sand and mineral 
dust. Their size, distribution, and characteristics vary spatially 
and temporally. This paper aims at showing the spatio-temporal 
variation of Absorbing Aerosol Index (AAI) and precipitation 
over the four most polluted zones of Indian sub-continent 
(Indo-Gangetic plains 1, Indo-Gangetic plains 2, Central and 
Southern India) for monsoon season (June-September) during 
the last decade (2005 to 2014). Region-wise correlations have 
been computed between AAI and precipitation during the 
considered time period. Daily AAI obtained from Aura OMI 
Aerosol Global Gridded Data Product-OMAEROe (V003) and 
monthly precipitation from TRMM 3B42-V7 gridded data have 
been used in the study. Both datasets are at a spatial resolution 
of 0.25°?0.25°. The study has been reported significant at a 
confidence level of more than 95% (p-value less than 0.05).

9876-64, Session 12

Inter-comparison of CALIPSO and 
CloudSat retrieved profiles of aerosol 
and cloud microphysical parameters with 
aircraft profiles over a tropical region
Padmakumari Burrala, Harikishan Gandham, Rajamma 
S. Maheskumar, Indian Institute of Tropical Meteorology 
(India)

Satellites play a major role in understanding the spatial and 
vertical distribution of aerosols and cloud microphysical 
parameters over a large area. However, the inherent 
limitations in satellite retrievals can be improved through 
inter-comparisons with airborne platforms. Over the Indian 
sub-continent, the vertical profiles retrieved from space-
borne lidar such as CALIOP (Cloud-Aerosol LIdar with 
Orthogonal Polarization) on board the satellite CALIPSO 
and Cloud Profiling Radar (CPR) on board the satellite 
CloudSat were inter- compared with the aircraft observations 
conducted during Cloud Aerosol Interactions and Precipitation 
Enhancement Experiment (CAIPEEX). In the absence of high 
clouds, both aircraft and CALIOP showed similar features of 
aerosol layering and water-ice cloud signatures. As CALIOP 
could not penetrate the thick clouds, the aerosol information 
below the cloud is missed. While the aircraft could measure 
high concentrations below the cloud base and above the low 
clouds in the presence of high clouds. The aircraft derived 
liquid water content (LWC) and droplet effective radii (Re) 
showed steady increase from cloud base to cloud top with a 
variable cloud droplet number concentration (CDNC). While 
the CloudSat derived LWC, CDNC and Re showed increase 
from the cloud top to cloud base in contradiction to the aircraft 
measurements. The CloudSat profiles are underestimated as 
compared to the corresponding aircraft profiles. Validation of 
satellite retrieved vertical profiles with aircraft measurements 
is very much essential over the tropics to improve the retrieval 
algorithms and to constrain the uncertainties in the regional 
cloud parameterization schemes.
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9877-1, Session 1

The NASA Soil Moisture Active Passive 
(SMAP) mission: first-year results (Invited 
Paper)
Simon Yueh, Jet Propulsion Lab. (United States); Dara 
Entekhabi, Massachusetts Institute of Technology 
(United States); Peggy O’Neill, NASA Goddard 
Space Flight Ctr. (United States); Jared Entin, NASA 
Headquarters (United States); Eni Njoku, Kent Kellogg, 
Jet Propulsion Lab. (United States)

NASA’s Soil Moisture Active Passive (SMAP) mission was 
launched on January 31, 2015. The measurement goal of 
the SMAP mission is to provide high-resolution, frequent-
revisit global mapping of soil moisture and freeze/thaw state 
based on coincident active and passive L-band microwave 
measurements. The SMAP radar stopped returning data after 
ten weeks of science operations but the radiometer continues 
to collect excellent science data. The radiometer has an 
advanced capability to detect Radio Frequency Interference 
(RFI). The radiometer hardware and processing software 
are also designed to mitigate some RFI contamination. As 
a result the land coverage and accuracy of the surface soil 
moisture retrievals are greatly enhanced. Geophysical data 
products are now available for public access at designated 
NASA data archives at the National Snow and Ice Data Center 
in Boulder, CO and the Alaska Satellite Facility in Fairbanks, 
AK. The primary science goal of SMAP is to provide new 
perspectives on how the three fundamental cycles of the 
Earth system, the water, energy and carbon cycles, are linked 
together over land. Soil moisture is the key variable that links 
the three cycles and makes their co-variations synchronous 
in time. In this presentation the highlights of science results 
based on SMAP measurements will be presented. SMAP data 
products also have several important practical applications 
that affect society. These include weather prediction, seasonal 
climate outlook, operational flash-flood and main-stem flood 
forecasting, and drought monitoring among others. This 
presentation also includes examples of SMAP impacts on a 
few practical applications. SMAP’s mapping, low-frequency 
microwave radar and radiometer measurements are also 
used in development of information on sea ice, ocean surface 
winds and sea surface salinity. Examples of these retrievals are 
included in this presentation.

9877-2, Session 1

Remote sensing of soil moisture: 
satellites, field experiment, and 
applications
Tarendra Lakhankar, NOAA-CREST (United States); 
Jonathan Munoz-Barreto, Univ. of Puerto Rico (United 
States); Xiwu Zhan, National Oceanic and Atmospheric 
Administration (United States); Reza Khanbilvardi, The 
City Univ. of New York (United States); Nir Krakauer, 
NOAA-CREST (United States)

Microwave remote sensing (MRS) offers great potential for 
accurate soil moisture (SM) estimation from field scale to 
global scale. Ground-based systems are also of particular 
interest to improve and validate SM products obtained from 
satellite remote sensing. The field experiment/campaign 
that will presented here; is to improve forward and inverse 
modeling approaches for SM retrieval using ground-based 

L-band radiometers, specifically over Puerto Rico soils that 
are representative of soils in the tropics. Therefore, this work 
may provide information generally applicable to the highly 
weathered clayey soils common among tropical regions. The 
main objective of this research is to generate a data set for 
calibration and validation activities of the NASA Soil Moisture 
Active Passive (SMAP) and JPSS/GCOM-W mission. As well, 
this research investigate the spatio-temporal variability of SM 
in a field-scale area, with particular focus on the effect of land 
surface heterogeneity (important over tropical domains) on the 
retrieval of SM from L-band passive microwave observations. 
Important focus is given to the characterization of crop 
canopies and water stress related phenomena using MRS 
methods. A framework that integrate satellite based SM data 
with the operational flood forecast system as it will accounts 
for surface layer SM will be discussed. The satellite based SM 
data will replace the model calculated SM state to the HL-
RDHM by simultaneous horizontal, vertical, and temporal data 
assimilation. 

9877-5, Session 1

SMAP active passive soil moisture 
dynamics during spring and early 
summer of 2015
Narendra Das, Jet Propulsion Lab. (United States); 
Dara Entekhabi, Massachusetts Institute of Technology 
(United States); Simon Yueh, Jet Propulsion Lab. (United 
States)

NASA’s Soil Moisture Active Passive (SMAP) mission 
was launched on January 31st, 2015. The objective of the 
mission is global mapping of surface soil moisture and 
landscape freeze/thaw state. SMAP utilizes an L-band radar 
and radiometer sharing a rotating 6-meter mesh reflector 
antenna. Merging of the high-resolution active (radar) and 
coarse-resolution but high-sensitivity passive (radiometer) 
L-band observations enable an unprecedented combination 
of accuracy, resolution, coverage and revisit-time for soil 
moisture retrievals. Experimentally a much higher resolution 
global surface soil moisture data set is also produced at 3 km. 
However, on July 7th, 2015, the SMAP radar encountered an 
anomaly and is currently inoperable. Efforts are being made to 
revive the SMAP radar. Due to the present status of the SMAP 
observatory, nearly ~2.5 months (from spring to early summer 
of 2015) of the SMAP Active Passive product at 3 km is only 
available. In this presentation we examine the covariations of 
the active and passive measurements and relate the amplitude 
of covariations to vegetation and surface roughness losses. 
We also use a time-series algorithm to simultaneously retrieve 
vegetation attenuation and effective scattering losses. The high 
resolution 3 km surface soil moisture estimates are compared 
to in situ measurements. Finally the soil moisture estimates 
are used in conjunction with in situ evaporation estimates 
from flux tower measurements to find the closure function 
between surface water and surface energy balance. The shape 
of this closure function is dependent on the biome and soil 
texture. These dependencies are diagnosed by examining the 
measurements during the Spring and early Summer of 2015.

9877-6, Session 2

Deorientation of PolSAR coherency 
matrix for volume scattering retrieval
Shashi Kumar, Indian Institute of Remote Sensing 
(India); Rahul D. Garg, Indian Institute of Technology 



  +1 360 676 3290 · help@spie.org      39Return to Contents

Roorkee (India); Satya P. S. Kushwaha, Indian Institute of 
Remote Sensing (India)

Polarimetric SAR (PolSAR) data has proven its potential to 
extract scattering information for different features appearing 
in single resolution cell. Several decomposition modelling 
approaches have been developed to retrieve scattering 
information from PolSAR data. During scattering power 
decomposition based on physical scattering models it becomes 
very difficult to distinguish volume scattering as a result from 
randomly oriented vegetation from scattering nature of oblique 
structures which are responsible for double-bounce and volume 
scattering , because both are decomposed in same scattering 
mechanism. The polarization orientation angle (POA) of an 
electromagnetic wave is one of the most important character 
which gets changed due to scattering from geometrical 
structure of topographic slopes, oriented urban area and 
randomly oriented features like vegetation cover. The shift in 
POA affects the polarimetric radar signatures. So, for accurate 
estimation of scattering nature of feature compensation in 
polarization orientation shift becomes an essential procedure. 
The prime objective of this work was to investigate the effect 
of shift in POA in scattering information retrieval and to explore 
the effect of deorientation on regression between field-
estimated aboveground biomass (AGB) and volume scattering. 
For this study Dudhwa National Park, U.P., India was selected 
as study area and fully polarimetric ALOS PALSAR data was 
used to retrieve scattering information from the forest area of 
Dudhwa National Park. Field data for DBH and tree height was 
collect for AGB estimation using stratified random sampling. 
AGB was estimated for 170 plots for different locations of 
the forest area. Yamaguchi four component decomposition 
modelling approach was utilized to retrieve surface, double-
bounce, helix and volume scattering information. Shift in 
polarization orientation angle was estimated and deorientation 
of coherency matrix for compensation of POA shift was 
performed. Effect of deorientation on RGB color composite for 
the forest area can be easily seen. Overestimation of volume 
scattering and underestimation of double-bounce scattering 
was recorded for PolSAR decomposition without deorientation 
and increase in double-bounce scattering and decrease in 
volume scattering was noticed after deorientation. This study 
was mainly focused on volume scattering retrieval and its 
relation with field estimated AGB. Change in volume scattering 
after POA compensation of PolSAR data was recorded and a 
comparison was performed on volume scattering values for 
all the 170 forest plots for which field data were collected. 
Decrease in volume scattering after deorientation was noted 
for all the plots. Regression between PolSAR decomposition 
based volume scattering and AGB was performed. Before 
deorientation, coefficient determination (R2) between 
volume scattering and AGB was 0.225. After deorientation 
an improvement in coefficient of determination was found 
and the obtained value was 0.613. This study recommends 
deorientation of PolSAR data for decomposition modelling to 
retrieve reliable volume scattering information from forest area.

9877-7, Session 2

Estimation of forest above-ground 
biomass over different vegetation types 
in India using SAR data
Anup K. Das, Chakrapani Patnaik, Dharmendra K. 
Pandey, Saroj Maity, Space Applications Ctr. (India)

Accurate measurement of vegetation biomass of forests and 
monitoring the changes in vegetation is vital for estimation 
of terrestrial carbon stock and carbon fluxes from forest 
ecosystems, which has major bearing on the regional and 
global climate change studies. For a country like India with 
varying climatic conditions resulting into widely varying 
vegetation types, development of a robust biomass retrieval 
model is a challenging task. For a national level forest biomass 
inventory there is a requirement to produce estimates of 
above-ground woody biomass of Indian forests within 
an error of 20 tons/ha at 1 hectare resolution for areas of 

biomass smaller than 100 tons/ha, annually. In the present 
study, empirical (statistical) and semi-empirical (optimization 
methods) models were used to estimate above-ground 
biomass (AGB) of forests representing three different 
vegetation types namely moist deciduous, dry deciduous and 
sub-tropical broadleaf, over selected regions in Karnataka, 
Madhya Pradesh and Sikkim states, respectively. For this study, 
multi-date C-band (RISAT-1) and L-band (ALOS-PALSAR) 
synthetic aperture radar (SAR) data in HH and HV polarizations 
were used and AGB was estimated using a bottom-up 
approach based on field measured biomass and backscattering 
coefficient (sigma-0) properties of SAR data. High correlations 
were observed between sigma-0 HH and sigma-0 HH/HV with 
field measured biomass with the coefficient of determination 
R2 varying from 0.62 to 0.86 and RMSE varying from 25.5 t/ha 
to 10.8 t/ha at C- and L-band SAR corresponding to different 
forest vegetation types with biomass values up to 120 t/ha. A 
multi-layer physical radar backscatter model was developed 
and optimized using forest floor soil moisture, soil roughness, 
tree water content and other vegetation parameters showed 
encouraging results towards developing a robust model for 
national level forest above-ground biomass retrieval.

9877-8, Session 2

Performance of PolSAR backscatter 
and PolInSAR coherence for scattering 
characterization of forest vegetation 
using TerraSAR-X data
Sushil K. Joshi, Shashi Kumar, Shefali Agrawal, Indian 
Institute of Remote Sensing (India)

Fully polarimetric SAR data has shown its potential to 
characterize various scattering mechanisms within a single 
SAR pixel. Polarimetric SAR interferometry (PolInSAR) is 
extensively used to assess and quantify various biophysical 
parameter of natural features. This paper investigated the 
capability of TerraSAR-X high resolution PolInSAR dataset to 
retrieve scattering information and Pauli based interferometric 
coherences. Dataset were acquired over Barkot forest in 
Uttarakhand state of India with a temporal gap of 33 days in 
stripmap mode. Four component Yamaguchi decomposition 
approach was implemented to obtain backscatter information. 
Coherency matrix was used to obtain Pauli based complex 
coherences. During analysis, it was observed that due to high 
resolution of the dataset, dry river bed and forest were well 
discriminated from each other. Surface scattering was found 
to be the dominating among all scattering in forest area. 
Backscatter due to surface scattering had reduced in slave 
image as compared to master image, whereas increase in 
double bounce and volume scattering was observed. Dry river 
bed was not identified in coherence related to double bounce 
scattering. Cross polarized coherence showed the range from 
0.0915 to 0.8054 and mean value of 0.507442 in case of dry 
river bed, whereas range from 0.0143 to 0.5783 was obtained 
for forest with a mean value of 0.277471 which is due to the 
properties of the observed features. It can be concluded that 
high resolution SAR dataset is valuable to classify various land 
cover classes. This study inferred that PolInSAR coherence 
can be well incorporated with PolSAR decomposition based 
backscatter values for better characterization of scatterers.

9877-9, Session 2

Polarimetric SAR interferometry-based 
decomposition modelling for reliable 
scattering retrieval
Neeraj Agrawal, Shashi Kumar, Indian Institute of 
Remote Sensing (India); Valentyn A. Tolpekin, Univ. 
Twente (Netherlands)

Fully polarimetric SAR (PolSAR) data is used for scattering 
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information retrieval from single SAR resolution cell. Single 
SAR resolution cell may contain contributions from more than 
one scattering objects. Hence, single or dual polarised data 
does not provide all the possible scattering information. So, 
to overcome this problem fully polarimetric data is used. It 
was observed in previous studies that fully polarimetric data 
of different dates provide different scattering values for same 
object and coefficient of determination obtained from linear 
regression between volume scattering and aboveground 
biomass (AGB) shows different values for the SAR dataset of 
different dates. Scattering values are important input elements 
for modelling of forest aboveground biomass. In this research 
work an approach is proposed to get reliable scattering 
from interferometric pair of fully polarimetric RADARSAT-2 
data. The field survey for data collection was carried out for 
Barkot forest during November 10th to December 5th, 2014. 
Stratified random sampling was used to collect field data 
for circumference at breast height (CBH) and tree height 
measurement. Field-measured AGB was compared with the 
volume scattering elements obtained from decomposition 
modelling of individual PolSAR images and PolInSAR 
coherency matrix. Yamaguchi 4-component decomposition 
was implemented to retrieve scattering elements from SAR 
data. PolInSAR based decomposition was the great challenge 
in this work and it was implemented with certain assumptions 
to create Hermitian coherency matrix with co-registered 
polarimetric interferometric pair of SAR data. Regression 
analysis between field-measured AGB and volume scattering 
element obtained from PolInSAR data showed highest (0.589) 
coefficient of determination. The same regression with volume 
scattering elements of individual SAR images showed 0.49 and 
0.50 coefficients of determination for master and slave images 
respectively. This study recommends use of interferometric 
PolSAR data for reliable scattering retrieval.

9877-10, Session 2

PolInSAR tomography for backscatter 
power retrieval at different heights of 
forest vegetation using fully polarimetric 
spaceborne SAR data
Sushil K. Joshi, Shashi Kumar, Indian Institute of 
Remote Sensing (India); Ho T. M. Dinh, Institut National 
de Recherche en Sciences et Technologies Pour 
l’Environnment et l’Agriculture (France)

Forest height plays a crucial role to investigate the health of 
forest and estimation of various biophysical parameters. In 
previous studies Polarimetric SAR Interferometry (PolInSAR) 
based modelling approaches were extensively used to 
retrieve forest height, but the algorithms are providing good 
results for airborne SAR data only. Literatures are lacking 
on the implementation of PolInSAR based algorithms or 
tools for vertical height retrieval from spaceborne SAR data. 
PolInSAR tomography, which is an extension of cross-track 
interferometric processing is a recent approach to separate 
scatterers in cross range direction, thus generating its vertical 
profile. Stack of multiple pass SAR data acquired over the same 
area viewed at different angles are exploited to reconstruct the 
reflectivity along elevation direction to get 3D focused SAR 
images. This study is mainly focused to show the potential 
of tomographic processing of fully polarimetric dataset of 
Radarsat-2 SAR system for four passes to retrieve backscatter 
power at different height levels. Eucalyptus patch of Haldwani 
forest in Uttarakhand state of India was chosen to perform 
the analysis. After coregistration, flat earth removal and DEM 
compensation, Fourier transform based signal processing 
was applied on the dataset to obtain backscatter power at 
different height levels. Height levels considered in this study 
were 0m, 10m, 20m and 30m. Upon analysis, it was observed 
that like polarized channels showed better backscatter power 
compared to cross polarized channel. For VV channel, most 
of the backscatter values were close to -5 dB and -10 dB for 
HH channel. Backscatter values goes beyond -15 dB for HV 
channel. It is worth mention that backscatter values were found 

to be different at different height level of the forest vegetation. 
Maximum backscattering has occurred at 10 m and 20 m of 
vegetation height, whereas less backscatter was retrieved at 0 
m which may be due to the low penetration of the radar wave 
in the forest. More passes and large baseline of interferometric 
data would enhance the backscatter power values at different 
vegetation height levels.

9877-11, Session 3

Policy issues in space technology for 
sustainable development: emphasis on 
disaster prevention and mitigation in 
Asia-Pacific region (Invited Paper)
Shirish Ravan, UN-SPIDER (China)

No Abstract Available

9877-12, Session 3

Space technology application in risk 
analysis and post-disaster impact 
assessment (Invited Paper)
Sanjay Srivastava, UN-ESCAP (Thailand)

No Abstract Available

9877-13, Session 3

India’s experience in space technology 
and GIS in climate and disaster risk 
management (Invited Paper)
V. Bhanumurthy, National Remote Sensing Ctr. (India)

No Abstract Available

9877-14, Session 3

User perspectives of space technology in 
climate and energy management (Invited 
Paper)
Ghassem Asrar, U.S. Dept. of Energy (United States)

No Abstract Available

9877-15, Session 4

Environmental changes detected 
from the Global Land Surface Satellite 
(GLASS) products (Invited Paper)
Shunlin Liang, Beijing Normal Univ. (China)

Our Earth’s environment is experiencing rapid changes 
due to natural variability and human activities. To monitor, 
understand and predict environment changes to meet the 
economic, social and environmental needs, use of long-term 
high-quality satellite data products is critical. The Global 
LAnd Surface Satellite (GLASS) product suite, generated at 
Beijing Normal University, currently includes 12 products, 
including leaf area index (LAI), broadband shortwave albedo, 
broadband longwave emissivity, downwelling shortwave 
radiation and photosynthetically active radiation, land surface 
skin temperature, longwave net radiation, daytime all-wave net 
radiation, fraction of absorbed photosynetically active radiation 
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absorbed by green vegetation (FAPAR), fraction of green 
vegetation coverage, gross primary productivity (GPP), and 
evapotranspiration (ET). Most products span from 1981-2014 
and some of them have been described in the journal paper 
(Liang et al. 2013). 
After presenting the basic characteristics of the GLASS 
products and an overview of their applications, more examples 
will be given to detect environmental changes (surface 
radiation budget components and vegetation properties) from 
these products. In particular, we will analyze the changes in 
land surface albedo (He et al. 2014) associated with snow/
ice melting (He et al. 2013) and radiative forcing due to forest 
disturbances (Zhang and Liang 2014). 
References
He, T., Liang, S., & Song, D.-X. (2014). Analysis of global land 
surface albedo climatology and spatial-temporal variation 
during 1981–2010 from multiple satellite products. Journal of 
Geophysical Research: Atmospheres, 119, 10,281-210,298
He, T., Liang, S., Yu, Y., Liu, Q., & Gao, F. (2013). 
Greenland surface albedo changes 1981-2012 from 
satellite observations. Environmental Research 
Letters, 8, 044043, DOI:044010.041088/041748-
049326/044048/044044/044043
Liang, S., Zhao, X., Yuan, W., Liu, S., Cheng, X., Xiao, Z., Zhang, 
X., Liu, Q., Cheng, J., Tang, H., Qu, Y.H., Bo, Y., Qu, Y., Ren, H., 
Yu, K., & Townshend, J. (2013). A Long-term Global LAnd 
Surface Satellite (GLASS) Dataset for Environmental Studies. 
International Journal of Digital Earth, 6, 5-33
Zhang, Y., & Liang, S. (2014). Surface radiative forcing of 
forest disturbances over northeastern China Environmental 
Research Letters, 9, 024002,doi:024010.021088/021748-
029326/024009/024002/024002

9877-16, Session 4

Assessing potential distribution of 
dengue fever in Nepal using Maxent 
distribution modeling method
Bipin Kumar Acharya, Cao ChunXiang, Chen Wei, 
Institute of Remote Sensing and Digital Earth (China)

Dengue fever has been of one of the major public threats 
globally. It is being intense in previously endemic region and 
emerging as a new disease in other regions of the world which 
were previously considered safe. First dengue case in Nepal 
was reported in early 2004. Since then, it has been spreading 
rapidly with frequent outbreak in the subsequent years. Little 
is known about dengue distribution and associated factors 
in the absence of sufficient research in Nepal. To fill this gap, 
we modeled the potential distribution of dengue using the 
maxent algorithm suggested by Elith et.al. Species distribution 
modeling is increasingly being used in the field of epidemiology 
despite more complex interaction among host, vectors and 
environment. To calibrate and validate the model, we collected 
dengue incidence data from health map, an online open source 
geoportal administered by CDC. MODIS Normalized Vegetation 
Index (NDVI) and Land Surface Temperature (LST) were used 
as predictor variables along with nineteen bioclim layers from 
worldclim geoportal. Land cover predictor was collected 
from the European Space Agency (ESA) Global Cover data. 
R statistical software versions 3.2.2 with necessary packages 
were used to process satellite and other geospatial data as 
well the modeling task. The result shows that that all the Terai 
is highly potential for dengue distribution along with the less 
elevated hilly areas such as Tar and river valleys. Among the 23 
variables, land cover was found most prominent factor in the 
distribution of dengue disease followed by bio 13, NDVI, LST 
and Bio 16 variables. Our findings could be valuable assets to 
effectively implement dengue control and intervention program 
in Nepal. 

9877-119, Session 4

A preliminary global leaf chlorophyll 
map for terrestrial carbon cycle research
Jing M. Chen, Holly Croft, Univ. of Toronto (Canada)

For the purpose of global mapping of leaf chlorophyll content 
(LCC) using remote sensing data, we previously developed a 
two-step model inversion approach: (1) inversion from canopy 
to leaf reflectance using a geometrical-optical model 5-Scale, 
and (2) inversion from leaf reflectance to chlorophyll content 
using a leaf spectral model PROSPECT. Compared with 
empirical approaches based on spectral indices, our model-
based approach has the advantage of its ability to incorporate 
additional information such as vegetation structure, sun-
target-view geometry, background optical properties, etc. 
for chlorophyll estimation. This model-based approach was 
previously applied to images of the Compact Airborne Spectral 
Imager (CASI) acquired over boreal and temperate forests 
in Canada as a scaling step for evaluating its application to 
satellite sensors. Ground data from 21 broadleaf and conifer 
forest stands were used to validate the retrievals (R2 = 0.63, 
p<0.001 for CHRIS; R2 = 0.62, p<0.001 for MERIS; and R2 = 
0.53, p<0.001 for Landsat 5 TM). New data were also acquired 
from cropland in Ontario Canada for further validation. 
An experimental product of LCC has been produced over the 
global landmass using MERIS data in 2011. We have compiled 
datasets from 120 sites in different locations of the globe, 
including 25 sites in grassland, 20 sites in broadleaf forests, 
41 sites in conifer forests, 27 sites in crops, and 7 sites in 
shrubland. The retrieved LCC compared well with ground-
based data (r2=0.69, RMSE=9.66 ?g cm-2, p<0.001) .

9877-21, Session 5

Modeling of dust source over southwest 
USA using multisensor data
Anup K. Prasad, Snigdharani Sahoo, A. S. Venkatesh, 
Indian School of Mines (India); Ana Vukovic, Univ. 
of Belgrade (Serbia); Slobodan Nickovic, Republic 
Hydrometeorological Service (Serbia); William A. 
Sprigg, The Univ. of Arizona (United States)

The primary task in dust source modeling is the identification 
and evaluation of sources of mineral aeolian dust. Natural 
mineral dust is usually associated with the arid regions 
characterized by little rainfall (soil moisture) and sparse 
vegetation which ultimately controls the dust emission rate. 
Southwest USA is one of the major dust prone zones in 
North American continent. Dust sources may also appear as 
scattered or point sources on high resolution satellite images. 
In the current research, various parameters have been used 
at grid size of 250m such as digital elevation model, surface 
reflectance, vegetation cover, land cover class, and surface 
wetness for identification of dust source. Integration of factors 
controlling dust emission will deliver more knowledge about 
the characteristics of mineral dust source regions, transport 
pathways and its effect on air quality. Previous dust source 
models have been adopted to produce a multi-parameter dust 
source mask using data from satellites such as Terra (Moderate 
Resolution Imaging Spectroradiometer - MODIS), and Landsat. 
The dust source mask model captures the topographically low 
regions with bare soil surface, dried-up river plains, and lakes 
which form important source of dust in the southwest USA. 
The study area is also one of the hottest regions of USA where 
surface dryness, land use (agricultural use), and vegetation 
cover changes significantly leading to major changes in the 
areal coverage of potential dust source regions. A new dust 
source mask at 16 day interval have been produced which 
allows enhanced detection of potential dust source regions. 
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9877-22, Session 5

Evaluation of sand dunes movement in 
Al Gazira agriculture scheme, Sudan by 
means of remote sensing and GIS
Mohamed Eltom Abu elhassan Elhaja, Univ. of Kordofan 
(Sudan)

Wind erosion is an important soil degradation process of 
arid and semi-arid regions of the world. It’s very destructive 
and damaging; covering roods, fertile lands, bushes, trees 
and building. Sand encroachment in Al Gazira Scheme has 
been recognized as the most serious environmental threats 
facing the scheme area, based on the view of the land surface 
displayed by Landsat images, the paper aimed to detect the 
main passages through which wind-blown sand enters Al 
Gazira Agriculture Scheme and along White Nile River. Spectral 
and temporal satellite imageries covering the study area over 
successive periods (MSS 1974, TM 1986, ETM+ 2000 and 2008) 
were employed and integrated with in-situ ground truth points. 
The effect of climatic condition and landform on mobility 
and features of sand dunes movement have been depicted. 
Random soil samples (107 samples) from different sand 
features were collected to investigate the particle distribution 
of sand grains and mineral composition of sandy materials. The 
results revealed that the fixed sand dunes increased by 13.5% 
during the period (1986 – 2000). While the shifting sand dunes 
increased by 1.9% and 14.1% during (1974- 1986) and (2000 – 
2008), respectively. The results of laboratory investigation of 
sand samples showed that heavy sand mineralogy indicated 
that the origin of sand in the area was Nubian Sand Stone. 
The study concluded that there was a wind corridor across 
the White Nile State through Al Gazira Agriculture Scheme 
which blowing the sand and accelerating the dunes. The study 
recommended the establishment of shelter belts and wind 
breaks to block the sand corridor to protect the schemes.

9877-23, Session 5

Vegetation dynamics and their response 
to climate based on MODIS data 
during 2000-2015 in the Qinghai Lake 
watershed, Northeast Qinhai-Tibetan
Guangyong Li, National Geomatics Ctr. of China 
(China); Cuihong Jiang, Beijing Academy of Agriculture 
and Forestry Sciences (China); Tao Cheng, National 
Geomatics Ctr. of China (China)

In this study we used MRT to pre-process the MOD13Q1 
product, such as the band extraction, image mosaic, 
reprojection and shear. In order to analyze the relationship 
between the maximum EVI and air temperature and 
precipitation, the EVI value around the meteorological stations 
were used. We selected 30 raster around each meteorological 
station to extract the EVI data from 23 remote sensing images 
each year from 2000 to 2015 as the EVI values. The result show 
that spatial patterns of the maximum EVI showed a decreasing 
trend from east to west which corresponded well to the 
distribution of vegetation types in the QLW. Average maximum 
EVI in the whole QLW showed an increasing trend during the 
study period. Monthly EVI were significantly correlated to air 
temperature and precipitation, and precipitation had much 
greater influence on the monthly maximum EVI. Precipitation 
in the rainy seasons also had a greater impact on the change 
of maximum EVI, so the spatial pattern of precipitation had 
a direct impact on the distribution of the maximum EVI and 
showed much greater correlation than temperature. Grazing 
intensities were important factors affecting vegetation 
dynamics. The reasonable grazing intensities favored the 
growth of vegetation, but long-term overgrazing would result 
in grassland deterioration.

9877-24, Session 5

Terrestrial rock glaciers: a potential 
analog for Martian lobate flow features 
(LFF)
Rishitosh K. Sinha, Sivaprahasam Vijayan, Rajiv R. Bharti, 
Physical Research Lab. (India)

Rock glaciers, regarded as cryospheric ice/water resource in 
the terrestrial-glacial systems based on their tongue/lobate-
shaped flow characteristic and subsurface investigation using 
ground-penetrating radar. We examined the subsurface, 
geomorphology, climate-sensitivity and thermophysical 
properties of Lobate Flow Features (LFFs) on Mars (30˚-
60˚ N&S hemispheres) to compare/assess the potentials of 
rock glaciers as an analog in suggesting LFFs to be a source 
of subsurface ice/water. LFFs are generally observed at the 
foot of impact craters’ wall. HiRISE/CTX imageries from MRO 
spacecraft were used for geomorphological investigation 
of LFF using ArcMap-10.0 and subsurface investigation was 
carried out using data from MRO-SHARAD (shallow radar) after 
integrating with SiesWare-8.0. ENVI-5.0 was used to retrieve 
thermophysical properties of LFF from nighttime datasets 
(12.57 ?m) acquired by THEMIS instrument-onboard the Mars 
Odyssey spacecraft and derive LFFs morphometry from 128 
pixel/degree MOLA altimeter data onboard MGS spacecraft. 
Integrating crater chronology tool (Craterstats) with Arc Map, 
we have derived the formation age of LFF. Our investigation 
and comparison of LFF to rock glaciers revealed: (1) LFFs have 
preserved ice at depth ~50-100m as revealed from SHARAD 
radargram and top-layer composed of rocky-debris material 
with thermal inertia (400-600 Jm-2K-1s-1/2). (2) LFF formation 
age (~10-100 Ma) corresponds to moderate scale debris-
covered glaciation of a shorter-span suggesting high sensitivity 
to obliquity-driven climatic shifts. (3) Presence of ring-mold 
craters, brain-terrain texture, polygons, and high linear-arcuate 
furrow-and-ridges on the surface indicates presence of buried 
ice. This work is a significant step towards suggesting LFF to 
be a potential source of present-day stored ice/water on Mars.

9877-25, Session 5

An analysis of dust storm in Oman using 
INSAT-3D multispectral satellite data
Abhishek Dubey, Salalah College of Technology (Oman); 
Ashim K. Mitra, Ministry of Earth Sciences (India); Nitesh 
Kaushik, India Meteorological Dept. (India)

Increasing number of dust storms is becoming a concern to the 
countries in the Gulf. It has been one of the challenges for the 
region for a long time, but the frequency is a growing concern. 
This paper analyzes recent dust storm occurred in the Suwaiq 
region during August 2015 in Oman. The data collected from 
http://rapid.imd.gov.in/ of INSAT-3D-Imager channels. There are 
many studies have been carried out to find the reason of sand 
storm such as the role of dust storm in environmental change, 
the location and strength of source areas, the transport paths 
of material away from the desert, the rates of dust deposition, 
the nature of that material including with dust storm and the 
changing rates of dust activity in response to long and short-
term climatic changes etc. Oman is one of the countries which 
severely affected by the dust storm mostly all the area of Oman 
affected by dust storms, therefore it is important to monitor 
the dust area from space observations.
The data has been collected for UAE and Saudi region and 
analyzed. This analysis can be useful to predict the sand storm 
well before and save us from the calamity and provide us to 
prepare ourselves for the coming threat from the climate. The 
future prospect of this work will be to predict the origin of 
the sand storm and the route of the sand storm. One of the 
highlighting of this study is to predict the storm based on the 
trends, for this purpose, Artificial Neural Fuzzy System (ANFIS) 
has been utilized.
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9877-17, Session PWM1

Light absorbing impurity deposition 
over the Himalayan-Karakoram-Hindu 
Kush-Tibetan cryosphere: a review and 
satellite-based characterization
Rithwik Kodamana, Ritesh Gautam, Indian Institute of 
Technology Bombay (India)

Deposition of light absorbing impurities (LAI) such as black 
carbon (BC) and dust, on snowpack, reduces the reflectance of 
snow/ice surface, associated with enhanced solar absorption. 
This further accelerates snow albedo reduction and melting 
processes. Recently, several observational-based studies 
show significant LAI concentration across the Himalayan-
Karakoram-Hindu Kush-Tibetan (HKHT) cryosphere. For 
example, an ice core study in the Mera Glacier indicates 
that annual dust mass fluxes (10.4+/-2.8 g m-2 yr-1) are 
few orders of magnitude higher than BC (7.9+/-2.8 mg m-2 
yr-1). In contrast, a similar study conducted in the Tibetan 
Plateau showed a decrease in dust deposition since 1940s, 
suggesting that accelerated rate of glacier retreat can be 
attributed to increased BC emissions. Overall, recent literature 
suggests significant spatial-temporal variability in various LAI 
components and their magnitudes across HKHT. Typically, 
BC and dust emissions, and their deposition, peak during dry 
pre-monsoon period. From a satellite perspective, we find 
that spectral signature of reflectance indicates the presence 
of LAI deposition on seasonal HKHT snowpack. Spatial 
distribution of reflectance across HKHT is also found to be 
dependent upon the aerosol transport pathways. In this paper, 
we review various observational-based studies focused on 
LAI characterization over HKHT, in order to better understand 
the relative contributions of dust/BC deposition. Synthesis of 
the diverse literature leads us to an improved understanding 
of LAI deposition from spectral signatures of multi-spectral/
hyperspectral satellite measurements. Specifically, we will 
present analysis from Landsat, MODIS and Hyperion data to 
primarily characterize dust and BC deposition across HKHT, 
and their seasonal variations.

9877-18, Session PWM1

Analysis of difference BRDF model for 
retrieving surface albedo
Chang-Suk Lee, Kyung-Soo Han, Pukyong National Univ. 
(Korea, Republic of)

Land surface albedo is key parameter for understanding and 
forecasting of climate change. Because it controlled energy 
and water budget between land surface and atmosphere. 
The land surface albedo involved Bi-direction Reflectance 
Distribution Function (BRDF) which can described variation of 
surface reflectance by incident and reflect angle. There are two 
BRDF model which used to operate purpose to estimation of 
surface albedo. They have similar linear equation that include 
two kernels (geometric and volumetric) and three empirical 
coefficients. These model have identical volumetric kernel 
whereas, used different geometric kernel. In this study, we 
analysis effect of difference using comparison surface albedo 
by each BRDF model over East Asia (20° ~ 50° N, 100° ~ 145° 
E). We used red (B2, 0.61-0.68 ?) and NIR (B3, 0.79-0.89 ?) 
band of SPOT/VEGETATION S1 product. These two bands 
widely adopted for Earth observation satellite and can observe 
vegetation information. Our area of interesting appropriate for 
climate research because it includes not only various land cover 
(crop, forest, shrub, grass, barren etc.) but also dessert (Gobi), 
and ongoing desertification areas are included.

9877-19, Session PWM1

Analysis on variation of glacier albedo 
over Antarctica during twenty-seven 
years
Minji Seo, Pukyong National Univ. (Korea, Republic of); 
Morang Huh, PKsystem (Korea, Republic of); Hyun-
Cheol Kim, Korea Polar Research Institute (Korea, 
Republic of); Kyung-Soo Han, Pukyong National Univ. 
(Korea, Republic of)

Albedo is an essential part and a key parameter for 
understating the climate change in Antarctica which mainly 
is covered with snow and ice. Due to albedo has the highest 
value in ice and snow then other land surface types and 
ice-albedo feedback is important factor in Antarctic climate 
change and energy budget. It refers to necessity for analyzing 
the long-term variation of albedo over South Pole. We used 
surface albedo data provided by Satellite Application Facility 
on Climate Monitoring (CM SAF) during 1983 to 2009. We 
performed Principal Component Analysis (PCA), simple 
linear regression analysis and harmonic analysis in order to 
understand the temporal and spatial trend of Antarctic surface 
albedo. The results indicate two implications: Results of PCA, 
Mode 1 indicates the mean field, and Mode 2 indicates the 
change rate of the study period by pixel. Results of simple 
linear regression shows opposite albedo trends between the 
two areas. Almost East Antarctica has positive trend and 
annual change rate shows 0.06% yr-1 (Both periods; Nov-Dec 
and Jan-Feb). Constantly another area has negative trend and 
annual change rate shows -0.07% yr-1 (Nov-Dec), -0.15 %yr-1 
(Jan-Feb). 

9877-66, Session PWM1

Land use/land cover change assessment 
of Chunati WIldlife Sanctuary (CWS), 
Bangladesh using satellite imagery
Kamrul Islam, Univ. of Chittagong (Bangladesh)

Due to inappropriate management and absence of land 
use planning, land use change of developing country like 
Bangladesh is a common phenomenon. This land use change 
phenomenon will have its tremendous effect if found at a 
greater extent on natural habitat area for numerous animal and 
tree species. In this study, land use/cover change of Chunati 
Wildlife Sanctuary (CWS) were assessed from (2005-2015) 
using Landsat TM (Thematic Mapper) and Landsat 8 OLI/TIRS 
(Operational Land Imager/Thermal Infrared Sensor). ArcGIS 
v10.1 and ERDAS Imagine v14 were used to process satellite 
derived imageries and assess other quantitative data for land 
use/cover change assessment of this study area. Land cover 
change of the area was identified using Normalized Difference 
Vegetation Index (NDVI) technique. Highest NDVI value was 
found in 2005 (0.71) which denotes presence of moderate-high 
vegetation cover at that time period. After 2005, highest NDVI 
value was found following a decreasing trend (0.56 in 2010 
and 0.4 in 2015) which clearly represents the rapid vegetation 
cover change in the study area. Using supervised land use 
classification, it is found that almost 256 hectares of degraded 
forest area increased within 10 years of study period (2005-
2015) with 25.56 % annual rate of change. About 159 hectares 
of naturally forested land have been changed to other land 
uses with an (-) 15.88 % annual rate of change demonstrating 
an alarming situation for this important habitat area. The 
overall supervised classification accuracy was found 92.16 % 
for 2015, 86.15 % for 2010, and 83.96 % for 2005 with Kappa 
value of 0.8901, 0.8168, and 0.8057 for 2015, 2010, and 2005 
respectively which is highly satisfactory.
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9877-68, Session PWM1

Assessment of long-term shoreline 
changes along Odisha Coast, eastern 
seaboard of India
Kamal Kumar Barik, SRM Univ. (India); Prakash Chandra 
Mohanty, Indian National Ctr. for Ocean Information 
Services (India); Mitra D., Indian Institute of Remote 
Sensing (India); R. Annadurai, SRM Univ. (India); J. K. 
Tripathy, Sambalpur Univ. (India)

Odisha, a coastal state on eastern seaboard of India posses 
~450km long coastline which is under multiple threats due to 
anthropogenic and natural factors. Shoreline changes study 
was carried out along selected regions viz. Baleswar, Bhadrak, 
Jagatsinghpur and Kendrapara districts using USGS Digital 
Shoreline Analysis System (DSAS) version 4.3. Multi-temporal 
Landsat data of 1990, 1995, 2003 and 2015 were used for 
shoreline extraction. These multiple shoreline datasets served 
as input for USGS DSAS to cast 50m transect interval along 
the selected regions. The rate of shoreline changes at a scale 
of 50m were determine based on Net Shoreline Movement 
(NSM) and End Point Rate (EPR). DSAS tool performed well in 
calculating the statistics of End Point Rate and Net Shoreline 
Movement. The present study depicted ~48.86 % of the 
shoreline is accreting, ~29.85 % eroding and ~21.27% remain 
steady. Results of field investigation corroborated the derive 
analysis. The highest erosion area was observed in coastal 
tract of Jagatsinghpur (north side of Devi river mouth and 
near Saharabedi city), Kendrapara ( near Hukitola bay and 
bhitarakanika mangroves forest) and Bhadrak (near to Dhamara 
port). Similarly highest deposition was found in Kendrapara 
(around Kasafal beach) and Bhadrak ( Kasimuhan Port). Most 
stable shore lines are in Kendrapara (Chandipur beach). 

9877-70, Session PWM1

Distribution of biodiversity flora and 
potential attractions in Karst Maros 
Pangkep-based GIS
Surni Surni, Sri Suhadiyah, Sumbangan Baja, Hasanuddin 
Univ. (Indonesia)

Karst area storing a wealth of unique flora with a high degree 
of adaptability to drought and high calcium levels. However , 
the extent of damage and environmental degradation due to 
mining activities karst ecosystems poses a serious threat karst 
ecosystem sustainability . Tha karst Pangkep Maros is the third 
largest karst after Madagascar and China . This study focused 
on karst rammang - rammang located in Maros regency, Bontoa 
village . Since 3 years ago serve as a new tourist destination 
in the county Maros with still conventional management . 
Local tourism development , it is not specifically regulated 
in the Spatial Plan Maros . Flora is the dominant mangrove 
ecosystem . To prevent the degradation of the karst region 
required structuring facilities , system data base of visitors , 
distribution attractions , security , specific policies for tourism 
development.

9877-71, Session PWM1

Models of land management in 
watershed Lamasi using geographic 
information system and remote sensing
Andi Arman, Regional Development and Spatial 
Information (Indonesia); Sumbangan Baja, Hasanuddin 
Univ. (Indonesia)

This research was conducted in the watershed Mamasa South 
Sulawesi province, which includes the North Toraja Regency, 

Luwu Utara and Luwu. Lamasi soil conditions in the watershed 
in recent years due to land degradation, landslides, erosion, 
sedimentation and flooding. Land becomes unproductive 
so that productivity also declined. This study aims to model 
conservation-based land management recommendations. The 
study design is explorative with survey method and spatial 
approach. Research methods are carried out in several stages 
of erosion analysis using the equation USLE (Universal Soil 
Loss Equation), sediment analysis of land capability analysis. 
Land management models are analyzed using geographic 
information systems and remote sensing. Based on the results 
of spatial analysis, the rate of severe erosion hazard dominant 
in Luwu Walenrang with an area of 15 376 ha. The content of 
suspended sediment by using a sampling method in water 
samples upstream, midstream and downstream is obtained 
with the average yield - average as follows: 1) upstream of river 
water containing 105.1 ppm or 1 liter of river water containing 
105.1 mg of suspended solids , the middle part of the river 
water containing 171.1 ppm or 1 liter of water containing 171.1 mg 
of suspended solids and the downstream river water containing 
202.3 ppm or 1 liter of river water containing 202.3 mg of 
suspended solids. Critical level is very high land area of 3.86 
ha ddaerah downstream and upstream and midstream areas 
covering 39 636 ha, or 77.45%. Land management model is 
based on the results of the analysis of the ability of the land to 
the land with the priority scale critical level due to erosion and 
sedimentation of very high

9877-72, Session PWM1

Human-induced vegetation coverage 
changes of Shanxi Plateau based on 
remotely sensed data and residual 
analysis
Peng Cheng, Hongrui Ren, Taiyuan Univ. of Technology 
(China)

 In this study, the spatial and temporal variations of vegetation 
coverage were analyzed on the Shanxi plateau based on 
remotely sensed NDVI data from 1982 to 2013, and the 
relationships between human activities and vegetation 
coverage changes were also investigated with residual analysis 
method. Results showed that, the vegetation coverage on 
the Shanxi plateau increased significantly from 1982 to 2013, 
and there was a dramatic spatial difference in the vegetation 
coverage changes, such as increased trend in the northern of 
Heng mountain and decreased trend in the Lvliang mountain 
and Taihang mountain. For the interannual variability, the 
influence of human activities on vegetation coverage changes 
on the Shanxi Plateau was gradually turned from positive to 
negative from 1982 to 2013. For the spatial variability, the area 
where the influence was positive was slightly less than that 
where the influence was negative. The positive areas were 
mainly distributed in the northern of Heng mountain, hilly-gully 
area which is adjacent to the Yellow River, and all the basins 
on the Shanxi plateau. The negative areas were mainly located 
in the Taihang mountain and Lvliang mountain. Combined 
with land use and land cover on the Shanxi plateau, further 
study showed that, the influence was mainly positive in the 
woodlands and the positive influence had begun to decrease 
after 1996, and there were mixed positive and negative 
influence in the grasslands and farmlands and the negative 
influence had begun to increase in recent years This study 
had important significance both theoretical and practical on 
ecological environment rehabilitation on the Shanxi plateau.
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9877-74, Session PWM1

Flood risk analysis in the Eastern Ganga 
Plains: an assessment of flood inundation 
mapping algorithm using MODIS data 
(2000-2015)
Sarmistha Patel, Anup K. Prasad, Bhabesh C. Sarkar, 
Indian School of Mines (India); William A. Sprigg, The 
Univ. of Arizona (United States)

The inconsistency of Indian Monsoon causes hydrological 
extreme events such as flood and drought. Flood is the most 
frequent and recurrent phenomena over the Eastern Ganga 
Plains comprising of alluvial plains of Bihar and adjoining Nepal 
Himalaya. Gandak and Kosi, the major tributaries of Ganga 
River cause flooding in the major parts of Bihar. The purpose 
of this study is to identify flood water and calculate daily water 
fraction from Moderate Resolution Imaging Spectroradiometer 
(MODIS) derived surface reflectance data (250 m and 500 m 
resolution, 2000-2015) and predefined model. An adaptive 
polynomial filters (Savitzky-Golay) have been used to fill the 
missing data in daily images mostly due to cloud cover during 
the monsoon season. The ‘flood inundation map’ derived 
from MODIS have been evaluated by using a high resolution 
Landsat data at 30 m grid resolution. Statistical analysis such 
as frequency (inter-annual and intra-annual), duration, spatial 
as well as the temporal variation in the flooding extent have 
been carridout using the flood inundation mapping algorithm. 
Intensity, duration and frequency (IDF) of flooding events have 
been carried out to identify the regions facing greater flood 
risk. Flood hazard zones map for the study area have been 
prepared where flood mitigation and management can be 
employed. The present study reveals that MODIS based flood 
monitoring and mapping model used here can be used for 
monitoring and assessment of flooding events in near-real time 
over the study region. 

9877-75, Session PWM1

Status of meltwater lakes in Himalaya 
and Tibetan Plateau using long-term 
MODIS observations (2000-2015)
Nirasindu Desinayak, Indian School of Mines (India); 
Anup K. Prasad, Chapman Univ. (India); Hesham M. El-
Askary, Menas Kafatos, Chapman Univ. (United States); 
Ghassem Asrar, U.S. Dept. of Energy (United States)

Recent studies on the glacial retreat and snow cover change as 
well as tropospheric temperature anomaly over the Himalayas 
and Tibetan Plateau is corroborated by the reports of 
increasing number of new meltwater lakes. Increasing number 
of meltwater lakes is a major natural hazard as it pose threat 
to the population living in the downstream areas as cloud 
bursts, earthquakes, erosion or water pressure may lead to 
failure of such lakes leading to flash floods such as Uttarakhand 
disaster of 2013. Long term daily observations from Moderate 
Resolution Imaging Spectroradiometer (MODIS) onboard Terra 
and Aqua (2000-2015) is useful in tracking the formation and 
zonal count of new meltwater lakes especially over difficult 
to reach terrain (through field campaigns) of Himalaya and 
Tibetan Plateau. To overcome the problem of gaps (missing 
values) in MODIS data, mostly due to cloud cover, an adaptive 
Savitzky-Golay filter have been used to fill the gaps in 
daily data using temporal information from preceding and 
subsequent images. Temporal changes (inter and intra-annual) 
in the snow cover such as seasonal and yearly count, peak 
season (magnitude and timing), snow cover duration (SCD) 
, area of snow deposition and melting has been carried out. 
Region wise analysis of total number and aerial coverage of 
melt-water lakes show conspicuous increasing trend that varies 
across the study area. Zonal and temporal changes in the snow 
cover (duration, peak, length of snow season etc) as well as 
melt-water lakes will be presented in detail.

9877-76, Session PWM1

Hazard zonation mapping of Kedarnath 
region using FR method
Hrishabh Gupta, Parv Mehta, Shashank Bhushan, 
Peeyush Kumar, Vishesh Seth, Indian School of Mines 
(India)

Landslides are major mass-wasting processes and landscape 
building factors in mountainous terrains. They are primarily 
triggered by earthquake, rainfall, or road construction and 
cause enormous destruction to properties and lives in those 
areas. This study aims to use Remote Sensing and Geotechnical 
soil surveys to prepare a revised landslide hazard zonation map 
of Kedarnath Area.A digital database for the entire watershed 
will be generated on 1:25,000 scale. Ten parameters will be 
mapped in GIS environment, which have been identified for the 
occurrence of landslide. Those factors will be used to calculate 
Landslide Susceptibility Index by Frequency Ratio Method 
(Probability Method) for the whole study area.
Frequency Ratio Method:
The purpose of this study is to produce the landslide 
susceptibility mapping using the method of frequency ratio 
(FR). Landslide susceptibility maps will be produced from the 
frequency ratio. 
In general, to predict landslides, it is necessary to assume that 
landslide occurrence is determined by landslide-related factors, 
and that future landslides will occur under the same conditions 
as past landslides (Lee and Talib, 2005). 
The frequency ratio is the ratio of the area where landslides 
occurred in the total study area, and also is the ratio of the 
probabilities of a landslide occurrence to a non-occurrence for 
a given attribute.
First the frequency ratio was calculated for each range or type 
of factor, the frequency ratios were than summed to calculate 
the landslide susceptibility index (LSI).
LSI=∑FR
The frequency ratio method is very easy to apply, and results 
obtained by Lee and Talib (2005), are very intelligible. The 
susceptibility map will be drawn to include a classification 
which will be divided into several categories. The higher the 
LSI (Landslide Susceptibility Index), the more susceptible is the 
corresponding combination of factors to landslide.

9877-77, Session PWM1

Application of remote sensing and 
geographical information system For 
land use/land cover mapping and change 
detection (environmental and socio-
economic impacts) in the Dhanbad City, 
Jharkhand
Hrishabh Gupta, Indian School of Mines (India); Jigyasu 
Agrawal, Coal India, Ltd. (India); Parv Mehta, Shashank 
Bhushan, Indian School of Mines (India)

Remote Sensing is the most common approach, nowadays, to 
monitor the substantial changes of land pattern in a particular 
area. The current study focuses on the changes occurred 
in Dhanbad City due to unexpected growth of manmade 
activities. The study explores the changes in the city over the 
period 2004 - 2014 using Remote Sensing and Geographical 
Information System methods. Software, Arc GIS 10.1 and 
Erdas Imagine 13.0 are used to develop the unsupervised 
classification using 15 m pan-sharpened resolution ‘Landsat 8’ 
Operational Land Imager (OLI)’ image of the year 2014 and 30 
m resolution ‘Landsat 7’ Enhanced Thematic Mapper (ETM+)’ of 
the year 2004, all these are taken at 44N WGS 1984 datum. We, 
in our study come on a conclusion that most of the agriculture 
and reserve area got converted into mine area. Rapid mining 
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activities in the region is changing the natural environment 
profoundly in terms of vegetation, water sheds and mainly in 
the built up areas or urbanization. Hence an attempt has been 
made to determine and identify the changes in land use of the 
area featuring from topographical study and satellite imagery.
It is been studied that Dhanbad has been credited as the most 
“Critical City of India”. Pollution level has increased sequentially 
contributing in the migration of local personnel to the nearby 
places. The conjoint impacts due to mining are Air Pollution 
and Water Pollution and its adverse effects on the health of 
people. Above study shows that there are very few aquifer in 
Dhanbad and these mining activities are in result of depletion 
of water quality of water regime present nearby and also 
contaminating ground water. 

9877-78, Session PWM1

Analysis of GRACE satellite-based 
terrestrial water storage variations in 
major river basins of India
Aarti Soni, Tajdarul H. Syed, Indian School of Mines 
(India)

Due to increasing demand of freshwater for agriculture, 
domestic and industrial purposes world needs management 
of water resources. Terrestrial Water Storage (TWS) has great 
implications for sustainable water resource management in 
the country. Assessment of TWS is important to understand 
hydrologic and climatic processes controlling its availability. 
In this study, short term variability of land water storage is 
analyzed from GRACE satellite observations and water balance 
computation over the major Indian River basins (Ganga, 
Godavari, Krishna and Mahanadi). The main objective of this 
study is to compute and characterize variations in TWS and 
groundwater storage for the period of 2003-2012. Alongside, 
we obtained significant agreement between GRACE derived 
and hydrologic flux derived TWS variations. The significance 
of trend in groundwater storage anomaly and terrestrial water 
storage anomaly (TWSA) is examined using modified Mann-
Kendall test. In the Ganga basin, significant groundwater 
depletion (-1.28 ± 0.20 mm/month) is observed, whereas 
significant increase is noticed in the Godavari (0.74 ± 0.21 
mm/month) and Krishna basins (0.97 ± 0.21 mm/month) but 
practically no change observed in the Mahanadi basin. In all 
the basins similar trends are noted for TWSA. Subsequently, to 
establish the climatic controls on groundwater we evaluate the 
impact of ENSO on groundwater. Results depict, in all the river 
basins groundwater is influenced by ENSO events. In the Ganga 
basin groundwater storage depletion refer due to human 
extraction as well as climate variability, caused by ENSO.

9877-79, Session PWM1

Characterizing and understanding 
the spatio-temporal variability of 
hydrological droughts in India using 
GRACE-observed terrestrial water 
storage deficit
Debanjan Sinha, Tajdarul H. Syed, Indian School of Mines 
(India)

In recent years frequency of drought in India is recrudescing 
and has enormous societal, economic and environmental 
repercussions. Here, utilizing the Terrestrial Water Storage 
Deficit (TWSD) droughts over large homogenous rainfall 
regions of India are assessed. The essence of this approach 
is the implementation of Terrestrial Water Storage (TWS) 
variations from Gravity Recovery and Climate Experiment 
(GRACE) for volumetric quantification of hydrological drought 
occurrence and severity On average about 7 drought periods 
are observed in each of the four homogenous rainfall regions 
of India over a period of 157 months (April 2002 – April 2015). 

GRACE Water Storage Index (GWSI), a normalized version of 
the TWSD, shows the best correlation (r) with PDSI amongst 
the existing drought indices. The longest deficit period, of 
23 months (February 2009 to December 2010), with the 
highest severity value of -1067.70 km3-month is observed in 
Central India while the highest peak deficit of -101.70 km3 is 
observed in the month of January 2003 in West Central India. 
In Peninsular India and West Central India, drought of 2002-
2004 is prominent but drought of 2009-2010 and 2012-2013 
is evident in almost all the four regions of India. Furthermore, 
an emerging drought condition has been observed from 
2014 to the present, in almost all the climatic regions. West 
Central India shows an increasing trend in GWSI values (0.07 
yr-1), indicating recovery from previously existing drought 
conditions. On the contrary, a decreasing trend in GWSI is 
observed in Northwest (-0.07 yr-1) and Central (-0.18 yr-1) India. 
Results demonstrate considerable confidence in the potential 
of GWSI for holistic characterization of drought over large 
spatial scales.

9877-80, Session PWM1

Agricultural land conversion affected by 
climate change
Yudhi Pramudya, Komariah Komariah, Mujiyo Mujiyo, 
Widyatmani Sih Dewi, Sumani Sumani, Univ. Sebelas 
Maret (Indonesia); Tris Adi Sukoco, Indonesian Agency 
for Meteorology, Climatology and Geophysiscs 
(Indonesia)

This research aims to investigate the impact of climate change 
on agriculture by identifying land conversion in small part of 
Central Java, Indonesia. Research was carried out in August 
2014 to March 2015 which is a research survey with explorative 
descriptive method. Land conversion was processed using 
ENVI 4.5. and ArcGIS 10.1, using satellite images from landsat 
covering 39.68 km2 of year 1994, 2003 and 2014. The 30 years 
climate data were analyzed using regression and correlation, 
while logistic regression analysis was occupied to process 
the interview data. The results show that settlement area 
increased 30.29 Ha/year in 1994-2003 and more than doubled 
in 2003-2014 (70.928 Ha/year). But, irrigated rice field area 
decreased 39.87 Ha/year in 1994-2003, and nearly similar in 
2003-2014 (only 37.82 Ha/year The order of agricultural land 
conversion process was expected to be irrigated rice field – 
plantation – settlement, due to the high increase of plantation 
area in 1994-2003 (61.2 Ha/year) but high decrease in 2003-
2014 (48 Ha/year) . The overall accuracy is 85.71% and matrix 
coefficient 0.804. It is presumed that the factors encouraged 
land conversion are rainfall uncertainty,seasonal shift, floods 
in the 1990s, and water lack in the 2000s. The availability of 
each year’s satellite image with relatively same periode would 
produce more accurate land conversion rate, and more clear 
correlation with the climate change paramaters.

9877-81, Session PWM1

Urban area mapping from polarimetric 
SAR data using fuzzy inference system
Asmeet Ahluwalia, Surendar Manickam, Sudarshanan 
K. Raghavan, Avik Bhattacharya, Indian Institute of 
Technology Bombay (India); Alok Porwal, Indian 
Institute of Technology Bombay (India) and Univ. of 
Western Australia (Australia)

Classification of urban areas using satellite imagery is an 
important research area since accurate urban area maps are 
critical for understanding the patterns of human settlement 
expansion, urban sprawl, and are also an essential input 
for planning sustainable urban development and disaster 
management activities. Microwave Remote sensing data is 
preferred over optical as the latter cannot be used for cloud 
covered areas.
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This study aims to map urban areas from full polarimetric 
SAR data using a fuzzy inference system (FIS). Scattering 
powers from an advanced PolSAR decomposition technique 
are used as input parameters for the FIS. The polarimetric 
decomposition technique is useful to distinguish scattering 
powers based on the physical scattering model.
The use of fuzzy inference system facilitates building of 
classification rules based on the physics of the scattering 
mechanism. A fuzzy inference system uses linguistic variables 
to imitate human cognition to label classes whose parameters 
cannot be defined in terms of crisp, numeric values. This 
feature of FIS is critical for urban area classification as different 
land-use classes such as vegetation and urban areas can have 
similar backscattering mechanisms.
ALOS PALSAR L-band full polarimetric SAR data over Indian 
megacities is used for the classification. The classified output 
is more accurate than the ones obtained using supervised 
classification algorithms such as MLC and SVM. The better 
performance of the FIS vis-à-vis the supervised classification 
algorithms can be attributed to the use of physics-based 
classification rules and the advanced PolSAR decomposition 
scattering powers.

9877-82, Session PWM1

Response of coral reefs due to thermal 
threshold: an Indian scenario
Mohit Arora, Ashwin Gujrati, Nandini R. Choudhari, 
Prakash Chauhan, Space Applications Ctr. (India)

Coral reefs are major features of tropical coastal environments 
between the latitudes 30 degree N and 30 degree S and 
coincide with Sea Surface Temperature (SST) range from 
16 degree C to 30 degree C. Positive SST anomaly is one of 
the major stresses to coral reefs. The warming of Tropical 
sea surface temperature increases the level of thermal stress 
and therefore causes coral bleaching. The major coral reef 
formations in India are in Gulf of Kachchh, Gulf of Mannar, 
Lakshadweep, Andaman and Nicobar Islands. Remote sensing, 
from satellite is the most efficient approach for monitoring 
the stress on coral reef ecosystems. It measure environmental 
parameters like SST, solar radiation, wind speed, salinity, 
suspended sediment and chlorophyll-a at pixel level. SST is 
most important parameter for predicting coral bleaching. For 
this study SST data was derived from two sources: INSAT-3D 
(L3B) and HadISST. HadISST monthly data was analysed for 
the period of 1950 to 2014 for SST and SST maximum anomaly 
calculations and INSAT-3D (L3B) daily data was analysed for 
January 2015 to September 2015 for SST calculation. Coral 
bleaching tends to occurs when sea surface temperature 
exceeds climatological maximum monthly mean temperature. 
From the present study, It has been found that the Indian 
coral reef regions have different warmest months and variable 
thermal stresses. The warmest month for the GOK region is 
found in the month of June with MMM temperature of 29.17 
degree C (+0.31), for the GOM and Nicobar region is found in 
the month of April with MMM temperature of 29.74 degree C 
(+0.36) and 29.63 degree C (+0.31) and for the Andaman and 
Lakshadweep region is found in the month of May with MMM 
temperatures of 29.80 degree C (+0.30) and 30.03 degree C 
(+0.36). From all five regions the warmest MMM temperature 
was found in Lakshadweep.

9877-84, Session PWM1

Markov random field model and fuzzy 
c-means approach used for classification 
of remotely sensed data
Sandip S. Thorat, Yogesh D. Rajendra, K. V. Kale, S. C. 
Mehrotra, Dr. Babasaheb Ambedkar Marathwada Univ. 
(India)

Classification of remotely sensed data for extracting texture 
features of land cover area mainly as a crop based on Markov 
Random Field (MRF) model and fuzzy C- means algorithms 
has been undertaken. An occurrence of mixed pixel is a 
major problem in remotely sensed data. MRF is a branch of 
probability theory to extract the spatial texture of physical 
phenomena on the basis of prior probability and finding 
proximity of its adjacent pixel. In context of land cover 
mapping, it has been used to find spatial contextual pattern in 
multisource satellite images. Multispectral images of different 
spatial resolution were used for the experimental purpose 
such as medium resolution Landsat OLI (15m), LISS-III (23m) 
and fine resolution LISS-IV (5.8m) of the study area. Satellite 
images were smoothened by the Gaussian blur algorithm 
and K-means algorithm to find similarity among pixels for 
improving segmentation of land cover classes. Latter the 
outputs of Gaussian blur and K-means algorithms are used for 
further experiments by applying HMRF_EM that makes better 
classification based on prior knowledge of training sites (AOI). 
On the other hand Fuzzy C-means algorithm was used to 
quantify mixed pixel probability. Fuzzy approach was used to 
measure the uncertainty in mixed pixel. The classification result 
of MRF and FCM are compared with traditional supervised 
classification methods such as MLC, Mahalanobis Distance and 
Knowledge Classifier. We observed that the both techniques 
were capable to reduce influenced of classification error and 
to increase the efficiency of classification result of land cover 
classes. 

9877-85, Session PWM1

Novel regional growing-based approach 
for estimation of speckle reduction for 
land use applications
Snehal Kulkarni, Sanjay Shitole, SNDT Univ. (India)

Synthetic Aperture Radar (SAR) images are useful for a 
wide variety of applications that involves environmental 
monitoring of vegetation, agriculture, forests, surface water and 
management of natural resources. 
Major issue faced by SAR images is speckle noise which 
complicates the interpretation of image. Existing speckle 
filtering algorithms are used to reduce the speckle noise 
without any loss of information. Quantitative analysis helps 
in the selection of effective speckle reduction filter. For 
quantitative analysis, statistical parameters using Co-efficient 
of Variation (CV) and Equivalent Number of Looks (ENL) are 
calculated. Evaluation of CV and ENL is primarily based on 
the selection of homogeneous area which is routinely done 
by manual method. But major drawback of manual selection 
is that it gives us approximate values. Best speckle reduction 
filter cannot be selected based on these approximate values.
Therefore, in this paper, we are proposing a method for 
automated selection of homogeneous area for SAR image. 
This method is based on region growing algorithm. Once 
homogeneous area is automatically selected, we have 
evaluated CV and ENL for different speckle reducing filters. 
Results show that the use of the proposed method gives more 
accurate estimate of CV and ENL than the values calculated by 
manual selection of homogeneous area. 
This novel region growing based approach is an automated 
procedure that gives precise homogeneous area and accurate 
values for CV and ENL. Thus it helps in selecting best speckle 
reduction filter which ultimately helps in correct interpretation 
of the SAR image. 

9877-86, Session PWM1

Satellite monitoring of urbanisation over 
Hyderabad and its associated effect
Subin Jose, Biswadip Gharai, National Remote Sensing 
Ctr. (India); Midhuna T. M., India Meteorological Dept. 
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(India); Subbunagulu A, P. V. N. Rao, National Remote 
Sensing Ctr. (India)

Hyderabad is the capital of newly formed Indian state 
of Telangana, with a population of more than 4 million. 
Hyderabad, along with its twin city of Secunderabad, is the 
fifth largest city and one of the fastest growing cities in India. 
It has a hot semi-arid steppe climate with four dominant 
seasons; winter (Dec-Jan-Feb), pre-monsoon (Mar-Apr-May), 
monsoon (Jun-Jul-Aug-Sep) and post-monsoon (Oct-Nov). 
Over the last decade city sprawl has increased significantly 
due to rapid urbanisation. Levels of air pollution in Hyderabad 
are also shooting up because of the exponential rise in the 
number of vehicles. The rapid rate of urbanization with 
increased economic activity has encouraged migration of 
people to the city, which has led to an increase of personal, 
public, and para transit vehicles (3 and 6 seat autos), industrial 
output, and increasing burden on the city’s infrastructure. In 
the present study, urbanisation over Hyderabad is monitored 
and analysed using remote sensing data within the city sprawl 
boundaries (1419.44 sq. km). Towards this, multitemporal Indian 
remote sensing (IRS) earth observing satellite data have been 
utilised. A decline in water bodies and decrease in ratio of 
vegetation to non-vegetation ratio have been observed. Due 
to the rapid urbanisation, a enhanced pollution levels of the 
city has been observed using Moderate Resolution Imaging 
Spectroradiometer (MODIS) aerosol data and an increasing 
trend (.003 per year) of AOD has been observed over a 
decade. Spatio-temporal changes of land surface temperature 
have been investigated using MODIS thermal channels.

9877-87, Session PWM1

Effect of polarization orientation angle 
shift compensation on fully polarized 
SAR data
Asmita Gupta, Devi Ahilya Vishwavidyalaya (India); 
Shashi Kumar, Indian Institute of Remote Sensing (India)

Topographical slopes and radar look angle results in shift 
in Polarization Orientation Angle (POA). Due to irregularity 
of target surface, POA of backscattered SAR wave shifts to 
non-zero values. POA shift in backscattered wave affects 
the polarimetric signatures. Yamaguchi four component 
decomposition model is used to classify different target 
structures on the basis of different scattering mechanism 
present in a single SAR resolution cell. It is very necessary to 
compensate the POA shift before using the backscattered 
SAR wave in target decomposition model in order to avoid 
misinterpretation of scattering mechanism. In present study, 
the effect of POA shift induced in high resolution TerraSAR-X 
data in fully polarized mode is investigated. This study is 
conducted over Dudhwa National Park in the state of Uttar 
Pradesh. Yamaguchi four component decomposition model 
expressed total backscatter information in terms of volume, 
double bounce, surface and helix scattering. The resultant 
components of Yamaguchi four component model can be more 
accurate if the POA shift is compensated. Different scattering 
mechanisms resulted after POA compensation were analyzed 
using 150 random points taken from forest structure. It is 
observed that there is negligible effect of POA shift on surface 
scattering. Decrease in volume scattering was observed after 
POA shift with a mean value of -31.237 dB, whereas before 
POA shift mean value obtained was -16.4 dB. In addition, 
underestimated double bounce scattering has increased from 
-31.529 dB to -17.92 dB. POA shift compensation helps to 
improve the accuracy of decomposition component which is 
very useful in the forest parameter retrieval applications. 

9877-89, Session PWM1

Detection of heat wave using Kalpana-1 
VHRR land surface temperature product 
over India
Dhiraj Shah, Sir P.T. Sarvajanik College of Science (India); 
Mehul R. Pandya, Space Applications Ctr. (India); Vishal 
N. Pathak, Sardar Patel Univ. (India); N. P. Darji, Space 
Applications Ctr. (India); Himanshu J. Trivedi, N. V. Patel 
Pure and Applied Science College (India)

Heat waves can have notable impacts on human mortality, 
ecosystem, economics and energy supply. The effect of 
heat wave is much more intense during summer than that 
during the other seasons. During the period of April to June, 
spells of very hot weather is observed over certain regions 
of India and global warming scenario may result in further 
increase in such temperature anomalies and corresponding 
heat wave conditions. In this paper, satellite observations 
have been used to detect the heat wave conditions prevailing 
over India corresponding to second and third weeks of May, 
2015. The Kalpana-1 VHRR derived land surface temperature 
(LST) products have been used in the analysis to detect the 
heat wave affected regions over India. For the generation of 
daily LST anomaly, monthly mean maximum LST image was 
generated for the month of May from normal year (2011) and 
subtracted to the current year’s daily maximum LST image. If 
the difference in the LST images is higher than 3K, then those 
pixels are marked with daily LST anomaly. It is to be noted that 
after deriving the LST anomaly on daily basis, two main criteria 
were applied to detect the heat wave pixels, (a) the LST value 
should be greater than 320 K and (b) pixel should have the LST 
anomaly more than 3 K for 3 consecutive days. It can be seen 
that during the study period, the parts of the west India was 
under severe heat wave conditions which is also confirmed with 
IMD daily air temperature observations.

9877-90, Session PWM1

Approaches to optimum dimensions 
selection of remotely sensed EO-1 
Hyperion data for crop classification
Hasmukh Chauhan, Krishna M. Buddhiraju, Indian 
Institute of Technology Bombay (India)

Hyperion sensor contains 242 bands. For classification to 
match the high number of bands with Hyperion data, the 
number of training samples should also increase to preserve 
the accuracy. It is very difficult to analyze many bands and 
also difficult to get many training samples. Also Hyperion data 
contains high correlation between bands, especially between 
adjacent bands. Therefore data redundancy exists in Hyperion 
data. As a solution to above problem, it is suggested to remove 
redundant bands before further processing hence the process 
known as dimensionality reduction is applied to select optimum 
dimensions for any application. This paper examines suitability 
of PCT, MNF transform and application based approach for 
optimum dimensions selection for crop classification. PCT 
reduce data dimension by decorrelation. PCT is unable to 
separate signal and noise components. Normally any noise 
present in the original image has been concentrated in the later 
principal components in PCT. In practice, however sometimes 
it is found that earlier components are noisier than those with 
the smallest eigen values. The noise adjusted PCT overcomes 
this problem which is commonly known as MNF Transform. 
When MNF transform was applied for vegetation application to 
the data set variances among vegetation and non-vegetation 
covered pixels will dominate the eigen-analysis. A large amount 
of interrelated information exists among the Hyperion bands 
and all spectral bands cannot be usefully applied to vegetation 
classification or estimation of biophysical-parameters. Hence, 
if for optimum bands selection, bands which are sensitive to 
vegetation analysis are only selected then it is helpful to avoid 

Conference 9877:  
Land Surface and Cryosphere Remote Sensing III



  +1 360 676 3290 · help@spie.org      49Return to Contents

other spectral variability and improves classification results. 
Data dimensionality reduction has been carried out using 
above approaches and classification results were compared, 
in initial findings application based subset produced better 
results. Work is continued to find out final results. 

9877-91, Session PWM1

Semi-empirical modelling for forest 
above-ground biomass estimation using 
hybrid and fully polsar data
Kiledar S. Tomar, RMSI Pvt. Ltd. (India); Shashi Kumar, 
Indian Institute of Remote Sensing (India); Valentyn A. 
Tolpekin, Univ. Twente (Netherlands)

Forests act as sink of carbon and as a result maintains carbon 
cycle in atmosphere. Deforestation leads to imbalance in global 
carbon cycle and changes in climate. Hence estimation of 
forest biophysical parameter like biomass becomes a necessity. 
PolSAR has the ability to discriminate the share of scattering 
element in a single SAR resolution cell. Studies have shown 
that volume scattering is a significant parameter for forest 
biophysical characterization which mainly occurred from 
vegetation due to randomly oriented structures. This random 
orientation of forest structure causes shift in orientation angle 
of polarization ellipse which ultimately disturbs the radar 
signature and shows overestimation of volume scattering 
and underestimation of double bounce scattering after 
decomposition of fully PolSAR data. Hybrid polarimetry has 
the advantage of zero POA shift due to rotational symmetry 
followed by the circular transmission of electromagnetic waves. 
The prime objective of this study was to extract the potential 
of Hybrid PolSAR and fully PolSAR data for AGB estimation 
using Extended Water Cloud model. The study site chosen was 
Barkot Forest, Uttarakhand, India. To obtain the decomposition 
components, m-alpha and Yamaguchi decomposition modelling 
for Hybrid and fully PolSAR data were implied respectively. The 
contribution of all scattering from each plot for m-alpha and 
Yamaguchi decomposition modelling were retrieved. The R2 
value for modelled AGB and field biomass from Hybrid PolSAR 
and fully PolSAR data were 0.5127 and 0.4625 respectively. 
The RMSE for Hybrid and fully PolSAR between modelled 
AGB and field biomass were 63.156 (t ha-1) and 73.424 (t ha-1) 
respectively. On the basis of RMSE and R2 value, this study 
suggests Hybrid PolSAR decomposition modelling to retrieve 
scattering element for AGB estimation from forest. 

9877-92, Session PWM1

Analysis of spatio-temporal variations in 
snow cover over Western Himalaya
Vinay Kumar Gaddam, Parmanand Sharma, Lavkush 
Patel, Thamban Meloth, Ajit Singh, National Ctr. for 
Antarctic & Ocean Research (India)

Snow cover plays an important role in many applications 
like runoff estimation, hydro-power generation, irrigation 
and disaster management. In Indian Himalaya, snow cover 
monitoring on daily basis is a difficult task due to presence 
of cloud cover and lack of high spatial resolution datasets. 
Therefore, for long term monitoring, the maximum snow cover 
products are much reliable and preferred for the studies on 
snow-melt runoff, hydropower etc. In this study, the maximum 
snow cover products (MOD 10A2) from MODIS Terra satellite 
were used to study the spatial and temporal variations in five 
river basins namely Chandra, Bhaga, Baspa, Beas and Parvati. 
In addition, MODIS LST (MOD 11A1) and Tropical Rainfall 
Measuring Mission (3B42) products were used to study the 
temperature and precipitation trends at basin level. Further, the 
obtained snow cover information can be used as inputs for the 
models like runoff and hydropower generation.

9877-3, Session PWM2

Soil moisture variability across different 
scales in an Indian watershed and its 
application in satellite soil moisture 
product validation
Gurjeet Singh, Rabindra K. Panda, Indian Institute of 
Technology Bhubaneswar (India); Binayak P. Mohanty, 
Texas A&M Univ. (United States); Raghavendra B. Jana, 
King Abdullah Univ. of Science and Technology (Saudi 
Arabia)

Strategic ground-?based sampling of soil moisture across 
multiple scales is necessary to validate remotely sensed 
quantities such as NASA’s Soil Moisture Active Passive (SMAP) 
product. In the present study, in-situ soil moisture samplings 
were conducted at three nested scale extents (0.5, 3 and 9 
km) to understand the trend of soil moisture variability across 
these scales. This ground-?based soil moisture sampling was 
conducted in the 500 km2 Rana watershed situated in eastern 
India. The area has a sub-humid, sub-tropical climate. Intensive 
fine scale soil moisture sampling as well as coarser scale 
regional sampling were made using both impedance probes 
and gravimetric analyses in the study watershed. Three 3x3 
km square grids were sampled intensively once a day at 49 
locations each, at a spacing of 0.5 km. These intensive sampling 
locations were selected on the basis of different topography, 
soil properties and vegetation characteristics. In addition, 
measurements were also done at 8 locations at 3 km spacing 
around each intensive sampling grid to cover a 9x9 km square 
grid. The regional sampling was conducted once a month at 16 
locations with 9 km spacing to cover a 36x36 km square grid, 
corresponding to the SMAP footprint. An empirical model was 
developed using the observed soil moisture variability and to 
estimate the uncertainty in the average soil moisture content 
for 3 km, 9 km and 36 km resolutions. The results of this study 
will be used to validate the satellite footprints.

9877-93, Session PWM2

Sub-surface palaeochannel detection in 
DeGrussa area, Western Australia, using 
thermal infrared remote sensing
Sanchari Thakur, Bijal Chudasama, Indian Institute 
of Technology Bombay (India); Alok Porwal, Indian 
Institute of Technology Bombay (India) and Univ. of 
Western Australia (Australia); Ignacio González-Álvarez, 
Commonwealth Scientific and Industrial Research 
Organization (Australia) and Univ. of Western Australia 
(Australia)

Thermal Infrared (TIR) remote sensing measures the emitted 
radiation of Earth in the thermal region of electromagnetic 
spectrum. This information can be useful in studying sub-
surface features such as buried palaeochannels, which are 
ancient river systems that have dried up over the time and are 
now buried under the soil cover or overlying sediments in the 
present landscape. Therefore they have little or no expression 
on the surface topography. The study of these palaeochannels 
has wide applications in the field of uranium exploration 
and ground water hydrology. Identifying the palaeochannels 
using remote sensing techniques is a cost effective means 
of narrowing down search areas and thereby aids in ground 
exploration. The difference in thermal properties between the 
palaeochannel-fill sediments and the surrounding bed-rock 
is the key to demarcate these channels. This study uses the 
five TIR bands of night-time and day-time ASTER L1A data 
for delineation of paleo-systems in the DeGrussa area of the 
Albany-Fraser Region in Western Australia. The temperature-
emissivity separation algorithm is applied to obtain kinetic 
temperature and emissivity images. Also a thermal inertia 
image is obtained from the differences between the night-
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time and day-time temperatures. Sharp contrasts in kinetic 
temperature, emissivities and thermal inertia are used to 
demarcate the channel boundaries. Profiles of topographic 
elevation, temperature and emissivities are plotted for 
different sections of the interpreted channel and compared to 
distinguish the surface channels from sub-surface channels, 
and also to estimate the thickness of the palaeochannel-fill 
sediments. The results are validated using core-drilling lithologs 
and field exploration. 

9877-94, Session PWM2

Effective determination of landslide 
mapping using discriminant analysis: a 
case study in the north of Thailand
Prasong Thammapala, Jingnong Weng, BeiHang Univ. 
(China); Somboon Kiratiprayoon, Thammasat Univ. 
(Thailand)

The occurrences of landslide are globally perceived as one of 
the several natural disasters frequently happened during the 
past decades. The kingdom of Thailand is one of the countries 
that have been facing with the occurrence of the phenomena. 
The main cause of the happening, specifically to Thailand, is 
continuous heavy rain falling within a specific landslide prone 
area. Landslide hazard map and risk assessment are currently 
considered the principle tools for preventing and controlling 
the deadly consequences and can be possibly avoiding the 
losses of lives and properties. Even they have been produced 
on the basis of different statistical techniques, their effective 
has not yet been determined.
This study will be focusing on the effective of the landslide 
hazard map produced from Discriminant Analysis (DA) based 
upon the previous occurrences within the northern region of 
Thailand. The factors caused the happening of landslide will be 
gathered, and used as the predictor variables. The area-related 
factors will be retrieved from remotely sensed data. Then, all 
available sample points will be divided into 2 two groups; one is 
for constructing and verifying the models, and the other is for 
their validation. The result can be used to mitigate the hazards 
related to landslides with the appropriate decision making and 
land use planning.

9877-95, Session PWM2

Generation of a precise DEM by 
interactive synthesis of multi-temporal 
elevation datasets: a case study of 
Schirmacher Oasis, East Antarctica
Shridhar D. Jawak, Alvarinho J. Luis, National Ctr. for 
Antarctic & Ocean Research (India)

Digital elevation model (DEM) is indispensable for analysis 
such as topographic feature extraction, ice sheet melting, 
slope stability analysis, landscape analysis and so on. Such 
analysis requires a highly accurate DEM. Available DEMs of 
Antarctic region compiled by using radar altimetry and the 
Antarctic digital database indicate elevation variations of up 
to hundreds of meters, which necessitates the generation of 
local improved DEM. An improved DEM of the Schirmacher 
Oasis, East Antarctica has been generated by synergistically 
fusing satellite-derived laser altimetry data from Geoscience 
Laser Altimetry System (GLAS), Radarsat Antarctic Mapping 
Project (RAMP) elevation data and Advanced Space-borne 
Thermal Emission and Reflection Radiometer (ASTER) global 
elevation data. This is a characteristic attempt to generate a 
DEM of any part of Antarctica by fusing multiple elevation 
datasets, which is essential to model the ice elevation change 
and address the ice mass balance. We analyzed a suite of 
interpolation techniques for constructing a DEM from GLAS, 
RAMP and ASTER DEM-based point elevation datasets, in 
order to determine the level of confidence with which the 

interpolation techniques can generate a better interpolated 
continuous surface, and eventually improve the elevation 
accuracy of DEM from synergistically fused RAMP, GLAS and 
ASTER point elevation datasets. The DEM presented in this 
work has a vertical accuracy (≈ 23m) better than RAMP DEM 
(≈ 57m) and ASTER DEM (≈ 64m) individually. The RAMP DEM 
and ASTER DEM elevations were corrected using differential 
GPS elevations as ground reference data, and the accuracy 
obtained after fusing multitemporal datasets is found to be 
improved than that of existing DEMs constructed by using 
RAMP or ASTER alone. This is our second attempt of fusing 
multitemporal, multisensory and multisource elevation data 
to generate a DEM of Antarctica, in order to address the 
ice elevation change and address the ice mass balance. Our 
approach focuses on the strengths of each elevation data 
source to produce an accurate elevation model.

9877-96, Session PWM2

Applying geospatial technology for 
understanding forest cover condition in 
Aurangabad region
Yogesh D. Rajendra, Sandip S. Thorat, Ajay D. Nagne, 
Amol D. Vibhute, Rajesh K. Dhumal, Amarsinh B. Varpe, 
S. C. Mehrotra, K. V. Kale, Dr. Babasaheb Ambedkar 
Marathwada Univ. (India)

The present study deals with use of remote sensing techniques 
to know the status of forest in protected areas of Aurangabad, 
Maharashtra, India. The study was undertaken in the Gautala 
Wildlife Sanctuary and Bird Sanctuary in Aurangabad district. 
The forest cover densities of these protected areas were 
derived from forest cover map generated from LISS III satellite 
data using digital image processing. The altitudinal variation 
in forest cover density was also calculated using Cartosat 
DEM data. The study revealed that the ecological zone having 
maximum forest cover density in Gautala Wildlife Sanctuary 
and, Paithan Bird Sanctuary. The area is southern tropical 
dry deciduous forest with scattered bush and grasslands. 
India, being a mega-biodiversity country, supports diverse 
forest vegetation of tropical, sub-tropical and temperate 
types. The remote sensing techniques have been employed 
to map the forest cover. IRS RS2 LISS-III sensor data was 
used to generate a medium scale vegetation cover map. 
One scene of 01-Feb-2015 with minimum cloud cover were 
acquired, preprocessed and georeferenced to Survey of 
India (SOI) toposheets. Mapping of spatial extent of forest 
cover, vegetation types and land cover was carried out using 
visual interpretation technique. The satellite image was then 
subjected to knowledge and fuzzy classification. A standard 
forest vegetation cover classification legend was used for this 
purpose. All the vegetation classes were visited on ground to 
collect information on their structure and composition, which 
was utilized in the classification exercise.

9877-97, Session PWM2

Satellite information of sea ice for model 
validation
Saheed P. P., Ashis K. Mitra, Imran Ali M. Momin, Debasis 
K. Mahapatra, E. N. Rajagopal, National Ctr. for Medium 
Range Weather Forecasting (India)

Emergence of extensively large computational facilities have 
enabled the scientific world to use earth system models for 
understating the prevailing dynamics of the earth’s atmosphere 
, ocean and cryosphere and their inter relations. The sea ice 
in the arctic and the antarctic has been identified as one of 
the main proxies to study the climate changes. The rapid 
sea-ice melting in the Arctic and disappearance of multi-year 
sea ice has become a matter of concern. The earth system 
models couple the ocean, atmosphere and sea-ice in order to 
bring out the possible inter connections between these three 
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very important components and their role in the changing 
climate. The Indian monsoon is subject to non-linear changes 
in the recent years. The rapid ice melt in the Arctic sea ice is 
apparently linked to the changes in the weather and climate of 
the Indian subcontinent. The recent findings reveals the relation 
between the high events occur in the Indian subcontinent the 
Arctic sea ice melt episodes. The coupled models are being 
used in order to study the depth of these relations. However, 
the models have to be validated extensively by using measured 
parameters. The satellite measurements of sea-ice starts from 
way back in 1979. There has been many data sets available 
since then. Here in this study , an evaluation of the existing 
data sets are evaluated. There are some uncertainties in these 
data sets. It could be associated with the absence of a single 
sensor for a long period of time and also the absence of 
accurate insitu measurements in order to validate the satellite 
measurements. 

9877-98, Session PWM2

Inter-comparison of GRACE data over 
India
Chandan Banerjee, D. Nagesh Kumar, Indian Institute of 
Science (India)

The advent of satellite remote sensing and its use in hydrology 
has facilitated a huge leap in the understanding of the various 
water resources, its interaction with ecological systems 
and anthropogenic creations. Recently, NASA and German 
Aerospace Research Agency-DLR launched the Gravity 
Recovery and Climate Experiment (GRACE) satellite mission 
consisting of two satellites. They measure the time varying 
gravity which gives changes in the distribution of mass on the 
surface of the earth which after removing atmospheric and 
oceanic effects is majorly caused by changes in Terrestrial 
Water Storage (TWS) changes. GRACE data is generally 
available as spherical harmonic coefficients, which is difficult 
for hydrologists to understand and interpret. JPL’s TELLUS 
website is now providing gridded global data set in the form 
of mass anomaly derived from the level 2 data sets of spherical 
harmonic coefficients of 3 sources, viz. CSR, GFZ and JPL. 
Before using these data sets for solving hydrological problems, 
it is important to understand the differences and similarities 
between these data sets as direct calibration of GRACE data 
is not possible. In this study we do an inter-comparison of 
the Level 3 Release 5 data sets over India. We compare the 
data sets using Pearson, Spearman and Kendall correlation. 
CSR and GFZ data sets appear to be closer than JPL data. 
Arithmetic mean of the three data sets is calculated and 
individually compared to each of the three data using the three 
correlation approach and Nash-Sutcliffe coefficient for point 
wise comparison.

9877-99, Session PWM2

Interrelationship of LST and EVI for the 
discrimination of vegetation classes in 
southeastern part of China using MODIS 
data
Shahid Naeem, Institute of Remote Sensing and Digital 
Earth (China)

Change in vegetation patterns is one of the fundamental global 
challenges. These changes feeds back to climate change by 
changing the surface energy balance and thereby surface 
temperature. To monitor the global terrestrial ecosystem 
carbon, land use management, climate change and climate-
biosphere exchange, basic information on vegetation change 
is very crucial. MODIS derived products like; land surface 
temperature (LST) and enhanced vegetation index (EVI) are 
basic indicators for monitoring the vegetation changes in 
broad ecosystems. This study was carried out to investigate 
the seasonal variations of EVI and LST for different vegetation 

classes derived from MODIS land cover in south-eastern part 
of China. We also calculated long-term average values of EVI 
and LST time series to compare their monthly response over 
the period of seven years, from 2008 to 2014. These indices 
were also tested for discrimination of vegetation classes. The 
results demonstrate a complex interrelationship of EVI with 
LST and their monthly variations for different vegetation types. 
Each vegetation class showed specifically different intra-
annual response with LST and EVI. Evergreen forests have 
shown the highest EVI and hence the lowest LST all over the 
year. On the other hand, harvested agricultural land and urban 
vegetation showed the highest LST with seasonal fluctuations 
in EVI values. Linear discriminant analysis (LDA) showed the 
high overall accuracy of separation for most of the vegetation 
classes. These encouraging results demonstrate that the 
combination of MODIS LST and EVI is very promising to detect 
the vegetation changes for vegetation monitoring

9877-100, Session PWM2

Remote sensing of Gangotri
Manoj Choudhary, A.N. College (India)

The following study proposes a novel method for creation of 
Digital elevation model (DEM) which can be used to monitor 
the changes that take place in glaciers and complete the 
glacier inventory. DEM was created using ASTER stereo images, 
with Gangotri Glacier being the study area. Data obtained 
from ASTER Satellite provides Rational Polynomial Coefficient 
(RPC) which facilitated us in the mapping from object space 
(longitude, latitude, height) to image space (sample, line). 
Ground Control Points (GCPs) are crucial to improve the 
geographic positions predicted by the supplied RPCs. Pan-
sharpened Colour composite of bands 5-4-3 obtained from 
Landsat OLI satellite and SRTM (30 m resolution) DEM was 
used for collecting uniformly distributed GCPs. Good Image 
matching of both the stereo pairs was done using Tie Points. 
ASTER DEM was then generated, following the standard 
procedure in ‘’ENVI 5.0.’’ The resultant elevation error, assessed 
by comparing the Elevations derived from SRTM and ASTER 
was found to be around ±30m. This study will help, further 
in scrutinizing the Volumetric and mass changes over the 
Gangotri region for a particular time period. Our methodology 
can thus provide a good starting step to quickly produce and 
verify the DEMs in a cost effective manner.The mass balance 
of Pasterze was monitored during 1980–1997 by the Austrian 
Electricity
Provider Tauernkraft (now VERBUND-AHP). After a break of 
seven years, measurements of Pasterze mass balance were 
restarted in 2004 by the Central Institute for Meteorology 
and Geodynamics (ZAMG). Hence the annexed map of mass 
balance 2004/2005, obtained by the glaciological method and 
a fi xed date system, is the fi rst complete mass balance after 
the interruption.

9877-101, Session PWM2

Damage extraction of buildings in the 
2015 Gorkha, Nepal earthquake from 
high-resolution SAR data
Fumio Yamazaki, Wen Liu, Rendy Bahri, Chiba Univ. 
(Japan)

Satellite remote sensing is recognized as one of the effective 
tools for detecting and monitoring affected areas due to 
natural disasters. Since SAR sensors can capture images not 
only at daytime but also at nighttime and under the cloud-
cover condition, they are especially useful at emergency 
response period. In this study, multi-temporal high-resolution 
ALOS-2 PALSAR-2 and TerraSAR-X images were used for 
damage inspection of the Katmandu area, which was severely 
affected by the April 25, 2015 Gorkha Earthquake. The SAR 
images obtained before and after the earthquake were utilized 
for calculating the difference and correlation coefficient of the 
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backscattering intensity. The affected areas were identified by 
high values of the difference and low values of the correlation 
coefficient. The post-event high-resolution optical satellite 
images were employed as ground truth data to verify our 
results. Although it was difficult to estimate the damage levels 
for individual buildings, the high resolution SAR images could 
illustrate their capability in emergency response times. 

9877-102, Session PWM2

Object-oriented feature extraction 
approach for mapping supraglacial 
debris in Schirmacher Oasis using very 
high-resolution satellite data
Shridhar D. Jawak, National Ctr. for Antarctic & Ocean 
Research (India); Ajay Jadhav, Sinhgad College Of 
Engineering (India); Kanmani G.K, Anna Univ., Chennai 
(India); Alvarinho J. Luis, National Ctr. for Antarctic & 
Ocean Research (India)

Supraglacial debris was mapped in the Schirmacher Oasis, 
east Antarctica, by using WorldView-2 (WV-2) high resolution 
optical remote sensing data consisting of 8-band calibrated 
hyper-spherical color sharpened (HCS) and atmospherically 
corrected WV-2 imagery. This study was a preliminary attempt 
to develop an object oriented rule set to extract supraglacial 
debris for Antarctic region using 8 spectral band imagery. 
Supraglacial debris was manually digitized from the satellite 
imagery to generate the ground reference data. Several trials 
were performed using few existing traditional pixel-based 
classification techniques and color-texture based object-
oriented classification methods to extract supraglacial debris 
over a small domain of the study area. Multi-level segmentation 
and attributes such as scale, shape, size, compactness 
along with spectral information from the data were used for 
developing the rule set. The quantitative analysis of error was 
carried out against the manually digitized reference data to 
test the practicability of our approach over the traditional pixel-
based methods. Our results indicate that OBIA-based approach 
(overall accuracy = 93%) for extracting supraglacial debris 
performed better than all the traditional pixel-based methods 
(overall accuracy = 80 - 85%). The present attempt provides 
a new and improved method for semiautomatic feature 
extraction in supraglacial environment and a new direction in 
the cryospheric research.

9877-103, Session PWM2

Application of high-resolution 
multispectral data for mapping blue ice 
areas in the Antarctic environment
Shridhar D. Jawak, Alvarinho J. Luis, National Ctr. for 
Antarctic & Ocean Research (India)

High resolution calibrated PAN-sharpened images from 
WorldView-2 (WV-2) were used for extracting blue ice areas 
in Schirmacher Oasis, east Antarctica. The Schirmacher oasis 
extends from 70°45? S to 70° 75? S and 11°38? E to 11° 38? E. 
Blue ice areas represents long-term ablation. The amplitude of 
blue ice is lower than that of snow, because the ice surface is 
smoother than the latter. But difference is not so obvious when 
applying automatic extraction techniques. To achieve desirable 
results and support comparative analysis, multiband image 
combinations were generated from atmospherically-corrected 
WV-2 data. For feature extraction process, regions of interest 
(ROI) were considered in which blue ice was used as target and 
white snow/ice appearing on the blue ice was considered as 
non-target. Various semiautomatic feature extraction methods, 
such as, target detection, mapping methods, etc, and many 
trials were used for extracting blue ice areas. Surface patterns 
of alternating snow and blue ice bands are found in east 
Antarctica which becomes obstacle to clearly extract blue ice 

feature. From the high resolution WV-2 data, reference data 
(digitized data) were prepared for blue ice area. By comparing 
reference data and extracted data, bias and root mean square 
(RMS) error values were calculated. Accuracy assessment 
was done considering the entire necessary prior results of the 
blue ice area. Normalized difference blue ice index (NDBI) 
was generated from the spectral profile. Our results indicate 
that the pixel-based supervised classification methods yielded 
an overall accuracy of 82%, while NDBI yielded 89% overall 
accuracy for extraction of blue ice areas.

9877-104, Session PWM2

Geospatial mapping of vegetation in the 
Antarctic environment using very high-
resolution WorldView-2 imagery
Shridhar D. Jawak, National Ctr. for Antarctic & Ocean 
Research (India); Udhayaraj A. D., Univ. of Madras 
(India); Alvarinho J. Luis, National Ctr. for Antarctic & 
Ocean Research (India)

A robust monitoring of the changes in the distribution 
and density of cryospheric plant species requires accurate 
and high-resolution baseline maps of vegetation. Mapping 
such change at the landscape scale is often problematic, 
particularly in remote areas, such as Antarctica. Vegetation 
mapping of plant communities at fine spatial scales is 
increasingly supported by remote sensing technology in 
cryospheric regions. Less frequent imaging with high spatial 
resolution satellite sensors enable more detailed analyses of 
vegetation change frequently. This study is the first to use 
high-resolution WorldView-2 (WV-2) imagery to classify 
vegetation communities on Antarctic oases and to provide 
semi-automated means to map vegetation as an imperative 
indicator for environmental change. Multispectral imagery 
(MSI) and panchromatic imagery (PAN) from very high-
resolution WV-2 have been used for mapping of vegetation in 
different forms in Antarctic environment. A range of supervised 
classification methods have been executed using pansharpened 
WV-2 data. This study comparatively and statistically evaluates 
vegetation mapping results using supervised and unsupervised 
classification methods to extract vegetation in Larsemann 
Hills and Schirmacher oasis, east Antarctica. We also focused 
on the use of supervised pixel-based classifiers and textural 
measures, in addition to standard multispectral information, to 
improve the classification of Antarctic vegetation communities. 
Classification results were validated with independent 
reference datasets. The present research indicate that the 
overall accuracy of mapping vegetation using WV-2 imagery 
and semiautomated target extraction methods ranged from 
90% to 94%.

9877-105, Session PWM2

Lineaments-based hydrocarbon 
prospects in Nagapattinam Sub-basin of 
Cauvery Basin, TamilNadu
Prabharan Shanmugam, Department of Civil, Paavai 
Engineering College (India); Manonmani Raju, Anna 
University (India); Subramani T, Department of Mining, 
Anna University (India)

Space imagery serves as mega-photos that depict large areas, 
within which clues to subsurface conditions are positively 
evident. Sometimes the imagery reveal subtle indications of 
subsurface structures, for instance, fractures around structures, 
as seen in the coherent space images, in known oil/gas fields 
may extend downward. Also drainage pattern at larger scale 
and drainage anomalies may reflect control by underlying rocks 
involved in suitable structural traps. These and other indicators 
discernible in space imagery (Multispectral) appealed to 
exploration geologists as another means to survey large areas 
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to delimit areas of interest and demonstrate the feasibility of 
direct exploration from space. An orientation analysis of these 
surface and subsurface linear features was performed to detect 
the basic structural grains of the study area. The correlation 
between these structural elements and subsurface oil and 
gas traps was analysed to understand the connectivity to the 
reservoirs. Since the faults act as conduit for hydrocarbon to 
migrate from source to reservoir, this paper discusses in detail 
about the same and the importance of using surface and 
subsurface fault analysis for delineating hydrocarbon reservoirs 
in the study area. 

9877-106, Session PWM2

Land degradation vulnerability 
assessment using modified weighted 
index method: a case study of Pir Panjal 
Himalaya J and K, India
Muzamil Amin, Shakil Ahmad Romshoo, Univ. of Kashmir 
(India); K. L. N. Sastry, Space Applications Ctr. (India)

Land degradation is a typical disaster risk event in which 
human settlements and living environments are destroyed. 
Mapping and assessment of desertification vulnerable areas 
is an important requirement for soil conservation, watershed 
management and natural resource management. The present 
study involves the application of composite index method 
scheme in a GIS environment for delineating land degradation 
vulnerable areas in the Pir Panjal Himalaya, Kashmir valley, 
India. The study area is spread over an area of 1257.33 km2. 
A set of indices (socioeconomic index, climate index, terrain 
index, soil index and land utilisation index) were selected to 
investigate an area affected by Land Degradation. The analysis 
of land use/cover was conducted using Liss-iii (6th Oct 2012) 
image and the results of the classification revealed about 25% 
of land is under agriculture, and only 15% of area comprises 
of forest, further land utilisation index (LUI) was derived using 
NDVI and LUC which states that about 50% of area is over 
utilised, and only 33% of area is either optimally utilised or 
underutilized. Slope varied from 0-89 degrees was classified 
into 5 classes. Four climate zones viz: highly fragile, highly 
stable, moderately fragile and fragile were found in area and 
in combination with LUI, slope index and soil index generated 
from soil parameters (depth pH, erosivity, soil drainage, 
groundwater depth) natural resource priority zones were 
delineated and classified as high, moderate and low priority 
zones. Socioeconomic index using village wise economic 
development status and facilities index was generated. Final 
output from the Composite index model results showed that 
47.94% area is under high impact of land degradation, while as 
only 20% area is in either very low or low category.

9877-107, Session PWM2

Geomorphic analysis of tectonic 
deformation in the Markanda River Basin, 
Garhwal Himalaya, using remote sensing, 
GPS, and GIS
Aravind S. Nair, Univ. of Delhi (India)

This study has been carried out to understand the geomorphic 
pattern of deformation in the Markanda River basin in response 
to ongoing neo-tectonics activities. utilising topographic 
analysis and calculation of various geomorphic indices using 
Digital Elevation Model (DEM) data to analyze the surface 
processes in the basin area of Garhwal Himalaya. Extensive 
use of Indian Remote Sensing data (IRS LISS III imageries), 
SRTM data, Survey of India topo-sheets 53 F/6 & F/2 (of 
scale 1:50,000) through Arc GIS and Global Mapper. Mapping 
of river terraces was supported by Kinematic GPS based 
field verification and chronological analysis through Optical 
Luminescence Dating (OSL) techniques. The Markanda River 

basin is traversed by three different faults namely Himalayan 
Frontal Thrust (HFT), Nahan Thrust (NT) and Jarjra Thrust (JT). 
Geomorphic indices clearly show that each of these faults are 
tectonically active and are governing the river processes. The 
pattern of longitudinal river profile, anomalous values of SL 
Index and higher than average values of Hypsometric Integral 
confirm active nature of the Jajra Thrust and Nahan Thrust. 
River terraces are dominated in NT and HFT thrust sheets. OSL 
dating of river terrace in NT shows that the last activity along 
the NT has occurred around 50 ka, while earlier work on HFT 
has suggested much younger tectonic activity along HFT. This 
work suggest that seismo-tectonic model in this area should 
include all the faults because geomorphic data indicates their 
activation at different time periods. This study also revealed 
the significance of geomorphic data in analyzing the nature of 
tectonic deformation in any area. 

9877-108, Session PWM2

Hydrological, land system, and socio-
economic changes in Lidder Watershed 
of Upper Indus Basin
Nahida Ali, Univ. of Kashmir (India)

The Study was carried out in the Lidder valley which is situated 
in the south-western part of Kashmir region. For hydrological 
analysis, streamflow data from 1971-2013 was found for the 
analysis. For land system change analysis, Landsat MSS data of 
25th Oct 1972, Landsat TM data of 25th Oct 2005 and Landsat 
OLS/TIRS data of 25th 2013 were used. For the socioeconomic 
analysis, Census data of 1981, 2001 and 2011 was used. Five 
statistical tests were performed on the streamflow data of 8 
discharge stations of Lidder River. Significantly decreasing 
trend at 0.01 significance level was found for streamflow both 
annually as well seasonally from 1971-2013. Change detection 
analysis for Agriculture, Horticulture and Built-up land cover 
types showed an overall decrease of 112 km2 in Agriculture 
while as the Horticulture and Built-up showed increase of 
93 km2 and 15 km2 respectively from 1972-2013. Results for 
changes in the socioeconomic parameters showed increase 
in the total population (66%), main agriculture labourers 
(62%), marginal workers (81%) and main agriculture workers 
(88%) while as the population of main agriculture cultivators 
has decreased (62%) from 1981 to 2011.Overall these changes 
have potential to impact various land surface processes 
due to demographic changes, depleting streamflow and the 
conversion of Agriculture into Horticulture and Urban land 
cover types. For better understanding of changes in land 
surface processes and its impacts integration of various 
parameters in single framework is needed.

9877-109, Session PWM2

Impact of land use land cover change on 
water availability of Doon Valley
Bhaskar R. Nikam, Kirti Bajpai, Sanjay K. Srivastava, 
Prasun Kumar Gupta, Shiv P. Aggarwal, Indian Institute 
of Remote Sensing (India)

The changes in Land Use Land Cover (LULC) primarily 
influences the water resources along with environment. Doon 
valley has witnessed rapid urbanization in last one and half 
decade. However, quantification of LULC change and it’s impact 
on hydrology of the Doon valley region is lacking. The prime 
focus of this study is to map the LULC changes occurred over 
the period of two decade (1995-2014) in the Doon valley using 
remote sensing data and investigate it’s impact on hydrological 
regime of the area. The hydrological response of the area 
has (viz. runoff, baseflow and evapotranspiration) has been 
estimated using Variable Infiltration Capacity (VIC) model, a 
semi-distributed macro scale hydrological model, under three 
LULC scenarios (i.e. 1995, 2005 & 2014). Doon Valley, which 
is divided into two catchments (catchment of Asan River and 
Song River) has been spatially discretized in grids of 1 km ? 
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1 km resolution. Meteorological data of the period 1996 to 
2010 has been used as input forcing parameters for the three 
scenarios. The model has been calibrated and validated using 
observed discharge data of Asan River. Impact on surface 
water availability has been directly estimate by routing surface 
runoff fluxes (output of VIC Model) of all the grids. However, 
impact of LULC change on status and availability of ground 
water has been estimated by establishing relationship between 
baseflow flux and actual ground water recharge estimated 
using the Water Level Fluctuation and Rainfall Infiltration 
methods given by Ground Estimation Commission (GEC). The 
validated relationship between baseflow flux and actual ground 
water recharge has been used to quantify the impact of LULC 
change on the availability of ground water in the Doon valley. 
It has been observed that around 67 km2 increase in built up 
area in the Doon valley has increased the surface runoff from 
905.73 mm to 951.01 mm from year 1995 to 2014. Change in 
ground water recharge from entire valley during this period 
was estimated to be around 10 mm. However, in the area where 
highest LULC transformation to built up has happened due to 
urbanization and industrialization, the ground water recharge is 
decreased by 20 %. Through this study successful assessment 
of impact of LULC change on surface water and ground water 
has been done, which is an essential input for policy makers.

9877-110, Session PWM2

Satellite imagery captured through 
remote sensing in monitoring pre-seismic 
signals how much can be intrusted
Umesh Prasad Verma, Madhurendra Nath Sinha, Patna 
Science College (India)

With number of EM precursors in practice to interprete 
probability and occurrence of seismic events on global basis.
Direct connectivity of GOES satellite 12-15 JPL NASA,NOAA 
and IPS Australia provides various parameters.Investigative 
study, interpretation of analysed recorded data, specially 
on TEC,electron flux variation significantly draws attention 
for stress drop possibility in time and magnitude at certain 
location consequent to seismic event of large size earthquake.
In the mitigation and risk assessment of geohazards like 
earthquake, EM signals by remote sensing have contributed 
many fold.As of Iran on 14 April, 2013 7.1 M and in Pakistan on 
September 2013of 7.4M ,recently prior 25 April, 2015 in Nepal 
7.9 M and 6.9 M and serial Shocks 7.0,7.1,7.2 M at along MBFZ 
of Indo-Nepal Border on 12 May whose forecasts were made 
earlierDuring interpretating analysed acquired data from 
satellite connectivity mentioned above are not always reliant 
misguiding and confusing allocation of sensitivity.Instead 
of Nepal TEC data displaying accumulation over Burmese 
Ionosphere on 23,24 April prior Nepal 7.9 M ,25 April, faults as 
image capture/processing satellite transmission or receiveing 
error by GPR (Indian). interpretation may be striking cause, 
noticeable, is lens turbidity capturising images from satellite.
Overcoming parallelex and adjusting between image capture 
and transmission . Shooting angle by satellite monitoring 
global spots in real time adjusted a t particular latitude and 
longitudinal traces accountable harmonious with shooting and 
transmission rhythm in coincidence with globe and satellites.
Paper detects the data fault at real time interpretating remote 
sensing.

9877-111, Session PWM2

Evaluation of the sediment yield 
potential of the mountainous watersheds 
of Wular Lake (Ramsar site) in Kashmir 
Himalaya based on the integrated 
geospatial and geostatistics approach
Gowhar Meraj, Shakil Ahmad Romshoo, Sameena Ayoub, 
Sadaff Altaf, Univ. of Kashmir (India)

Sedimentation and siltation of water bodies is governed by 
erosional processes operating at the watershed level. The 
variability in watershed characteristics such as drainage, land-
cover, and slope affects the magnitude and rates of sediment 
yield into a Lake or a River system. For holistic management 
of these resources, the impacts of such characteristics on the 
watershed sediment yield are quantified using appropriate 
process-based modelling approaches. However, the assessment 
of sediment loading in the Himalayan lakes is constrained 
by the scarcity of the data required for parameterization, 
calibration, and validation of such models. In this research, 
we propose a novel method for assessing the sediment 
yield of the mountainous watersheds surrounding the Wular 
Lake in Kashmir Himalaya using an integrated geospatial 
and geostatistics approach. This method termed as Factor 
Analysis based Weightage Scheme (FAWS) although empirical 
and semi-quantitative but effectively takes into account the 
weightages of the parameters that influence the sediment yield 
processes of the watershed. The results of this study reveal 
that out of the six surrounding watersheds of the Wular Lake, 
Madhumati watershed with the highest sediment yield index, 
SYI (39.78) drains highest maximum sediment loads into the 
Wular followed by Arin (39.27), Ferozpur (34.30), Wular II 
(32.53) Wular I (24.65), and Gundar (23.43) in the event of the 
same intensity storm. FAWS is reasonably a better approach 
in the data-scarce Himalayan regions and deemed to be useful 
method for watershed management in other regions with 
similar geographic setting.

9877-112, Session PWM2

Estimation of sugarcane crop using 
knowledge based fuzzy classification 
approach
Sandip S. Thorat, Dr. Babasaheb Ambedkar Marathwada 
Univ. (India)

Sugarcane cultivation information is valuable for sugar 
industries for keeping a record of sugarcane cultivated land 
in particular region. To vary the crop growth pattern, its 
occurrences and length of the crop growth season is identified 
by remote sensing data. The schemes are presented in terms 
of expert system based Knowledge Classifier and fuzzy logic 
to identify the patterns of physical phenomena. The main 
objective of the present study is to explore whether the Fuzzy 
classifier can improve the accuracy of crop classification as 
compared to other traditional Classifiers, such as Maximum 
likelihood, Mahalanobis etc. The Landsat time series 8 band 
OLI 30m spatial resolution and IRS-P6- LISS III (Linear imaging 
self-scanner)23m spatial resolution data was used. Three 
scenes were acquired in kharif seasons during the month of 
September, October, December 2014 from Landsat and one 
scene were acquired during the month of February-2015 from 
LISS III respectively. To measure the intensity of specific crop 
sugarcane from satellite imagery. Three vegetation indices, 
NDVI, SAVI, and RVI, were used for getting the vegetation 
condition. Spectral signatures were generated from data 
for the residues of Sugarcane based on prior knowledge of 
the field work. . The resulting overall classification accuracy 
was calculated using stratified random sampling method. 
The corresponding performance efficiency of these four 
temporal images wear found to be 83%, 85%, 87% and 91.87%, 
respectively, indicating the fuzzy method to be the most 
efficient. The kappa statistics also indicate the same results.

9877-113, Session PWM2

Mapping hydrothermal alterations using 
Landsat-8 OLI data: a case study of 
Zawar, Rajasthan, India
Hrishikesh Kumar, A. S. Rajawat, Space Applications Ctr. 
(India)
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Remote sensing is a very important tool for reconnaissance 
surveys in mineral exploration projects. Mineralization is 
controlled by geology, fractures, faults and movement of 
fluid within the earth crust. Minerals formed under high 
temperature/pressure conditions, when exposed to earth 
surficial conditions become unstable to form clay minerals also 
known as hydrothermal alteration. Economic mineralization of 
copper, gold, lead and zinc are associated with hydrothermal 
alteration zones. Hyperspectral and multispectral data 
combined with image processing techniques aid in 
identification of hydrothermal alterations by mapping the 
diagnostic absorption features of minerals in VNIR and SWIR 
bands. The severity of alteration and mineral assemblage is 
an important indicator of mineralization beneath the surface. 
In the present study we have analyzed the Landsat-8 OLI 
data pertaining to Zawar, Rajasthan to identify the zones 
of hydrothermal alteration using band ratios and Principal 
Component Analysis (PCA) techniques. Band ratios 4/2 and 
6/5 highlights presence of ferrous and ferric iron respectively. 
Hydrothermal alteration zones are enhanced by ratio of band 
6 and band 7 due to presence of AL-OH bond stretching in 
SWIR bands. We further adopted PCA analysis of OLI bands 2, 
4, 5, 6 and 7. It is observed that Principal Component 1 (PC1) 
contains maximum variance which arises due to correlation 
between bands due to albedo. Remaining PCs contain variance 
in decreasing order. To map iron oxides, band 2, 4, 5 and 6 
are selected and it is found that information on iron content is 
present in PC4. For mapping hydrothermal alterations, bands 
2,5,6 and 7 are selected. The information about hydrothermal 
alteration is contained in PC4. Various combinations of ratio 
images and PC bands are exploited to map hydrothermally 
altered minerals. GIS analysis of fracture zones and 
hydrothermal alteration zone is done to identify prospective 
sites for further detailed investigations.

9877-114, Session PWM2

Impact of rapid urbanization on the 
microclimate of Indian cities: a case 
study for the city of Bhubaneswar
D. Swain, Indian Institute of Technology Bhubaneswar 
(India); Jadunandan Dash, Univ. of Southampton 
(United Kingdom); V. Vinoj, Indian Institute of 
Technology Bhubaneswar (India); G. J. Roberts, Univ. 
of Southampton (United Kingdom); S. Tripathy, Indian 
Institute of Technology Bhubaneswar (India)

The impact of rapid urbanization in cities on their microclimate 
is at present a great cause of global concern. One of the major 
consequences has been the unexpected rise in temperatures 
in the cities compared to their surrounding areas and termed 
as the Urban Heat Island (UHI) effect. Over the past many 
years, several Indian cities are observed to be under severe 
stress owing to such extreme anomalous changes in their 
micro-meteorological conditions making them unfriendly for 
habitation. Presented here is a case study on Bhubaneswar 
- one such city on the east coast of India undergoing rapid 
urbanization in recent times. In this study, Land Surface 
Temperatures (LST) from MODIS Terra and Aqua instruments 
at 1 km2 spatial resolution along with the Land Use and Land 
Cover (LULC) change data primarily from Landsat have been 
used. The analysis was performed over a 15 year period from 
2000 to 2014 and over a 25 km radius from the city center. 
Preliminary analyses indicate spatio-temporal changes in LULC 
to be one of the primary and significant factors responsible 
for changes in the UHI effect over the city. Investigations 
on the spatio-temporal variations in the LST across the city 
and its relationship with vegetation cover indicate that over-
exploitation of various resources demanded by a fast growing 
population has led to significant changes in LULC patterns in 
the last few years. Investigations on the changes in the urban 
energy balance and resulting UHI effect across the city under 
various urban growth scenarios and different proportions of 
green urban area are in progress.

9877-116, Session PWM2

Predicting future changes in climate and 
its impact on change in land use: a case 
study of Cauvery Basin
Rohith P Poyil, MES College of Engineering, Kuttipuram 
(India); Dhanalakshmi S., Apex Group International Co. 
(Kuwait); Pramila Goyal, The Northcap Univ. (India)

India is a land of diverse climate and agriculture is the 
backbone of Indian economy; it completely relies on the 
climatic conditions depending on the monsoon winds. This 
study involves the climate change prediction due to pollution, 
deforestation, global increase in temperature and other 
consequences over a local sub grid scale of smaller area in 
Cauvery basin. The consequences of global warming due 
to anthropogenic activities are reflected in global as well as 
regional climate in terms of changes in key climatic variables 
such as temperature, precipitation, wind speed and potential 
evapotranspiration. It is mentioned in the Inter Governmental 
Panel on Climate Change (IPCC) report that increased 
evaporation (resulting from higher temperatures), combined 
with regional changes in precipitation characteristics has 
the potential to affect the land use; therefore land use land 
cover changes are predicted for the study area Cauvery basin 
with respect to the climate change. A stepwise regression 
is done for the past thirty years historical meteorological 
data and a statistical relationship is established among the 
climate variables such as temperature, precipitation, potential 
evapotranspiration and wind speed; taking temperature as the 
dependent variable. A model to predict the climate in terms 
of temperature is developed in this study using regression 
analysis and integrated with GIS to produce colour coded 
maps showing the predicted temperatures. The impacts of 
climate change over land can be estimated or interpreted by 
correlating Normalized Difference Vegetation Index (NDVI) and 
Land Surface Temperature (LST) or observed statistics of mean 
LST and mean NDVI; both NDVI and LST are taken restrictive 
of factors such as slope, orientation and anthropogenic 
activities. Landsat 5 Thematic Mapper (TM) image and Landsat 
7 Enhanced Thematic Mapper Plus (ETM+) image was used to 
derive LST and NDVI over the study area.

9877-117, Session PWM2

Mitigation of Faraday rotation in ALOS-
2/PALSAR-2 full polarimetric SAR 
imageries
Shradha Mohanty, Gulab Singh, Indian Institute of 
Technology Bombay (India)

The ionosphere, which extends from 50-450 kms in earth’s 
atmosphere, is a particularly important region with regards 
electromagnetic wave propagation and radio communications 
in the L-band and lower frequencies. These ions interact with 
the traversing electromagnetic wave and cause rotation of 
polarization of the radar signal. In this paper, a potentially 
computable method for quantifying Faraday rotation (FR), 
is discussed with the knowledge of full polarimetric ALOS/
PALSAR data and ALOS-2/PALSAR-2 data.
For a well calibrated monostatic, full-pol ALOS-2/PALSAR-2 
data, the reciprocal symmetry of the received scattering matrix 
is violated due to FR. Apart from FR, other system parameters 
like residual system noise, channel amplitude, phase imbalance 
and cross-talk, also account for the non-symmetry. To correct 
for the FR effect, firstly the noise correction was performed. 
PALSAR/PALSAR-2 data was converted into 4?4 covariance 
matrix to calculate the coherence between cross-polarized 
elements. Covariance matrix was modified by the coherence 
factor. For FR corrections, the covariance matrix was converted 
into 4?4 coherency matrix. The elements of coherency matrix 
were used to estimate FR angle and correct for FR. 
Mean FR values during ALOS-PALSAR measurements can be 
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seen in regions nearer to the equator, (Philippines, Ω=2.693˚), 
and the values gradually decrease with increase in latitude, 
(Okinawa, Japan, Ω=0.809˚). Moreover, temporal variations 
in FR can also be noticed over different years (2006-2010), 
with varying sunspot activities for the Niigata, Japan test site. 
The maximum and minimum FR values over the Niigata area, 
Japan were calculated to be 0.781˚ and 0.597˚ respectively. 
With increasing sunspot activities expected during ALOS-2/
PALSAR-2 observations, more striping effects were observed 
over Mumbai, India. This data has also been FR corrected, 
with mean FR values of about 8˚, using the above mentioned 
technique.

9877-118, Session PWM2

Analysis of seismo-ionospheric 
perturbations in GPS TEC using 
parametric methods
Revathi Rallabandi, S. Lakshminaraya, Koteswara Rao 
Sanagapallea, Satya Ramesh Kanchumarthi, K. Uday 
Kiran, K L Univ. (India)

Earthquakes are the most vulnerable disasters in nature and 
are inevitable. Early detection and prediction of these natural 
events will be of great help to mankind. Electromagnetic 
detection of earthquakes using GPS has lead to better 
understanding of our planet earth and it’s related atmospheric 
systems. GPS TEC is an important ionospheric parameter that 
affects the speed of the GPS signal due to the change in the 
refractive index of the medium through which it is traversing. 
Global data analysis of seismo-ionospheric disturbances using 
GPS TEC revealed that, seismogenic signatures in ionosphere 
were observed even well before i.e 5 to 10 days from the day 
of its occurrence. The global GPS data obtained from GPS 
network is a modelled one, includes modelling errors and 
different sampling periods. These problems can be resolved by 
using a single ground based GPS receiver. Accordingly, in the 
present work analysis is done for an earthquake which occurred 
in Indonesia on 13 November 2013 with a magnitude M = 
4.5(6.353oS, 106.411oE). Modified Covariance method is applied 
on the GPS VTEC data taken from the International GNSS 
Service (IGS) station BAKO situated at Bakosturnal, West Java, 
Indonesia (-6.49oN, 106.85oE) for the satellite pseudorandom 
number (PRN) 18 from two days before the earthquake to the 
earthquake day. The method is implemented on both disturbed 
and undisturbed earthquake data. The analysis revealed that 
there is an enhancement in the energy of the ionosphere two 
days before the earthquake and an increase in energy is seen 
on the earthquake day. It is observed that there is substantial 
energy in dB that can easily be detected on the earthquake 
day.

9877-26, Session 6

Multivariate climate-weather forecasting 
system: an integrated approach for 
mitigating agricultural risks in Punjab
Arun Ravindranath, Naresh Devineni, The City College 
of New York (United States); Upmannu Lall, Columbia 
Univ. (United States); Kamal Vatta, Ctrs. for International 
Projects Trust (India); Paulina Concho, Columbia Univ. 
(United States)

While India has a long history of prediction of the All India 
Monsoon, work on spatially specific attributes of the monsoon, 
as well as monsoon break periods has only recently emerged. 
However, from a risk management context, prognostic 
information of a single variable such as total precipitation 
or average temperature will be of less utility especially for 
specific operational purposes. An integrated regional climate-
weather forecast system covering precipitation, temperature 
and humidity etc. over the year will benefit the farmers in 

the context of a specific decision time table for irrigation 
scheduling as well as for pre-season crop choices. Hence, 
contrary to the existing forecasting methods that develop multi 
time scale information of a single variable at a time, in this 
paper, we introduce an integrated regional multivariate climate-
weather forecasting system that directly relates to agricultural 
decision making and risk mitigation. These multi-scale risk 
attributes include mutually dependent, spatially disaggregated 
statistics such as total rainfall, average temperature, growing 
degree days, relative humidity, total number of rainfall days/
dry spell length, and cumulative water deficits that inform 
the potential irrigation water requirements for crops. Given 
that these attributes exhibit mutual dependence across space 
and time, we propose to explore common ocean-atmospheric 
conditions from the observations and the state of the art 
Global Circulation Models (GCMs) that can be utilized as the 
predictor variables for the forecasting system. Hierarchical 
Bayesian methods are be used to develop the integrated 
forecast system. The developed multivariate forecasts will be 
adapted and disseminated as decision tools for the farmers 
under the extension projects in Punjab region of India.

9877-28, Session 6

The detection and monitoring of reduced 
water content in plants using spectral 
responses in the visible domain
Gladimir V. G. Baranoski, Spencer Van Leeuwen, Tenn F. 
Chen, Univ. of Waterloo (Canada)

The water status of cultivated plants can have a significant 
impact not only on food production, but also on the 
appropriate usage of increasingly scarce freshwater supplies. 
Accordingly, the cost-effective detection and monitoring 
of changes in their water content are longstanding remote 
sensing goals. Existing procedures employed to achieve these 
goals are largely based on the spectral responses of plant 
leaves in the infrared domain where the light absorption within 
the foliar tissues is dominated by water. Recently, it has been 
suggested that such procedures could be implemented using 
spectral responses, more specifically spectral reflectance to 
transmittance ratios, obtained in the visible domain. The basis 
for this proposition resides on the premise that a reduced 
water content (RWC) can result in histological changes whose 
effects on the foliar optical properties may not be limited to 
the infrared domain. However, the experiments leading to this 
proposition were performed on detached leaves, which were 
not influenced by the whole plant’s adaptation mechanisms to 
water stress. In this work, we investigate whether the spectral 
responses of living plant leaves in the visible domain can lead 
to reliable RWC estimations. We employ measured biophysical 
data and advanced light transport simulations in order to 
extend qualitatively and quantitatively the scope of previous 
studies in this area. Our findings indicate that the living 
specimens’ physiological responses to water stress should be 
taken into account in the design of new procedures for the 
cost-effective RWC estimation using visible spectral reflectance 
to transmittance ratios.

9877-29, Session 6

Hybrid classification approach 
comprising traditional classifiers and 
textural parameters for orchard mapping
Revati More, K. R. Manjunath, Space Applications Ctr. 
(India)

Horticulture has been a major sector of agriculture contributing 
to nations economy and food security. Monitoring and 
mapping of orchards is important activity in the horticulture 
sector for their effective management under limited land 
and water resources. Traditional methods are generally time 
consuming and expensive. Advantages of remote sensing is 

Conference 9877:  
Land Surface and Cryosphere Remote Sensing III



  +1 360 676 3290 · help@spie.org      57Return to Contents

that it provides with multispectral and multi temporal coverage, 
regular and synoptic view in a timely manner and less cost than 
the traditional methods which are time consuming, laborious 
and expensive.
This paper deals with the application of hybrid classification 
approach comprising the traditional classifiers and textural 
features for mango orchard mapping using remote sensing 
data. Though per-pixel classifiers were able to separate the 
orchards form the agriculture class, some challenges were 
observed as: i. The horticultural crops show spectral signatures 
nearly similar to other healthy vegetation and forest class, ii. 
Perennial plant crop cover types show less temporal variability 
compared to agricultural crops.of their growth cycle, iii. Young 
orchards have less greenness cover so overlaps with soil 
signatures iv. The signature of horticulture crop also varies with 
the canopy size, density and age of the orchards.
The study site was selected from a Gandevi Tluka in, Navsari 
district of Gujarat. The Preliminary Unsupervised classification 
was performed using ISODATA classifier for the study region 
using multidate IRS-R2,Sensor (LISS-4), Path/Row- 94/58, Sub 
scene A. The classified output was clubbed together in five 
major classes viz. orchard, fields, fallow, water, urban based 
on spectral values and visual tone and texture detection. The 
second round of classification was performed using Maximum 
Likelihoods Classifier (MXL) on the basis of signatures collected 
from the ground truth data for the site.
Textural classification was performed calculating both 
Occurrence and Co-occurrence textural parameters of 
the image. the parameters derived were: data range, 
mean, variance, entropy, skewness homogeneity, contrast, 
dissimilarity, entrophy, second moment, correlation. The 
threshold for various textural parameters was determined 
and analysed for each textural parameter.The homogeneity 
was used to remove the homogenous patches of agriculture 
field. The accuracy assessment shows, the textural classifiers 
enhance the accuracy of orchard classification (80-85%) as 
compared to the MXL classifier (65 -74 %). 

9877-30, Session 6

Delineating crop management zones in 
small fields using multi-temporal Landsat 
data
Ramesh Sivanpillai, Univ. of Wyoming (United States)

Increasing global demand for food is necessitating prudent 
management of agricultural fields to increase yield while 
minimizing inputs. Remotely sensed data or images are widely 
used for monitoring crop growth and prescribing management 
practices. However, acquiring multiple images throughout the 
growing season for several years could be cost prohibitive. 
Moderate spatial (30m) resolution Landsat data collected 
since mid-80s could be a potential source for accomplishing 
these objectives. While delineating management zones within 
large fields (few to several hectares) using Landsat is well 
documented, fewer attempts have been made in small fields 
because of the restrictions imposed by the spatial resolution. 
On the other hand, Landsat data are acquired once in 16 days 
which increases the possibility of obtaining several images in 
a growing season. Spectral information provided by Landsat is 
another advantage.
This presentation will report the utility of multi-year 
Landsat images for monitoring crop growth and delineating 
management zones in eleven small fields located in Wyoming. 
Spectral reflectance values derived from Landsat images 
acquired in each growing season were converted to vegetation 
indices. Based on these values the pixels within the field were 
grouped into low, medium and high growth classes. Using 
multi-year growth patterns, crop management zones were 
delineated for each field. Results from this study could provide 
data for farmers to identify problem areas within their fields 
and better manage them. Since Landsat data are available for 
free, methods employed in this study along with the lessons 
learned can be applied to other small agricultural fields.

9877-31, Session 7

Evaluation of a NISAR-applicable radar-
only surface soil moisture retrieval 
algorithm based on available NASA 
Soil Moisture Active Passive (SMAP) 
measurements (Invited Paper)
Cintia Bruscantini, Univ. de Buenos Aires (Argentina); 
Parag Narvekar, Indian Institute of Technology (India); 
Alexandra Konings, Columbia Univ. (United States); 
Kaighin McColl, Massachusetts Institute of Technology 
(United States); Francisco Grings, Haydee Karzenbaum, 
Univ. de Buenos Aires (Argentina); Dara Entekhabi, 
Massachusetts Institute of Technology (United States)

The NASA-ISRO NISAR ‘Background Land’ measurements 
(L-band HH and HV) have the potential to allow global land 
mapping of surface soil moisture at tens of meter scale. 
However the key challenge is how to decompose the signals 
into contributions from multiple factors: 1) vegetation volume 
scattering, 2) attenuated surface soil moisture signal, 3) 
dihedral interaction term, and 4) surface roughness losses. 
There are more physical factors than there are NISAR 
observations. We propose to use information derived from 
the NASA Soil Moisture Active Passive (SMAP) mission which 
collects L-band radar, albeit at coarser resolution, to guide the 
development of an algorithm for NISAR-based surface soil 
moisture. The SMAP radar has HH, VV and HV polarizations 
which allows mapping the seasonal and geographic patterns 
of key factors that enable the use of NISAR dual-pol to retrieve 
surface soil moisture.
The SMAP radar collected global backscatter measurements 
for ten weeks before it failed. We use this limited but valuable 
data to test a proposed radar-only algorithm that is applicable 
to NISAR. The key feature of the algorithm is that it functions 
without the use of ancillary data such as land-classification 
(usually based on optical measurements). Ancillary information 
is a major source of error due to: 1) difficulty in relating ancillary 
information to radar surface interaction processes (connectivity 
models), 2) misclassification, and 3) loss of optical information 
due to clouds and illumination. The algorithm uses the SMAP 
radar HH, VV and HV channels to map Radar Roughness Index 
(RRI) and Radar Vegetation Index (RVI). Since NISAR does not 
have the third VV channel in its ‘Background Land’ suite, the 
algorithm cannot be applied directly. However several weeks of 
RRI and RVI mapping with SMAP prior to the launch of NISAR 
allows using NISAR ‘Background Land’ measurements (L-band 
HH and HV) information to retrieve surface soil moisture 
without any ancillary information.
The performance of the radar-only algorithm is compared to 
the baseline SMAP active-passive product which combines 
the radar and radiometer measurements. Both estimates of 
surface soil moisture are compared with in situ measurements 
and their error standard deviations are calculated and stratified 
according to density of vegetation at the validation location.

9877-32, Session 7

Inter-seasonal variability of early-
season water deficit and country-scale 
crop prospect from satellite-based soil 
moisture and vegetation products
Rahul Nigam, Space Applications Ctr. (India); Swapnil 
Vyas, Indian Meteorological Dept. (India); Bimal 
Bhattacharya, K. R. Manjunath, Prakash Chauhan, Space 
Applications Ctr. (India)

The soil water deficit due to rainfall scarcity in early part of 
south-west monsoon period affects sowing / transplanting 
schedule of farming community specially in rainfed agriculture. 
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The occurrence and persistence of rainfall deficit also affect 
the water management decisions in irrigated agriculture as 
well. As a result, uncertainty appears in harnessing potential 
crop acreage and productivity that influences gross domestic 
product. Frequent occurrences of early, mid and late-season 
water deficit vis-a-vis drought during 2009, 2012 (partial late 
season drought) and 2014 within last six years pose threats 
to secured and sustainable food production in India due to 
delayed onset and erratic distribution of south-west monsoon 
rainfall. A study has been carried out to assess early-season 
water deficit and country-scale crop prospect. The daily 
large-scale surface soil moisture (SSM) data from nighttime 
passive microwave observations of AMSR-E and AMSR-2 in 
6.93 GHz and 10.65 GHz bands at 10-25 km spatial resolution in 
combination with weekly composites of vegetation Index from 
INSAT 3A CCD (1 km spatial resolution) for the month of June 
and July during 2009 to 2014 has been analyzed for this study.
Impact on inter-seasonal variability of progress of crop acreage 
of standing crops and sowing or transplanting suitability were 
quantified on weekly time-scale using combination of pre-
determined thresholds of SSM and NDVI. The grids having 
soil moisture > 0.2 m3m-3 (approximately 40 – 60% of total 
soil water capacity) and NDVI > 0.3 over potential agricultural 
land use were flagged as area with standing crops. Passive 
microwave soil moisture was found to show desired variability 
both in rainfed and irrigated agriculture in normal as well as 
deficit rainfall years. About 60% Indian landmass showed 
negative deviation (-1 to -100%) of soil moisture in 2014 as 
compared to mean of normal years (2010-13) between 29 
June to 15 July. Similar deviation was also noticed during 
2009 which was a drought year. The reduction in sown or 
transplanted crop area by 23% and 35% in 2014 and 2009 was 
observed, respectively as compared to mean sown area. The 
fusion of soil moisture and vegetation index has the potential 
to assess early-season crop prospect at country-scale. Further 
modeling on persistence of soil wetness conditions is required 
for quantification of area suitability for sowing or transplanting.

9877-33, Session 7

Latest development in the SMAP Project 
and its application to agriculture
Narendra Das, Jet Propulsion Lab. (United States); 
Dara Entekhabi, Massachusetts Institute of Technology 
(United States); Konstantinos Andreadis, Jet Propulsion 
Lab. (United States)

NASA’s Soil Moisture Active Passive (SMAP) mission was 
launched on January 31st, 2015. The objective of the mission 
is global mapping of surface soil moisture and landscape 
freeze/thaw state. The optimal and high resolution surface 
soil moisture estimate has many applications in hydrology, 
agriculture, meteorology, and human health. 
To achieve high resolution soil moisture measurements, the 
SMAP observatory utilized an L-band radar and radiometer 
sharing a rotating 6-meter mesh reflector antenna. The SMAP 
spacecraft is in a 685-km Sun-synchronous near-polar orbit, 
and viewing the surface at a constant 40-degree incidence 
angle with a 1000-km swath width. Merging of the high-
resolution active (radar) and coarse-resolution but high-
sensitivity passive (radiometer) L-band observations enable 
an unprecedented combination of accuracy, resolution, 
coverage and revisit-time for soil moisture and freeze/thaw 
state retrievals. However, on July 7th, 2015, the SMAP radar 
encountered an anomaly and is currently inoperable. Due to 
the present status of the SMAP observatory, nearly ~2.5 months 
(from the end of In-Orbit-Check April 13th, 2015 to July 7th, 
2015) of the SMAP Active Passive product will be available to 
public through the NASA DAAC at National Snow and Ice Data 
Center (NSIDC). The baseline L2SMAP product is retrieved 
soil moisture from the disaggregated/downscaled brightness 
temperature obtained by merging the active and passive 
L-band observations. The L2SMAP algorithm disaggregates 
the coarse-resolution (~36 km) L-band radiometer brightness 
temperature data using the high-resolution (~3 km) L-band 

radar backscatter data. The baseline product is intermediate 
scale 9 km global soil moisture information. In addition 
to the primary data fields, quality flags and surface flags 
that are essential for assessing the quality of the L2SMAP 
disaggregated brightness temperature and surface soil 
moisture product will be illustrated. Experimentally a much 
higher resolution global surface soil moisture data set is also 
produced at 3 km. 
We will specifically focus on the analysis and advantage of 
these SMAP soil moisture products for agricultural applications. 
The SMAP high resolution soil moisture products are used in 
data assimilation framework with a crop model to simulate 
and forecast crop (maize) yield for the rainfed regions of East 
Africa. The study will also highlight the advantage of having 
high resolution soil moisture at 3 km and 9 km as compared 
to traditionally available ~40 km soil moisture product. The 
high resolution soil moisture influences the many management 
practices especially on planting dates and application of 
nutrients and monitor the health of crop conditions in weather 
conditions.

9877-34, Session 7

Understanding inter-seasonal variability 
in soil moisture patterns over India
Parag Narvekar, Indian Institute of Science (India); 
Subimal Ghosh, Indian Institute of Technology Bombay 
(India); Muddu Sekhar, Indian Institute of Science (India)

Recent analyses have demonstrated that there are changes 
in inter-annual rainfall patterns in Indian monsoon with 
increase in extreme precipitation events. Better understanding 
and monitoring of causes for these changes are crucial for 
qualitative water resources and disaster management for 
sustainable economic growth. Soil moisture forms critical 
state variable that impacts processes at land-atmosphere 
boundary responsible for weather events. The rainfall pattern 
and its impact can also be studied using soil moisture data. 
Moreover, unmanaged irrigation activities and growing ground 
water extraction for irrigation is also changing land surface 
soil moisture and its impact on local weather. In this study 
we analyze soil moisture data from AMSR-E, Aquarius and 
AMSR2 since 2002 to till day and investigate the changing soil 
moisture patterns over Indian continent and its linkage to inter- 
annual variability and extreme precipitation events. We also 
investigate the intra-seasonal variation on monsoon rainfall and 
its impacts on soil moisture with the understanding of lag from 
rainfall active (wet)/ break (dry) spell to high/ low soil moisture 
state, which provides important information to agricultural 
planning.

9877-37, Session 7

Analysis of groundwater anomalies 
using GRACE over various districts of 
Jharkhand
Arpita Verma, Society for Promotion of Wastelands 
Development (India)

Study of groundwater plays a vital role in India. Basically 
the groundwater is best monitored by dense network of 
monitoring wells. Satellite/Remote sensing technique has 
wide application in monitoring groundwater since 2002.
In this study. Gravity Recovery and Climate Experiment 
(GRACE), terrestrial water storage (TWS) and Land surface 
state variable GLDAS soil moisture (SM) data has been used 
for the estimation of ground water from the year 2003-2012 
over the study region. Additionally Tropical Rainfall Measuring 
Mission (TRMM) accumulated rainfall data is used for the year 
2008-2012. In this respect, the present study undertakes the 
groundwater assessment in different regions of country from 
terrestrial water storage (TWS) from GRACE and soil moisture 
(SM) from GLDAS over the study period 2003-2012.The six 
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districts are analyzed for the groundwater anomalies. It was 
found that the peak month of groundwater storage is during 
rainy season and the lowest storage month of groundwater 
is during winter season. This study also reveals that the 
variation in groundwater anomaly is due to seasonal change 
in environment. Secondly season-wise change assessment 
of groundwater resource over observed groundwater from 
monitoring wells (287) data and estimated groundwater data 
has been studied using raster map. The change in map color 
shows the variation in groundwater below the surface of earth. 
Monthly map analysis for 2010 showed the depletion of water 
from North region of Jharkhand.

9877-36, Session 8

Monitoring of soil wetness variation 
using satellite microwave observations 
from the direct broadcast receiving 
system at IMD
Ashim K. Mitra, Ashok K. Sharma, Ministry of Earth 
Sciences (India); Shaliesh Parihar, S. C. Bhan, India 
Meteorological Dept. (India)

Satellite remote sensing of soil related content for hydrological 
purposes have been considerably studied and developed 
over past three decades. This soil wetness estimation by 
means of remote sensing depends upon the measurements 
of electromagnetic energy that has either been reflected or 
emitted from the soil surface and are accessible to remote 
sensing through measurements at the thermal infrared and 
microwave wavelengths. Recent advances in remote sensing 
have shown that microwave techniques have the ability to 
measure soil moisture/wetness monitoring under a variety of 
topographic and vegetation cover conditions quantitatively. 
This is due to the all-weather and all-time capability of these 
data, as well as to their high sensitivity to water content in the 
soil.
This study utilizes the approach to investigate the soil wetness 
variation over the Jammu and Kashmir, which experienced 
one of the worst floods in the past 60 years, during first week 
of September 2014, due to unprecedented and intense rains. 
The Soil Wetness Estimation (SWE) has been computed from 
the data acquired by real time direct broadcast (DB) receiving 
system installed at three places of India Meteorological 
Department (IMD) using microwave radiometer AMSU 
(Advanced Microwave Sounding Unit), flying aboard NOAA 
(National Oceanic and Atmospheric Administration) polar 
satellites. A multi-temporal analysis of AMSU channel 15 (at 
89 GHz) and channel 1 (at 23 GHz) hasbeen used to find the 
variation of SWE. In the present analysis, the proposed SWE 
indicator has been very well brought out and the soil wetness 
changes monitored specifically for the flood event which could 
give some indication of early ‘signals’ of an anomalous value of 
soil water content. In order to improve the forecast capabilities 
over the tropics, SWE approach is found to be promising for 
operational use

9877-38, Session 8

Satellite remote sensing of the terrestrial 
water cycle
Venkat Lakshmi, Univ. of South Carolina (United States)

Land surface hydrology is a collection of complex processes. 
Precipitation is partitioned into infiltration and runoff 
depending on antecedent soil moisture conditions, the 
properties of the soil and its ability to conduct water away 
from the surface, the slope of the land surface and the amount 
of atmospheric demand for evapotranspiration. The observed 
solar radiation and the computed downward longwave 
radiation drive the energy budget and evapotranspiration. 
However in reality the spatial variability both the land surface 
properties (soil and vegetation) as well as the meteorological 

inputs (precipitation and radiation) are never accurately 
known. Satellite remote sensing has a broad spatial view of the 
land surface and is able to average the heterogeneities and 
provide data for use in hydrology such as soil moisture, surface 
temperature and vegetation density. In the past few decades 
satellite remote sensing has provided a simple way to observe 
the land surface hydrological cycle from space and provide 
“snapshot” observations. In this presentation I shall review 
various methods to observe the land surface - using microwave 
observations for soil moisture and precipitation; visible/near 
infrared for vegetation, gravity for groundwater and thermal 
observations for surface temperature. These are integrated to 
provide an understanding of the water cycle and above all help 
in understanding the available water resources in regions of the 
world where observations are lacking and local economy is tied 
closely to water.

9877-39, Session 8

Model-based surface soil moisture (SSM) 
retrieval algorithm using multi-temporal 
RISAT-1 SAR data
Dharmendra K. Pandey, Saroj Maity, Bimal Bhattacharya, 
Arundhati Misra, Space Applications Ctr. (India)

Accurate measurement of surface soil moisture of bare and 
vegetation covered soil over agricultural field and monitoring 
the changes in surface soil moisture is vital for estimation 
for managing and mitigating risk to agricultural crop, which 
requires information and knowledge to assess risk potential 
& implement risk reduction strategies and deliver essential 
responses. The empirical and semi-empirical model-based soil 
moisture inversion approach reported in various studies are 
either sensor or region specific, vegetation type specific or 
have limited validity range, and are not able to explain physical 
scattering processes. Hence, there is need for robust, physical 
radar backscatter model-based retrieval methods, which are 
sensor & location independent and have wide range of validity 
over soil and vegetation properties. 
In the present study, advance integral equation (AIEM) and 
Vector Radiative Transfer (VRT) models were used to simulate 
averaged backscatter coefficients in various soil moisture (dry, 
moist and wet soil), soil roughness (smooth to very rough) and 
crop conditions (low to high vegetation water contents) over 
selected regions of Gujarat and Rajasthan states and the results 
were compared with multi-temporal C-band (RISAT-1) synthetic 
aperture radar (SAR) data in HH and HV polarizations, 
sync with on field measured soil and crop conditions. High 
correlations were observed between RISAT-1 sigma-0 HH and 
HV with model simulated sigma-0 HH & HV based on field 
measured soil and crop parameters with the coefficient of 
determination R2 varying from 0.75 to 0.83 and RMSE varying 
from 0.46 dB to 0.66 dB corresponding to different crop types 
with vegetation water content values up to 3.4 kg/m2. Artificial 
Neural Network (ANN) methods were adopted for model-
based soil moisture inversion. The training data for the NNs 
are obtained from theoretical forward-scattering models, thus 
allowing the control of wide range of soil and crop parameters 
with which the network was trained. A preliminary performance 
analysis showed good results with estimation of soil moisture 
within RMSE of 8-10 %.

9877-40, Session 8

A synergistic approach for soil moisture 
estimation using modified Dubois model 
with dual-polarized SAR and optical 
satellite data
Thanabalan Palanisamy, Vidhya R., Anna Univ., Chennai 
(India)

This paper discusses about a estimation of soil moisture in 
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agricultural region using SAR data with the use of HH and 
HV polarization. In this study the semi empirical approach 
derived by Dubois et al (IEEE Transaction on Geoscience and 
Remote Sensing, 33(4), 915-926, 1995) was modified to work 
using ?˚HH and ?˚VV, so that soil moisture can be obtained 
for the larger area extent. The optical remote sensing is to 
monitor changes in vegetation biomass and canopy cover 
surface reflectance can be derived using NDVI and LAI. The 
second use involves retrieve the backscattering coefficient 
values (?˚) derived from SAR. In SAR techniques, the relative 
surface roughness can be indirectly estimate using inversion 
of empirical algorithms. The mid incidence angle is used to 
overcome the incidence angle effect and it worked successfully 
to the larger extent. The modified Dubois Model replaces is 
used along with The Topp et al (Water Resources Research, 
16(3), 574-582, 1980) model to retrieve soil moisture using the 
dielectric constant. These two models have equations (HH, VV) 
and two independent variables i.e. root mean square height (s) 
and dielectric constant (?) can be derived. The derived model 
is having good scope for soil moisture monitoring with present 
availability of SAR datasets.

9877-41, Session 9

Emergency observation and its analysis 
using ALOS-2 PALSAR-2 in 2015
Ryo Natsuaki, Hiroto Nagai, Takeshi Motohka, Masato 
Ohki, Manabu Watanabe, Shinichi Suzuki, Japan 
Aerospace Exploration Agency (Japan)

Advanced Land Observing Satellite-2 (ALOS-2, “DAICHI-2”) 
observed Nepal with the Phased Array type L-band Synthetic 
Aperture Radar-2 (PALSAR-2) corresponding to the 
emergency request from Sentinel Asia related to the Mw 7.8 
Gorkha Earthquake 2015. PALSAR-2 successfully detected 
not only the crustal deformation but also the avalanches and 
local displacements. Since its launch, ALOS-2 has performed 
various emergency observation in Asia. Here, we describe these 
performances, especially for the Gorkha earthquake and its 
aftershocks. We present the interferometric analysis and its 
methods using ALOS-2, too.

9877-42, Session 9

Hybrid polarimetric analysis of land 
features using simulated RADARSAT-2 
quad pol data
Vineet Kumar, Y. S. Rao, Indian Institute of Technology 
Bombay (India)

The objective of this study is to assess the information 
content of hybrid polarimetric SAR data in context of land 
use land cover analysis. In this study, we have analyzed 
hybrid polarimetric descriptors (Stokes Vector, DoP, Ellipticity 
angle, relative phase, CPR, LPR and Axial Ratio etc.) for 
different land targets. These descriptors can be further used 
for discrimination and classification of features. Compact 
polarimetric target decompositions (m-chi, m-delta and 
m-alpha) were also applied to understand the physical 
scattering mechanism from targets in hybrid pol mode. A quad-
pol RADARSAT-2 image was used to simulate right circular 
hybrid polarimetric SAR data. The study was conducted 
in and around Vijayawada city of Andhra Pradesh state of 
India in Sept. 2014. The test site includes agricultural crops, 
built-up areas, water bodies and other land features. Results 
obtained from the decompositions shows the significance of 
hybrid polarimetry for target discrimination. The area under 
rice cultivation and urban built up land show dominance of 
double-bounce scattering while bare fields and sand shows 
more of surface scattering. The higher values of conformity 
coefficient (CC) observed as another measure to discriminate 
surface features from other targets. Correlation coefficient also 
assessed among hybrid polarimetric descriptors. Correlation 

coefficients draw a linear relationship in between different 
descriptors. Highest positive correlation (0.99) was observed 
between Degree of circular polarization with ellipticity angle 
and axial ratio of received wave. Circular polarization ratio 
(CPR) is also highly related to the other compact polarimetric 
observables. The overall results indicate the strength of hybrid 
polarimetry for target discrimination and scattering mechanism 
analysis.

9877-115, Session 9

Relationship between surface 
temperature and SAVI using Landsat 
data in a coal mining area in India
Varinder Saini, Indian Institute of Technology Roorkee 
(India); Manoj Kumar Arora, PEC Univ. of Technology 
(India); R. P. Gupta, Indian Institute of Technology 
Roorkee (India)

The relationship between surface temperature and Soil 
Adjusted Vegetation Index (SAVI) associated with changing 
land?use pattern due to intensive mining and mine fires is 
discussed in Jharia coalfield, India using data collected by 
the Thematic Mapper (TM), Enhanced Thematic Mapper Plus 
(ETM+) and Optical land imager (OLI) and thermal infrared 
sensor (TIRS) from 1991 to 2013. Jharia coalfield is under fire 
since the last century due to unsustainable mining activities. 
On visual interpretation of the surface temperature and 
SAVI images, it was observed that the spatial distribution of 
SAVI is opposite to that of LST for the whole coalfield. Two 
subsets known to have mines under fire were taken for further 
analysis. Profiles were taken along north-south and east-west 
directions in the subsets in order to disclose variance based on 
the pixel values of surface temperature and SAVI images. The 
profiles show that peak SAVI values are in areas having dense 
vegetation and peak surface temperature values correspond 
to areas under fire. These two show an obvious negative 
correlation. Areas with water bodies show low temperature as 
well as vegetation index values. Thus, it could be concluded 
that moderate resolution remote sensing data provides 
a convenient way to evaluate the impact of mine fires on 
vegetation over a period of time.

9877-44, Session 10

NOAA NESDIS global automated 
satellite-based snow mapping system 
and products
Peter Romanov, NOAA-CREST (United States)

Global Multisensor Automated Snow/Ice Mapping System 
(GMASI) has been operationally used at NOAA since 2006. 
The system combines information inferred from satellite 
observations in the visible/infrared spectral bands and from 
microwave sensors to generate continuous, gap-free daily 
global maps of snow and ice cover distribution at the spatial 
resolution of 4 km. In the current configuration the primary 
input to the system consists of the optical data from AVHRR 
instrument onboard METOP satellites and SSMIS microwave 
measurements onboard DMSP satellites. Daily automated maps 
of the snow cover distribution are further processed to monitor 
hemisphere-wide and continental-scale snow cover extent as 
well as corresponding anomalies in the snow extent. The GMASI 
product is routinely used as one of the primary inputs to NOAA 
Interactive Multisensor Snow and Ice Mapping System (IMS) 
and to numerical weather prediction models run by NOAA 
National Weather Service. 
In the presentation we discuss the results obtained during the 
last years of the system exploitation, identify issues affecting 
the accuracy of the product and outline the directions of the 
future system development. We compare the snow cover 
distribution and the snow extent generated with the automated 
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algorithm with snow cover estimates produced through 
an interactive analysis of satellite imagery as well as with 
observations of snow depth at ground-based meteorological 
stations. 
The focus of the near-future modifications of the automated 
system will be on increasing the spatial resolution of snow and 
ice maps. This will be achieved in particular by incorporating 
in the system observations from the new Visible and Infrared 
Imaging Radiometer Suite (VIIRS) onboard SNPP satellite and 
from Advanced Scanning Microwave Radiometer (AMSR2) 
onboard GCOM-W1 satellite. Examples of snow products from 
these sensors at the spatial resolution of up to 375m will be 
provided and discussed. 

9877-45, Session 10

Combine snow process model and 
microwave remote sensing for snow 
water equivalent estimation
Chuan Xiong, Jiancheng Shi, Yurong Cui, Institute of 
Remote Sensing and Digital Earth (China)

An important parameter for the snow water equivalent retrieval 
from microwave remote sensing is the snow particle grain 
size, because the backscattering or brightness temperature 
is highly sensitive to the grain size. An accurate and reliable 
grain size estimation is crucial for the snow water equivalent 
estimation. In this study, we examined the potential of using 
spatially distributed snow process model estimated snow grain 
size for snow water equivalent inversion based on QuikSCAT 
scatterometer and AMSR-E microwave radiometers. 
The SNTHERM and SNOWPACK model are applied for the 
snow process modeling, based on the GLDAS forcing data, 
including radiation, wind speed, air temperature, humidity and 
pressure and precipitation. The multilayer simulation results 
are averaged according to the weight of scattering efficiency. 
Then, the grain size is applied to the single-channel inversion 
algorithm of QuikSCAT and AMSR-E. On the other hand, 
the effective grain size is calculated based on microwave 
observation and in-situ snow parameters. The effective grain 
size is studied together with the snow process model outputs, 
the relationship between snow process model estimated grain 
size and the effective grain size is applied to other area, to 
test the feasibility of using model simulated grain size for SWE 
estimation.
Our preliminary results showed that the model simulated grain 
size is correlated with field measured “optical grain size”. This 
correlation makes application of model simulated grain size in 
retrieval algorithm possible. The QuikSCAT and AMSR-E data 
showed that SWE estimation can be improved by incorporating 
the model simulated grain sizes. 

9877-47, Session 10

Remote sensing of snow estimation: 
satellites, models, and field experiment
Reza Khanbilvardi, The City Univ. of New York (United 
States); Tarendra Lakhankar, Carlos Perez, NOAA-CREST 
(United States); Peter Romanov, NOAA-CREST (United 
States) and Ctr. for Satellite Applications and Research 
(United States)

Remote sensing provides local, regional and global 
observations of seasonal snow, providing key information on 
snowpack processes. The characterization of intra-seasonal 
variations of snow pack properties is critical for hydro- 
meteorological applications. In this presentation, capabilities 
of current and future satellite sensors, several methods of 
mapping snow-cover extent, snow albedo, snow grain size, 
snow water equivalent, melt detection and snow depth using 
remote sensing will be discussed. Also, we will provide a 
detailed description and lesion learned from remote sensing 

experiment (CREST-SAFE) that being carried out since 2011. 
The primary objective of observations is to monitor seasonal 
properties of the snow pack through the winter season and 
their changes with atmospheric conditions, support studies of 
physical and radiative transfer processes in the snow pack as 
well as to help validating and calibrating snow retrievals from 
satellite microwave sensors. The set of instruments installed 
at the station provides measurements of the snow pack 
emission at 10.65, 19, 37 and 89 GHz at both polarizations, snow 
depth, snow water equivalent, snow pack skin temperature, 
snow pack temperature profile as well as measurements of 
major meteorological parameters. Effects of changing snow 
pack properties on the observed microwave emission will 
be demonstrated and analyzed. We will present the results 
of simulation of the snow pack emission with MEMLS, DMRT 
and HUT models and will discuss the differences between 
the observed and modeled values. More information on the 
experiment is available at the project web site at http://crest.
ccny.cuny.edu/snow/.

9877-48, Session 10

Glacier retreat monitoring from SAR 
coherence images: application to 
Gangotri glacier
Bhuvan K. Varugu, Y. S. Rao, Indian Institute of 
Technology Bombay (India)

Retreat of glaciers is an important phenomenon to be 
monitored as they have a direct bearing on flow of water 
in rivers and rise of water level in sea. Use of Synthetic 
Aperture Radar (SAR) images in glacier dynamics studies has 
been gaining interest in the recent years. The present study 
discusses the use of SAR coherence images for demarcating 
the snout position on a glacier and thus measure the retreat. 
Being sensitive for even the slightest changes over the terrain, 
SAR coherence images seems to be very useful in glacier 
retreat measurement.
Gangotri is one of the major Himalayan glaciers which has 
been subjected to dominant retreat since 1850 AD (Paul et al 
1979). The retreat of Gangotri glacier has a huge impact on the 
flow of Ganges, the largest perennial river in India. Coherence 
images were generated over Gangotri glacier from SAR images 
with different repeat periods from 1996 (ERS-1&2 - 1 day 
interval), 2004 (Envisat- 90 day interval) & 2012 (TerraSAR-x 
and TanDEM-X)) and are resampled to 50x50 m grid using 
SRTM DEM. Profiles near the snout position were precisely 
marked in a GIS environment and the distance between the 
profiles (1996, 2004 & 2012) is reported as retreat. It has been 
observed that the Gangotri glacier has been retreating at the 
rate of 20 ± 8 m per year, which is in good agreement with 
several other studies. A reduction in retreat rate is noted in the 
last decade.

9877-50, Session 11

Evaluating suitability of Pol-SAR 
(TerraSAR-X, Radarsat-2, Sentinel) for 
automated sea ice classification
Rudolf Ressel, Suman Singha, Susanne Lehner, 
Deutsches Zentrum für Luft- und Raumfahrt e.V. 
(Germany)

Satellite borne SAR imagery has become an invaluable tool in 
the field of sea ice monitoring. Previously, single polarimetric 
were employed in supervised and unsupervised classification 
schemes for sea ice investigation, which was preceded by 
image processing techniques such as segmentation and 
textural features. Recently, through the advent of polarimetric 
SAR sensors, investigation of polarimetric features in sea ice 
has attracted increased attention. While dual-polarimetric 
data has already been investigated in a number of works, 
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full-polarimetric data has so far not been a major scientific 
focus. To explore the possibilities of full-polarimetric data and 
compare the differences in C- and X-bands, we endeavor to 
analyze in detail an array of datasets, partly simultaneously 
acquired, in C-band (RADARSAT-2, Sentinel) and X-band 
(TerraSAR-X) over ice infested areas. First, we propose an 
array of polarimetric features (Pauli based, lexicographic 
based, simulated compact polarimetry). The imagery consists 
of several different instances of simultaneously acquired 
RADARSAT-2 quadpol Stripmap images and simultaneous 
dualpol/quadpol TS-X Stripmap and dualpol Sentinel images 
(Greenland coastal waters, Barents Sea). Ancillary data from 
national ice services, SMOS data and expert judgement were 
utilized to identify the governing ice regimes. Based on these 
preponderations, we then extracted mentioned features. The 
subsequent supervised classification approach was based on 
a neural network. To gain quantitative insight into the quality 
of the features themselves (and reduce a possible impact of 
the Hughes phenomenon), we employed mutual information 
to unearth the relevance and redundancy of features. The 
results of this information theoretic analysis guided a pruning 
process regarding the optimal subset of features. In the last 
step we compared the classified results of all sensors and 
images, stated respective accuracies and discussed output 
discrepancies in the cases of simultaneous acquisitions.

9877-51, Session 11

Role of Indian remote sensing imaging 
satellites for the Antarctic monitoring 
and mapping: a case study around Indian 
Antarctic research stations
Jayaprasad P., Space Applications Ctr. (India)

Antarctica is the last port to the voyagers. A large number 
of scientific voyages are taking place in the summer months 
(December to February) to the Antarctica. Large scale changes 
are happening in the Antractic Ice Margins. To map and monitor 
these changes, scatterometres were substantially used. The 
poor spatial resolution, but high temporal resolution images 
were used to study the marginal changes at small spatial 
scales. High resolution images are required for monitoring and 
mapping changes happening especially in and around various 
reserach stations at large spatial scales. At many occasions, 
decanting operations suffer drastically from blizzard and fast 
ice conditions. A high resolution image product is the best tool 
for the Captian and Voyage Leader at difficult situations.
Indian Imaging satellites, in both optical and microwave region, 
provide an ideal combinations for mapping and monitoring 
the Antarctic regions. The present paper demonstrate the 
utilisation potential of two workhorses of Indian Space 
Reserach Organisation (ISRO) namely Radar Imaging Satellite -1 
(RISAT-1) - Synthetic Aperture Radar (SAR) and ResouceSAT-2 
(RS-2) for the Antarctic Monitoring and Mapping. With varying 
spatial resolutions (3 m to 50 m) and swath (10 km2 to 240 
km2), SAR provides an uninterrupted supply of ice images in 
five modes. Images from three different modes were discussed 
in this paper. RS-2 has three seperate sensors which provide 
images having resolutions (5 m - 56 m) and swath (70 km2 to 
720 km2).
This paper attempts to demonstrate how various features 
appear at different resolutions and what are the additional 
features that can be extracted while increasing the resolutions. 
The second component deals with the various features that 
can be extracted from both optical and SAR images. Third 
component includes monitoring the Extreme Events in 
Antarctica especially using optical images. Lastly, mapping the 
extent of marginal changes is demonstrated.

9877-52, Session 11

Feature extraction using multi-temporal 
fully polarimetric SAR data
Ramya M. N. S., Shashi Kumar, Indian Institute of Remote 
Sensing (India)

Land use/land cover of PolSAR become an important research 
topic in Remote Sensing. The main objective of this study is 
to explore the potential of the multi-temporal PolSAR data 
in land use/land cover mapping and to evaluate the accuracy 
of classification using single date and multi-temporal data. 
Multi-temporal ALOS PALSAR fully PolSAR data are used, 
acquired on May 2009, November 2009 and May 2010. 
Advanced classification techniques Support Vector Machine 
and Rule Based Hierarchical approach are choosen to study 
their efficency to classify features at different temporal 
combinations. In this study, SVM classification is applied on the 
derived output of yamaguchi decomposition model, for which 
kernel approach of second order polynomial is used. The land 
use/land cover classified map of single date, overall accuracy 
and kappa statistics of May 2009 is 64% and 0.62, November 
2009 is 59% and 0.58 and May 2010 is 67.65% and 0.61. In Rule 
Based Hierarchical classification, Backscattering coefficients, 
Yamaguchi and H/A/Alpha decomposition statistics are 
computed and analysed to estimate the decision boundaries 
of the features to separate feature at different hierarchical 
levels. The land use/land cover classified map of single date, 
overall accuracy and kappa statistics of May 2009 is 68% and 
0.67, November 2009 is 69% and 0.60 and May 2010 is 65% 
and 0.68. Based on the accuracy assessment, SVM and Rule 
Based Hierarchical classification both are approximately of 
same accuracy but comparatively Rule Based Hierarchical 
classification is accurate temporally. Rule Based Hierarchical 
classification is further considered for multi-temporal 
classification. The overall accuracy and kappa statistics of 
multitemporal classifed image is 80% and 0.76. This proves that 
multi-temporal PolSAR data helps to increase the accuracy in 
land use/land cover mapping.

9877-53, Session 11

Ice sheet features identification, glacier 
velocity estimation, and glacier zones 
classification using high-resolution 
optical and SAR data
Praveen K. Thakur, Ankur Dixit, Arpit Chouksey, Shiv P. 
Aggarwal, A. Senthil Kumar, Indian Institute of Remote 
Sensing (India)

Ice sheet features, glacier velocity estimation and glacier zones 
classification are important research activities highlighting 
the dynamics of continental ice sheets and glaciers in Polar 
Regions and in inland glaciers. The C-band inSAR data is of 
ERS 1/2 tandem pairs with one day interval for spring of 1996 
and L-band PolinSAR data of ALOS-PALSAR-2 for spring of 
2015 is used in glacier velocity estimation. Glacier classification 
is done using multi-temporal C-and L-band SAR data and also 
with single date full polarization and hybrid polarization data. 
In first part, a mean displacement of 9 cm day-1 was recorded 
using SAR interferometric technique using ERS 1/2 tandem 
data of 25-26 March 1996. Previous studies using optical data 
based methods has shown that Gangotri glacier moves with 
an average displacement of 4 cm and 6 cm day-1. As present 
results using ERS 1/2 data were obtained for one day interval, 
i.e., 25th March 05:00pm to 26th March 05:00 pm, 1996, 
variation in displacement may be due to presence of snow or 
wet snow melting over the glacier, since during this time snow 
melt season is in progress in Gangotri glacier area. Similarly 
the results of glacier velocity derived using ALOS-PALSAR-2 
during 22 March 19 April 2015 shows the mean velocity of 
5.4 to 7.4 cm day-1 during 28 day time interval for full glacier 
and main trunk glacier respectively. This L-band data is 
already corrected for Faraday’s rotation effects by JAXA, and 
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tropospheric correction are also being applied to refine the 
results. These results are significant as it is after gap of 20 
years that DInSAR methods has given glacier velocity for fast 
moving Himalayan glacier. RISAT-1 FRS-1 hybrid data is used to 
create Raney’s decompositions parameters, which are further 
used for glacier zones classification using support vector 
machine based classification method. The Radarsat-2 and 
ALOS-PALSAR-2 fully polarized data of year 2010 and 2015 are 
also used for glacier classification. The identified and classified 
glaciers zones in Gangotri area are debris covered ice, clean 
ice, percolation zone, wet snow zone, ice wall, supra-glacier 
lakes and moraines, similarly ice sheet features and glacier 
landforms such as such as Nunataks, Wind scoop, Glacier flow 
paths, Moraine, Horn, Sastrugi, and Crevasses were identified 
in Antarctic. RISAT-1 FRS-1 data was also successful in mapping 
the Crevasses hidden under wind-blown ice in Antarctic’s study 
area. 

9877-54, Session 12

A forest fire danger index based on 
modifying Nesterov Index, fuel, and 
anthropogenic activities using MODIS 
TERRA and TRMM satellite datasets
Suresh Babu K. V., Indian Institute of Remote Sensing 
(India) and International Institute of Information 
Technology Hyderabad (India); Arijit Roy, Indian Institute 
of Remote Sensing (India); Ramachandra Prasad P., 
International Institute of Information Technology (India)

Forest fire has been regarded as one of the major causes 
of degradation of forests in Uttarakhand. Forest fires occur 
annually in more than 50% of forests in this state, mostly 
due to anthropogenic activities and spreads due to moisture 
conditions and type of forest fuels. Empirical drought indices 
such as KBDI, the Nesterov index, Modified Nesterov index, 
the Zhdanko index which belongs to the cumulative type and 
the Angstrom Index, which belongs to the daily type have 
been used throughout the world to assess the potential fire 
danger. In this study, the forest fire danger index has been 
developed from slightly modified Nesterov index, fuel and 
anthropogenic activities. Data sets such as MODIS TERRA 
Land Surface Temperature and emissivity (MOD11A1), MODIS 
Total Precipitable water product (MOD05) have been used 
to determine the dew point temperature and land surface 
temperature. Precipitation coefficient has been computed 
from the Tropical Rainfall measuring Mission (TRMM) product 
(3B42RT). Nesterov index was slightly modified according 
to the Indian context and computed using land surface 
temperature, dew point temperature and precipitation 
coefficient. The fuel type index has been derived from a forest 
type map of ISRO based on historical fire location information 
and human activity index has been derived from the 
disturbance map of ISRO. Finally, the forest fire danger index 
has been developed from the above mentioned indices and 
MODIS Thermal anomaly product (MOD14) has been used for 
validating the forest fire danger index. Results were showing 
that an accuracy of more than 80%.

9877-55, Session 12

Forest height and above-ground biomass 
estimation using space-borne bistatic 
PolInSAR measurements
Unmesh Khati, Gulab Singh, Indian Institute of 
Technology Bombay (India)

PolInSAR is an advanced SAR techniques extensively utilized 
for forest height and above-ground biomass estimation. 
PolInSAR data involves acquisition of two SAR measurements 
with slightly different acquisition geometries. Most of the 
previous studies utilize air-borne SAR data due to low temporal 

gap between the two acquisitions. The physical and dielectric 
changes between the two acquisitions leads to temporal 
decorrelation. With the launch of TanDEM-X, the TerraSAR-X/
TanDEM-X satellite platforms can provide bistatic PolInSAR 
data with zero temporal decorrelation. However, at X-band 
frequencies, the SAR wave has low penetration into vegetation 
and the high extinction may have limitations in utilization for 
forest parameter inversion. Recent studies, including those 
of authors, have shown surprising penetration capability of 
X-band SAR into moderately dense forests. This motivates us 
to utilize X-band bistatic PolInSAR data for forest parameter 
estimation over Indian forests. The bistatic-PolInSAR data is 
acquired over deciduous forests in India. The existing PolInSAR 
techniques are suitably modified to account for the effects of 
bistatic acquisition if the scattering angle is significant. The 
PolInSAR based forest height is estimated from modified Three 
Stage Inversion technique and forest biomass is estimated 
using IWCM model. The estimated forest height and forest 
biomass are validated with in situ data measured during 
extensive field campaigns. This study presents the first results 
from bistatic fullpPolInSAR X-band TerraSAR-X/TanDEM-X data 
over Indian forests. 

9877-56, Session 12

RS- and GIS-based temporal change 
detection of Gautala Forest cover, 
Maharashtra, India
Yogesh D. Rajendra, Sandip S. Thorat, Ajay D. Nagne, 
Amol D. Vibhute, Rajesh K. Dhumal, Amarsinh B. Varpe, 
S. C. Mehrotra, K. V. Kale, Dr. Babasaheb Ambedkar 
Marathwada Univ. (India)

Precisely derived observation of change detection of Earth’s 
surface features are extremely important for promoting 
good decision making by understanding the relationships 
among human and nature. RS images are primary source 
of information used for change detection. Many change 
detection techniques have been developed. We have taken 
post-classification and PCA, the most commonly used methods 
for our study. Study of spatial distribution of the Gautala 
Wildlife Sanctuary a protected forests area of Aurangabad, 
Maharashtra, India during 1997 to 2015 using integrated RS and 
GIS techniques were revealed the change in vegetation cover. 
If suitable measures are not taken into consideration, there 
will be significant loss of biodiversity. Analysis was carried out 
using thematic map derived from satellite data of IRS 1C LISS III 
(FCC) of 1997 and IRS RS2 LISS III (FCC) of 2015 for detection 
of changes in forest density classes. The extensively done 
ground surveying done during study has shown a progressive 
and remarkable change among vegetation classes. It was also 
noticed that forest cover has increased in some region, because 
of the various afforestation schemes implementation by the 
forest department. For the classification purposes, eight LULC 
classes were derived and accuracy assessment of Classification 
through error matrix and KAPPA analysis was done. Change 
Detection between both the images for all the land use and 
land cover classes were computed. 

9877-57, Session 12

Application of hybrid polarimetry 
data for forest and vegetation 
characterisation
Chakrapani Patnaik, Anup K. Das, Saroj Maity, 
Dharmendra K. Pandey, Space Applications Ctr. (India)

Forest vegetation shows distinct scattering mechanisms from 
SAR data, such as direct backscattering from crown, crown-
ground scattering, trunk-ground scattering and the direct 
scattering from the forest floor. Polarimetric measurements 
permit better identification of these scattering mechanisms. 
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For the initial study, the optical and SAR data from different 
space borne sensors were acquired over the study area for 
analysis pertaining to map the forest area and segregate 
into broad categories. In order to understand the scattering 
mechanism associated with the vegetation in the area, different 
decomposition techniques were applied on RISAT-1 hybrid 
polarimetric data. Polarimetric decomposition provided useful 
information about the vegetation structure and density. The 
various classes were separated based on their scattering 
types only. This was done in order to verify the sensitivity 
of polarimetric SAR signal to the vegetation types, which is 
important for developing vegetation biomass retrieval models. 
Preliminary analysis showed that the forest in the region varies 
substantially in density and biomass. This is expected to help 
characterizing the vegetation in terms of their above-ground 
biomass. In addition, C-band HH-polarised SAR data from years 
2000 to 2011 were used along with a few L-band SAR data 
to assess the changes in forest area, density and vigour. The 
findings show interesting insights into forest dynamics.

9877-58, Session 13

Modeling impacts of land use and land 
cover on water resources
Dipak R. Samal, Shirish S. Gedam, Indian Institute of 
Technology Bombay (India)

Land use/land cover (LULC) is the bio-physical cover on the 
earth surface which has large influence on regional water 
balance. In the present study, the impacts of LULC change on 
water resources were investigated for the Upper Bhima basin 
(6104 km2), Maharashtra, India. Since last two decades the 
basin has experienced significant LULC changes due to rapid 
urbanization which might have influenced the hydrological 
regime of the area. On the basis of this premise, historical 
and current LULC maps (1992, 2000, and 2009) were derived 
from freely available earth observation satellite images and 
change areas were identified in GIS environment. In order to 
study the impact of LULC change on water resources, SWAT 
hydrological model was calibrated and validated for a baseline 
period (1985-1994, 10 years duration, using 1992 LULC map) 
against measured streamflow data, then optimized model 
parameters were used to simulate the streamflow during entire 
study period (1985-2011) for each LULC maps. Modeling results 
revealed the surface runoff and evapotranspiration increased 
by 1.2% and 3.2% respectively. In contrast, water yield, baseflow, 
and percolation decreased by 0.7%, 3.5%, and 2.7% respectively. 
The modifications to hydrological components are attributed 
to expansion of built up area (2.6% in 1992 to 7.3% in 2009) 
and increase in water bodies (3.6% in 1992 to 4.4% in 2009) 
against the loss of wasteland and agricultural land. Moreover, 
a relationship was established between LULC changes and 
change in hydrological components at sub-basin level which 
reflects the underlying hydrological processes in the basin. 
We hope the outcome of the study would enable watershed 
managers and planners to make faster and efficient decision 
for future developments.

9877-59, Session 13

Long-term change analysis of satellite-
based evapotranspiration over Indian 
vegetated surface
Shweta Gupta, Birla Institute of Technology Mesra 
(India); Bimal Bhattacharya, Space Applications Ctr. 
(India); Akhouri P. Krishna, Birla Institute of Technology 
(India)

In the present study, trend of satellite based annual 
evapotranspiration (ET) and natural forcing factors responsible 
for this were analyzed. Thirty years (1981-2010) of ET data 
at 0.08° grid resolution, generated over Indian region from 
optical-thermal observations from NOAA PAL and MODIS 

AQUA satellites, were used. Long-term data on gridded (0.5° 
x 0.5°) annual rainfall (RF), annual mean surface soil moisture 
(SSM) ERS scatterometer at 25 km resolution and annual mean 
incoming shortwave radiation from MERRA-2D reanalysis were 
also analyzed. Mann-Kendall tests were performed with time 
series data for trend analysis. Mean annual ET loss from Indian 
agro-ecosystem was found to be almost double (1100 Cubic 
Km) than Indian forest ecosystem (550 Cubic Km). Rainfed 
vegetation systems such as forest, rainfed cropland, grassland 
showed declining ET trend @ -4.8, -0.6 & -0.4 Cubic Kmyr-1, 
respectively during 30 years. Irrigated cropland initially showed 
ET decline up to 1995 @ -0.8 cubic Kmyr-1 which could possibly 
be due to solar dimming followed by increasing ET @ 0.9 cubic 
Kmyr-1 after 1995. A cross-over point was detected between 
forest ET decline and ET increase in irrigated cropland during 
2008. During 2001-2010, the four agriculturally important 
Indian states eastern, central, western and southern showed 
significantly increasing ET trend with S-score of 15-25 and 
Z-score of 1.09 – 2.9. Increasing ET in western and southern 
states was found to be coupled with increase in annual rainfall 
and SSM. But in eastern and central states no significant trend 
in rainfall was observed though significant increase in ET was 
noticed. The study recommended to investigate the influence 
of anthropogenic factors such as increase in area under 
irrigation, increased use of water for irrigation through ground 
water pumping, change in cropping pattern and cultivars on 
increasing ET. 

9877-60, Session 13

Environmental change assessment from 
long-term satellite-based geophysical 
parameters
Devesh Maurya, P. V. N. Rao, National Remote Sensing 
Ctr. (India)

Environmental satellites, viz., NOAA, Metop-A&B, Terra & Aqua 
and more recently the Suomi NPP under the NPOESS series 
of satellites, provide multi-sensors data operating in different 
parts of the electromagnetic spectrum to enable retrieving a 
large set of geophysical parameters on regular basis. These 
datasets maintain high level of consistency and quality for 
comparison across temporal and spatial domains such that 
they qualify to be the Environmental Data Records (EDR). 
In the present study, a ten year period (2002 – 2011) satellite 
derived surface soil moisture – a measure of water storage in 
the soil medium, surface temperature – a measure of thermal 
state and one of the terrain responses to the incident solar 
radiation and Vegetation Optical Depth (VOD) – a measure of 
vegetation density of the region, have been used to analyse the 
changes in one of the agroclimatic regions of India. All these 
parameters are derived from passive microwave radiometer 
data. These parameters are chosen for the obvious reason of 
their value with respect to supporting local agriculture and to 
assess its status. The Climate Prediction Center (CPC) provided 
rainfall data of the region for the corresponding period has 
been used as an ancillary data, which is an important input 
both in terms of life sustenance and country’s economy.
The study observes (i) a good correlation between the VOD 
and Normalized Difference Vegetation Index (NDVI), which is 
known to represent the crop vigour; VOD being a parameter 
derived from microwave data has the advantage of all-weather 
capability and hence continuity in data availability, (ii) a good 
correlation between rainfall and surface soil moisture with a lag 
that shows the known Cause – Effect relationship and (iii) the 
relationship between surface soil moisture and VOD; another 
Cause-Effect relationship indicating the general crop conditions 
during the study period. Windowed cross -correlation method 
has been used to study the lag between VOD and surface 
soil moisture. Based on these observations, regional trends 
of surface soil moisture storage, surface temperature and 
vegetation status in the agroclimatic zones of India have been 
studied. The results indicate are discussed in terms of their 
trends and their long term impact on the environment during 
the study period.
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9877-61, Session 14

Velocity estimates of Siachen Glacier: 
trend over the last fifteen years
Shashank Bhushan, Tajdarul H. Syed, Hrishabh Gupta, 
Indian School of Mines (India)

Glaciers are important indicators of climate change as well as 
a major source of freshwater. Variations in the extent, mass 
and velocity of glaciers have a direct impact on some of the 
key components of the global water cycle, including sea level 
rise and freshwater availability. In the midst of trending reports 
on Himalayan Glaciers losing mass and retreating, Karakoram 
glaciers are observed to be more or less stable. Glacier velocity 
is an important indicator of its overall health and stability. 
Consequently, monitoring velocity changes over time can 
contribute towards prediction of possible hazards associated 
with unstable glaciers. 
In this study velocity estimates of Siachen Glacier (East 
Karakoram) are calculated using subpixel correlation of Landsat 
TM, ETM+ and OLI imagery (SWIR band). For this purpose 5 
pairs of Landsat images over the period of 1999-2014 were 
acquired. The methodology used here involves determination 
of correlation between pixels of an image pair obtained from 
two consecutive years, using frequency correlation window 
with step size 2 and window size 32. Consequently three 
maps (North-South; East-West; SNR) were obtained for each 
of the pairs, which were then filtered for poorly correlated 
pixels using the condition SNR>0.9. Final band math of the 
two filtered component images (viz. N-S and E-W) yielded ice 
surface displacement within the one year period, which is used 
as the velocity field. The results obtained show that in spite of 
slow frontal recession of Siachen Glacier, there is a constant 
decrease in its average annual velocity. This trend may be an 
indicator of an increased mass loss potential of Siachen Glacier 
in the near future.

9877-62, Session 14

A geomorphic and morphometric 
analysis of surface ice velocity variation 
of different valley type glaciers
Reet Kamal Tiwari, P. K. Garg, Aparna Shukla, Rajiv S. 
Ahluwalia, Nilendu Singh, P. Chauhan, Wadia Institute of 
Himalayan Geology (India)

Glacier surface ice velocity is one of the important parameters 
which determine the glacier dynamics. If the surface ice 
velocity is high in upper zone (accumulation zone) of the 
glacier more ice is brought to the lower zone (ablation zone) of 
the glacier where it melts more rapidly. The surface ice velocity 
depends on multiple factors like geomorphology of a glacier 
and glacier valley, ice load, orientation of the glacier, slope 
and debris cover. In this study, we have used latest Landsat-8 
satellite images from different dates to calculate the surface 
ice velocity of different glaciers from the Himalayan region. 
The standard procedure has been implied to estimate the 
glacial velocity using COSI-Corr-an add-on module of ENVI 
software. The geo-morphometric parameters of the glacier 
surface have been derived using SRTM 30 m global DEM. It has 
been observed that the slope of the glacier is one of the main 
factors on which the velocity is dependent i.e. higher the slope 
higher is the velocity and more ice is brought by the glacier to 
the ablation zone. The debris cover over the glacier and at the 
terminus also affects the velocity of the glacier by restricting 
ice flow. Thus, the preliminary observations suggest that the 
geomorphology and geo-morphometry of the glacier has a 
considerable control on the surface ice velocity of the glacier.

9877-63, Session 14

Soil freeze-thaw detection for the WCOM 
mission
Tianjie Zhao, Jiancheng Shi, Institute of Remote Sensing 
and Digital Earth (China)

Large scale landscape freeze/thaw measurement is essential 
and could be used to detect the terrestrial climate signal. Water 
Cycle Observation Mission (WCOM) is a candidate mission for 
measuring key elements of the global water cycle including 
the freeze/thaw state. The payload design and configuration 
of WCOM utilizes the synergy of multi-frequency active and 
passive remote observations, which are optimized to enhance 
the measurement capability of both the dominant affecting 
parameters and the auxiliary supporting environmental 
parameters for accurate retrieval of water cycle elements. For 
the detection of freeze/thaw state, PMI-Ka band observation is 
used to indicate the temperature change in soils because it is 
less sensitive to changes in soil moisture. This ability has been 
confirmed by a number of previous studies (SSM/I, AMSR-E). 
The L band of FPIR contains more useful information of soil 
water phase transition during the freeze/thaw processes. The 
potential of SMOS observations at L-band has been assessed 
by the tower-based and airborne measurements. In addition 
to these passive information, a high resolution observation 
of DFPSCAT would be able to map the soil freeze/thaw state 
using a time-series algorithm, which is currently adopted by 
the SMAP mission but at L-band. The WCOM integrates all the 
advantages of previous satellites, and is expected to provide 
more accurate information of freeze/thaw state through the 
synergy use of active and passive, high and low resolution 
measurements. The enhanced spatial resolution and accuracy 
would benefit hydrologic model predictions and also reduce a 
major uncertainty in quantifying the global carbon balance.

9877-64, Session 14

Comparisons of different automated and 
semi-automated method for debris cover 
classification
Reet Kamal Tiwari, P. K. Garg, Wadia Institute of 
Himalayan Geology (India); Varinder Saini, Indian 
Institute of Technology Roorkee (India); Aparna Shukla, 
Wadia Institute of Himalayan Geology (India)

In the recent years, thermal and geo-morphometric data 
along with the optical remote sensing data (VNIR and SWIR) 
have shown potential to delineate the boundary between the 
supraglacial debris and periglacial debris. Different methods 
including automated methods and semi-automated methods 
have been used in mapping of debris covered glaciers. In this 
paper, we have compared the utility of different methods 
for debris cover mapping. We have compared the accuracy, 
processing time and complexities of different methods. For 
this, Chandra river valley in the state of Himachal Pradesh, 
India has been selected as a test site. This area comprises 
of different debris covered glaciers making it an ideal test 
site. ASTER images (VNIR, SWIR, TIR) and DEM provided by 
NASA have been used for the study. Preliminary analysis show 
that accuracy of the classification of glacial terrain is under 
acceptable limits but the time taken in different classifications 
is significantly different in different methods. Another factor 
which is important for a better accuracy is the prior knowledge 
of glacier terrain. No matter which classification is used, 
some to large amount of post processing is always required 
to achieve the crisp glacial boundary. Classical classifier like 
maximum likelihood classification is less time consuming but 
the time taken in post-processing is higher. In knowledge 
based classification method, it is required initially to establish 
crisp rules which are later used during classification. This is 
a time consuming procedure but a minimal amount of post-
processing is required. Sometimes when only thermal data fails 
to correctly give the glacier boundary and geo-morphometric 
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data may be used to delineate the glacier boundary. It is overall 
observed that the knowledge based method is more useful 
in integrating different type of data for glacial classification 
and less amount of post processing is required in this method. 
Therefore, it is can be concluded that knowledge based 
method has a advantage over the other methods for debris 
cover mapping. 

9877-65, Session 14

Changing dynamics of Kolahoi Glacier: 
assessing results from feature-tracking 
technique for glacier velocity estimation
Iram Ali, Univ. of Kashmir (India); Aparna Shukla, Wadia 
Institute of Himalayan Geology (India); Shakil Ahmad 
Romshoo, Univ. of Kashmir (India)

Accurate displacement measurements are needed to 
understand the dynamics of glaciers. Analysis of such 
displacements contributes towards a better knowledge related 
to the parameters controlling the ice flow velocity and glacier 
surges. The current research is an attempt to estimate the ice 
flow velocity during various time periods and there by analyze 
the geomorphological controls and changes in dynamics of 
the Kolahoi glacier. The glacier is located in the Lidder Valley, 
Kashmir Himalayas and has been progressively retreating at the 
rate of ~33.1m/yr from 2000-2014. In this perspective, it would 
be interesting to know how the glacier velocity has varied 
during this degenerative phase. In present study the coverage 
of ice velocities was obtained on the ASTER VNIR time series 
dataset from 2003-2012. The feature tracking technique 
applied here involves precise orthorectification, co-registration 
and correlation of corresponding features at different time 
periods. Variability in the velocity occurs in different parts of 
the glacier and also from year to year. Therefore, the results are 
expected to reveal the ice flow velocity as well as its temporal 
variation over the accumulation and ablation zones of the 
glacier. Moreover, the contrasting behavior of the velocity 
on the clean, ice mixed debris and debris covered regions 
of the glacier will also be evaluated during the study period. 
The spatial and temporal variability in velocity would give a 
clearer insight into the behavior of Kolahoi to changing climatic 
environment.
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9878-1, Session 1

Evaluation of coastal bathymetry by 
WorldView-2 imagery using adaptive 
fuzzy system-based Kalman filter
Kanjana Koedkurang, BeiHang Univ. (China) and Geo-
Informatics and Space Technology Development Agency 
(Thailand); XiaoGuang Cao, K. Kasantikul, BeiHang Univ. 
(China)

Coastal bathymetry change continuously, and it is quite 
difficult to monitor and measure depth values because 
depth measurement requires multiple tools and equipment. 
Conventional bathymetry methods for these areas take a long 
time and a high cost. However, at present, remote sensing 
technology with new and advanced satellites, like WorldView-2, 
is promising for this task. WorldView-2 has narrower bands 
of wavelengths that facilitate classification of features on 
the earth surface with higher details. Some bands can even 
penetrate down underwater to reach the seafloor, which is 
useful for assessing depths along coastal areas. Furthermore, 
with continuity and reasonable cost of satellite data, 
bathymetry can become much more convenient. The objective 
of this research is to developing the classification of the coastal 
bathymetry by utilized satellite images from WoldView-2 using 
a technique called Adaptive Fuzzy System -based Kalman 
Filter. By using of the Adaptive Fuzzy System based Kalman 
Filter and using of Band 1, Band 2 and Band 3 were found the 
accuracy more than 90%. Meanwhile, the bathymetry using 
SPEAR tool in ENVI software, which requires combination of 4 
bands as Band 1, Band 3, Band 5, and Band 7, yielded accuracy 
at 23.25%, as compared to the in-situ truth data.

9878-2, Session 1

Determination of immersion factors for 
radiance sensors in marine and inland 
waters: a semi-analytical approach using 
refractive index approximation
Pravin Jeba Dev, Palanisamy Shanmugam, Indian 
Institute of Technology Madras (India)

Underwater radiometers are generally calibrated in air using 
a standard source. The immersion factors are required for 
these radiometers to account for the change in the in-water 
measurements with respect to in-air due to the different 
refractive index of the medium. The immersion factors 
previously determined for RAMSES series of commercial 
radiometers manufactured by TriOS are applicable to clear 
oceanic and moderately turbid coastal waters. In typical inland 
and turbid productive coastal waters, these experimentally 
determined immersion factors yield significantly large errors in 
water leaving radiances (Lw) and remote sensing reflectances 
(Rrs). To overcome this limitation, a new set of immersion 
factors are determined in this study, with the aim of supporting 
the use of RAMSES radiometers in accurate radiometric 
measurements for ocean and inland water applications, 
using a semi-analytical method with the refractive index 
approximation. We also briefly show the variation of pure water 
immersion factors (Ifw) and newly derived If on Lw and Rrs for 
clear (oligotrophic), turbid oceanic and eutrophic inland waters. 
The remnant problems other than the immersion coefficients 
such as transmission, air-water and water-air Fresnel’s 
reflectances are also discussed. 

9878-3, Session 1

Evaluation of downwelling diffuse 
attenuation coefficient algorithms in the 
Red Sea
Surya Prakash Tiwari, Yellepeddi V. Sarma, Burton H. 
Jones, King Abdullah Univ. of Science and Technology 
(Saudi Arabia)

Despite the importance of the optical properties such as the 
downwelling diffuse attenuation coefficient for characterizing 
the upper water column, until recently no in situ optical 
measurements have been published regarding the Red Sea. 
Kirby et al. (1993) used observations from the Coastal Zone 
Color Scanner to characterize the spatial and temporal 
variability of the diffuse attenuation coefficient (Kd(490)) 
in the Red Sea. To better understand optical variability and 
its utility in the Red Sea, it is imperative to comprehend 
the diffuse attenuation coefficient and its relationship to in 
situ properties. Two apparent optical properties, spectral 
remote sensing reflectance (Rrs) and the downwelling diffuse 
attenuation coefficient (Kd), are calculated from vertical profile 
measurements of downwelling irradiance (Ed) and upwelling 
radiance (Lu). Kd characterizes light penetration into water 
column that is important for understanding both the physical 
and biogeochemical environment, including water quality 
and the health of ocean environment. Our study tests the 
performance of the existing Kd(490) algorithms in the Red Sea 
and compares them against direct in situ measurements within 
various subdivisions of the Red Sea. Most standard algorithms 
either overestimated or underestimated with the measured 
in situ values of Kd. Consequently, these algorithms provided 
poor retrieval of Kd(490) for the Red Sea. Random errors were 
high for all algorithms and correlation coefficients (r2) with in 
situ measurements were quite low. Hence, these algorithms 
may not be suitable for the Red Sea. Overall, statistical analyses 
of the various algorithms indicate that the existing algorithms 
are inadequate for the Red Sea. The present study suggests 
that reparameterizing existing algorithms or developing new 
regional algorithms is required to improve retrieval of Kd(490) 
for the Red Sea.

9878-4, Session 1

Estimation of turbidity in turbid coastal 
waters using satellite data
Anuj Kulshreshtha, Palanisamy Shanmugam, Indian 
Institute of Technology Madras (India)

The assessment of water clarity of any regional water body 
is particularly important from ecological and water quality 
perspectives, especially in the regions which are highly 
influenced by sediment run-off and seasonal fluctuations 
in turbidity. The ocean colour remote sensing has played a 
significant role in monitoring the turbidity level in marine and 
inland water bodies. However, algorithms to accurately estimate 
the turbidity in such optically complex waters are scarce or 
limited by high level of uncertainty due to various issues. 
The present study proposes a simple, two band algorithm to 
estimate turbidity in both turbid and clear waters. It was found 
that the band ratio of remote sensing reflectance (Rrs(670)/
Rrs(555)) represents the proxy of TSS (Total suspended 
sediment) and therefore, positively correlates to turbidity. The 
new algorithm is based on the assumption that light reflected 
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in these two vital bands contains the essential information 
relating the total suspended matter in the water column. The 
statistical results showed that the percent mean relative error 
between predicted turbidity and measured turbidity was within 
±20%. To further demonstrate the robustness of the present 
algorithm, the spatial grid contours for the measured and the 
predicted turbidity was generated for month of January 2014, 
August 2013 and May 2012 for coastal waters in Bay of Bengal 
(Point Calimere, located in southeast coast of India). The close 
consistency between predicted and measured turbidity spatial 
patterns revealed that the present algorithm can be applied 
with high confidence to predict turbidity in both turbid and 
clear waters. 

9878-5, Session 1

Development of de-striping technique 
for push-broom ocean colour sensors
Abhinav Gummalla, Devi Varaprasadarao Thumu, 
Choudhury S. B., Rao K. H., National Remote Sensing Ctr. 
(India)

Ocean Colour sensors provide information in the VNIR region, 
In push broom type the detectors are made up of CCDs. Due to 
poor calibration and / or degradation of sensor with time the 
CCD gains drift from its lab measured gain.While measuring the 
optical signal from the ocean surface change in gain of sensor 
leads to stripes in the optical image? .These stripes obscures 
the original oceanic features and appears as noise in data. 
Hence, there is a need to develop an algorithm to remove the 
stripes and get a smooth geophysical data product. The current 
technique is based on the Gaussian Adaptive algorithm to 
de?stripe the image. It is based on the statistical estimation of 
each detector gain from the observed image, assuming a linear 
response.Both theoretical and practical behaviors are studied. 
Our technique is shown to outperform simpler techniques 
based on column averages in terms of gain estimation precision 
while keeping the computational cost within admissible limits. 
This automated algorithm works on scene?based image 
analysis to estimate the compensation factor for each detector.
It has been found that the proposed algorithm brings down the 
striping significantly between the original and the corrected 
geophysical product. 

9878-59, Session 1

Preliminary results of an algorithm to 
determine absorption coefficient due to 
the phytoplankton: an effective tool to 
identify phytoplankton types
Suresh Thayapurath, Albertina Dias, Madhubala 
Talaulikar, National Institute of Oceanography (India); 
Erwin J. A. Desa, Goa Univ. (India); Aneesh A. Lotliker, 
Indian National Ctr. for Ocean Information Services 
(India)

The inherent optical property of absorption is an additive 
quantity and the absorption of water is a contribution of 
CDOM, detritus and phytoplankton. An algorithm to determine 
the spectral absorption coefficient of phytoplankton is 
presented. Here the total absorption is derived using an 
algorithm based on the Gershun’s equation of. The second 
algorithm derives the combined absorption of CDOM and 
detritus. This allows determining the absorption due to 
phytoplankton from the total absorption coefficient. This 
method has been validated with the measured absorptions for 
the coastal and estuarine waters of Goa at 412,440, 488, 510, 
532, 555, 650 and 676 nm. The total absorptions derived using 
the algorithm compared well with the measured, while the 
merged absorption of CDOM and detritus from the algorithm 
correlated well with the measured. The absorptions due to 
phytoplankton derived correlated well the measured retaining 

the spectral shape of the measured. Since the derived spectral 
shape of phytoplankton absorption matched well with the 
measured, this method allowed identifying the absorptions 
peaks associated with pigments of the phytoplankton. 
The absorptions due to phytoplankton pigments derived 
using this method were able to identify the Trichodesmium 
blooms correctly using its characteristic pigments such PUB, 
phycourobilin pigment and PEB, phycoerythrobilin with the 
derived absorptions of phytoplankton at 488 and 532 nm. 
This method thus has the potential to classify phytoplankton 
functional types from the satellite data.

9878-47, Session PTA2

Extraction of marine debris in the Sea 
of Japan using high-spatial-resolution 
satellite images
Takashi Aoyama, Fukui Univ. of Technology (Japan)

The flow of marine debris in the Sea of Japan causes extensive 
damage to coastal environments. It is important to understand 
debris flow in the ocean for environmental research. The 
small size of most marine debris in the Sea of Japan means 
that marine debris cannot be confirmed directly, even when 
using high-spatial-resolution satellite imagery. Thus, in order 
to extract candidate pixels containing possible marine debris, 
pixels with spectra that differ from those of the surrounding 
ocean and the wave crests were identified. As a first step 
towards monitoring marine debris, a method for identifying 
marine debris floating on the Sea of Japan has been proposed 
that uses a histogram showing the distance from the regression 
line of the scatter diagram of satellite spectral bands. A simpler 
method using spectral angle mapper in four dimensional space 
of Band 1 ~ Band 4 has been also proposed.

9878-48, Session PTA2

Exploratory normalized difference water 
indices for semi-automated extraction of 
Antarctic lake features
Shridhar D. Jawak, Alvarinho J. Luis, National Ctr. for 
Antarctic & Ocean Research (India)

The present study deals with various normalized difference 
water indices (NDWI) to delineate lakes from Schirmacher 
Oasis, East Antarctica, by using a very high resolution 
WorldView-2 (WV-2) satellite imagery. Schirmacher oasis 
region hosts a number of fresh as well as saline water lakes, 
such as, epishelf lakes, open or landlocked lakes, which are 
completely frozen or semi-frozen and open state. Hence, 
detecting all these lakes distinctly on satellite imagery was 
the major challenge as the spectral characteristics of various 
types of lakes were identical to the other land cover targets. 
Multiband spectral index pixel-based approach is most 
experimented and recently growing technique because of its 
unbeatable advantages such as its simplicity, comparatively 
lesser amount of processing-time consuming. In present study, 
semiautomatic extraction of lakes in cryospheric region was 
carried out by designing specific spectral indices. The study 
utilized number of existing spectral indices to extract lakes 
but none could deliver satisfactory results and hence we 
explored new NDWI methods. The potentials of newly added 
bands in WV-2 satellite imagery was explored by developing 
spectral indices comprising of Yellow (585 – 625 nm) band in 
combination with Blue (450 – 510 nm), Coastal (400 – 450 nm) 
and Green (510 – 580 nm) bands. In this study, for extraction of 
frozen lakes by using Yellow (585 – 625 nm) and near-infrared 
2 (NIR2) band pair and Yellow and Green band pair worked 
well, whereas for open lakes extraction, combination of Blue 
and Coastal band yielded appreciable results which when 
compared with manually digitized data provided a good match. 
The results suggest that the new NDWI approach rendered bias 
error varying from ~1 to ~34 m2.
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9878-49, Session PTA2

High-resolution multispectral satellite 
imagery for extracting bathymetric 
information of Antarctic shallow lakes
Shridhar D. Jawak, Alvarinho J. Luis, National Ctr. for 
Antarctic & Ocean Research (India)

High resolution pansharpened images from WorldView-2 
were used for bathymetric mapping around Larsemann Hills 
and Schirmacher oasis, east Antarctica. We digitized the lake 
features in which all the lakes from both the study areas were 
manually extracted. In order to extract the bathymetry values 
from multispectral imagery we used two different models: (a) 
Stumpf model and (b) Lyzenga model. In the present study, 
multiband image combinations were used to improve the 
results of bathymetric information extraction. The derived 
depths were validated against the in-situ depth measurements 
and root mean square error (RMSE) was computed. We 
quantify the error between in-situ measured and satellite-
estimated lake depth values for lakes under study. Our results 
indicate a high correlation (R = 0.6~0.8) between estimated 
depth and in-situ depth measurements, with RMSE ranging 
from 0.1 to 1.3 m. This study suggests that the coastal blue 
band in the WV-2 imagery could retrieve accurate bathymetry 
information compared to other bands. To test the effect of size 
and dimension of lake on bathymetry retrieval, we distributed 
all the lakes on the basis of size and depth (reference data), 
as some of the lakes were open, some were semi frozen and 
others were completely frozen. Several tests were performed 
on open lakes on the basis of size and depth wise distribution. 
Very shallow lakes provided better correlation (≈ 0.8) 
compared to shallow (≈0.6) and deep lakes (≈ 0.4) for depth 
wise lake distribution. In case of size distribution, large lakes 
yielded better correlation in comparison to medium and small 
lakes.

9878-50, Session PTA2

Accelerating Monte Carlo radiative 
transfer simulation of ocean using CUDA 
technique
Keping Du, Beijing Normal Univ. (China); Kun Xue, 
Nanjing Institute of Geography and Limnology (China); 
Zhongping Lee, Univ. of Massachusetts Boston (United 
States)

Radiative Transfer Equations (RTE) of water body are complex 
integro-differential equations, which can be solved by different 
numerical methods, e.g., Monte Carlo ray tracing, invariant 
imbedding, and discrete ordinates. Monte Carlo methods are 
powerful technique, which can be used in any water body, 
even those whose boundary conditions and inherent optical 
properties (IOPs) vary in three dimensions, however, Monte 
Carlo methods are computationally costly, which limits their 
use for many problems in optical oceanography. In this paper, 
a new kind of acceleration technology to accelerate the ocean 
radiative transfer simulation, using the CUDA-enabled graphics 
processing unit (GPU) is presented. With their helps, it is easy 
to code on NVIDIA GPUs and there is no need to worry about 
the hardware details of a specific GPU. Firstly, some basic 
ideas of ocean radiative Monte Carlo simulation is introduced. 
Finally, GPU programs for ocean radiative transfer simulation 
are implemented, and the performances of two GPUs (NVIDIA 
GTX 670 GPU, NVIDIA Quadro 6000 GPU) with their CPU 
counterparts are compared. From our numerical results, 
over hundreds of times speedup of some simple problem is 
achieved compared with that obtained using CPU.

9878-51, Session PTA2

Morphometric analysis in Mahana River 
basin, a tributary of the Tons River: 
using geo-spatial technologies (GIS and 
remote-sensing techniques) in Rewa 
District [m.p], India
Sarvesh Tripathi, Univ. of Allahabad (India)

Morphometry (quantitative geomorphic) is the measurement 
& mathematical analysis of relief & fluvial characteristic , 
configuration of the earth surface . The paper deals with 
morphometric analysis of the Mahana Drainage basin of (A 
tribuatiry of the Tons river system) located in Rewa district 
[M.P] India . calculated by using information extracted from the 
maps, aerial photography , Satellite imageries & data obtained 
from the field survey of region . 
The drainage basin extends from 24° 30’N to 25° 00’’ 
N latitudes and 81°20’ E to 81° 45’’ E longitudes, covers 
1238.62 sq k.m. which have been determined with the help 
of topographical maps of 1:50,000 scale. Total length of 
area 141 k.m. This region is situated in the subduction zone 
of Indo-Australian plate and Eurasian plate therefore the 
region is geologically very sensitive and influences the fluvial 
characteristics of entire Mahana river basin.
The analysis & calculations in the paper has totally been based 
on GIS & Remote sensing analysis techniques . The information 
is directly obtained by the application of formulae ,evaluation 
of the morphometric parameters requires- prepration of 
drainage map, ordering the different streams & measurements 
of catchment area , prepration of relative relief, relief ratio, 
length of ratio and constant channel maintenance, which help 
school ocirculatory in the characterization of the drainage 
basin. 

9878-52, Session PTA2

Optical multispectral remote sensing of 
ocean surface
Victor I. Titov, Victor V. Bakhanov, Alexander Luchinin, 
Institute of Applied Physics of the RAS (Russian 
Federation); Irina Repina, A.M. Obukhov Institute of 
Atmospheric Physics (Russian Federation)

The principles of optical multispectral remote sensing of 
ocean surface from UV to IR are discussed. The mechanism 
of sea wave visibility taking into account sky radiance and 
own radiance of sea surface for various angles of incidence 
is investigated. The deposit of subsurface backscattered 
radiance to the radiance of sea surface is calculated also. The 
measured and modeled sky radiance distribution was used in 
the calculations.
The principles for retrieving of sea roughness characteristics, 
pollutions of sea surface and near surface winds by its 
manifestations on waved surface under grazing angles based 
on the comparison of measured and modeled surface radiance 
is discussed. 
A set of original optical multispectral devices for recoding RTI 
images using linear arrays of CCD-photodiodes was created. 
The set consist from synchronized optical receivers with narrow 
band optical interference filters. It is possible to form images of 
sea surface for various optical wave lengths from UV to near IR 
with spectral resolution about 5 nm -10 nm.
The methods are verified in natural conditions using developed 
set of multispectral optical devices. The experiments were 
conducted simultaneously with the optical set and the buoy 
equipped with wave-recording gauge and wind sensors placed 
on various height above sea level. 
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9878-53, Session PTA2

Wind wave variability by inhomogeneous 
currents in the neighborhood underwater 
elevation
Victor V. Bakhanov, Nikolai A. Bogatov, Alexei V. 
Ermoshkin, Victor I. Titov, Institute of Applied Physics of 
the RAS (Russian Federation)

Complex experiments were performed in the shelf zone of 
the Black Sea in 2015 to study variability of the current fields 
and other characteristics of sea bulk, wind waves, and the 
near-surface atmospheric layer. Region with the secluded 
underwater hill streamlined with currents was selected. 
Measurements were carried out from the onboard of vessels 
on move and in drift by optical, radar, acoustic equipment, and 
STD probe.
The complex different structure of waters, which was formed 
under the influence of shelf waters and water of the open sea 
interaction, was observed during the experiment. The analysis 
of measurements in the water column showed that that the 
flow around underwater elevation forms the hydrophysical 
disturbances of marine environment. Maximum flow observed 
above the slopes of underwater elevation and reach 50 cm/s. 
Wind speed varied from 0 to 10 m/s.
On radar panoramas in the region of underwater elevation is 
observed the appearance of the wave structure, different from 
the background wind waves. This anomaly on the sea surface 
is connected with non-uniform current in the neighborhood 
underwater elevation.
The investigation of long surface wave’s transformation above 
underwater elevation was conducted with the aid of the 
optical method for determination of their spectral – kinematics 
characteristics by the RTI images of sea surface (RTI images 
are range – time – intensity images). The preliminary result on 
variations of the sky brightness caused probably by variability 
of the concentration of near surface atmospheric aerosol in 
zone of the underwater elevation was derived.

9878-54, Session PTA2

Simulation of North Gujarat Flood using 
satellite information and hydrological 
model
Praveen K. Gupta, Amit Dubey, Prakash Chauhan, Space 
Applications Ctr. (India)

Rajasthan border and adjoining Gujarat region experienced 
deep depression and resulted into very heavy rains in the 
region during 25-29 July, 2015. Hence, incessant rainfall in this 
region created flood situation. Pre flood event, North Gujarat 
was the most rain-deficient region with just 19% of average 
annual rainfall (AAR). However, post heavy rains, the region 
has received nearly 70% of AAR. To simulate the flood event, 
a catchment was delineated using the DEM and considering 
the rivers flowing from the flood hit regions (Banas, Arjuna, 
Umerdas, Saraswati etc.). Flood water simulations were 
done using the hybrid technique (coupling curve number 
model with 2D-over land flow model) and integrating remote 
sensing derived products such as rainfall (NOAA CPC; IMD; 
GDMC), Land cover (AWiFS) and DEM (SRTM) for the period 
25-29 July, 2015. Rainfall based runoff has been estimated 
using the curve number model whereas estimated runoff 
has been routed using the two dimensional overland flow 
model. Flood wave propagation was studied during the study 
period and it has been observed that water inundation started 
from 27th July and reached to peak by 29th July 2015. Daily 
simulated spatial maps of surface water extent and depth were 
generated. Parts of Banaskantha, Patan, Mehsana and Sirohi 
districts experienced severe flood. Major town/cities Kankrej, 
Radhanpur, Sami, Vav, Tharad, Dhanera, Deesa and Sidhpur and 
Talukas/villages Hanj, Lakhani, Suigam, Bhabhon, Danta etc. 
experienced severe flood in North Gujarat whereas in Rajasthan 

border severe flood was obtained in Abu-road and Pindwara. 
For validation, spatial extent of the inundated water for the 
29th July has been compared with the passive radiometer 
(AMSR-2) derived soil wetness. Although soil moisture product 
is at coarser scale (10x10 km grid cell) but spatial pattern of 
flooded water matched very well. A close match between 
altimeter (Jason-2; date of pass 29 Jul, 2015) retrieved water 
level over Arjuna river (1.76 m) and model simulated water level 
(1.79 m) has also been obtained. Remote sensing observations 
for soil wetness and river water levels have played vital role 
for the verification of the results. Method may be used for 
predicting the likely inundated areas in response to forecasted 
heavy rainfall. 

9878-55, Session PTA2

Spatio-temporal changes observed in 
supra-glacial debris cover, Chenab Basin, 
Western Himalaya
Vinay Kumar Gaddam, Parmanand Sharma, Lavkush 
K. Patel, Thamban Meloth, Ajit Singh, National Ctr. for 
Antarctic & Ocean Research (India)

The response of debris covered glaciers to climate change is 
complex. Presence of debris cover influences the glaciers in 
two different ways depends on its composition. Thick debris 
cover retards the melting of underlying ice whereas the 
thin layer of debris accelerates the melting. Also, the debris 
cover alters the surface energy balance, affects the sediment 
transportation capacity and may also lead to the glacier 
fragmentation, if stagnant at terminus. Therefore, evaluating 
the changes in supra-glacial debris cover is needed. In this 
study, ~185 glaciers were selected from Chenab (Chandra- 
Bhaga) basin to study the changes in supra-glacial debris cover 
from 1994 to 2009. A semi-automatic approach is used along 
with Landsat TM imagery to evaluate the changes. Further, 
depending on the size of glaciers, they were divided into four 
classes ie., 2-5, 5-10, 10-20 and more than 20 km2 and The 
significant increase in debris cover observed between 1994 and 
2009 is 1.83 ± 1.6 km2, respectively. 

9878-56, Session PTA2

Effect of phytoplankton community 
structure on estimation of chlorophyll-a 
concentration from satellite observations 
in the Antarctic water
Babula Jena, National Ctr. for Antarctic & Ocean 
Research (India); Harilal B. Menon, Goa Univ. (India)

Phytoplankton biomass is one of the essential parameter for 
estimation of primary production and study of CO2 dynamics. 
The observations are important to link the role of Antarctic 
Ocean pelagic ecosystem in the global biogeochemical 
cycle. This paper describes about the performance of current 
global and regional optimised algorithms for estimation of 
chlorophyll-a (Chl-a) concentration from satellite observations 
in the Antarctic waters. Analysis carried out to understand the 
effect of phytoplankton pigment composition and pigment 
packaging on remote sensing reflectance [Rrs(?)], through 
phytoplankton specific absorption coefficient [aph*(?)]. 

9878-57, Session PTA2

Historic shoreline change assessment 
using multi-spatio-temporal techniques 
along the Odisha Coast
Mary Divya Suganya, National Ctr. for Sustainable 
Coastal Management (India); Madhumitha Rajakanthan, 
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National Ctr. for Sustainable Coastal Management 
(India); Purvaja Ramachandran, National Ctr. for 
Sustainable Coastal Management (India); Ramesh 
Ramachandran, National Ctr. for Sustainable Coastal 
Management (India)

Shoreline change variations influenced by natural and 
human induced factors is a rudimentary investigation for 
economic, social and environmental concerns. The location of 
shoreline variations in both spatial and temporal changes are 
investigated for measuring erosion/accretion trends. This study 
utilizes satellite images to assess historic shoreline changes 
for Odisha coast, which covers approximately 480 km of the 
coastline. Although the shoreline has a simplified definition as 
the intersection of land–water interface, due to its dynamic 
nature, it is essential to estimate historical data. Shoreline 
response for the Odisha coast was studied for ~40-year long-
term and 12-year short-term series using Digital Shoreline 
Analysis System (DSAS) model developed by United States 
Geological Survey (USGS) in ArcGIS environment. Erosion 
and Accretion rates for six coastal districts were studied using 
Linear Regression Rates (LRR) for both long- and short term 
time series.
Overall, long-term change result shows that 38% erosion, 42% 
accretion and 20% stable coast, while in short-term period, 
it is observed that 33% erosion, 51% accretion and 16% stable 
coast. Long-term series showed maximum erosion rate of 13.99 
m/yr at the spit of Devi river mouth on the southern side and 
accretion of 32.09 m/yr observed at Hatamundia Mangrove 
reserve forest. Short-term series observed maximum erosion 
rate of 28.46 m/yr north of Jatadharmohan Nadi due to lack of 
sediment supply from the river mouth and accretion of 39.34 
m/yr observed at south of Panchapara river mouth. In general 
the rates of short-term were same as the long-term change 
rates, however short-term change results shows that shoreline 
is more fluctuating on a seasonal time scale. Observations on 
the changing shoreline dynamics has helped to understand the 
dominant coastal processes and the need for implementation 
of coastal management in a sustainable manner.

9878-60, Session PTA2

Preliminary results of algorithms to 
determine horizontal and vertical 
underwater visibilities of coastal waters
Suresh Thayapurath, Shreya Joshi, Madhubala Talaulikar, 
National Institute of Oceanography (India); Erwin J. A. 
Desa, Goa Univ. (India)

Algorithms developed for underwater horizontal and vertical 
visibilities are presented. The algorithms have been developed 
to derive the underwater visibilities based on the contrast 
theory using the in-situ and Hydrolight derived optical 
parameters. Unlike many other algorithms on vertical visibilities, 
these algorithms have been developed using the photopic 
optical parameters. One of the important components in the 
contrast visibility relation is the coupling parameter, which has 
been modelled using the underwater average cosine. These 
algorithms for vertical and horizontal visibilities have been 
validated for the coastal waters of Goa with the measured and 
those derived from the ocean color data of OCM-2 and MODIS.

9878-6, Session 2

Optimization of spectral bands for 
ocean colour remote sensing of aquatic 
environments
P. V. Nagamani, National Remote Sensing Ctr. (India) 
and Indian Space Research Organisation (India); Aneesh 
A. Lotliker, Indian National Ctr. for Ocean Information 
Services (India); Ranganath R. Navalgund, Indian Space 

Research Organisation (India); Vinay K. Dadhwal, Kalluri 
H. Rao, National Remote Sensing Ctr. (India) and Indian 
Space Research Organisation (India); T. Srinivasa Kumar, 
Indian National Ctr. for Ocean Information Services 
(India); T. Preethi Latha, National Remote Sensing Ctr. 
(India) and Indian Space Research Organisation (India)

Selection of central wavelengths, bandwidths and number of 
spectral bands of any sensor to be flown on a remote sensing 
satellite is important to ensure discriminability of targets and 
adequate signal-to noise ratio for retrieval of parameters. In 
recent years, a large number of spectral measurements over 
a wide variety of water types in the Arabian Sea and the Bay 
of Bengal have been carried out through various ship cruises. 
It was felt pertinent to use this precious data set to arrive 
at meaningful selection of spectral bands and their widths 
of the ocean colour sensor to be flown on the forthcoming 
Oceansat-3 of ISRO. According to IOOCG reports and studies 
by Lee and Carder it is better for a sensor to have ~15 bands 
in the 400-800 nm range for adequate derivation of major 
properties (phytoplankton biomass, colored dissolved organic 
matter, suspended sediments, and bottom properties) in both 
oceanic and coastal environments from observation of water 
color. 
In this study, ~400 hyperspectral remote-sensing reflectance 
spectra (spectral range varies from ~380-800 nm) covering 
different water types like open, coastal, near coastal and off 
shore waters have been used to identify the suitable spectral 
bands for OCM-3. Central wavelengths were identified based 
on the results obtained from hyperspectral underwater 
radiometer, HPLC and spectrometer analyzed data for Rrs, 
pigments and absorption spectra for all the above water types. 
Apart from this derivative analysis has been carried out from 
1st to 5th order to identify the inflection and null points for 
better discrimination / identification of spectral peaks from 
the in-situ Rrs spectra. The results show that Open Ocean and 
coastal ocean waters spectra showed peaks in blue, green for 
open ocean waters and red bands for the turbid coastal water 
detection and for chlorophyll fluorescence peak detection. 
Based on these results 15 spectral bands were proposed in the 
VNIR region. In order to obtain water leaving radiances from 
the measurements at spacecraft platform, it is necessary to 
do atmospheric correction. Hence, a set of bands have been 
short listed for OCM-3 sensor including those for atmospheric 
correction.

9878-7, Session 2

Retrieval of harmful algal blooms in the 
West Florida shelf from VIIRS satellite 
observations using neural networks and 
comparisons with other techniques
Samir Ahmed, Ahmed Elhabashy, The City College of 
New York (United States); Vincent Lovko, Mote Marine 
Lab. (United States)

Neural network approaches are described using Ocean Color 
Remote Sensing Reflectance readings (OC Rrs) available from 
the Visible Infrared Imaging Radiometer Suite (VIIRS) bands 
to detect and retrieve Karenia brevis (KB) Harmful Algal 
Blooms (HABs) that plague coasts of the West Florida Shelf 
(WFS). Unfortunately, VIIRS, unlike MODIS, does not have a 
678 nm chlorophyll-a fluorescence channel, normally used 
with normalized fluorescence height (nFLH) algorithms for 
detecting and tracking KB HABs. We report on the application 
of neural networks (NNs) previously developed and reported 
by us, to retrieve the values of phytoplankton absorption at 
443 nm (aph443) in VIIRS images of the WFS from Rrs values 
derived from observations at the 486, 551 and 671 nm existing 
VIIRS bands. These NN retrieved aph443 values, which can 
be co-related with [Chla] values, are then filtered by applying, 
limiting conditions relating to (i) the minimum chlorophyll-a 
concentrations [Chla] and (ii) low backscatter, and by proxy 
low Rrs 551nm values, known to be associated with KB HABS 
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in the WFS, to the values in the retrieved VIIRS images. The 
residual images after application of the filters then represent 
[Chla] values compatible with KB HABS, and can then used to 
identify, delineate and quantify existing KB HABS in the WFS. 
Comparisons with both off-shore and in-shore in-situ WFS 
KB HAB measurements and retrievals using other techniques, 
including nFLH, confirm viability of both the NN and filtering 
approaches devised for KB HABS retrievals.

9878-8, Session 2

Estimating chlorophyll-a concentration 
in Chilika Lake using in-situ and satellite 
data (Oceansat-2 OCM and Landsat-8 
OLI sensors)
Syed Moosa Ali, Arvind Sahay, Mini Raman, Anurag 
Gupta, Space Applications Ctr. (India)

Chilika Lake is a largest brackish water lagoon in the Asian 
continent and is a very good site for studying case-3 waters 
from satellite data. The bio optical characterization of the 
lagoon and its continuous monitoring is possible with the help 
of Ocean color Remote Sensing satellites like Oceansat-2 OCM 
and MODIS as well as with the help of Landsat-8 OLI sensor. 
In-situ data collection was carried out in Chilika lagoon, Odisha 
(India) during 18-24 September-2014. Satlantic under water 
radiometer was used to collect Radiance/ Reflectance data 
in the floating mode at 30 stations out of which data at 24 
stations was included in this study after quality check. At these 
stations simultaneous measurements of chlorophyll-a was 
done using YSI probe. Slope ratio algorithm was developed 
to estimate chlorophyll-a concentration using Landsat-8 
OLI sensor whereas band-ratio algorithm was developed for 
Oceansat-2 OCM sensor. Slope of the Rrs (Remote Sensing 
Reflectance) spectra was calculated between wavelengths 
561-655 nm and 483-561 nm and their ratio was correlated 
with the chlorophyll-a concentration, giving a linear relation 
with r2 equals 0.8179. The slope-ratio algorithm was applied 
to Landsat-8 data of the dates 11th Sep, 27th Sep, 29th Oct 
and 14th Nov-2014 and the chlorophyll-a values was validated 
with the Buoy data. Band-Ratio algorithm developed for OCM 
sensor uses Maximum Band Ratio- Max (Rrs443, Rrs490, 
Rrs510)/Rrs740. The ratio was correlated with chlorophyll-a 
concentration, giving a logarithmic relation with r2 - 0.87. 
The algorithm was applied on Oceansat-2 OCM data and the 
validation of chlorophyll-a values was similarly done.

9878-9, Session 2

Remote sensing of nitrate along the 
northwest Bay of Bengal coastal water 
using in situ data based models
Ranjit K. Sarangi, Space Applications Ctr. (India); 
Saumya Dash, Rajesh K. Behera, Lipika Patnaik, Pradipta 
K. Mohapatra, Ravenshaw Univ. (India)

Nitrate algorithms have been developed for the Odisha coastal 
water with the in situ datasets collected during 2014-15. In 
situ derived chlorophyll, temperature and salinity has been 
linked with nitrate datasets for the study area on monthly and 
seasonal scales. The nitrate algorithms have been developed 
covering Odisha coastal water stations Chandipur, Dhamara, 
Paradip and Astarang with total 120 data points within 1-10 
kilometers of coastal water. Two and three dimensional 
regressions have been plotted for different stations on monthly 
and seasonal scales. The salinity parameter observed to be 
working well in many stations for the algorithm development, 
which is new to this work. The salinity role seems evident due 
to variation in salinity in the north-west Bay of Bengal due 
to many large rivers like Ganges, Mahanadi and tributaries; 
hence the fresh water fluxes and nutrient discharges to 
marine environment. Different functions like linear, polynomial, 

paraboloid and gaussian have been applied for fitting 
the curves related to nitrate algorithm development. The 
correlation have been observed with R2 ranging 0.42-0.88. 
Nitrate images have been generated 1st time for the study 
area using the local scale algorithm using in situ data sets. The 
nitrate images have been generated for the study area using 
MODIS-Aqua derived 8-day composite chlorophyll and sea 
surface temperature (SST) datasets during December 2014 and 
the nitrate concentration ranged 0.01-15?M. In this study, the 
nitrate images would be validated with different in situ datasets 
and more data points, even salinity based nitrate images would 
be interesting for comparison.

9878-10, Session 2

Contribution of ultraviolet and shortwave 
infrared observations to atmospheric 
correction of PACE ocean-color imagery
Robert J. Frouin, Scripps Institution of Oceanography 
(United States); Lydwine S. Gross-Colzy, Capgemini 
Telecom & Media (France)

The PACE mission will carry into space a spectrometer 
measuring at 5 nm resolution in the ultraviolet (UV) to near 
infrared (NIR) and at lower resolution in spectral bands in the 
NIR and shortwave infrared (SWIR). These observations have 
great potential for improving estimates of marine reflectance in 
the post-EOS era. In view of this, we evaluate, using simulations 
with a coupled radiation transfer code, the gain in marine 
reflectance accuracy expected by including observations in 
the UV and SWIR compared with just using observations in the 
visible to NIR. The study is performed for the PACE threshold 
aggregate bands with respect to the standard MODIS set of 
bands used to generate ocean color products. The top-of-
atmosphere (TOA) signal measured by the PACE spectrometer 
is simulated for a variety of realistic atmospheric and 
oceanic conditions. Prior distributions for the aerosol, water 
reflectance, and surface parameters, suitable for utilization 
at a global scale, are used, as well as noise distributions. The 
TOA reflectance and the marine reflectance of the simulated 
ensemble are decomposed into principal components, and 
the components of the TOA reflectance sensitive to the ocean 
signal identified. Inverse models are constructed to retrieve 
the principal components of the marine reflectance, allowing 
a reconstruction, therefore an estimation of the marine 
reflectance. Theoretical performance is quantified as a function 
of angular geometry, aerosol properties, and water type, 
showing a definite improvement in retrieval accuracy when 
using the extended spectral range, especially for situations of 
absorbing aerosols and turbid waters.

9878-11, Session 2

Estimating photosynthetically available 
radiation at the ocean surface for 
primary production (3P Project): 
modeling improvement, uncertainty, and 
application to MERIS imagery
Didier Ramon, Dominique Jolivet, Hygeos (France); 
Robert J. Frouin, Scripps Institution of Oceanography 
(United States)

The goal of the Photosynthetically available radiation (PAR) for 
Primary Production (3P) project is to provide robust, complete, 
and user-friendly satellite radiation products for ecosystem 
modeling, carbon cycle investigations, and climate change 
monitoring. A specific objective is to design and distribute 
a daily PAR product from MERIS and potentially OLCI. In 
view of this, an improved PAR algorithm compared with the 
NASA Ocean Biology Processing Group (OBPG) operational 
algorithm, based on accurate simulations by a Monte Carlo 
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code, is developed. Biases associated with neglecting the 
coupling between the cloud/surface reflectance and the clear 
atmosphere in the PAR model are reduced. Uncertainty is 
evaluated theoretically for a wide range of cloud situations, and 
modeled as a function of observable parameters. This allows 
one to associate a measure of uncertainty to individual PAR 
estimates, on a pixel-by-pixel basis. The algorithm is applied 
to MERIS imagery and evaluated against in situ measurements 
routinely collected from fixed buoys platforms, namely 
BOUSSOLE off the coast of France, CCE-1 and -2 of the West 
coast of the United States, and COVE in the coastal Atlantic 
Ocean. Agreement with measurements is good on daily and 
longer time scales, with negligible bias and acceptable RMS 
accuracy for long-term studies of aquatic photosynthesis.

9878-58, Session 2

Preliminary results of an algorithm 
to determine the total absorption 
coefficient of water
Suresh Thayapurath, Madhubala Talaulikar, National 
Institute of Oceanography (India); Erwin J. A. Desa, Goa 
Univ. (India); Aneesh Lotlikar, Indian National Ctr. for 
Ocean Information Services (India)

An algorithm to determine the spectral total absorption 
coefficient of water is presented. The algorithm is based on 
the Gershun’s equation of a=?K_E. The spectral underwater 
average cosine, ? and vertical attenuation coefficient of 
net irradiance, KE were obtained from radiative simulations 
using Hydrolight with large ins-situ measured data from the 
coastal and estuarine waters of Goa. A refined algorithm 
of Talaulikar et al (2014) is used to determine the spectral 
underwater average cosine. The spectral KE was related to the 
diffuse attenuation coefficient, Kd. The algorithms to derive 
absorption, were validated using an independent NOMAD 
optical data at wavelengths 412,440, 488, 510, 532, 555, 650 
and 676 nm. The performance of the algorithm was evident 
from the high R2, low bias and low RMSE. The values of R2 
at wavelengths 412,440, 488, 510, 532, 555, 650 and 676 
nm were 0.95, 0.95, 0.93,0.93, 0.88, 0.82, 0.62, 0.65 and the 
corresponding bias were -0.0064, 0.0076, 0.0038, 0.0044, 
0.0122, 0.0124, 0.0362, 0.0093 respectively. The algorithms for 
? and KE provide the spectral weighted average within Z90 
and have the advantage of deriving the absorption coefficients 
from the satellite data.

9878-12, Session 3

Offshore pollution monitoring using 
fully-polarimetric X- and C-band 
synthetic aperture radar: a near-real-time 
perspective
Suman Singha, Rudolf Ressel, Susanne Lehner, 
Deutsches Zentrum für Luft- und Raumfahrt e.V. 
(Germany)

Exploitation of polarimetric features for oil spill detection is 
relatively new and those properties have not been used for 
operational services until now. In the last decade, a number of 
semi-automatic and automatic techniques have been proposed 
in order to differentiate oil spill and ‘look-alike’ spots based 
on single pol SAR data, however these techniques suffer 
from a high miss-classification rate which is undesirable for 
operational services. In addition to that, small operational 
spillages from offshore platforms are often ignored as it 
appears insignificant on traditional ‘ScanSAR’ (wide) images. 
In order to mitigate this situation a major focus of research in 
this area is the development of automated algorithms based 
on polarimetric images to distinguish oil spills from ‘look-
alikes’. This paper describes the development of an automated 
Near Real Time (NRT) oil spill detection processing chain 

based on quad-pol RADARSAT-2 and quad-pol TerraSAR-X 
images using polarimetric features (e.g. Lexicographic and 
Pauli Based features). Number TerraSAR-X images acquired 
over known offshore platforms with same day ascending 
and descending configuration along with near coincident 
RADARSAT-2 acquisition. A total number of 10 polarimetric 
feature parameters were extracted from different types of oil 
(e.g. crude oil, emulsion etc) and look-alike spots and divided 
into training and validation dataset. Extracted features were 
then used for training and validation of a pixel based Artificial 
Neural Network (ANN) classifier. Initial performance estimation 
was carried out for the proposed methodology in order to 
evaluate its suitability for NRT operational service. Mutual 
information contents among extracted features were assessed 
and feature parameters were ranked according to their ability 
to discriminate between oil spill and look- alike. Polarimetric 
features such as Geometric Intensity, Co-Polarization Power 
Ratio and Span proved to be more discriminative than other 
polarimetric features.

9878-13, Session 3

A new method for SARAL/AltiKa 
waveform classification: contextual 
analysis over the Maithon Reservoir, 
Jharkhand, India
Surajit Ghosh, Praveen Thakur, Suvajit Dutta, Indian 
Institute of Remote Sensing (India); Rashmi Sharma, 
Space Applications Ctr. (India); Subrata Nandy, Vaibhav 
Garg, Shivprasad Aggarwal, Indian Institute of Remote 
Sensing (India)

The Indian Space Research Organisation (ISRO) and the Centre 
National d’études Spatiales (CNES), jointly, launched SARAL/
AltiKa (Satellite with ARgos and ALtiKa) in February 2013. 
AltiKa is first mono frequency (Ka-band) radar altimeter with 
dual frequency radiometer. SARAL/AltiKa promises reliable 
results on retrieving water level of inland water and coastal 
bodies, though recognition pattern as well as interpreting and 
modeling of AltiKa waveform at land water boundary is still 
a challenge. Different Retracking methods are widely used 
for determining the water level more correctly. An altimetry 
waveform also give vital information about the reflecting 
surface. Waveform classification is many time needed for 
retrieving surface information or before applying retracking 
method. In this paper, SARAL/AltiKa 40 Hz waveform 
dataset over the Maithon reservoir, Jharkhand, India were 
classified using evolutionary minimize indexing function 
(EMIF) with k-means. The fitness function was used as criteria 
for controlling the iterations. Four waveform groups were 
identified according to reflection from water, land and mix 
surface. Using this method waveforms are classified with 
accuracy of 84%. The results of the proposed EMIF will be 
helpful for identify the SARAL/AltiKa waveforms classes over 
the inland water bodies. 

9878-14, Session 3

Oceansat-2 scatterometer winds 50 
km, 25 km, and 12.5 km resolution: 
generation, intra-comparison, inter-
comparison, validation, and evaluation
Shashank K. Mishra, C. Jairam, Rabindra K. Nayak, 
Sasanka Sasamal, Kalluri H. Rao, National Remote 
Sensing Ctr. (India)

Oceansat-2 scatterometer (OSCAT) wind is generated in high 
resolution mode of 25 Km and 12.5 Km from raw data of its 
original 50 km resolution wind. Two-day gridded composite 
wind fields of Oceansat-2 scatterometer (OSCAT) over the 
North Indian Ocean (NIO) region are generated using data 
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interpolation variational analysis (DIVA) software. Since 
OSCAT is currently non-operational, good quality data for the 
entire operational period of OSCAT (2010 – 2013) can serve 
as a precursor for future scatterometer missions of ISRO. 
The gridded two-day composite data is validated using in 
situ buoys and intercompared with Advanced Scatterometer 
(ASCAT) over the NIO. Comparison with buoys is carried out 
under different scenarios, namely location as well as wind 
speed ranges. Intra-comparison for wind speed, meridional 
wind speed and zonal wind speed has been done among 
the respective data sets of 50 Km, 25 Km and 12.5 km. Inter-
comparison with ASCAT has shown that the OSCAT gridded 
product compares well in both annual and seasonal time scales. 
Wind speed showed a positive bias of 0.88 m/s, meridonial 
and zonal component also showed similar pattern with 0.35 
m/s and 0.17 m/s while comparing 25 Km product to 50 Km 
on 3rd and 4th april 2014. 12.5 Km wind data from OSCAT is 
found to be good in comparison to 25 Km and 50 Km as visual 
interpretation of the small scale wind circulation feature was 
clear in 12.5 Km product. The feature was missed in the 25 Km 
and 50 Km product, however absolute validation of 12.5 Km 
product is in progress. Improved understanding of the higher 
resolution data databases will help in application of the large 
vector datasets to understand the fine features. 

9878-15, Session 3

Advantages of high spatio-temporal 
sea-surface height sampling from SWOT 
in understanding the characteristics of 
mesoscale and sub-mesoscale features in 
the North Indian Ocean
Aditya Chaudhary, Rashmi Sharma, Chandra Mohan 
Kishtawal, Indian Space Research Organisation (India)

In this study, we propose to utilize improved spatial sampling 
from the proposed Surface Water and Ocean Topography 
(SWOT) derived sea surface height (SSH) simulated data for 
the better monitoring and analysis of mesoscale and sub-
mesoscale features in the North Indian Ocean. Currently 
available merged product from altimeters has large 
uncertainties due to limited spatial and temporal sampling. 
For this purpose the SWOT mission, which will provide a 
wide swath and high temporal sampling, will open up a novel 
horizon in the field of understanding the sub-mesoscale 
processes. Currently NASA has built a simulator which can 
provide SSH fields sampled over the proposed SWOT track 
with identical temporal sampling. The input data for SWOT 
simulator is from a high resolution ocean model. The simulator 
will generate a SWOT like Sea surface height (SSH) anomaly 
field with all characteristic errors associated with SSH retrieval. 
A complete characterization of uncertainties with respect 
to spatio-temporal sampling associated with mesoscale and 
sub-mesoscale features due to merging of currently available 
altimeters is planned to be studied using synthetic data from 
SWOT simulator. This study will be useful to understand 
uncertainties associated with existing conventional altimeters 
vis-à-vis SWOT in characterization of mesoscale and sub-
mesoscale features in deep sea and coastal waters. 
 

9878-16, Session 3

Validation and assessment of MODIS-
derived sea surface temperature over 
Indian subcontinent
Geetika Tyagi, K. N. Babu, Aloke K. Mathur, Indian Space 
Research Organisation (India); Hitesh Solanki, Gujarat 
Univ. (India)

Daytime Sea Surface Temperature (SST) level-2 swath product 

(1km) of Moderate Resolution Imaging Spectroradiometer 
(MODIS) sensor onboard AQUA and TERRA satellites has 
been analysed for its accuracy in the coastal and open ocean 
of Indian Sub-Continent. The accuracy of satellite skin-SST 
(SSTskin) is established by indirect comparison with collocated 
bulk in-situ measurements of near sea surface temperature 
(SSTdepth) from Met buoys (available from INCOIS) for the 
time period of two years (2013-2014). The statistical results 
show that the Root Mean Square Error (RMSE) of MODIS 
derived SST with buoy data is 0.6 to 0.7 o C on instantaneous 
basis. In addition, we have also attempted to make inter-annual 
comparison for individual sensor performance over Arabian 
Sea and Bay of Bengal and found that the SST products of two 
different sensors agree well over both the regions. Detailed 
analysis of the SST products from two satellites over Arabian 
Sea and Bay of Bengal with respect to pre-monsoon, monsoon 
and post-monsoon periods will be discussed later.

9878-18, Session 4

Dark spot detection for characterization 
of marine surface slicks using PolSAR 
remote sensing
Shashi Kumar, Hari P. Kattamuri, Shefali Agarwal, Indian 
Institute of Remote Sensing (India)

Ocean is considered as an important source for oil reserves 
and continuous activities like transportation. Oil extraction 
and transportation may sometimes cause the accidental 
release of oil into the sea surface which causes a major threat 
to the marine ecosystems, economy and human life. The 
prime focus of this research was to explore the potential of 
the fully polarimetric SAR (PolSAR) data and to analyze the 
different scattering mechanisms for the dark spot detection 
of oil spilled regions. In this study the fully polarimetric and 
orthorectified, L-band data of UAVSAR airborne sensor was 
used which was captured on June 22, 2010, during which the 
Deepwater Horizon oil spill occurred in the Gulf of Mexico. For 
the detection of oil spill, different decomposition techniques 
such as Freeman, Yamaguchi and H/A/? were studied and 
classified using Wishart classification. Freeman and Yamaguchi 
decomposition helped in understanding the type of scattering 
mechanism taking place in slick covered regions, sea surface 
and in the presence of ships. A set of polarimetric parameters 
such as magnitude of correlation coefficient, cross product 
of co-polarized channels, anisotropy, alpha ,entropy and the 
intensity of the coherency matrix were studied which helped 
in distinguishing the oil spills, sea surface and the look-alikes. 
The Wishart classification result of Freeman and Yamaguchi 
decompositions showed more reliable results.The entropy, 
anisotropy and magnitude of correlation coefficient are 
dependent on the angle of incidence. At low incidence angle 
the entropy values of oil spills were similar to that of the sea 
surface and magnitude of correlation coefficient which was 
a function of dielectric constant, increases for oil spills at low 
incidence angle. The polarimetric parameters, decomposition 
modelling and polarimetric classification of PolSAR data 
provided good discrimination between the oil spills and the sea 
surface. 

9878-19, Session 4

2D ocean waves spectra from space: a 
challenge for validation
Alexis Mouche, Ifremer (France); Fabrice Collard, Ocean 
Data Lab. (France); Harald Johnsen, Norut Tromsø 
(Norway); He Wang, National Ocean Technology Ctr. 
(China); Daniele Hauser, LATMOS (France); Bertrand 
Chapron, Ifremer (France)

Sentinel-1 A now routinely acquires data over the ocean. ESA 
processes Sentinel-1 data through the Payload Data Ground 
Segment up to Level-2 for Copernicus users. Level-2 consists 
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of geo-located geophysical products for wind, wave and 
ocean current applications. In particular, Sentinel-1A wave 
measurements provide 2-D ocean swell spectra (2-D wave 
energy distribution, function of wavelength and direction) as 
well as classical integrated parameters such as significant wave 
height, dominant wavelength and direction. In 2018, CFOSAT 
(China France Oceanography Satellite project), a joint mission 
from the Chinese and French Space Agencies, will be launched 
and will also provide 2-D Ocean waves spectra of from swell 
and wind sea. 
This paper focuses on 2D-ocean waves as measured by 
Satellite and the validation of these measurements. IFREMER, 
CNRS together with other partners such as NOTC and CNES 
are developing dedicated methodologies for validation:
(i) For each satellite ocean swell spectrum measurement, 
a directional spectrum is systematically produced with co-
located WAVEWATCH III numerical wave model. Within just a 
few months, this co-location provides a huge reference dataset 
that can be used for a statistical assessment of the Satellite 
performances in all configurations (dependences on incidence 
and polarization for all acquisition modes).
(ii) As very few acquisitions are available in coastal areas 
where in-situ buoys are deployed, we perform a dynamical co-
location.This method allows propagating wave measurements 
acquired by Sentinel-1 A in open ocean up to the closest in-situ 
buoy for comparison.
(iii) The refocusing technique coupled to the propagation 
(a called fireworks) will be used for significant wave height 
validation. Such method will be particularly interesting for 
cross-comparison and inter-calibration of Sentinel-1 A and B.
(iv) More classical methods such as co-location against 
altimeters are also used and will be presented as well. 
(v) A Dedicated validation campaign based on airborne data 
will be organized. Preparation campaigns have already been 
done. Results will be shown to assess the performances of a 
airborne radar.
All these aspects will be illustrated on existing satellite and 
airborne data

9878-20, Session 4

Development of water level estimation 
algorithms using SARAL/Altika dataset 
and validation over the Ukai Reservoir, 
India
Shard Chander, Debojyoti Ganguly, Mini Raman, Prakash 
Chauhan, Space Applications Ctr. (India)

Water level was retrieved, using Altika radar altimeter onboard 
the SARAL satellite, over Ukai reservoir using modified 
retrieval algorithms specifically for inland water bodies. The 
methodology was based on waveform classification, waveform 
retracking and dedicated inland range corrections algorithms. 
The 40 Hz waveforms were classified based on the linear 
discriminant analysis (LDA) and Bayesian classifier. Waveforms 
were retracked using Brown, Threshold, and Offset Centre of 
Gravity methods. Full waveform and sub-waveforms (only one 
leading edge) were analyzed separately for each retracking 
algorithm for estimating the improvement in the estimated 
range. ECMWF/NCEP reanalysis pressure fields and global 
ionosphere maps were used to exactly estimate the range 
corrections. The microwave and optical images were used for 
estimating the extent of the water body and altimeter track 
location. Four GPS field trips were conducted, same day on 
the SARAL pass, using two Dual frequency GPS. One GPS was 
mounted close to Dam as static mode and the other was used 
on a moving vehicle within the reservoir in Kinematic mode. 
Tide gauge dataset was provided by the flood cell, Ukai dam 
authority for the time period 1972-2015. The altimeter retrieved 
water level results were then validated with the GPS survey & 
in-situ tide gauge dataset. Retracker especially designed for 
multi-peak waveform, work best with overall RMSE 8±2 cm. The 
results supports that AltiKa dataset, due to smaller foot-print 

and sharp trailing edge of Ka band waveform, can be utilized 
for more accurate water level information over inland water 
bodies. 

9878-21, Session 5

Storm surge observed by Chinese HY-2A 
satellite radar altimetry
Jinsong Yang, The Second Institute of Oceanography, 
SOA (China)

HY-2A is the first Chinese ocean dynamic environment 
monitoring satellite, which was launched in August 2011. 
The satellite repeats its ground track every 14 days. It plays 
an important role in global monitoring of sea surface winds 
(especially extreme winds like typhoons and hurricanes), 
ocean waves, currents, eddies, and extreme events like storm 
surges by using its four major payloads, i.e. radar altimetry, 
microwave scatterometer, scanning microwave radiometer and 
calibration microwave radiometer. The HY-2A data are obtained 
from China’s National Satellite Ocean Application Service 
(NSOAS). We use 1 s along-track data with a nominal spatial 
resolution of about 7 km. For example, a storm surge induced 
by tropical cyclone Funso in the Southwest Indian Ocean near 
Mozambique in January 2012 is observed by HY-2A satellite 
altimetry. The storm surge magnitude is estimated to be 0.49 
m and the cross-shelf e-folding decay scale to be 92 km. The 
present study shows that the HY-2A satellite altimetry is a 
useful tool for monitoring storm surges and their impacts in the 
Indian Ocean.

9878-24, Session 5

Estimation of latent heat flux using 
satellite-based observations over the 
North Indian Ocean
Purnachand Ch, Venkateswara Rao M., National Remote 
Sensing Ctr. (India); Prasad K. V. S. R., Andhra Univ. 
(India); Rao K. H., Vinay K. Dadhwal, National Remote 
Sensing Ctr. (India)

A larger part of the heat supplied by the tropical oceans, 
through evaporation is utilized for development of large-scale 
weather systems. The knowledge of evaporation rates/Latent 
Heat Flux (LHF) over the ocean is essential for parameterizing 
Ocean–atmospheric coupled predictive models. There are 
several methods in estimating evaporation rates/LHF over the 
ocean. Among them, the prominent are (1) eddy correlation 
or direct method, (2) profile or gradient method and (3) bulk 
aerodynamic method. Here bulk-aerodynamic method is 
conceived as integration of profile from the surface to the level 
of observation, since it is very difficult to get reliable small 
fluctuations using other two methods. To calculate evaporation 
rate/LHF using bulk-aerodynamic formulae the parameters 
required are Wind speed, saturated vapour pressure at sea 
surface temperature and vapour pressure at air temperature.
We estimated LHF using Tropical Rainfall Measuring Mission 
(TRMM) Microwave Imager (TMI) data for a period of 5 years 
(2001-2005) during monsoon over North Indian Ocean (NIO). 
The LHF values found to be high in Somali region during onset 
phase of summer monsoon and slowly become less, though the 
winds become stronger. This could be due to sudden fall of SST 
with the onset and intense upwelling. The variations found to 
be larger from year to year and these variations are discussed 
in relation to the intensity of monsoon activity. The LHF 
estimates are found to be useful in studying the large-scale 
weather systems. The results pertaining to the study period 
over NIO are presented.
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9878-26, Session 5

Evaluation of offshore wind energy 
resources for power generation based on 
scatterometer and SAR data along the 
Indian coast
Arun Kumar V. V. Surisetty, Jagdish Prajapati, Raj Kumar, 
Space Applications Ctr. (India)

India has the fifth largest installed wind power capacity in the 
world, mainly from onshore wind farms. As on today, there are 
no offshore wind power farms installed in the country. However, 
with the utilisation of onshore and the proposed offshore wind 
farms, it is expected to reach 60,000 MW generation capacity 
by 2022. A large amount of data is necessary to assess the 
wind potential for these future wind farms. Offshore buoys 
and meteorological masts are both scarce and expensive. In 
the present study, we have utilised QuikSCAT (2000–2009), 
OSCAT (2010–2014) scatterometer and RISAT-1 SAR (2012–
2014) data to evaluate the possible wind energy resources 
along the Indian coast. Orbit-wise scatterometer wind products 
have been processed to generate long-term synoptic monthly 
means along the entire coast up to the continental shelf. The 
monthly average wind power density (in W/m2) has been 
computed and extended up to 70 – 100 m height (standard 
wind turbine height) using power law. As scatterometer data 
are relatively coarser and unavailable near the coast, high 
resolution winds have been retrieved using RISAT-1 SAR data. 
However, due to inherent limitations of having lesser swath 
and data availability of SAR, presently the study has been 
conducted at two potential wind energy regions (1) Gujarat 
coast and (2) Tamilnadu coast. We have generated a merged 
product of wind speeds from scatterometer (offshore) and SAR 
(nearshore) data. The wind retrieved from the both sources 
has been compared with the buoy and AWS data. Then, unit 
capacity of wind power (in megawatts) has been computed 
and identified potential sites for the wind farms. The merged 
data is very useful in identifying potential sites of wind energy 
in the nearshore and the offshore regions. We are planning to 
extend this study for the entire Indian coast in the near future.

9878-28, Session 5

Intra-seasonal variability of SST in north 
tropical Indian Ocean based on satellite 
observations and mixed layer model
Shiva Shankar Manche, Shashank K. Mishra, Swapna 
Mulukutla, Rabindra K. Nayak, National Remote Sensing 
Ctr. (India)

Long time Sea Surface Temperature (SST) data from Advanced 
Microwave Scanning Radiometer-Earth Observing system 
(AMSR-E) sensor from Aqua during the period 2002 to 2011 
for SST variability in the northern tropical Indian Ocean have 
been examined. Annual and intra-annual (seasonal) variability 
of SST has been observed. Least square best fit and successive 
harmonic analysis are carried out to segregate annual, intra-
annual and long term variability of SST. The intra-annual and 
annual variability of amplitudes have been observed in the 
range from 1oC to 2.25oC in the Arabian sea, and ranges from 
1-1.5oC and 1-2.5oC in bay of bengal.The variability of SST is 
stronger at the coast and weakens in the open ocean, and 
stronger variability of its amplitude in intra-annual compared 
to annual variability is observed. To examine this variability and 
the causes, implementation of 1-D Mixed layer model TKE has 
been done from which the reasons can be attributed to air-sea 
interactions.

9878-29, Session 6

Underwater lidar system: design 
challenges and application in pollution 
detection
Pradip Gupta, Swati Vinayak Sankolli, Arun Chakraborty, 
Indian Institute of Technology Kharagpur (India)

The present remote sensing techniques have imposed 
limitations in the applications of LIDAR Technology. The 
fundamental sampling inadequacy of the remote sensing data 
obtained from satellites is that they cannot resolve in the third 
spatial dimension, the vertical. This limits our possibilities of 
measuring any vertical variability in the water column. Also 
the interaction between the physical and biological process in 
the oceans and their effects at subsequent depths cannot be 
modelled with present techniques. 
Under such necessities, an Underwater LIDAR measurement 
system seems desirable . This paper introduces working 
principles and design parameters for the LIDAR mounted 
Autonomous Underwater Vehicle (AUV-LIDAR). Among 
several applications the papers discusses the possible use and 
advantages of AUV-LIDAR in water pollution detection through 
profiling of Dissolved Organic Matter (DOM) in water bodies. 
The AUV-LIDAR will have Five basic components as the 
payload and operating sub-systems
1. A LIDAR assembly for the measurement of pollutants in the 
profile being measured
2. A gyroscope on board to control direction of motion.
3. SONAR and side scan SONARS for navigation system.
4. Internal algorithms for path planning.
5. A single micro-controller based processing unit.
The pollutants are measured by using backscattering 
measurements and by utilizing the total measured photon 
count. By using Raman scattered light from nitrogen (387 nm) 
molecules one can determine the presence of nitrogen. The 
purpose of measuring nitrogen serves in tracking the amount 
of toxicity levels for fish habitation in the water body

9878-30, Session 6

CFOSAT: A new Chinese-French satellite 
for joint observations of ocean wind 
vector and directional spectra of ocean 
waves
Daniele Hauser, Ctr. National de la Recherche 
Scientifique (France) and Univ. de Versailles Saint-
Quentin-en Yvelines (France); Alexis Mouche, Ifremer 
(France); Céline Tison, Thierry Amiot, Ctr. National 
d’Études Spatiales (France); Lotfi Aouf, Meteo-France 
(France); Patrick Castillan, Ctr. National d’Études 
Spatiales (France); Bertrand Chapron, Ifremer (France)

CFOSAT (the China France Oceanography Satellite) is a joint 
mission from the Chinese and French Space Agencies, devoted 
to the observation of the ocean surface and its related science 
and applications. Currently under Phase D (manufacturing 
phase), the launch is now planned formid-2018 the later. 
The primary objective of CFOSAT is to measure, at the global 
scale, ocean surface wind and waves so as to improve wind 
and wave forecast for marine meteorology (including severe 
events), ocean dynamics modeling and prediction, climate 
variability knowledge, fundamental knowledge of surface 
processes. 
The CFOSAT will carry two payloads, both Ku-Band radar: 
SWIM a wave scatterometer provided by France [1], and SCAT 
a wind scatterometer provided by China [2], enabling for the 
first time a simultaneous measure of the wind vector and the 
spectral properties of waves. Both instruments are based on 
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new concepts with respect to existing satellite-borne wind and 
wave sensors. 
SWIM (Surface Wave Investigation and Monitoring) is a real 
aperture radar following the concepts presented in [3,4]. It 
illuminates the surface at low incidence (between nadir and 
10°) in an azimuthally-scanning geometry. It will provide the 
radar cross-section profiles from 0° to 10°, significant wave 
height, wind , and 2D wave spectra. The Ku-Band SCAT is also 
a new concept with a fan-beam medium incidence (20-50°) 
rotating geometry, providing the wind vector within a swath of 
about ±500 km on each side of the swath. 
During this conference, we will present the CFOSAT mission, 
its objectives and main characteristics. We will then focus on 
SWIM and the expected geophysical product performances 
estimated from simulations. We will also present ongoing work 
related to the preparation of CAL/VAL activities and to data 
exploitation taking into account the context of a multi-mission 
observing system. 
[1] V. Enjolras, L. Rey, T. Amiot, C. Tison, P. Castillan, “SWIM, 
the first ever spaceborne waves scatterometer radar, now 
under development”, 20 Years of Progress in Radar Altimetry, 
September 2012
[2] Lin W., and X. Dong “Design and optimization of a Ku-band 
rotating, range-gated fanbeam scatterometer, Int. Jour. Remote 
Sensing, 2011 
[3] Jackson, F. “An analysis of short pulse and dual frequency 
radar techniques for measuring ocean wave spectra from 
satellites”, Radio Science, 16(6) :1385–1400, 1981
[4] Hauser, D., Soussi, E., Thouvenot, E., and Rey, L., “SWIMSAT: 
a real aperture radar to measure directional spectra of ocean 
waves from space - main characteristics and performance 
simulation”, Jour. Atmos. Oceanic Tech,, 18, 2001

9878-31, Session 6

High-resolution shipboard measurements 
of phytoplankton: a way forward for 
enhancing the utility of satellite SST 
and chlorophyll for mapping microscale 
features and frontal zones in coastal 
waters
Joaquim I. Goes, Lamont-Doherty Earth Observatory 
(United States); P. V. Nagamani, National Remote 
Sensing Ctr. (India); Christy A. Jenkins, Helga R. Gomes, 
Lamont-Doherty Earth Observatory (United States); T. 
Preethi Latha, Kalluri H. Rao, Vinay K. Dadhwal, National 
Remote Sensing Ctr. (India)

Coastal eddies, frontal zones and microscale oceanographic 
features are easily observable from satellite measurements 
of SST and Chl a. Enhancing the utility of these space borne 
measurements for biological productivity, biogeochemical 
cycling and fisheries studies will require novel bio-optical 
methods capable of providing information on the community 
structure, biomass and photo-physiology of phytoplankton 
associated with these features. This presentation will showcase 
high-resolution in-situ measurements of sea water hydrography 
(SeaBird CTD®), CDOM (WetLabs ALF®), phytoplankton 
functional types (PFTs, FlowCam®), biomass (bbe Moldaenke 
AlgaeOnlineAnalyzer® and WetLabs ALF®) and phytoplankton 
photosynthetic competency (Satlantic FIRe®) across microscale 
features encountered during a recent (Nov. 2014) cruise in 
support of NOAA’s VIIRS ocean color satellite. When mapped 
against binned daily, Level 2 satellite images of Chl a, Kd490 
and SST over the cruise period, these high-resolution in-
situ data showed great correspondence with the satellite 
data, but more importantly allowed for identification of PFTs 
and water types associated with microscale features. Large 
assemblages of phytoplankton communities comprising of 
diatoms and diatom-diazotroph associations (DDAs), were 
found in mesohaline frontal zones. Despite their high biomass, 
these populations were characterized by low photosynthetic 

competency, indicative of a bloom at the end of its active 
growth possibly due to nitrogen depletion in the water. Other 
prominent PFTs such as Trichodesmium spp., Synechococcus 
spp. and Cryptophytes, were also associated with specific 
water masses offering the promise and potential that ocean 
remote sensing reflectance bands when examined in the 
context of water types also measurable from space, could 
greatly enhance the utility of satellite measurements for 
biological oceanographic, carbon cycling and fisheries studies.

9878-32, Session 6

A high-resolution ku-band scanning 
pencil-beam scatterometer: system 
design
Prantik Chakraborty, Priyanka Gupta, Nilesh M. Desai, 
Tapan Misra, Space Applications Ctr. (India)

According to recommendations of IOVWST, high-resolution 
scatterometry is the requirement of the day with wind-vector 
cell (WVS) dimensions less than 5km while maintaining 
requisite measurement accuracy. This imposes significant 
demand for improvement upon observation capabilities of 
scanning scatterometers e.g. the erstwhile Oscat and the 
forthcoming Scatsat-1. Both Oscat and Scatsat-1 footprints are 
range-resolved spatially by virtue of pulse-compression but, 
beamwidth-limited azimuthally. As a result, the range slices 
have highly asymmetric dimensions e.g. 6km x (25km for HH 
beam and 31km for VV beam). Hence, it is not theoretically 
possible to achieve WVC size than 25km with these basic 
resolution bins. Although 12.5km grids have been generated 
from Oscat data, the methods adopted are primarily based 
upon resampling instead of resolution enhancement. One of 
the ways of improving resolution is to resolve the footprints 
in the azimuth by adopting SAR-processing principles in a 
conically-scanning pencil-beam Scatterometer configuration. 
But the very little dwell times available in scanning systems 
make it less efficient in resolution enhancement compared 
to a conventional SAR. Moreover, the resolution will vary 
across the swath because the iso-Doppler and iso-range 
lines intersect perpendicularly at the cross-track swath-
edge but, are parallel in the vicinity of the sub-satellite track. 
Therefore the resolution will vary from being finest at the 
cross-track distance to being beamwidth-limited along track. 
Nevertheless, this technique appears to be the most promising 
and feasible approach towards improving the observational 
capability of the present day scatterometers. However, it has 
its own challenges. First, the aperture dimension requires a 
straightway drastic enlargement. This is because of the high 
Pulse-Repetition frequency (PRF) that is required to sample 
the Doppler bandwidth with tolerable ambiguity, which, in 
turn, allows room for low Pulse Repetition Interval (PRI) and 
consequently, runs the risk of ambiguous range returns from 
large footprints (the result of moderately-sized antennas). 
But finer beamwidths and smaller footprints pose a healthy 
challenge to the trade-off between along-track continuity 
and the scanning loss. Also, the radar pulsing scheme calls for 
innovation such as pulse-burst techniques to cope up with the 
timing constraints of a scanning system. This paper deals with 
detailed system simulations and analyses involving exhaustive 
trade-off studies between resolution, scanning rate, along-
track and along-scan continuity, scanning-loss, range-Doppler 
ambiguities, radar-pulsing scheme, PRF, transmit-receive 
interleaving, NE?0 etc. The design of high-resolution scanning 
pencil-beam scatterometer that can yield 1km x 1km cross-track 
bin-resolution and 5km WVC resolution throughout the swath 
is presented. A second important aspect of this exercise is to 
develop an optimum Range-Doppler discrimination algorithm 
which can be implemented in the onboard processor for real-
time signal-processing. 
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9878-33, Session 7

Results of the five-year monitoring of oil 
spills in the Caspian Sea using SAR and 
multispectral images
Andrei Y. Ivanov, P.P. Shirshov Institute of Oceanology 
(Russian Federation); Alexey Kutcheiko, RiskSat 
Co. (Russian Federation); Dmitry Soloviev, Marine 
Hydrophysical Institute (Russian Federation)

This paper presets the results of routine satellite oil spill 
monitoring of the Caspian Sea (2009-2013). It was performed 
by using and analyzing the synthetic aperture radar (SAR) 
images acquired by spaceborne SARs onboard the Envisat 
and Radarsat-1/2 satellites, and imagery obtained by Terra/
Aqua and Landsat-7/8. The focus of operational monitoring is 
on providing information that assists in adequate responses 
as well as further investigation into problem of oil pollution 
of the sea. For this the web-GIS technology/application 
developed by SCANEX, in particular Geomixer, has been used. 
Geomixer allows integration and combination of all information 
needed for analysis, such as offshore and onshore oil-&-gas 
infrastructure, ship tracks, boundaries of territorial waters, EEZs 
and license blocks, bathymetry, locations of known oil seeps, 
etc. By integrating all detected spills, by combining the annual 
oil spill distribution maps, the final product showing five-year 
oil spill distribution in the sea has been created. As revealed by 
analysis, for the Caspian Sea the most of detected oil spills in 
the northern and middle parts are little ship-made discharges 
(about 10 km2) related to freight traffic and fishery. In spite 
the oil exploration and production (LUKOIL and others) in the 
northern Caspian, there were no oil spills uniquely related to oil 
production have been detected. Other ill-estimated source of 
natural oil pollution is natural oil seeping, mainly in its southern 
part and around oil production sites (the most critical oil-
pollution sources observed nearby the Oil Stones production 
site, Azerbaijan). It is concluded that the distribution of oil spills 
in the sea depends on a number of reasons among them is 
ship traffic, spatial distribution of production sites and natural 
seeps. 

9878-34, Session 7

Deriving bathymetry of Vembanad Lake 
system from Landsat-8
Raghavendra S. Mupparthy, Ministry of Earth Sciences 
(India); Harenduprakash L., Nansen Environmental 
Research Ctr. (India)

The Vembanad lake system, which is separated from the sea 
by land varying in width from hundreds of meters to a few 
kilometres, is a dominant feature of the physical and economic 
geography of the state of Kerala. The lake is generally shallow 
(depth less than 2m) with some depressions reaching 6-18m 
in depth. It extends about 100km in the south-north direction 
from Alapuzha to Ponnani with a maximum width of about 
5km (Vembanad Lake) but generally having a width of around 
1km. The physical aspects, except for the tides, are however 
poorly understood and described. In particular, bathymetric 
data for the Vembanad Lake, which is an essential requirement 
for hydrodynamical modelling of the lake is not available. 
Historical data on the bathymetry or the changes in land-water 
boundaries are not available. Consistent and reliable data with 
known error characteristics are essential for climate change 
studies with respect to the Lake system. In this context retrieval 
of information on bathymetry and land-water margin using 
historical and current satellite based measurements is highly 
desirable for advancing climate change studies of the Lake. The 
present work presents an application of 1-D radiative transfer 
to derive bathymetry from Landsat-8 data as a first guess. 
The solution is based on Beer’s law of exponential attenuation 
of light through water. The first guess is compared with 
individual in situ observations of water depth. The transparency 
measurements using Secchi Disc are also shown. The work 

when refined with in situ observations, including that of lake 
bottom optical properties as well as that of the lake water 
should help not only in monitoring the lake bathymetry but 
also in monitoring floating and fixed plants in the lake which 
are also important problems in relation to the Vembanad Lake 
system.

9878-35, Session 7

Classification of case-II waters using 
hyperspectral (HICO) data over North 
Indian Ocean
Srinivasarao Neerukattu, Pattabhi Rama Rao Eluri, 
Indian National Ctr. for Ocean Information Services 
(India); Srinivas Kolluru, National Institute of Technology 
Karnataka, Surathkal (India)

State of the art Ocean color algorithms available are proven 
for retriving the constituents (chlorophyll-a, TSS, and CDOM) 
of case-I waters. However, these algorithms could not perform 
well with the case-II waters because of the optical complexity. 
Hyperspectral data is found to be promising to work with such 
optically complicated waters. 
This work presents the significance of hyperspectral data over 
North Indian Ocean using two case studies confined to the 
estuaries of the river Indus and Ganges. The aim of this study 
is to apply the water reflectance ratios (R700/R670, R650/
R420, and R700/450 for chl-a, TSS, and CDOM respectively) 
to the North Indian Ocean Case–II waters using Hyperspectral 
Imager for the Coastal Ocean (HICO) data with the empirical 
models developed by Chunlie Fan (2014) over Chesapeake Bay 
with ASIA eagle hyperspectral arial imagery. These algorithms 
classified estuarine waters for chl-a, TSS, and CDOM in both 
river basins. The classified chl-a is validated with the MODIS 
chl-a and found to be well matched. The work suggests the 
need for ocean color sensors with spectral bands of 420, 450, 
670 and 700 to estimate the concentrations of chl-a, TSS and 
CDOM in case-II waters.

9878-36, Session 7

Characterization and modeling of bio-
optical properties of water in a lentic 
ecosystem using In-situ hyperspectral 
remote sensing
Ridhi Saluja, J. K. Garg, Guru Gobind Singh Indraprastha 
Univ. (India)

Aquatic ecosystems especially the lentic ecosystems are highly 
degraded and polluted in almost all parts of the world. It is 
pertinent to restore and manage their structural and functional 
components. For which, majorly analytical methods have 
been deployed that are both cumbersome and cost intensive. 
Hyperspectral remote sensing sensors, on the other hand, 
have shown a great promise in characterizing and monitoring 
of lentic ecosystems. These sensors are now increasingly 
employed to characterize and model various components 
of lentic ecosystems on the basis of spectral responses from 
various platforms. Spectral responses of various features are 
utilized as a proxy for analyzing the condition and/or health of 
the ecosystem. 
Present investigation focuses on understanding and 
characterization of bio-optical properties of a man made 
eco-sensitive lake ecosystem located in Jhajjar, Haryana. 
In-situ reflectance spectra were collected using SVC 
GER1500 Spectroradiometer, calibrated using a reference 
panel (Spectralon). Selected bio-optical and water quality 
parameters were analyzed using standard protocols. Processing 
of spectral data was carried out in SPSS environment. Principal 
component analysis of water reflectance spectra resulted in 
characterization of reflectance variation. Correlation analysis 
and linear regression modeling of the reflectance spectra and 
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bio-optical parameters resulted in development of two and 
three band models for retrieval of water quality parameters 
using spectral reflectance data. 
Results of our research would help in delineation and/or 
identification of optimum spectral bands which will enhance 
the capability and accuracy of future satellite sensors in 
characterization as well as monitoring of these waters. 

9878-37, Session 7

Spatio-temporal evolution of 
chlorophyll-a in the Bay of Bengal: a 
remote sensing and bio-argo perspective
V.S. Udaya Bhaskar Tata, Indian National Ctr. for Ocean 
Information Services (India); Chiranjivi Jayaram, 
Hanumanth Rao K, National Remote Sensing Ctr. (India); 
Pattabhi Rama Rao Eluri, Indian National Ctr. for Ocean 
Information Services (India)

India deployed Argo floats equipped with sensors to measure 
Dissolved Oxygen, Chlorophyll-a (Chla) and backscattering, 
in the Arabian Sea, Bay of Bengal and Southern Indian Ocean. 
Here, we report abnormal chlorophyll-a bloom observed by 
float with WMOID 2902087 deployed in the south central 
Bay of Bengal. High concentration of chlorophyll > 0.8 mg/l is 
observed during December 2013. This period is also associated 
with drop in temperature and increase in salinity. Analysing 
data from bio-Argo float shown the impact of cyclones and 
depressions that occurred during October 2013 - January 2014. 
Of particular importance is cyclone ‘Madi’, which passed very 
near to the position of profiling float, during December 2013. 
This is also evident from satellite based wind observations 
from OSCAT through curl of wind stress and Ekman pumping. 
Sub-surface chlorophyll bloom is substantiated by surface 
chlorophyll-a values of MODIS during the period. Intense 
mixing caused due to the passage of cyclone resulted in mixing 
of subsurface waters there by breaking the stratification of 
otherwise stable surface waters of Bay of Bengal, enhancing 
the nutrient supply, which resulted in strong chlorophyll bloom. 
The subsurface structure of Bay of Bengal and its variability 
with respect to biological variable during the passage of 
cyclone is for first time revealed due to the presence of the 
floats equipped with biological sensors. This work reveals the 
important synergy between in-situ (Bio-Argo) data and satellite 
data for monitoring the changes in subsurface structure of Chla 
during the passage of cyclones.

9878-39, Session 8

Ocean color estimation by Himawari-8/
AHI
Hiroshi Murakami, Japan Aerospace Exploration Agency 
(Japan)

Himawari-8 which is a new geostational meteorological satellite 
is launched on October 7, 2014, and has been in regular 
operation since July 7, 2015. Advanced Himawari Imager (AHI) 
carried by Himawari-8 has three spectral bands in visible 
wavelengths in addition to the many infrared bands. Generally, 
meteorological sensors hardly observe ocean color due to the 
small signal to noise, because they mainly aim at observation 
of clouds (bright targets). However, the noise may be able to 
be reduced by temporal average since AHI observes full disk 
by every 10 minutes. This study investigates estimation of the 
ocean color (chlorophyll-a concentration, Chla) by using AHI. 
The estimation sensitivity was tested by the sensor spectral 
response, in-situ data, and simple in-water optical models. 
The noise reduction by the temporal average was examined 
by actual 10-minute AHI observation data. We found the 
error characteristics and limitation of the estimation by AHI 
as follows. Chla can be estimated by the traditional scheme, 
blue (471nm) green (510nm) ratio, in Chla less than 1 mg/
m^3. Random noise can be reduced by average for 1 hour of 

the 10-minute data, and we can obtain spatial pattern similar 
to the pattern by other ocean color sensors. We can get fine 
estimates in the summer hemisphere (e.g., solar zenith angle 
(SAZ) < 45 degree); however, it becomes noisy in the winter 
hemisphere of large SAZ. This research can be an examination 
of the possibility of a future satellite mission covering both the 
meteorological and ocean color purposes.

9878-40, Session 8

Spectral classifying base on color of live 
coral and dead corals covered with algae
Nurjannah Nurdin, Hasanuddin Univ (Indonesia); 
Teruhisa Komatsu, The Univ. of Tokyo (Japan); Laurent 
Barille, Univ. de Nantes (France); Muhammad Akbar AS, 
Hasanuddin Univ. (Indonesia); Muh. Nur Fitrah, Center 
for Regional Development and Spatial Information, 
Hasanuddin University (Indonesia) and Hasanuddin 
Univ (Indonesia); Shuhei Sawayama, University of Tokyo 
(Japan); Hermansyah Prasyad, Center for Regional 
Development and Spatial Information, Hasanuddin 
University (Indonesia) and Hasanuddin Univ (Indonesia)

Pigments in the host tissues of corals can make a significant 
contribution to their spectral signature and can affect 
their apparent color as perceived by a human observer. A 
classification of remote sensing imagery based on the optical 
signatures of different benthic on coral reefs types should be 
applicable in different locations of the world even if no field 
data is available. The aim of this study is classifying the spectral 
reflectance of corals base on it’s colour’s. it is expected that 
they can be used as references in discriminating healthy coral. 
Spectral reflectance data was collected in 4 small islands, 
Indonesia by using a hyperspectral radiometer underwater. 
Correlation, cluster and second and fourth derivative analysis 
resolved the wavelength locations of dominant features 
contributing to relfectance in coral, and support the distinct 
differences in spectra among colour existed. The analysis result 
shown that blue, yellow, green, brown and violet live corals are 
spectrally separable from each other, but they are similar with 
dead coral covered with alga.

9878-41, Session 8

Algal species dynamics in North Arabian 
Sea using long term ocean colour 
satellite data
Prakash C. Mohanty, Aneesh A. Lotliker, Sanjiba K. 
Baliarsingh, R. S. Mahendra, T. Srinivasa Kumar, Indian 
National Ctr. for Ocean Information Services (India)

North Arabian Sea experiences massive proliferation of variable 
algal species. The study presents variability of two dominant 
phytoplankton forms using ten years of MODIS-Aqua data. The 
area was categorized into three regions, North (23 to 260N 
& 56 to 700E), West (18 to 230N & 56 to 620E) and East (18 
to 230N & 62 to 740E). Two algal forms viz. Noctiluca and 
Diatom were extracted following approach of Dwivedi et. al. 
(2015) based on slope of Remote Sensing Reflectance (Rrs) 
between 488 to 443nm and 488 to 531nm. The data used in 
the present study depicted two distinct clusters based on 
regression between difference of Rrs(488) & Rrs(443) with 
Rrs(488) & Rrs(531). The major clusters representing Noctiluca 
falls within the range of 0.0004 to 0.0015 (Rrs488-Rrs443) 
and -0.0012 to -0.0004 (Rrs488-Rrs531) whereas, the diatom 
within the range of 0 to 0.001 (Rrs488-Rrs443) and -0.0002 
to 0.0004 (Rrs488-Rrs531). The percent area coverage of 
individual algal forms were extracted from individual boxes 
along with the chlorophyll concentrations. In all regions, the 
percentage of Noctiluca were high during February-March 
and September-October. Also the chlorophyll concentration 
was relatively higher in Noctiluca than diatom. The Northern 
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and Western part showed relatively higher percentage of 
Noctiluca compared to Eastern part. The Noctiluca proliferation 
in Eastern region was observed with lead period of 1-2 months 
w.r.t. Northern and Western. The periodicity of Noctiluca, 
carried out using Fourior analysis, showed predominance of 
Noctiluca at annual scale in Northern and semi-anual scale in 
Western and Eastern region.

9878-42, Session 8

Optical characterization and assessment 
of ocean colour algorithms in Chilika 
Lagoon
Aneesh A. Lotliker, Indian National Ctr. for Ocean 
Information Services (India); Subhashree Sahoo, 
Berhampur Univ. (India); Sanjiba K. Baliarsingh, Indian 
National Ctr. for Ocean Information Services (India); 
Chandanlal Parida, K. C. Sahu, Berhampur Univ. (India)

Asia’s largest brackish water ecosystem, Chilika Lagoon, 
supports livelihood of millions of inhabitants and also known 
to be bio-geo-chemically dynamic. This demands continuous 
monitoring of lagoon for which optical remote sensing may 
be crucial. The in situ bio-optical parameters were analyzed 
in two sectors (Outer Channel: OC and Southern Sector: SS) 
of Asia’s largest brackish water ecosystem, Chilika Lagoon. 
The spectral Remote Sensing Reflectance (Rrs) ranged from 
0.003 to 0.02sr-1 in OC whereas in SS it was between 0.003 
and 0.028sr-1. The minimum Rrs was at 400nm that gradually 
increased with a peak at 580nm and subsequently decreased 
towards longer wavelength. Rrs exhibited similar pattern in 
both the sectors from 400 to 600nm. Beyond this wavelength, 
Rrs was relatively higher in SS. The shifting of peak towards 
longer wavelength could be attributed to high absorption due 
to chlorophyll-a (chl-a) and chromophoric dissolved organic 
matter (CDOM) that varied largely between sectors with 
relatively higher concentration of chl-a in OC and CDOM in 
SS. This is also reflected in downwelling diffuse attenuation 
coefficient at 490nm (kd490) which exhibited the range higher 
than that in coastal waters. Further, we modelled chl-a by seven 
ocean colour algorithms (OC4, OC4E, OC4O, O3M, OC3V, 
OC3C and OCMO2) using in situ Rrs. The modelled chl-a was 
overestimating in situ for all stations due to high concentration 
of CDOM contaminating chl-a signals. However in OC, in situ 
and modelled chl-a followed the same trend (R2=0.88 to 0.90) 
probably due to strong co-variance of chl-a with CDOM.

9878-43, Session 8

Applications of landsat 8 OLI to study 
the seasonal variability in chlorophyll 
concentration in Ukai Reservoir, Gujarat, 
India
Himmatsinh Solanki, Dhyey Bhatpuria, Mini Raman, 
Prakash Chauhan, Space Applications Ctr. (India)

High spatial and spectral resolution of the Landsat 8 OLI 
(Operational Land Imager) is the major advantage for 
estimation of water quality variables of inland water bodies. We 
used time series Landsat 8 OLI to study patterns of seasonal 
variability in chlorophyll concentration of Ukai reservoir. 
ACOLITE software was procured from Royal Belgium Institute 
of Natural Sciences (RBINS) for atmospheric correction of OLI 
data and to retrieve Chlorophyll concentration and turbidity. 
These chlorophyll images were used to understand patterns 
of seasonal variability in chlorophyll concentration and also 
to compute remote sensing based TSI (Trophic State Index). 
High chlorophyll concentration during post monsoon months, 
moderate chlorophyll concentration during winter months and 
comparatively low concentration was observed during pre-
monsoon months. TSI indicated similar patterns of variability. 
Based on the CC and TSI, reservoir waters were classified into 

three broad categories, i.e. Riverine, Transitional and Lacustrine 
Zone. Satellite derived chlorophyll will be an important input 
to estimate the biological carrying capacity of the reservoir for 
inland fisheries management. 

9878-44, Session 8

Optical properties of coastal water: to 
study the climate change
Madhubala Talaulikar, National Institute of 
Oceanography (India)

The simple truth is – light is the source of life on the planet 
Earth. Phytoplankton in the global ocean (70% of the Earth’s 
surface)was identified as an essential climate variable (GCOS, 
2011). It absorbs light for photosynthesis and plays vital role in 
regulating the CO2 concentration of the surface ocean. Thus, 
monitoring phytoplankton using remote sensing tools can 
provide information on the climate change. However, in coastal 
ocean (7% of the global ocean), it is not only the phytoplankton 
that controls the light penetration but also the other optically 
active components that include dissolved material, detritus 
and suspended particles. Hence monitoring phytoplankton in 
coastal waters will only tell the part of the story.In this study, 
we present the characteristics of the various inherent and 
apparent optical properties rather than phytoplankton alone 
which can be used for better understanding of the variations of 
various parameters associated with the optical properties such 
as functional types of phytoplankton, algal blooms, primary 
productivity, transport of sediments, UV light penetration, 
radiant heating rates, underwater visibility etc. The optical 
properties measured using state of the art instruments, derived 
from radiative transfer model and derived from ocean color 
remote sensing satellites are used in this study.

9878-45, Session 8

Regional estimates of phytoplankton size 
class in the Arabian Sea using in-situ and 
satellite data during noctiluca blooms
Arvind Sahay, Space Applications Ctr. (India); Joaquim 
I. Goes, Lamont-Doherty Earth Observatory (United 
States); Syed Moosa Ali, Anurag Gupta, Mini Raman, 
Prakash Chauhan, Space Applications Ctr. (India)

Phytoplankton plays an important role in upper oceanic and 
atmospheric processes. The estimation of phytoplankton 
biomass from space borne platforms plays a vital role in 
studying their spatial and temporal variations. Phytoplankton 
biomass indexed as chlorophyll-a concentration from space 
is estimated from the optical properties of the ocean water’s 
in which these are present. One of the important factors 
that affect the optical properties of phytoplankton is its size. 
This is due to the fact that scattering and absorption by 
phytoplankton varies according to its size. Phytoplankton 
is broadly divided into three size classes. These are 
microplankton, nanoplankton and picoplankton The spectral 
properties of the phytoplankton such as phytoplankton 
absorption and backscattering are derived from water leaving 
radiances. Regional algorithms are required for obtaining size 
classes which use either spectral or abundance based method. 
In the present study, an algorithm is presented for obtaining 
size class in the Arabian Sea during Noctiluca miliaris bloom. 
The approach was compared with an earlier method using a 
three component model, which was giving substantial error 
in the Arabian Sea during Noctiluca miliaris bloom. The new 
approach was implemented on MODIS Aqua and Oceansat-2 
OCM, top of atmosphere radiance to obtain various size 
classes and then validated with in-situ data. The absolute mean 
error for all size fractions and the maximum absolute error 
were observed to be 5.31% and 12.38 % as compared with the 
previous approach 8.91% and 25.97% respectively.
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9879-1, Session 1

2-micron triple-pulse integrated path 
differential absorption lidar development 
for simultaneous airborne column 
measurements of carbon dioxide and 
water vapor in the atmosphere (Invited 
Paper)
Upendra N. Singh, Mulugeta Petros, Tamer F. Refaat, 
Jirong Yu, NASA Langley Research Ctr. (United States)

Carbon dioxide is an important greenhouse gas that 
significantly contributes to the carbon cycle and global 
radiation budget on Earth. As a result, extensive worldwide 
efforts are undergoing to address atmospheric carbon dioxide 
monitoring through various techniques, including in-situ and 
passive remote sensing. Active remote sensing offers better 
carbon dioxide monitoring that overcomes many limitations 
of passive remote sensing, such as night time and high 
latitude observations. For more than 15 years, NASA Langley 
Research Center (LaRC) has contributed in developing several 
2-micron carbon dioxide active remote sensors using the 
DIAL technique. Currently, an airborne 2-micron triple-pulse 
integrated path differential absorption (IPDA) lidar is under 
development at NASA LaRC. A unique feature of this IPDA 
lidar system is it’s capability of measuring two atmospheric 
molecules simultaneously and independently. This development 
will allow measuring carbon dioxide and water vapor with a 
single instrument. This paper focuses on the advancement of 
the 2-micron triple-pulse IPDA lidar development. Updates 
on the state-of-the-art triple-pulse laser transmitter will 
be presented including the status of wavelength control, 
packaging and lidar integration. In addition, receiver 
development updates will also be presented, including 
telescope integration, detection systems and data acquisition 
electronics. Future plan for IPDA lidar system for ground 
integration, testing and flight validation will be presented. 

9879-2, Session 1

Development of Tm:fiber laser-pumped 
Ho:YLF laser
Kohei Mizutani, Shoken Ishii, National Institute of 
Information and Communications Technology (Japan); 
Kazuhiro Asai, Atsushi Sato, Tohoku Institute of 
Technology (Japan)

A 2-micron Ho:YLF laser end-pumped by 1.94-micron Tm:fiber 
laser was developed. A ring resonator oscillator of 3m length 
and amplifier system was adopted. The laser was operated at 
high repetition rate of 200-5000 Hz in room temperature. The 
amplifier outputs were about 9W in CW and more than 6W in 
Q-switched operation. This laser was developed to be used for 
coherent wind and CO2 measurements. Then, injection seeding 
was applied to the ring resonator and single mode laser 
emission was obtained in the repetition rates of 200Hz and 
300Hz using ramp-and-fire mechanism.

9879-3, Session 1

Wavelength locking to CO2 absorption 
line-center for 2-um pulsed IPDA lidar 
application
Tamer F. Refaat, Mulugeta Petros, Charles W. Antill Jr., 
Upendra N. Singh, Jirong Yu, NASA Langley Research 
Ctr. (United States)

An airborne 2-?m triple-pulse integrated path differential 
absorption (IPDA) lidar is currently under development 
at NASA Langley Research Center (LaRC). This IPDA lidar 
system targets both atmospheric carbon dioxide (CO2) and 
water vapor (H2O) column measurements. Independent 
wavelength control of each of the transmitted laser pulses is a 
key feature for the success of this instrument. The wavelength 
control unit provides switching, tuning and locking for each 
pulse in reference to a 2-?m CW laser source locked to CO2 
line-center. Targeting the CO2 R30 line center, at 2050.967 
nm, a wavelength locking units has been integrated using 
semiconductor laser diode. The CO2 center-line locking unit 
includes laser diode current driver, temperature controller, 
center-line locking controller and CO2 absorption cell. This 
paper present the CO2 center-line locking unit architecture, 
characterization procedure and results. Assessment of 
wavelength jitter on the IPDA measurement error will also be 
addressed by comparison to the system design.

9879-4, Session 1

Comparison of 2-um CW laser 
technologies for seeding pulsed IPDA 
lidar transmitter applications
Mulugeta Petros, Tamer F. Refaat, Jirong Yu, Upendra N. 
Singh, NASA Langley Research Ctr. (United States)

An airborne 2-?m triple-pulse integrated path differential 
absorption (IPDA) lidar is currently under development at 
NASA Langley Research Center (LaRC). This IPDA lidar system 
targets both atmospheric carbon dioxide (CO2) and water 
vapor (H2O) column measurements. Independent wavelength 
control of each of the transmitted laser pulses is a key feature 
for the success of this instrument. The wavelength control 
unit provides switching, tuning and locking for each pulse in 
reference to a 2-?m CW laser source locked to CO2 line-center. 
Three different 2-?m CW laser technologies were investigated 
for this application. These technologies includes solid-state, 
fiber and semiconductor lasers. A comparison between 
these different technologies versus the IPDA lidar system 
requirement will be addressed. The comparison includes output 
power requirement, single frequency operation, short and long 
term stability, tuning range and speed, power consumption 
and size. Solid-state lasers provide stable reference source as 
demonstrated by previous lidar instruments, but have limited 
commercial availability. Fiber lasers produces high output 
power with excellent long term stability, but suffers limited 
tuning capability and relatively larger size. Semiconductor laser 
meets all of the IPDA requirements but produces low output 
power which can be overcome by using optical power amplifier. 
Characterization setups, procedure and results of these 2-?m 
laser technologies will presented in this paper.
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9879-5, Session 2

NASA strategy for active optical sensing 
of wind from space (Invited Paper)
Ramesh K. Kakar, NASA Headquarters (United States)

The first earth science “Decadal Survey” issued by the U.S. 
National Research Council (NRC) in 2007 identified the need 
for a space based lidar mission to measure three-dimensional 
tropospheric winds. This NRC recommendation went on 
to state that reliable global analyses of three-dimensional 
tropospheric winds are needed to improve the depiction 
of atmospheric dynamics, the transport of air pollution, 
and climate processes. A National Aeronautics and Space 
Administration (NASA) Weather Focus Area workshop held 
in April 2015 has also identified Global wind measurement 
as the next frontier for satellite remote sensing, particularly 
for weather research and forecasting. Currently, only a small 
fraction of the atmosphere is sampled in terms of wind profiles. 
This limits our ability to optimally specify initial conditions 
for numerical weather prediction (NWP) models and our 
understanding of several key climate change issues.
NASA has focused on enabling 3-D winds space missions since 
the 1970s. Currently, work is proceeding on three airborne 
active optical investments for measuring wind profiles. These 
are, (1) Tropospheric Wind Lidar Technology Experiment 
(TWiLiTE) – a UV direct detection wind lidar system based on 
molecular scattering, (2) Doppler Aerosol Wind Lidar (DAWN) 
– a 2 micron coherent lidar based on aerosol scattering, and 
(3) Optical Autocovariance Wind Lidar (OAWL) – a UV direct 
detection lidar based on both molecular and aerosol scattering. 
All three instruments have flown on a variety of NASA aircraft. 
DAWN and TWiLiTE have participated in calibration/validation 
(cal/val) flights to support the European Space Agency’s 
Atmospheric Dynamics Mission Aeolus satellite (ADM-Aeolus). 
This paper will report on these cal/val campaigns and plans for 
converging on an optimal strategy to support space based lidar 
wind measurements.

9879-6, Session 2

Development and validation of the 
CALIPSO ocean subsurface data record
Yongxiang Hu, NASA Langley Research Ctr. (United 
States)

CALIOP, the dual wavelength, polarization sensitive lidar flying 
aboard the CALIPSO satellite, has been operating since June 
2006 and is expected to continue beyond 2017. CALIOP’s 
depolarization ratio is one of the best calibrated measurements 
from space. Over the life of the CALIPSO mission, the 
stability of the CALIOP depolarization ratio calibration has 
remained within 1%. CALIOP’s highly stable depolarization 
ratio measurements can be used for studying changes in 
phytoplankton backscatter and carbon biomass (Behrenfeld 
et al., 2013). Using the depolarization ratio measurements 
from CALIOP together with collocated A-Train measurements 
(such as the ocean surface backscatter cross section derived 
from CloudSat ocean surface backscatter measurements, 
AMSR-E/AMSR-2 wind speeds, and MODIS diffuse attenuation 
coefficients), we have developed innovative retrieval methods 
that translate the CALIOP ocean subsurface signals into the 
following optical and physical properties (Behrenfeld et al., 
2013; Lu et al., 2014; Hu et al., 2015): 
• the cross polarization component of the column integrated 
ocean subsurface backscatter signal;
• the particulate backscatter coefficient (bbp); 
• the depolarization ratio of ocean subsurface backscatter; and
• the ocean subsurface beam attenuation coefficient. 
We will introduce the theoretical basis of the theoretical basis 
of the algorithms and progress in data production, and present 
the preliminary results of the validation studies. 

9879-7, Session 2

The overview and status of vegetation 
lidar mission MOLI
Junpei Murooka, Daisuke Sakaizawa, Tadashi Imai, 
Toshiyoshi Kimura, Japan Aerospace Exploration 
Agency (Japan); Kazuhiro Asai, Tohoku Institute of 
Technology (Japan)

Accurate measurement of forest biomass is important 
to evaluate its contribution to global carbon cycle. Since 
forest biomass correlates with forest canopy height, global 
measurements of canopy height enable us to understand the 
global carbon cycle much precisely. Space-borne lidar has 
a unique capability for measuring forest canopy height. A 
vegetation lidar named “MOLI” which is designed to measure 
accurate canopy height has been studied by the Japan 
Aerospace Exploration Agency (JAXA) in cooperation with 
some researchers. The feature of MOLI is to set multi-footprints 
for improving the precision of canopy height, and we can find 
out whether ground surface is flat or slope because an angle 
of ground surface affects the estimation of canopy height. 
MOLI also has an imager to understand canopy location and 
vegetational parameters.
MOLI is going to be mounted on the Exposed Facility (EF) of 
the Japanese Experiment Module (JEM, also known as “Kibo”) 
on the International Space Station (ISS)
Now, we are carrying out a feasibility study and some 
experiments. We introduce the an overview and a status of 
MOLI.

9879-8, Session 2

UV lifetime demonstrator for space-
based applications
Floyd E. Hovis, Michael Albert, Fran Fitzpatrick, Kent 
Puffenburger, Tom Schum, Slava Litvinovitch, Darrell 
Jones, William Rudd, Fibertek, Inc. (United States)

A long-lived UV laser is an enabling technology for a number 
of high-priority, space-based lidar instruments. These include 
a next generation cloud and aerosol lidar that incorporates a 
UV channel, a direct detection 3-D wind lidar, and an ozone 
DIAL system. In previous work Fibertek developed techniques 
for increasing the survivability of components in high power 
UV lasers and demonstrated improved operational lifetimes. 
In this ESTO funded effort we have designed and built a TRL 6 
demonstrator that has increased output power and a space-
qualifiable package that is mechanically robust, thermally-
stable, and fully conductively cooled. Contamination control 
processes and optical coatings have been chosen that are 
compatible with lifetimes in excess of 1 billion shots. The UV 
demonstrator incorporates a diode-pumped, single-frequency, 
Nd:YAG master oscillator and three diode pumped amplifier 
stages that have demonstrated 275mJ per pulse of 1064nm 
light at 150Hz and second harmonic generation efficiencies of 
70%. Based on the results to date we expect to easily achieve 
the ultimate goal of 100mJ/pulse at 355nm.
Using a copy of the clean UV module that is in the UV 
demonstrator, we performed an initial 20 kHz test at 355 nm 
that achieved 50 billion shots with no damage to the optics 
internal to the clean module. For this test, both the peak UV 
fluence and average power density were in excess of what 
will be in the final laser. The next phase of lifetime testing will 
be a series of 532 nm and 355 nm tests done with the full UV 
demonstrator that will support a variety of potential space-
based lidar systems. At the completion of the lifetime testing, 
vibration and TVAC testing will be performed to demonstrate 
that the laser design is at TRL 6.
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9879-9, Session 3

Monitoring the water cycle in the UT/LS 
with Raman lidar (Invited Paper)
Philippe L. Keckhut, LATMOS (France); Hélène Vérèmes, 
Univ. de La Réunion (France); Christophe Hoareau, 
Davide Dionisi, LATMOS (France); Jean-Luc Baray, Univ. 
des Cezeaux (France); Valentin Duflot, Guillaume Payen, 
Jean-Pierre Cammas, Univ. de La Réunion (France); 
Alain Hauchecorne, LATMOS (France)

Raman water vapor Lidar start to investigated 20 years ago 
on existing lidars in the frame of the NDACC network located 
in South of France (44°N, 6°E) and in Reunion Island (21°S, 
55°E) with elasting scatter to register simultaneously cristal 
particules. From this experiment, a nex system have been 
designed to monitor the water vapor in the whole troposphere 
up to the lower stratosphere. 
Measurements have been validated with CFH and Vaisala 
radiosondes. Measuring quantities of a few ppmv in the lower 
stratosphere is achiveded. Calibration methodology have 
been developped and tested during the campaign MALICCA 
(MAïdo LIdar Calibration CAmpaign). The lidar water vapor 
profiles are calibrated with water vapor columns obtained 
from a collocated GNSS receiver. New methodologies of data 
averaging have been developped, for a long-term monitoring 
and studies of water transport around the tropopause. Few 
cases studies are presented to illustrated lidar capabilities.

9879-10, Session 3

DIAL system for atmospheric ozone 
measurements
Karnam Raghunath, Achuthan Jayaraman, Venkat 
Ratnam Madineni, Challamalla Yaswanth, National 
Atmospheric Research Lab. (India)

A DIfferential Absorption Lidar (DIAL) is being developed at 
National Atmospheric Research Laboratory, Gadanki (13oN, 
79oE), India for measurement of ozone concentrations to 
understand Upper troposphere and lower stratosphere 
exchange processes. The proposed system measures ozone 
concentrations in the height regions of 2-18km. 
An ON-OFF wavelength pair of 289 and 299 nm is chosen 
taking ozone cross section at different wavelengths into 
consideration. The wavelengths are generated by pumping 
Raman Converter filled with Deuterium, Hydrogen and 
Argon with fourth harmonic of Nd:YAG laser i.e 266nm. The 
energy at Raman shifted wavelengths are about 20mj with an 
efficiency of about 10%. The backscattered wavelengths from 
the atmosphere are collected by Newtonian feed telescopes 
in multiple receiver concept with 50cm effective aperture. 
The signals from the telescope are fed to a monochromator 
by an optical fiber. The monochromator is in Czerny Turner 
configuration and consists of 1200 lines/mm UV enhanced 
holographic grating with an efficicency of ~60%. All the 
three wavelengths ( 266, 289, 299nm) are thus collected 
simultanmeoulsy by using three PMT detectors in different 
planes. The detectors have a peak efficiency of 60% at 290nm. 
The signal is then given to a data acquisition unit with analog 
and photon counting features. The analog and photon counting 
modes are chosen to give a high dynamic range to the system, 
from high intensity signal at lower altitudes to low intensity 
signals from higher altitudes. The analog signal is acquired at 
16 bit resolution with sampling rate of 20MSPS. With Photon 
counting, maximum count rate of 250 MHz is achieved with 
temporal resolution of 25ns. The ozone concentration profile is 
obtained from the acquired signal by merging the two types of 
signals by standard methods. The system is in advanced state 
of realisation. The design details and configuration of DIAL 
system is described. 

9879-11, Session 3

Design of a fused optical fibre bundle-
based receiver for low-altitude profiling 
of water vapour using Raman lidar
Sangeetha Kalaivasan, VIT Univ. (India); Bhavani Kumar 
Yellapragada, National Atmospheric Research Lab. 
(India); Venkata Rajanikanth Machavaram, VIT Univ. 
(India)

Water vapour profiling of surface layer, which constitutes the 
lowest hundred meters from earth’s surface, can aid in the 
understanding of spatial variability of atmospheric turbulence 
and the dynamics of boundary layer . In lidars, the effective 
area of an optical fiber-based receiver, also called the aperture 
stop diameter, controls the field of view of the telescope which 
in turn governs the overlap function. We determined overlap 
function vs altitude for different aperture stop diameters which 
showed that lower altitude profiling requires fibre receivers 
of larger effective area positioned at the location of blur disk 
or the position of maximum capture of back scattered light 
. We report on the design of a receiver which comprises of a 
converging lens system in conjunction with a commercially 
available fibre bundle of fused hexagonal shaped fibres of 
adequate numerical aperture and enhanced effective light 
capturing area. For a specified biaxial Raman lidar system 
with an excitation laser emitting at 532 nm, placing a one inch 
diameter lens system of suitable effective focal length at the 
plane of blur disk of diameter ~21 mm and the aforesaid fibre 
bundle of diameter 7.3 mm at maximum capture position of 
focussed light was found to be suitable for profiling from 
an altitude of ~8m and above. The light capturing efficiency 
of the system was determined and compared with that of a 
conventional circular fibre-based bundle of same diameter. 
The proposed receiver design offers potential solution for low 
altitude profiling. The light attenuation in these fibre bundles is 
also discussed. 

9879-12, Session 3

Development of an eye-safe all-fiber 
pulsed coherent Doppler wind Lidar
Jiqiao Liu, Xiaopeng Zhu, Xin Zhang, Yuan Liu, Liyuan 
Jiang, Weibiao Chen, Shanghai Institute of Optics and 
Fine Mechanics (China)

A long-range eye-safe all-fiber pulsed coherent Doppler Lidar 
(CDL) prototype at 1.54?m is developed to measure wind 
profiles in the lower troposphere layer. The all-fiber single 
frequency pulsed laser has 300?J pulse energy output with 
pulse width of 500 ns and pulse repetition rate of 10 kHz. 
The intermediate frequency (IF) of heterodyne measurement 
is 160MHz. The optical diameter of the telescope is 100 mm. 
Optical scanner based on wedge prism with 20 degrees 
deflection angle is used to measure light of sight (LOS) wind 
speeds of different azimuth. Usually, Spectra of 10k pulses 
are accumulated to calculate the wind speeds. The three-
dimensional wind vector are retrieved from 8 LOS wind speeds 
every 20 seconds. Field experiments are implemented to 
validate the CDL performance. The CDL measured wind profiles 
are compared with balloon and wind profile radar. Good 
agreement is shown between the CDL and the balloon results 
with wind speed error 0.73 m/s and wind direction error 5.2 
degrees.

9879-43, Session PTA2

Seasonal variations of the planetary 
boundary layer height over China region 
observed by CALIPSO Lidar
Zhao Liu, Zhengqiang Li, Wanchun Zhang, Yang Lv, 
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Xingfeng Chen, Institute of Remote Sensing and Digital 
Earth (China)

The planetary boundary layer (PBL) is the turbulent layer 
closest to the Earth’s surface, it is important to understand 
the PBL processes involving variation of height in order to 
explain many of weather, climate and air pollution problems. 
The CALIPSO observations have the potential to expand our 
knowledge about PBL processes, So the measurement of PBL 
is performed by using CALIPSO space-borne lidar. The PBL 
height is estimated using the attenuated backscatter data. In 
the paper, the wavelet covariance transform and maximum 
variance method are used for determining the PBL height. 
The Kinging method is used for obtaining the distribution 
diagram. From the result of estimated PBL height, it shows 
a big difference in different regions and seasons. In spring 
and summer, the highest values of PBL height is distribute 
in southwest of china. In northwest of china, north china and 
south china, the PBL height is relatively high, and the PBL 
height in east china is relatively low. We know that west of 
china is high altitude region, and east of china is low altitude 
region. The weather in west region of china is dry and rainless, 
But it is wet and humid in east of china. These factors together 
affect the distribution of PBL height. The PBL height also has 
an obvious change in different seasons, especially in north 
china regions. In spring and summer, the value of PBL height 
is relatively larger than other seasons as a whole. But some 
small areas in southwest of china and central china have higher 
values of PBL height in autumn and winter.

9879-44, Session PTA2

Tomographic scanning spectrum lidar 
system for air pollution composition 
identification and detection
Bo Liu, Institute of Optics and Electronics (China)

This work is developing a tomographic spectrum resovled 
lidar system for air pollution composition identification and 
detection. It’s a new lidar detection system combined with 
Raman spectroscopy, which can distinguish and detect the 
composition of the atmosphere. This research is using a grating 
spectrometer as a lidar receiver, and the spectrum receving 
range of grating spectrometer is flexibly adjustable. An EMCCD 
was used as a spectroscopy detector, and an innovative 
application of high speed electro-optic switch is used as the 
time gate, which can provide time slicing to get distance 
resolved air pollution information profile.

9879-45, Session PTA2

Lidar studies on atmospheric aerosols at 
a semi-urban station Cheeryal (17.51 N, 
78.62 E) near Hyderabad, India
Sudhakar Pillodi, K, Anitha Sheela, Duggirala 
Ramakrishna Rao, Satyanarayana V. Malladi, Geethanjali 
College of Engineering and Technology (India)

It is well established that atmospheric aerosol play a vital role 
both directly and indirectly in the Earth’s radiation budget. The 
transport of anthropogenic aerosol from the urban locations 
increases the aerosol loading in the surrounding semi-urban 
regions. The solid waste disposal in the semi-urban regions 
also adds up to the total anthropogenic aerosol density in the 
region. In this study we investigated the aerosol characteristics 
in the Cheeryal Village (17.51° N, 78.62° E), which is located 
at a distance of about 20 Km in the suburbs of Hyderabad, 
India. A multi-wavelength laser radar was developed in-house 
and made operational at this location about 2 years back. 
The Nd:YAG laser (M/S Bright Solutions, Italy) based multi-
wavelength lidar operates at 532 nm and 1064 nm with a pulse 
energy of 50uJ at both the wavelengths. The two wavelengths 
are generated coaxially with a pulse width of 10ns and the laser 

operates up to a PRF of 4 KHz. The receiver system consists of 
a 360 mm Newtonian optical telescope, 10 nm of interference 
filters and the Licel Gmbh, Germany make 250 MHz Photon 
Counting recorder. Lidar observations are conducted on 
relatively clear days during the one year period from January 
2014 to December 2014. The aerosol extinction profiles are 
derived and compared with the model values corresponding to 
the Hyderabad urban region. It is observed that there is a heavy 
aerosol loading periodically at this location in relation to the 
sources of anthropogenic aerosols at Hyderabad urban area. 
The role of prevailing meteorological conditions, measured in 
real time, on the transport of the urban aerosol to this region is 
studied. 

9879-46, Session PTA2

Experimental investigations on range-
resolved refractive index structure 
parameterCn^2, by optical measurements 
over a 2.0 km free space laser path
Sudhakar Pillodi, K, Anitha Sheela, Ramakrishna Rao 
Duggirala, Geethanjali College of Engineering and 
Technology (India); Satyanarayana V. Malladi, Univ. of 
Kerala (India)

The transmission of laser beam in atmosphere is a very 
important process in many military and civilian applications, 
which are based on laser instrumentation. As increasingly 
sophisticated electro-optical systems are used in the 
atmosphere, the character of the medium becomes important. 
Optical turbulence is one of the most important characteristics 
of the atmosphere affecting the propagation in the open path. 
Study of the nature and characteristics of the atmospheric 
turbulence is of basic importance for understanding the 
atmospheric dynamics and coupling processes. Random 
fluctuations of atmospheric turbulence bring random 
fluctuations of the refractive index, making the atmosphere 
a random fluctuation medium. Optical turbulence affects 
the electro-optical beam in a variety of ways, such as (i) 
scintillations, which are temporal intensity fluctuations (ii) 
wandering and broadening of the beam, which happens 
in the propagation of laser beams and (iii) image dancing 
and blurring which happens in imaging applications. The 
atmospheric structure constant of refractive index, C_n^2 is 
an important parameter denoting the atmospheric turbulence. 
A quantitative measure of the intensity of optical turbulence 
is the refractive index structure parameter, C_n^2, where 
averaged C_n^2 is often determined as a function of local 
differences in temperature, moisture, and wind velocity at 
discrete points. This parameter is a function of altitude and 
depends on the prevailing atmospheric conditions. A single 
ended experimental setup using the Nd:YAG laser operating 
at 1064nm is used to study the temporal and spatial variations 
of refractive index structure parameter C_n^2 experimentally. 
In this paper we present the details of the experimental setup 
used for the measurement of range resolved refractive index 
structure parameter C_n^2, over a two way slant 4.0 km free 
space laser path. Some of the results obtained using the 
experimental setup are presented and discussed. 

9879-47, Session PTA2

Micro pulse lidar observations of cirrus 
clouds during the onset and progression 
of monsoon over peninsular India
Roja Raman Mekalathur, Prasad Perumal, Sri 
Venkateswara Univ. (India); Venkat Ratnam Madineni, 
National Atmospheric Research Lab. (India); Vijaya 
Bhaskara Rao Sarangam, Sri Venkateswara Univ. (India)

The high altitude cirrus clouds consisting of non-spherical ice 
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crystals could affect the Earth’s radiation budget by reflecting 
back the incoming solar radiation and trapping the outgoing 
terrestrial radiation. Due to the presence of ITCZ, the presence 
of cirrus is usually more during monsoon season. To capture 
the nocturnal and day to day variations in the macro physical 
properties (base, top, thickness and percentage occurrence) of 
high altitude cirrus clouds during the arrival and progression 
of monsoon, an eye safe Micro Pulse Lidar (MPL) has been 
operated daily (except rainy days) from S. V. University, 
Tirupati (13.65° N, 79.49° E), India during May-20 to June-15, 
2015 concurrently with NARL, Gadanki (13.5° N, 79.2° E) as a 
part of Intensive Observation Period (IOP) of Pre-monsoon 
campaign 2015. This lidar is able to capture the sub-visible 
cirrus also, which is usually not possible in case to satellite 
measurements. From the initial analysis, a significant change in 
the characteristics of cirrus clouds has been observed during 
the onset of monsoon over the observation site. These results 
are compared with the cirrus observations obtained from MPL 
and Radiosonde data from Gadanki (13.5oN, 79.2oE), a rural 
site that is about 35km away from the observation site. There 
are about five severe thunderstorm events during this IOP and 
thus the role of convection on the observed cirrus properties 
is analyzed using the merged TRMMInfrared brightness 
temperature. A detailed analysis is in progress and the results 
will be presented in the conference. 

9879-49, Session PTA2

OPO dial lidar for remote measurements 
of atmospheric gases in the IR range
Oleg A. Romanovskii, V.E. Zuev Institute of Atmospheric 
Optics (Russian Federation) and National Research 
Tomsk State Univ. (Russian Federation); Olga V. 
Kharchenko, Vladimir K. Shumskii, Sergey A. Sadovnikov, 
V.E. Zuev Institute of Atmospheric Optics (Russian 
Federation); Semen V. Yakovlev, V.E. Zuev Institute of 
Atmospheric Optics (Russian Federation) and National 
Research Tomsk State Univ. (Russian Federation)

A laser system is designed that provides for tunable generation 
of nanosecond radiation pulses in the 2–4 mkm range. Optical 
block-diagram and specifications of the system are presented. 
The laser system as a part of OPO differential absorption 
lidar designed can be used for remote control of pollutant 
concentrations along surface atmospheric paths. A search 
for informative mid-IR wavelengths for atmospheric gases 
sounding with a differential absorption lidar based on an 
optical parametric oscillator has been carried out. Lidar echo 
signals have been calculated at the wavelengths chosen during 
sounding of gas components along vertical paths 0–5 km long.

9879-50, Session PTA2

Diameter at breast height estimation in 
Mt. Makiling, Laguna, Philippines using 
airborne lidar parameters and worldview 
bands
Fe Andrea M. Tandoc, Enrico C. Paringit, Carlyn Ann 
G. Ibañez, Regine Anne G. Faelga, Reginald Jay L. 
Argamosa, Mark Anthony V. Posilero, Gio P. Zaragosa, 
Matthew V. Malabanan, Univ. of the Philippines Diliman 
(Philippines)

Airborne LiDAR is fast becoming an innovation for forest 
inventory. It aids in obtaining forest characteristics in areas 
or cases where actual field inventory would be very tedious. 
This study aims to estimate diameter at breast height (DBH) 
using airborne LiDAR point-cloud parameters with the 
help of Worldview image, and to validate these with actual 
measurements done in the field. The study site is at Mt. 
Makiling, Laguna, Philippines. The plot was divided to 20m, 

10m and 5m subplots or grids. The estimation was done by 
extracting the said parameters from the LiDAR point-cloud, and 
extracting different bands from the Worldview image. The DBH 
was then estimated by doing linear and log-linear regression of 
these values. The regressions were done in four different cases, 
namely: LiDAR parameters without intensity (case1), LiDAR 
parameters without intensity with Worldview bands (case 2), 
intensity of LiDAR points (case 3), and LiDAR parameters with 
intensity and Worldview bands(case 4). From these it was 
found that the best case for estimating DBH is with the use 
of LiDAR parameters with intensity and Worldview bands in a 
10x10 grid, in Log-Linear regression with a root mean squared 
error of 1.96 cm and an R2 value of 0.91.

9879-51, Session PTA2

Addressing lidar overlap for diameter at 
breast height estimation using a point-
cloud processing software
Gio P. Zaragosa, Enrico C. Paringit, Carlyn Ann G. Ibañez, 
Fe Andrea M. Tandoc, Reginald Jay L. Argamosa, Regine 
Anne G. Faelga, Matthew V. Malabanan, Mark Anthony V. 
Posilero, Univ. of the Philippines Diliman (Philippines)

LiDAR Overlap is the area that is common to two or more 
flight lines. This is essential to ensure the continuity of data as 
the acquisition moves from one flight line to another. Looking 
into overlaps is important when doing DBH Estimation using 
point cloud data because it doubles the density of points in 
the overlap region. To remove this effect when determining 
the DBH of a forest area, the las data was processed using 
LAStools, a point-cloud processing software. The processes 
include separating flight lines using the GPS time when the 
points were acquired. After separating, the number of points in 
the overlap region were decreased by removing excess points 
within the area of twice the point spacing. The parameters 
needed for DBH estimation were then obtained. The number 
of points in the whole area was originally 13,038,002, after 
decreasing the number of points, it was reduced to 6,617,662. 
The number of points would greatly affect DBH estimation 
because the values obtained were significantly different at 95% 
level of confidence.

9879-52, Session PTA2

The first ground-based lidar 
measurement of noctilucent clouds over 
Tibetan Plateau
Weilin Pan, Institute of Atmospheric Physics (China)

In the summer of 2013, MARMOT (Middle Atmosphere Remote 
Mobile Observatory in Tibet) lidar, developed by the Institute 
of Atmospheric Physics, Chinese Academy of Sciences, was 
deployed in Lhasa (29.6°N, 91.0°E), Tibet for making ground-
based measurements of middle atmosphere temperatures 
from 30 up to 90 km. We present the lidar-measured evidence 
of noctilucent clouds (NLC) in the mesopause and lower 
thermosphere (MLT) region. As far as we know, this is the first 
ground-based lidar measurement of NLC over the Tibetan 
Plateau. Temperature data obtained from TIMED/SABER 
satellite were used for studying the formation of mesospheric 
clouds in this mid-latitude area.
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9879-53, Session PTA2

Validation of the separability and 
variability measure for Rhizophoraceae 
and Avicenniaceae using point density 
distribution from LiDAR
Regine Anne G. Faelga, Enrico C. Paringit, Carlyn Ann 
G. Ibañez, Reginald Jay L. Argamosa, Mark Anthony V. 
Posilero, Gio P. Zaragosa, Fe Andrea M. Tandoc, Univ. of 
the Philippines Diliman (Philippines)

Mangrove forest characterization is possible through utilization 
of Light Detection and Ranging (LiDAR) data. LiDAR 
parameters, such as its point density provides height and 
structural information without the difficulty of doing manual 
field surveys. Point cloud information was used to produce 
separability and variability measures within a mangrove forest. 
The study aims to validate the point density distribution curves 
(PDDC) that were established to characterize the structural 
attributes between Rhizophoraceae and Avicenniaceae. The 
applicability of the PDDC was applied to 5x5 sample plots of a 
coastal natural mangrove forest plot. Four and one out of ten 
5x5 sample plots were discriminated as Rhizophoraceae and 
Avicenniaceae, respectively; while four out of the ten sample 
plots indicates mixture between the two families. All plots were 
subjected to a variability analysis to determine the variations of 
point density distributions within and among the two families. 
The weighted means of each plot ranges from 4.8 to 6.5, with 
a standard deviation of 3.2 to 7.3, which indicates minimal 
variability within families. The separability and variability within 
mangrove families is possible through the PDDC generated 
from LiDAR; however, other LiDAR parameters and possible 
environmental factors should also be taken into account to 
enhance the structural attributes characterization of the two 
mangrove families. 

9879-54, Session PTA2

A technique for retrieval of ozone 
vertical distribution from DIAL 
measurements
Oleg A. Romanovskii, V.E. Zuev Institute of Atmospheric 
Optics (Russian Federation) and National Research 
Tomsk State Univ. (Russian Federation); Vladimir D. 
Burlakov, V.E. Zuev Institute of Atmospheric Optics 
(Russian Federation); Alexey A. Nevzorov, National 
Research Tomsk State Univ. (Russian Federation); Alexey 
V. Nevzorov, Sergey S. I. Dolgii, Olga V. Kharchenko, 
V.E. Zuev Institute of Atmospheric Optics (Russian 
Federation)

The paper introduces the technique of recovering profiles 
of ozone vertical distribution considering temperature and 
aerosol correction in atmosphere lidar sounding by DIAL. The 
authors have determined wavelengths, promising to measure 
ozone profiles in the upper troposphere – lower stratosphere. 
To obtain promptly the results of the methodology the authors 
developed the software based on DIAL with user-friendly 
interface in the programming language C# for the Windows 7 
operating system using the lidar measurements. The recovered 
ozone profiles, resulting from the program operation, were 
compared with IASI satellite data and Kruger model. The 
results of applying the developed technique to recover the 
profiles of ozone vertical distribution considering temperature 
and aerosol correction in the altitude range of 6–18 km in lidar 
atmosphere sounding by DIAL confirm the prospects of using 
the selected wavelengths of ozone sensing 341 and 299 nm in 
the ozone lidar.

9879-55, Session PTA2

Lidar sounding of the aerosols and wind: 
St. Petersburg State University
Vladislav K. Donchenko, Scientific Research Ctr. 
for Ecological Safety (Russian Federation); Irina N. 
Melnikova, Dmitriy A. Samulenkov, Maksim V. Sapunov, 
Saint Petersburg State Univ. (Russian Federation)

The solution of many problems associated with the air 
pollution, radiation regime of the earth’s surface and 
atmosphere, global and local environmental changes and 
climate, facing humanity in the early 21st century, require 
detailed and regular information on atmospheric aerosol 
and gaseous pollutants in the atmosphere. For monitoring 
atmospheric pollutants especially effective were the methods 
of laser sounding of the atmosphere, which provide a 
vertical profile of aerosol parameters to a height of 20 km 
In this regard, at the beginning of the 21st century created a 
continental networks of lidar sounding stations. Over Europe 
there is a network EARLINET. Laser station, built on the basis 
of St. Petersburg State University has become the first Russian 
station that acceded to the European research network. The 
article briefly presents the technical features of the equipment 
and demonstrates the first results of the observations. The 
measurements of the vertical profile of wind speed and 
direction in the Resource Center “Observatory of ecological 
safety” Research Park St. Petersburg State University in the 
city center for several months in 2014-2015. The observations 
were accomplished with using the Doppler lidar. The height 
of the laser wind sounding limited by lidar characteristics and 
atmospheric conditions, and it is an average of 1.5-2 km, with 
maximum - 6 km. The results are compared with the data of 
radio sounding measurements in Voeikovo aerological station. 
The distance between the observational points is 25 km. The 
comparison is implemented with the assumption about the 
wind field homogeneity on such a scale. In most cases there is 
a good agreement between observed vertical profiles of wind, 
obtained by both methods. However, the cases, where the 
results differ sharply either at high altitudes or, on the contrary, 
in the surface layer, were identified and explained.

9879-56, Session PTA2

Photochemical smog model in support 
of correlation between lidar-based 
measurement of urban ozone and 
ethylene
Taieb Gasmi Cherifi, Saint Louis Univ.- Madrid Campus 
(Spain)

We present experimental results to highlight the dynamics 
of ethylene and ozone in the urban area of Madrid. The two 
gases start to increase, reaching a peak and then decaying to 
a plateau, which lasts 3 hours. The net difference in ethylene 
concentration (Delta C2H4) versus that of ozone (Delta O3) for 
successive days depicts that (Delta O3) duplicates to a good 
extent the behaviour of (Delta C2H4) and hence revealing a 
good correlation between the two gases. A time shift of more 
than an hour between the peaks of the two curves is attributed 
to the ozone build up time. It is however well established that 
in urban areas, chemical reactions of biogenic, anthropogenic 
VOC and anthropogenic NOX emissions dominate over those 
of methane and its degradation products. It is therefore widely 
accepted that tropospheric ozone results from the interaction 
of pollutant oxides of nitrogen and non-methane hydrocarbons 
via the photochemical mechanism.
The carbonyl compounds, as a product of the photochemical 
mechanism, can further break down to produce additional 
O3. A key non-methane compound is the ethylene whose 
role as alkene is the efficient conversion of NO to NO2 and 
subsequently, the increase of tropospheric ozone. 
So according to our basic photochemical smog model one 

Conference 9879: Lidar Remote Sensing  
for Environmental Monitoring XV



  +1 360 676 3290 · help@spie.org      87Return to Contents

should expect a direct correlation between the C2H4 evolution 
and that of O3 under similar meteorological conditions for 
urban atmospheres and UVB radiation that prevailed during the 
days of the campaign.

9879-57, Session PTA2

Low-altitude atmospheric wind 
measurement at the Beijing Observatory
Lifang Du, National Space Science Ctr. (China)

A direct detection Rayleigh lidar for measuring wind 
speed in the lower atmosphere up to 15~35 km with one 
month (December 2014) was obtained wind profiles in 
Beijing(40.5°N?116.0°E). This paper briefly discusses the 
Doppler wind lidar system at 532nm, with iodine filters as 
receiving frequency discriminators and locking the transmitter 
laser frequency. The injection seeding technique method 
was used to obtain narrow linewidth of 532nm lidar. With 
a software-based PID controller, the frequency stability is 
better then ±0.5MHz for 4h, the long term frequency stability 
as 3.55?10-9. In this lidar system, through constructing the 
Chirp test system, real-time test frequency difference, the 
results showed continuous lasers and pulsed laser frequency 
difference of about 10MHz, long-term stability deviation around 
5MHz. After experimental testing technology mature, it can 
be long-term signal monitoring, correct the error of wind 
measurement. The rayleigh lidar was achieved a continuous 
observations of atmospheric wind field at night, and get high 
spatial or temporal resolution wind field data in the evening. 
The random error of the line of sight wind is about 5m/s at 
detection range. 

9879-58, Session PTA2

Boundary layer aerosol optical 
properties in the monsoon season over 
New Delhi
Jaswant Rathore, Davinder Sethi, Radhakrishnan Soman 
Radha, Sumit K. Mishra, Chemendra Sharma, CSIR-
National Physical Lab. (India)

This work reports the studies on optical properties of boundary 
layer aerosols during the monsoon season of the year 2014 
using a dual polarization micropulse lidar system. The lidar 
derived aerosol optical properties (at 532 nm) are compared 
with the aerosol propertied obtained from Sunphotometer and 
Satellites (MODIS and CALIPSO). The daily mean integrated 
aerosol backscatter coefficient varies from 0.054 to 0.02 km-1 
sr-1 and the mean linear depolarization range from 0.2 to 0.025 
during the observation period. The observed high aerosol 
backscatter coefficient values during the month of July may 
be due to high surface temperature and humidity. The linear 
depolarization values of aerosols during the month of July 
were found to be low. This suggests the presence of spherical 
hygroscopic aerosols. The influence of temperature, humidity 
and heat flux on the formation of aerosol particles is also 
studied.

9879-59, Session PTA2

Simulation studies on the vertical 
profiles of aerosol optical properties 
over Himalayan region
Davinder Sethi, Radhakrishnan Soman Radha, 
Chemendra Sharma, Ashish Ranjan, Jaswant Rathore, 
CSIR-National Physical Lab. (India)

Altitude distribution of aerosols is an important factor 
influencing atmospheric stability through radiative heating, 

modifying cloud properties, Earth’s radiation budget and 
consequent changes in the weather and climate of the Earth-
atmosphere system. The proper understanding on the vertical 
distribution and optical properties of aerosols and clouds 
over the Indo Gangetic Plain (IGP) and Himalayan region is 
extremely important for assessing its climate implications. A 
dual polarization (co and cross polarized channels at 355nm 
and Raman channel for Nitrogen at 387 nm) Raman lidar will 
be installed at Palampur, Himachal Pradesh, India to study 
the vertical profiles of optical properties of aerosols over the 
Himalayan region. Prelude to the installation of the Raman lidar 
system a simulation study has been conducted to understand 
the various factors which contribute to the error in the derived 
aerosol extinction, lidar ratio, depolarization ratio etc. 

9879-60, Session PTA2

Construction and first atmospheric 
observations of a high spectral resolution 
lidar system in Argentina in the frame 
of a trinational Japanese-Argentinean-
Chilean collaboration
Sebastián Papandrea, Ctr. de Investigaciones en Láseres 
y Aplicaciones (Argentina); Yoshitaka Jin, National 
Institute for Environmental Studies (Japón); Pablo 
R. Ristori, Lidia A. Otero, Ctr. de Investigaciones en 
Láseres y Aplicaciones (Argentina); Tomoaki Nishizawa, 
National Institute for Environmental Studies (Japan); 
Akira Mizuno, Nagoya Univ. (Japan); Nobuo Sugimoto, 
National Institute for Environmental Studies (Japan); 
Eduardo J. Quel, Ctr. de Investigaciones en Láseres y 
Aplicaciones (Argentina)

We have designed and built a robust design of an Iodine-cell-
based high spectral resolution lidar (HSRL) to perform remote 
observations of the aerosol transmission at 532 nm in close 
collaboration with the National Institute for Environmental 
Studies (NIES). The HSRL channel is based on NIES operational 
lidar design. We have adapted the emission unit to keep the 
laser and the wavelength feedback unit rigidly attached to 
avoid misalignments while keeping the laser wavelength tuned 
to the 1111 Iodine absorption line. The detection unit used for 
the Argentinean Aerosol monitoring network served as the 
original framework to install the atomic filter for the detection 
unit. The final unit will serve as the first evaluation model 
for this technology in the country. This work presents the 
current system configuration layout and the first atmospheric 
observations with a HSRL in Latin America.

9879-61, Session PTA2

Recent advances on the creation of an 
aerosol monitoring network to identify 
volcanic ash transport in Argentina 
and Chile using lidars in the frame of a 
SATREPS collaboration
Pablo R. Ristori, Lidia A. Otero, Sebastián Papandrea, 
Ctr. de Investigaciones en Láseres y Aplicaciones 
(Argentina); Atsushi Shimizu, Yoshitaka Jin, Nobuo 
Sugimoto, National Institute for Environmental Studies 
(Japan); Akira Mizuno, Nagoya Univ. (Japan); Eduardo J. 
Quel, Ctr. de Investigaciones en Láseres y Aplicaciones 
(Argentina)

After installing the fifth lidar station on February 2015 in 
Argentina financed by the Ministry of the Defense to mitigate 
the problems generated by the presence of volcanic ash in the 
region, there are still many challenges remaining for this aerosol 

Conference 9879: Lidar Remote Sensing  
for Environmental Monitoring XV



SPIE Asia-Pacific Remote Sensing 2016 · www.spie.org/aprs88
 

Return to Contents

monitoring network. A tri-national collaboration (Japan-Chile-
Argentina), part Science and Technology Partnership for 
Sustainable Development (SATREPS) programme, focused 
on the “Development of the Social Management System for 
Atmospheric Environmental Risks in South America” intends 
to bring solutions to these challenges. In first place it will 
upgrade the lidars to add depolarization capabilities to better 
identify the kind of aerosol suspended in the atmosphere. 
In second place it intends to expand its observing domain 
actually confined to the Patagonic region to the north and 
south of Argentina and Chile adding new lidars. In third place it 
will provide state of the art technology adding a high spectral 
resolution channel to some of these lidars. The collaboration 
is also working on building the protocols for system operation 
and maintenance, data analysis and interpretation in 
collaboration with the weather services in Argentina and Chile 
in order to achieve an effective and continuous observation. 

9879-62, Session PTA2

Lidar for monitoring objects of fuel and 
energy complex
Alexsandr S. Grishkanich, Sergey Kascheev, Alexsandr 
Zhevlakov, Julia Ruzankina, ITMO Univ. (Russian 
Federation); Igor Sidorov, Univ. of Eastern Finland 
(Finland); Leonid Smirnov, ITMO Univ. (Russian 
Federation)

As such lidar will be used for the lidar operating on the 
Raman scattering. Compared with fluorescence lidar, the lidar 
working on the methods of differential absorption and Raman 
scattering have a significant drawback, since the differential 
cross section of fluorescence above others, but because of the 
effect of quenching fluorescent radiation in the atmosphere 
this method is not effective. Method of differential absorption 
and scattering is not feasible due to the fact that if you use 
this method you need to use 2 laser radiation source, one for 
pumping the other. Since our main objective is the monitoring 
of leaks from oil and gas pipelines, and as a result the detection 
of substances of indicators, such as ethane(C2H6) and 
hydrogen Sulfide(H2S).
Knowing the spectral characteristics of substances of 
indicators, and given the fact that the maximum transmittance 
of the atmosphere is in the ultraviolet region of the spectrum, 
the monitoring will be conducted there. As the source of 
radiation is used-Nd: YAG laser, and taking into account the 
fact that the work to be in the ultraviolet range, therefore, 
wavelengths, where will be conducted studies, it is 266 nm 
and 355 nm. After the necessary calculations it is clear that the 
radiation falling on the plane of the photosensitive device at 
the wavelength of 355 nm less than the wavelength of 266 nm, 
therefore, it will be used.
Also based on the scheme of monostatic lidar, has been 
developed the structural diagram of our laser sensor. After, 
starting from the optical scheme of the Cassegrain was 
developed optical scheme of the receiving lens. Rasschetov 
mass - dimensional parameters of the lens, was developed by 
its design.

9879-13, Session 4

Multi-year dual polarization lidar 
observations of tropical cirrus clouds 
over Indian peninsula
Manoj K. Mishra, Kunjukrishnapillai Rajeev, Vikram 
Sarabhai Space Ctr. (India); Anish Kumar M. Nair, 
National Atmospheric Research Lab. (India)

Tropical cirrus clouds play a major role in earth’s radiation 
budget and water vapour content of upper troposphere. 
Multi-year (2008-2012) dual polarization micropulse lidar 
(MPL) observations carried out at Thumba (8.5N, 77E), a 

station located in the southwest Peninsular India, are used to 
investigate the seasonal mean characteristics of tropical cirrus 
over this region. The lidar operates at 532 nm, with a PRF of 
2500 Hz and pulse energy of ~2 uJ. The backscattered signal is 
integrated to derive the co- and cross polarized backscattered 
lidar signal with a vertical resolution of 30 m and time 
resolution of 2 minutes. Vertical distribution and characteristics 
of cirrus clouds (depolarization ratio, optical depth, 
geometrical thickness, altitude of occurrence) are investigated 
in detail. The depolarization ratio provides an unambiguous 
means of identifying cirrus and to assess their non-sphericity. 
The frequency of occurrence of cirrus is found to maximize 
during summer (>65%), while their occurrence is the least 
during winter (<30%). Summer season is manifested by the 
occurrence of optically thick cirrus, presumably arising from 
the long-range transport from the deep convective regions 
over the Bay of Bengal. During all seasons, cirrus occurrence 
increases with altitude above ~8 km to maximize in the altitude 
range of 12-15 km. The mean depolarization ratio increases 
with altitude up to ~16 km, followed by a rapid decrease above, 
indicating distinct variations in the structure of ice crystals with 
altitude. Sub-visual cirrus (optical depth <0.03) with low values 
of depolarization ratio occurs near the cold point tropopause.

9879-14, Session 4

Lidar measurements of tropical cirrus 
during monsoon period
Subhajit Roy, Indian Institute of Technology Kharagpur 
(India); Bhavani Kumar Yellapragada, National 
Atmospheric Research Lab. (India)

Clouds occur at different height levels in the atmosphere. 
However, cloud forms at high altitude have a significant impact 
on climate system (Liou, 1986). Much of the high altitude clouds 
generally occur in the tropical latitudes due to significant 
convective phenomena occurring in this region (Wang et al., 
1996). These clouds occur in different forms such as anvil 
and stratus trails and sometimes not visible to satellite based 
instruments. The only means to detect this type of cloud in the 
atmosphere is using the Light Detection and Ranging (LIDAR) 
technique. At National Atmospheric Research Laboratory 
(NARL), a Department of space unit located at Gadanki near 
Tirupati in Andhra Pradesh, a lidar was developed and has 
been made operational since 2005. The lidar system employs 
micro pulse technique and operates at 532nm wavelength. The 
lidar system has been used to monitor clouds and aerosols in 
the atmosphere during nocturnal periods (Kumar, 2006). The 
lidar system outputs high resolution laser backscatter data 
which infers internal structure of high altitude clouds. Using the 
synergical instrumentation data, occurrence, transport, optical 
and dynamical properties of high altitude clouds occurrence 
during monsoon period over tropical site Gadanki is proposed 
for presentation in this paper. 

9879-15, Session 4

High altitude cloud observations using 
lidar, radar, and simultaneous comparison 
with satellite lidar
Chakradhra Rao Tandule, Sri Krishnadevaraya Univ. 
(India); Bhavani Kumar Yellapragada, National 
Atmospheric Research Lab. (India); Rama Gopal Kotalo, 
Balakrishnaiah Gugamsetti, Raja Obul Reddy Kalluri, 
Siva Kumar Reddy Nagireddy, Lokeswara Reddy Thotlli, 
Sri Krishnadevaraya Univ. (India); Ramakrishna Reddy 
Rajuru, Srinivasa Ramanujan Institute of Technology 
(India)

In this paper, we report the observations of high altitude 
tropical cirrus cloud over a tropical rural environment using 
lidar, MST radar and satellite lidar observations. The lidar 
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observations were performed using a micro pulse lidar installed 
at National Atmospheric Research Laboratory (NARL), 
Gadanki (13.5?N, 79.2?E), India. The Lidar is a backscatter lidar, 
developed at NARL (Bhavani Kumar, 2006).The lidar operates 
on the principle of micro pulsing. The lidar direction of probing 
is upwards and the operational wavelength of the lidar is 
532nm. The intrinsic altitude and time resolution for signal 
detection and acquisitions are respectively 30 m and 60 s. The 
lidar was oriented in the zenith and measurements were carried 
out only when clouds fell within the lidar field of view. High 
repetition rate and photon count detection permits the lidar 
system to have good dynamic range for covering the entire 
troposphere. However, in order to improve SNR these values 
are degraded in the signal processing. We have compared 
our ground based lidar observations of high altitude clouds 
with that of satellite lidar (CALIPSO) pass over India on two 
different monsoon periods. We used simultaneous MST radar 
data for understanding the dynamics associated with these 
high altitude clouds. The MST radar data provides background 
wind speeds of the high altitude clouds. The observed high 
altitude cirrus moved preferably to the east with most probable 
velocities 10 m/s to 20 m/s (in many of the cases). However, in 
some limited cases, the background cloud velocities exceeded 
20 m/s.

9879-16, Session 4

Lidar observations of cirrus clouds 
during transition between multiple and 
single cirrus over Gadanki (13.450 N, 
79.180 E)
Dhananjaya Rao, Sri Venkateswara Univ. (India) and 
Sree Vidyanikethan Engineering College (India); M. A. 
Srinivasan, M. Krishnaiah, Sri Venkateswara Univ. (India)

The present study describes Mie lidar observations of the 
cirrus cloud variability showing transition between multiple 
and single thick cirrus over Gadanki (13.450 N, 79.180 E, 375 m 
MSL). In this connection, 72 nights of lidar observations during 
January 2007 to August 2007 are taken into consideration. 
Out of 72 nights of lidar observations, only 46 nights (64%) 
are associated with cirrus passage over Gadanki, out of which 
during 7 specific nights (15%), there is transition between 
multiple and single thick cirrus. Significant variation in peak 
LDR (Linear Depolarization Ratio) and COD (Cloud Optical 
Depth) along with strong correlation between them during the 
transition may contribute strong radiative forcing. With the 
available background winds information from MST radar during 
one of the case studies weakening of zonal wind is noticed 
during the transition between multiple to single thick cirrus, 
indicating potential capability of thick cirrus in modulating the 
background wind fields. Long term observations of lidar and 
MST radar will be useful in obtaining the relationship between 
background wind fields and cirrus cloud optical characteristics.

9879-17, Session 4

Multi-wavelength dual polarisation lidar 
for monitoring precipitation process in 
the cloud-seeding technique
Sudhakar Pillodi, K, Anitha Sheela, Duggirala 
Ramakrishna Rao, Satyanarayana V. Malladi, Geethanjali 
College of Engineering and Technology (India)

In recent years weather modification activities are being 
pursued in many countries through cloud seeding techniques 
to facilitate the increased and timely precipitation from the 
clouds. In order to induce and accelerate the precipitation 
process clouds are artificially seeded with suitable materials 
like silver iodide, sodium chloride or other hygroscopic 
materials. The success of cloud seeding can be predicted with 
confidence if the precipitation process involving aerosol, the 

ice water balance, water vapor content and size of the seeding 
material in relation to aerosol in the cloud is monitored in real 
time and optimized. A project on the enhancement of rain fall 
through cloud seeding is being implemented jointly with Kerala 
State Electricity Board Ltd. Trivandrum, Kerala, India at the 
catchment areas of the reservoir of one of the Hydro electric 
projects. The dual polarization lidar is being used to monitor 
and measure the microphysical properties, the extinction 
coefficient, size distribution and related parameters of the 
clouds. The lidar makes use of the Mie, Rayleigh and Raman 
scattering techniques for the various measurement proposed. 
The measurements with the dual polarization lidar as above are 
being carried out in real time to obtain the various parameters 
during cloud seeding operations. In this paper we present the 
details of the multi-wavelength dual polarization lidar being 
used and the methodology to monitor the various cloud 
parameters involved in the precipitation process. The necessary 
retrieval algorithms for deriving the microphysical properties 
of clouds, aerosols characteristics and water vapor profiles are 
incorporated as a software package working under Lab-view 
for online and off line analysis. Details on the simulation studies 
and the theoretical model developed in this regard for the 
optimization of various parameters are discussed. 

9879-18, Session 4

A case study of formation and 
maintenance of a lower stratospheric 
cirrus cloud over the tropics
Sandhya M., Sridharan S., National Atmospheric 
Research Lab. (India); Indira Devi M., Niranjan K., 
Andhra Univ. (India); Achuthan Jayaraman, National 
Atmospheric Research Lab. (India)

A rare occurrence of stratospheric cirrus at 18.6 km height 
persisting for about 5 days during 3-7 March 2014 is inferred 
from the ground-based Mie lidar observations over Gadanki 
(13.5o N, 79.2o E) and spaceborne observations. Due to 
the vertical transport by large updrafts on 3 March in the 
troposphere, triggered by a potential vorticity intrusion, the 
water vapour mixing ratio shows an increase around the 
height of 18.6 km. Relative humidity with respect to ice is 150 
%, indicating that the cirrus cloud may be formed through 
homogeneous nucleation of sulphuric acid. Once formed, the 
tropical cirrus clouds can normally persist for several hours to 
several days. In the present study, the cirrus cloud persisted 
at least 5 days. Large upward motions and cold temperature 
anomalies induced by equatorial waves would be required 
for the persistence of cirrus clouds (Boehm et al., 1999). The 
Gadanki radiosonde and COSMIC RO temperature anomaly 
shows alternate warm and cold anomalies propagating 
downward during 28 February-8 March in the height region 
of 17–19 km, indicating the presence of a wave having a 4-day 
periodicity. The presence of cold anomalies on 4-7 March at a 
height where cirrus is observed is suggested as a reason for the 
maintenance of the cirrus cloud for about 5 days.

9879-19, Session 4

Mie-lidar observations of tropical cirrus 
during the sudden stratospheric warming 
event of 2009
Sridharan S., National Atmospheric Research Lab. (India)

During a major sudden stratospheric warming event (21–27 
January 2009), Mie-lidar observations at Gadanki (13.5°N, 
79.2°E) show persistent occurrence of cirrus clouds. Outgoing 
long-wave radiation averaged for 70°E–90°E, decreases to 
a low value (170W/m2) on 27 January 2009 over equator 
indicating deep convection. The zonal mean ERA-Interim 
data reveal large northward and upward circulation over 
equatorial upper troposphere. The latitude–longitude map 
of ERA-Interim zonal mean potential vorticity (PV) indicates 
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two tongues of high PV emanating from polar latitudes and 
extending further down to equator. Radiosonde observations 
at Gadanki show the presence of ?40% relative humidity at 
11–13km and lower tropopause temperature. It is inferred that 
the tropical circulation change due to PV intrusion leads to 
deep convection, which along with high humidity and low 
tropopause temperature leading to the formation of persistent 
cirrus clouds, the occurrence frequency of which is normally 
less during winter season over Gadanki. The study of the 
Influence of other SSW events on tropical cirrus is currently 
under progress. Results obtained will be presented during the 
meeting.

9879-20, Session 5

Lidar application to middle atmospheric 
dynamics
K. Ramesh, S. Sridharan, National Atmospheric Research 
Lab. (India)

LIDAR (LIght Detection And Ranging) is an optical remote 
sensing technique which is highly useful to study the middle 
atmospheric (stratosphere & mesosphere) dynamics. From the 
Rayleigh Lidar observations, the vertical profiles of atmospheric 
density and temperatures can be obtained above ~25-30 km 
(where the aerosols are almost negligible) at high spatial 
and temporal resolutions. Assuming the atmosphere is in 
hydrostatic equilibrium and it obeys ideal gas law, the vertical 
temperature profiles can be derived during cloud free nights. 
The vertical and horizontal characteristics of short period 
gravity waves (GWs) can be derived from these high resolution 
temperature profiles. The Rayleigh lidar installed at National 
Atmospheric Research Laboratory (NARL), Gadanki (13.5°N, 
79.2°E) operate at 532 nm green laser as a source with the 
energy of ~600 mJ/pulse since 2007. Lidars are the appropriate 
tools to capture nocturnal mesospheric inversion layers 
(MILs). An inversion of temperature gradient from negative 
to positive superposed upon characteristically decreasing 
mesospheric thermal structure is known as a MIL. Its basic 
properties (amplitude and thickness) can also be determined 
from the lidar temperatures subjected to the limitation of 
standard errors. The suggested causative mechanisms of 
MILs are gravity wave breaking, planetary wave critical level 
interaction, gravity wave-tidal interaction and chemical heating. 
In the present study, the GW parameters (period, vertical and 
horizontal wavelength and phase speeds, saturation ratio, eddy 
diffusion coefficient) are derived during a MIL event occurred 
due to GW breaking in January 2007 over Gadanki. 

9879-21, Session 5

Lidar observations within the ARISE 
European network
Philippe L. Keckhut, Alain Hauchecorne, LATMOS 
(France); Elisabeth Blanc, Alexis LePichon, Commissariat 
à l’Énergie Atomique (France); Sergey Khaykin, LATMOS 
(France); Betariz Funatsu, Univ. Rennes 2 (France); 
Chantal Claud, Ctr. National de la Recherche Scientifique 
(France); Nahouda Mzé, Gullaume Angot, LATMOS 
(France)

A better understanding of climate change includes a better 
description of the variability at different altitudes, the vertical 
coupling between layers as well as the multi-scale interactions 
of the atmospheric processes. In response to these challenges 
numerical models including weather forecasts and operational 
analyses, are improved in both resolutions and vertical 
altitude range and new observations are expecting. Wind and 
temperature lidars provide useful information with an increased 
plus-value when they are combined with complementary 
information within a worldwide network. The proposed 
European infrastructure called the Atmospheric Dynamics 
Research Infrastructure in Europe (ARISE) start to deploy, in 

several stations (from polar to equatorial and tropical regions in 
the European longitude sector and adjacent regions), ground-
based Lidar observations, microwave and OH radiometers 
and infrasound measurements in operation within the CTBT 
network (Comprehensive nuclear-Test-Ban Treaty). Such new 
data allow investigation on decadal trends, planetary waves, 
tides and gravity waves that can be used to validate or improve 
numerical models.

9879-22, Session 5

Middle atmospheric temperature trends 
and its association with natural and 
anthropogenic activities over Indian 
tropical and sub-tropical regions
Som Kumar Sharma, Rajesh Vaishnav, Physical Research 
Lab. (India); Prashant Kumar, Space Applications Ctr. 
(India); Harish S. Gadhavi, Sridharan S., Achuthan 
Jayaraman, National Atmospheric Research Lab. (India)

Characteristics of middle atmospheric thermal structure 
over a tropical station, Gadanki and sub-tropical station 
Mt. Abu, are studied using ~ 500 nights Rayleigh Lidar 
observations. Monthly mean temperature profiles over both 
the locations have been used to establish middle atmospheric 
thermal structure. A comparison with the satellite observed 
temperatures, HALOE (UARS) and SABER (TIMED), revealed 
noticeable quantitative differences. Thermal structure has 
also been compared and contrasted with several models viz., 
CIRA-86, MSISE-90, and NRL-MSISE-00 and with reanalysis 
data sets, NCEP and ERA interim. Study of characteristics 
of stratopause height and temperature revealed significant 
differences over both the locations. Heating and cooling rates 
have been estimated from temperatures observed over Mt. 
Abu and an average heating rate of about 2.5 K/month during 
equinoxes and cooling rate of ~ 4 K/month during November-
December are found in altitude region of 50-70 km. Relatively 
weaker heating and cooling rates are found in 30-50 km region. 
Study of SAO, AO and QBO using LSP and wavelet techniques 
have revealed noteworthy differences between these regions. 
A detailed study between stratospheric temperatures observed 
by Lidars, and ozone observed by TOMS and HALOE onboard 
UARS, revealed a strong correlation during winter in the 
height range of ~ 30-45 km a over Mt. Abu. Furthermore, by 
multivariable analysis technique long term changes in the 
thermal structure have been investigated using Lidars and 
Satellite observations over both locations. Considering both 
natural and anthropogenic activities, trends are estimated 
and decreasing temperature trend (cooling) is found in the 
stratosphere.

9879-23, Session 5

First report of sporadic K layers and 
comparison with sporadic Na layers at 
Beijing, China (40.6N, 116.2E)
Jihong Wang, Guotao Yang, Jing Jiao, National Space 
Science Ctr. (China); Xuewu Cheng, Faquan Li, Wuhan 
Institute of Physics and Mathematics (China); Lifang 
Du, National Space Science Ctr. (China); Zelong Wang, 
Linxiang Chen, National Space Science Ctr. (China) and 
College of Earth Science, Univ. of Chinese Academy of 
Sciences (China); Yuan Xia, Wuhan Institute of Physics 
and Mathematics (China)

A double-laser beam lidar was successfully developed to 
simultaneously measure K and Na layers at Beijing (40.6N, 
116.2E) in 2010. Statistical analysis of the parameters of 
sporadic K (Ks) and sporadic Na (Nas) layers was performed 
over two years of lidar data, and different characteristics of 
them were found. The average Ks occurrence (2.9 %) was lower 
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than that of Nas (5.9 %); the Nas occurrence had a maximum 
(19.3 %) in Jun.-Jul. months and a minimum (1.6 %) in Jan.-Feb. 
months, while the Ks occurrence had a maximum (4.9 %) in 
Jan.-Feb. months and a minimum (1.0 %) in Sep.-Oct. months; 
most Ks peaks tended to occur around 93 km, which was ~ 2 
km lower than that of Nas (~ 95 km); the Ks peak density (~ 
300 cm-3) was often at least one order of magnitude lower 
than that of Nas (~ 3000 cm-3).; the mean ascending time of 
Ks was longer than its descending time, but an opposite trend 
occurred for Nas. During the 152 cases of joint observation for 
the K and Na layers, 79% (120/152) were cases in which only 
one layer (K or Na) exhibited a strong enhancement, while 21 % 
(32/152) were cases in which Ks and Nas events simultaneously 
occurred. Notably, two high peak densities (> 1000 cm-3) of Ks 
existed, which was much higher than K density (15-300 cm-3) 
reported before.

9879-24, Session 6

Demand-based urban forest planning 
using high-resolution remote sensing and 
AHP
Srinivasa Raju Kolanuvada, Anna Univ., Chennai (India); 
Muneeswaran Mariappan, Ashoka Trust for Research in 
Ecology and the Environment (India); Vani Krishnan, 
Anna Univ., Chennai (India)

Urban forest planning is important for providing better urban 
ecosystem services and conserve the natural carbon sinks 
inside the urban area. The objective of the study is to critically 
analyse and prioritise the urban forest cover based on wards 
for improving green space using demand based approach. In 
this study, a demand based urban forest plan was developed 
for the Chennai city using Multicriteria Analysis (MCA) 
integrated with GIS. Conventionally, the standards for forest 
cover use either per capita or per hectare as basis for analysis 
of demands. In this study, environmental and demographic 
parameters of the city at ward level were used to analyse the 
urban forest demand. Canopy cover, forest biomass, population 
density and air quality are the four parameters which were 
used for this study. The canopy cover and biomass were 
estimated by the use of high resolution ortho image and lidar 
data. A demand based forest plan for Chennai city at ward level 
was generated with the help of AHP and GIS. 

9879-25, Session 6

Random forest regression modelling for 
forest aboveground biomass estimation 
using RISAT-1 PolSAR and terrestrial 
LiDAR data
Rohit Mangla, Shashi Kumar, Subrata Nandy, Indian 
Institute of Remote Sensing (India)

SAR and LiDAR remote sensing have already shown the 
potential of active sensors for forest parameter retrieval. 
SAR sensor in its fully polarimetric mode has an advantage 
to retrieve scattering property of different component of 
forest structure and LiDAR has the capability to measure 
structural information with very high accuracy. This study was 
focused on retrieval of forest aboveground biomass (AGB) 
using Terrestrial Laser Scanner (TLS) based point clouds 
and scattering property of forest vegetation obtained from 
decomposition modelling of RISAT-1 fully polarimetric SAR 
data. TLS data was acquired for 14 plots of Timli forest range, 
Uttarakhand, India. The forest area is dominated by Sal trees 
and random sampling with plot size of 0.1 ha (31.62m*31.62m) 
was adopted for TLS and field data collection. RISAT-1 data was 
processed to retrieve SAR data based variables and TLS point 
clouds based 3D imaging was done to retrieve LiDAR based 
variables. Surface scattering, double-bounce scattering, volume 
scattering and helix scattering were the SAR based variables 

retrieved from polarimetric decomposition. Tree heights and 
stem diameters were used as LiDAR based variables retrieved 
from single tree vertical height and least square circle fit 
methods respectively. All the variables obtained for forest plots 
were used as an input in a machine learning based Random 
Forest Regression Model, which was developed in this study 
for forest AGB estimation. Modelled output for forest AGB 
showed reliable accuracy (RMSE = 27.68 t/ha) and a good 
coefficient of determination (0.63) was obtained through the 
linear regression between modelled AGB and field-estimated 
AGB. The sensitivity analysis showed that the model was more 
sensitive for the major contributed variables (stem diameter 
and volume scattering) and these variables were measured 
from two different remote sensing techniques. This study 
strongly recommends the integration of SAR and LiDAR data 
for forest AGB estimation.

9879-26, Session 6

Optical surveillance system for 365x24 
operations
Dhrupesh S. Shah, Arup Banerjee, Indian Space 
Research Organisation (India)

Un-attended 365x24 surveillance application requires high 
dynamic range camera system to detect targets of interest 
covering mid-day (>32000 Lux), and moonless night (~1mLux) 
under clear sky (visibility of >10km, atmospheric loss of <1dB/
km) and hazy (visibility of <500m, atmospheric loss of >15dB/
Km) conditions. Major governing factors for development 
of such camera systems are (i) covert imaging with ability 
to identify the target (ii) imaging irrespective to the scene 
background (iii) reliability to the operating conditions and life 
(iv) imaging capabilities in inclement weather conditions (v) 
resource requirement vs availability in terms of power & mass 
(vi) real-time data processing (vii) self calibration and (viii) 
cost. To meet over all imaging requirements as mentioned 
above, range gated imaging camera system based on the 
Time-of-Flight (ToF) concept is a potential option considering 
atmospheric scattering and attenuation losses in inclement 
weather conditions. NIR, SWIR and MWIR bands are preferred 
for covert imaging using pulsed Laser illumination. Detectors in 
SWIR band are available in smaller format size, operate under 
controlled temperature and costly. Detectors in MWIR band 
are operated at 90K (or less) using Integrated Dewar Cooler 
Assembly (IDCA). This demands critical thermo mechanical 
camera design and limited operating life. ToF Camera in 
NIR band has certain advantages over SWIR and MWIR like 
detectors used in this spectrum are silicon based which is 
fabricated on matured and optimized process, detectors are 
available in bigger format, availability of pulse mode operated 
laser source, operating life, possibility of wide detector 
operating temperature and cost. In past, ToF camera systems 
were successfully configured in NIR spectrum using silicon 
based Electron Multiplying CCD (EMCCD) or Intensifier CCD 
(ICCD) along with Gating device and pulsed laser source having 
emission in between 800nm to 900nm. However, these systems 
have a very low dynamic range and not suitable for clear sky 
mid day conditions. Recently silicon based scientific grade 
CMOS image sensors have shown significant improvement 
in terms of high NIR responsivity and available in bigger 
formats (5MP or more), adequate Full well capacity for day 
time imaging (>30Ke), very low readout noise (<2e) required 
for night imaging and higher frame rate (more than 100fps). 
Taking these advantages, ToF camera system configuration is 
worked out using Scientific grade CMOS sensor and NIR Laser 
operated for clear sky to inclement weather conditions. This 
paper presents configuration of a long range (~5km) active 
imaging camera having instantaneous coverage of 25mx50m 
along with performance results of conducted field trials during 
day-night imaging conditions. The paper also presents trade-
off analysis for the selections of unique key components/
features like multi-integration mode of operation to optimize 
the laser energy, Gating mechanism with optimized gain, 
intelligent processing unit to achieve 16-bit intra-scene dynamic 
range by utilizing simultaneously available 11-bit high gain and 
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low gain data of same object to achieve human recognizing 
capability at projected target range. 

9879-28, Session 7

Lidar research activities and 
observations at NARL site, Gadanki, India 
(Invited Paper)
Bhavani Kumar Yellapragada, National Atmospheric 
Research Lab. (India)

National Atmospheric Research Laboratory (NARL), a 
Department of Space (DOS) unit, located at Gadanki (13.5?N, 
79.2?E, 370 m AMSL) in India is involved in the development 
of lidar remote sensing technologies for atmospheric 
observations. Several advanced lidar technologies employing 
micro pulse, polarization, Raman and scanning have been 
developed and demonstrated for atmospheric studies during 
the period between 2008 and 2015. The technology of micro 
pulse lidar, operates at 532 nm wavelength, was successfully 
transferred to industry and the commercial version has been 
identified for Indian Lidar network (I-LINK) programme. Under 
this lidar network activity, several lidar units were installed at 
different locations in India for studies on tropospheric aerosols 
and clouds. The polarization sensitive lidar technology was 
realized using mini photomultiplier tube (PMT) and has the 
capability to operate during day and night without pause. 
The lidar technology uses a compact flashlamp pumped 
Q-switched laser and employs biaxial configuration between 
transmitter and receiver units. The lidar technology has been 
utilized for understanding the polarization characteristics 
of boundary layer aerosol during mixed layer development. 
The demonstrated Raman lidar technology, uses the third 
harmonic wavelength of Nd:YAG laser, provides altitude 
profiles of aerosol backscattering, extinction and water vapor 
covering the boundary layer range and allows operation during 
nocturnal periods. The Raman lidar derived height profiles of 
aerosol backscattering and extinction coefficient, lidar ratio, 
and watervapor mixing ratio inform the tropical boundary 
layer aerosol characteristics. The scanning lidar technology 
developed uses near infrared laser wavelength for probing the 
lower atmosphere and has been utilized for high resolution 
cloud profiling during convective periods. The lidar technology 
is also used for rain rate measurement during the small scale 
rain periods over the tropical station, Gadanki. This paper 
describes the lidar technologies developed and observations 
conducted using these technologies 

9879-29, Session 7

Optical properties of lower tropospheric 
aerosols over New Delhi
Radhakrishnan Soman Radha, Bhuwan Chandra Arya, 
Chemendra Sharma, Sumit K. Mishra, Arun Kumar, 
Devesh Kumar Shukla, CSIR-National Physical Lab. 
(India)

Altitude distribution of aerosols is an important factor which 
influences in many way the weather and climate of the Earth-
atmosphere system. The microphysical, optical properties and 
vertical distribution of aerosols are needed to be measured 
to understand their influence on radiative forcing. The aerosol 
loading over the north Indian region is found to be increasing 
compared to the southern part. The mega city Delhi situated 
in the western part of Indo Gangetic Basin (IGB) in the north 
Indian region is one of the highly polluted cities in the world. 
It is important to study the vertical distribution of physical 
and optical properties of aerosols over the Delhi region. This 
study reports the altitude distribution of physical and optical 
properties of aerosols in the lower troposphere over the urban 
tropical region Delhi using an UV (355 nm) lidar which is 
capable of operating in both day and night time. It is observed 
that there is strong seasonal variation in the altitude (from 0.4 

to 4 km) distribution of aerosols during the observation period 
from July 2009 to May 2010. The aerosol extinction coefficient 
and depolarization values range from 0.02 to 0.6 km-1 and 0.02 
to 0.05 respectively during the observation period. Relatively 
high aerosol extinction coefficient values are observed below 
1.5 km altitude during the autumn season may be due the 
festivals and bio-mass burning activities. In all the seasons 
except winter, the aerosol loading from 0.4 km to 4 km range 
contributes more than 38% to the atmospheric column optical 
depth.

9879-30, Session 7

Verification of NCUM dust forecast with 
CALIPSO measurements over Indian 
region during pre-monsoon season
Prasenjit Das, John P. George, National Ctr. for Medium 
Range Weather Forecasting (India)

Mineral dust is a major constituent of airborne particles in the 
atmosphere. Numerical prediction of dust aerosol received 
importance in last few years due to its various applications, 
especially over arid and semi-arid regions. Since impact of 
dust on radiation and cloud processes have critical effect on 
regional meteorology, prognostic dust scheme is becoming 
integral part of the numerical weather prediction (NWP) 
models. NCMRWF Unified Model (NCUM) used for NWP has a 
prognostic dust scheme. Dust forecast models are designed to 
predict the dust cycle in the atmosphere including emission, 
transport and deposition processes. Quantitative evaluation 
of the dust forecast is difficult because of non-availability 
of dust observations. Most of the ground and space based 
observations represents total aerosol. However, CALIPSO 
satellite backscatter measurements at two wavelengths can 
provide reasonably accurate estimates of dust aerosol. This 
study used the CALIPSO dust aerosol optical depth (DOD) 
and depolarization ratio for the verification of dust forecast 
by the NCUM model during the pre-monsoon months over 
Indian region. The results of the study show that the NCUM 
dust forecast is able to provide reasonably accurate estimate 
of DOD, especially over arid and semi-arid regions, even in five 
day forecast. DOD forecast have good skill over the western 
part of India compared to central and eastern parts. The model 
is also able to capture spatio-temporal distribution of dust 
during major dust events. The vertical distribution of dust in 
the model forecast during the dust storm events also has good 
agreement with vertical distribution of CALIPSO attenuated 
backscatter and depolarization ratio. 

9879-31, Session 7

Retrieval of mixed layer height (MLH) 
from lidar using analytical methods and 
estimation of MLH growth rates over a 
tropical site Gadanki
Vishnu R., National Atmospheric Research Lab. (India) 
and VIT Univ. (India); Bhavani Kumar Yellapragada, 
National Atmospheric Research Lab. (India); Puna Ram 
Sinha, The Univ. of Tokyo (Japan); T. Narayana Rao, 
National Atmospheric Research Lab. (India); James 
Jebaseelan Samuel E., VIT Univ. (India)

A single channel elastic-backscatter lidar system was 
developed in-house at National Atmospheric Research 
Laboratory, an institution under Department of Space and 
Government of India, for studies on boundary layer dynamics 
during convective periods. The developed lidar system 
operates at the second harmonic wavelength of Nd: YAG 
laser and uses biaxial configuration. The lidar system utilizes 
a mini PMT for detecting laser returns from the atmosphere 
and operates in the analogue mode of data acquisition. The 
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analogue recorder operates at 20 MHz sampling and uses a 
12 bit A to D converter. The lidar system capable to operate at 
a maximum vertical resolution 7.5 m and 1-sec time sampling. 
However, in the present study, the lidar was operated with 30 m 
vertical resolution and 30-sec time sampling to understand the 
boundary layer dynamics during convective periods. The lidar 
measurements conducted between January and March 2014 
were used in the present study. The laser backscatters obtained 
at 532 nm wavelength were corrected for noise and range 
before application of above mentioned analytical methods.
This study presents evaluation of mixed layer height (MLH) 
from lidar using different analytical methods such as gradient, 
variance and wavelet techniques and presentation of inter-
comparison between methods to achieve suitable method for 
assessment of MLH. The estimated MLH is then compared with 
the simultaneous radiosonde observations and empirical model 
values. We computed the MLH growth rates and observed that 
a significant enhancement was seen during the transition from 
winter to pre-monsoon period which could be attributed to 
increased convective activity over the tropical site. We present 
the lidar measurements and discuss the MLH retrieval and 
growth rates over Gadanki using lidar measurements. 

9879-32, Session 7

Dual polarization micro pulse lidar 
observations of the diurnal evolution 
of atmospheric boundary layer over a 
tropical coastal station
Kunjukrishnapillai Rajeev, Manoj K. Mishra, S. V. 
Sunilkumar, S. Sijikumar, Vikram Sarabhai Space Ctr. 
(India)

Continuous high-resolution observations of dual polarized lidar 
backscatter signals carried out using Micro Pulse Lidar (MPL) 
has been used to investigate diurnal evolution of atmospheric 
boundary layer (ABL) during winter (2008-2011) over Thumba 
(8.5°N, 77°E), a tropical coastal station located at southwest 
Peninsular India adjoining the Arabian Sea. These observations 
are compared with the boundary layer characteristics and 
circulation derived from radiosonde observations carried 
out on selected days. Time-altitude cross sections of lidar 
backscatter coefficient and linear depolarisation ratio (LDR) 
during winter reveal the development of convective ABL 
(CABL), top of which increases typically from ~300 m at 
?09 Indian Standard Time (IST) to ?1500 m by ?14 IST. The 
CABL altitude remains similar during 14-18 IST, followed 
by a consistent decrease subsequently. Associated with 
strengthening of sea breeze, a persistent layer of highly 
spherical aerosols (low LDR) appear below ~500 m during 
the afternoon and early night. This is separated from the 
layer above having larger LDR (more non-spherical aerosols), 
which is dominated by the anti-sea breeze circulation. This 
scenario changes by post mid-night when a layer of relatively 
non-spherical aerosols appear below ?300 m that last till sea-
breeze is onset the next day. Upper altitude limit of the thermal 
internal boundary layer (TIBL) formed by sea breeze increases 
from ~300 m around noon to ?500 m around 18 IST, followed 
by a decrease to <300 m by ?22 IST. These observations are in 
agreement with the model simulations of sea breeze circulation 
carried out using WRF model.

9879-33, Session 8

Variability in the planetary boundary 
layer observed during the onset and 
progression of Indian summer monsoon
Prasad Perumal, Roja Raman Mekalathur, Sri 
Venkateswara Univ. (India); Venkat Ratnam Madineni, 
National Atmospheric Research Lab. (India); Vijaya 
Bhaskara Rao Sarangam, Sri Venkateswara Univ. (India)

Large temperature gradients between the surrounding 
oceans and Indian land mass during summer drives the 
moisture transport from ocean surface to the land mainly in 
the lower troposphere. Planetary Boundary Layer (PBL) plays 
an important role in the regional monsoon circulation by 
exchanging heat and moisture between the Earth surface and 
free atmosphere.To capture the changes in the characteristics 
of PBL during the arrival and progression of monsoon, an eye 
safe Micro Pulse Lidar (MPL) has been operated daily (except 
rainy days) from S.V. University, Tirupati (13.65°N, 79.49°E), 
India during 20 May to 15 June, 2015 concurrently with NARL, 
Gadanki (13.5°N, 79.2°E) as a part of Pre-monsoon campaign 
2015. PBL is identified using the advanced wavelet covariance 
transform (WCT) technique. A clear transition in the PBL 
characteristics from evening to the mid-night is observed but 
differs largely from pre-monsoon to the monsoon arrival. From 
the initial post processing of Lidar observations, a significant 
change in the characteristics of PBL has been observed during 
the onset of monsoon over the observation site. These results 
were compared with the PBL observations obtained from 
MPL and 6 hourly radiosonde data from NARL, a rural site 
that is about 35km away from the observation site.The role 
of convection on the observed PBL is analyzed using Infrared 
brightness temperature obtained from the merged products 
of TRMM. Further, the concentration of aerosol loading during 
the monsoon onset is analyzed and the source regions were 
identified using the NOAA HySplit trajectories. 

9879-34, Session 8

Measurements of long range transport 
using two wavelength and polarization 
lidar over tropical rural site Gadanki 
(13.450 N, 79.170 E)
Vishnu R., National Atmospheric Research Lab. (India) 
and VIT Univ. (India); Bhavani Kumar Yellapragada, 
National Atmospheric Research Lab. (India); James 
Jebaseelan Samuel E., VIT Univ. (India)

This paper describes the measurements carried out on shape 
and size information of boundary layer aerosol particles using 
a lidar system developed at NARL, Gadanki. The lidar system 
profiles the boundary layer at 1064 and 532 nm wavelengths, 
which are fundamental and second harmonic components of 
Nd:YAG laser. However, the polarization measurements are 
conducted at 532 nm only. Using an external dichroic mirror 
in the laser path, the Nd:YAG laser output is separated into 
its harmonics. The fundamental harmonic of Nd:YAG laser 
is steered into atmosphere using a hard coated mirror and 
the atmospheric returns at 1064 and 532 nm are collected 
using two independent telescopes. The laser backscatter 
corresponding to 1064 nm is detected using an Avalanche 
photodiode; where as the co and cross polarized signals 
returns corresponding to 532 nm laser are detected using a 
set of mini-PMT units. A three channel transient recorder unit 
is employed for recording the signals utilizing the analog and 
photon counting electronics. The lidar system is possible to 
operate in daylight period and can provide information on 
scattering properties of boundary layer aerosols. 
In the present study, measurements during long range 
transport events were performed at NARL, Gadanki during the 
year 2012. We proposed to present five case studies on long 
range transport that occurred during the year 2012. We present 
the results in terms of aerosol backscattering coefficient, 
depolarization ratio and color ratio with support of back 
trajectory analysis.
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9879-35, Session 8

Depolarization ratio, SNR estimation, 
and correlation with aerosol types for a 
commercial Raman depolarization lidar 
system
Giorgos Avdikos, George Georgoussis, Raymetrics S.A. 
(Greece)

In this paper we calculate the Signal-to-Noise (SNR) ratio of 
a 3-channel commercial (Raymetics) volcanic ash detection 
system, (LR111-D300), already operating in UK. We also 
estimate the linear depolarization ratio and correlations with 
aerosols’ types are also performed. The methodology for 
the accurate estimation is presented for day and nighttime 
conditions. The results show that SNR values are higher than 
10 for ranges up to 13 km for both nighttime and daytime 
conditions. This is a quite good result compared with other 
values presented in bibliography and prove that such system is 
able to detect volcanic ash detection over a range of 20 km.

9879-36, Session 8

Investigation of biomass burning events 
over southmost of Taiwan using lidar and 
in-situ measurements
Wei-Nai Chen, Academia Sinica (Taiwan); Shih-Yu 
Chang, China Medical Univ. (Taiwan); Roja Raman 
Mekalathur, Sri Venkateswara Univ. (India); Chung-Yao 
Lin, Academia Sinica (Taiwan)

The spreading of biomass burning from Indochina is influenced 
by the atmospheric circulation and is worldwide to the 
surrounding regions. The transboundary transportation of 
biomass burning to Taiwan is intensively investigated in field 
measurements by ground based lidar and in-situ measurements 
in Hengchun, a township in southmost of Taiwan, during spring 
of 2013. Four different biomass burning events were observed 
down-washed from lower troposphere to surface ground 
over Hengchun during March 2013. Based on the physical 
and chemical characteristics observed by in-situ instruments, 
these aerosols are found to be dominated by biomass burning 
aerosols. The PMF method is applied to help the identification 
of biomass burning events. On investigating the background 
meteorological conditions using WRF model results, the 
Indochina region is most possible to be the source region. 
HYSPLIT back trajectories and MODIS measurements indicates 
the origination of biomass burning aerosols that have been 
long-transported from Indochina to Taiwan region. WRF/CHEM 
model simulation is applied to discuss the possible dynamic 
mechanisms which cause the downwash phenomenas.

9879-37, Session 8

Development of a high-spectral-
resolution lidar for continuous 
observation of aerosols in South America
Yoshitaka Jin, Nobuo Sugimoto, Tomoaki Nishizawa, 
National Institute for Environmental Studies (Japan); 
Pablo R. Ristori, Sebastián Papandrea, Ctr. de 
Investigaciones en Láseres y Aplicaciones (Argentina); 
Lidia A. Otero, Instituto de Investigaciones Científicas 
y Técnicas para la Defensa (Argentina); Eduardo J. 
Quel, Ctr. de Investigaciones en Láseres y Aplicaciones 
(Argentina); Akira Mizuno, Nagoya Univ. (Japan)

Continuous monitoring of aerosol profiles using lidar is helpful 
for a quasi-real-time indication of aerosol concentration 
and is applied for aerosol transport studies in combination 

with chemical transport models. For instance volcanic ash 
concentration and its height distribution are the essential 
information for plane flights. Depolarization ratio and multi-
wavelength measurements are useful for aerosol typing such as 
volcanic ash, smoke, dust, sea-salt, and air pollution aerosols. 
High spectral resolution lidar (HSRL) and Raman scattering 
lidar can contribute to such aerosol typing significantly 
since extinction coefficients can be measured independently 
from backscattering coefficients. In particular HSRL can 
measure aerosol extinction in daytime and nighttime with a 
high sensitivity. However, there are few works on continuous 
observation with HSRL because of its complicated controls. 
We developed a HSRL with a high spectral resolution receiver 
using an iodine filter for continuous observation of aerosols 
at 532nm. The laser wavelength is well controlled by a 
feedback system to tune the laser wavelength to the center 
of iodine absorption line. An HSRL with above control system 
is now developing in Argentina in the framework of South 
American Environmental Risk Network (SAVERNET). In May 
2015, a feedback control system was installed to stabilize 
laser wavelength for a prolonged time. This study reports the 
measurement technique and developing status of HSRL in 
Argentina.

9879-38, Session 9

High-spectral-resolution lidar 
measurements of 532nm extinction 
and 1064nm backscatter for aerosol 
characterization (Invited Paper)
Edwin Eloranta, Univ. of Wisconsin-Madison (United 
States)

Multiple wavelength measurements of extinction and 
backscatter cross section can be inverted to yield estimates 
of aerosol particle size distributions and index of refraction. 
We are working to derive aerosol properties using a 355nm 
lidar observing nitrogen Raman scattering along with a 
532nm High Spectral Resolution Lidar(HSRL) equipped with 
a 1064nm backscatter channel. The HSRL produces robustly 
calibrated measurements of the 532nm backscatter cross 
section. Extinction cross section measurements are more 
difficult. While 532nm backscatter cross-section is derived from 
a ratio of signals that cancel out range sensitive instrumental 
artifacts, extinction measurements are derived from the 
molecular backscatter return with no cancellation of range 
dependent errors. Aerosol mass in normally concentrated in 
the boundary layer. This places it close to a ground based lidar 
where a large range dependent overlap correction is required. 
Furthermore, Extinction is derived from the slope of the 
molecular signal. This amplifies noise due to photon counting 
statistics. Calibration of the 1064 backscatter cross section 
is also difficult because it is not accompanied by 1064nm 
molecular channel. This presentation will describe our progress 
in measuring 532nm extinction and 1064 backscatter cross 
sections in tenuous aerosol layers. 

9879-39, Session 9

Climatology of plume transport pathways 
and properties to New York City in 
Northeastern USA
Fred Moshary, Yonghua Wu, Chowdhury Nazmi, Zaw 
Han, Barry M. Gross, NOAA-CREST (United States) and 
The City College of New York (United States)

In this work, we present climatology of continental and 
intercontinental plume transport paths to New York City (USA) 
using multi-wavelength atmospheric lidar profiling observations 
over ten years. Range-resolved monthly occurrence and 
frequency of plume geometrical and optical properties are 
determined and their effect on modification of local aerosol 
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optical properties are presented. Plume transport paths are 
investigated using the NOAA-HYSPLIT cluster analysis together 
with multiple satellite imagery (including MODIS, GOES 
and OMI) in select cases of special interest. Our statistical 
analyses indicate 6 main transport paths. For each cluster, we 
analyze the optical properties of aerosol plumes and derive 
microphysical properties such as the Angstrom size exponent 
and single scatter albedo. We further investigate the impact 
of these aerosol plumes on the metropolitan New York area 
including the plume radiative properties, impact on surface air 
quality and clouds and precipitation using related ground and 
satellite products. This allows us to better understand how local 
meteorological forcings can effect regional plume impacts.

9879-41, Session 9

Optical properties of boundary layer 
aerosols during autumn season over 
Delhi
Radhakrishnan Soman Radha, National Physical Lab. 
(India); Harmandeep Kaur, Pranveer S. Satvat, Galgotias 
Univ. (India); Jaswant Rathore, Sumit K. Mishra, 
Chemendra Sharma, National Physical Lab. (India)

This work reports the variation in boundary layer aerosol 
optical properties over the urban tropical region Delhi 
during the autumn season of the year 2014. An indigenously 
developed dual polarization micropulse lidar system is 
used to study the boundary layer aerosol. It is observed 
that the aerosol backscatter coefficient is high during the 
autumn season compared to monsoon season. The low linear 
depolarization values during the observation period signify the 
presence of fine mode particles. It is also evidenced by the high 
values of angstrom exponent (Microtops derived) values during 
the observation period. HYSPLIT trajectory model is used 
to show the effect of transported aerosols from elsewhere. 
The flow of air during the observation period (north-westerly 
winds) evidences the transport of fine mode particles (bio 
mass) to the site. MODIS active fires composite during study 
have shown the emission of aerosols due to biomass burning 
to be increasing from October to November, 2014 day-by-day. 
The study on the occasion of Diwali shows that the burning of 
crackers and sparkles is one of the main sources for the loading 
of aerosols in the boundary layer. 

9879-42, Session 9

Altitude distribution of atmospheric 
aerosols and its seasonal and interannaul 
variations over a tropical coastal station
Manoj K. Mishra, Kunjukrishnapillai Rajeev, Vikram 
Sarabhai Space Ctr. (India)

Altitude distribution of tropospheric aerosols and its seasonal 
and inter-annual variations over Thumba (8.5N, 77E), a station 
located in the southwest Peninsular India adjoining the 
Arabian Sea coast, have been investigated based on long-term 
systematic observations carried out using a dual polarization 
micropulse lidar (MPL). The MPL operates at 532 nm, with a 
PRF of 2500 Hz and pulse energy of ~2 uJ. The backscattered 
signal is integrated to derive the co- and cross polarized 
backscattered lidar signal with a vertical resolution of 30 m 
and time resolution of 2 minutes. Monthly and seasonal mean 
aerosol backscatter coefficient profiles are derived by applying 
Fernald’s inversion to the lidar signal. The depolarization 
ratio provides an unambiguous method for identifying the 
aerosol layers with distinctly different properties, in terms of 
non-sphericity. The aerosol distribution during pre-monsoon 
(March-May) and summer monsoon (June-September) seasons 
are dominated by the occurrence of elevated layers of highly 
non-spherical aerosols in the altitude region between 1-4 
km. Airmass back-trajectory analysis shows that this layer is 

caused by long-range transport of aerosols from the Indian 
subcontinent and Arabia. These elevated layers contribute 
>25% of the aerosol optical depth (AOD). These observations 
are also in agreement with those using the spaceborne lidar, 
CALIPSO. Notwithstanding the dry conditions that prevail 
during winter, the observed AOD is the least during this season 
when the occurrence of elevated aerosol layer is the least. 
Atmospheric heating rate arising from the aerosol absorption 
of shortwave radiative flux amounts to 0.8 to 1.5 K/day during 
pre-monsoon.
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9880-1, Session 1

Tracking pollutants from space: nine 
years of IASI satellite observation 
(Invited Paper)
Cathy Clerbaux, Univ. Pierre et Marie Curie (France) and 
LATMOS (France); Carole Deniel, Ctr. National d’Études 
Spatiales (France)

The IASI instrument is a Fourier Transform Spectrometer 
sounding the atmosphere using the thermal infrared spectral 
range from a polar orbiting satellite. It was designed by CNES 
(Centre National d’Etudes Spatiales) and launched by Eumetsat 
on the MetOp series of satellites. The mission has been 
providing global observations of the air composition with an 
excellent spatial resolution, twice a day since 2007 (MetOp-A) 
and 4 times per day since 2012 (Metop-A and MetOp-B). 
From the atmospheric spectra recorded by the instrument, 
concentrations of several trace gases can be monitored, 
enhanced levels of pollution can be detected, and particle 
types can be determined to some extent. This paper recalls 
the historical context for the IASI remote sensor, reviews its 
capability to observe some key species for global and regional 
pollution monitoring (with a focus on India), and reports on 
information services that benefit from the mission. On the 
longer term the continuity of the program is ensured with the 
IASI-NG mission that will extend the IASI observation for 15-20 
more years. 

9880-2, Session 1

Advanced sounding products derived 
from JPSS CrIS full spectral resolution 
observations
Lihang Zhou, Yong Han, Mark Liu, Fuzhong Weng, 
Murty G. Divakarla, Xiaozhen Xiong, Chris Barnet, 
Mitchell Goldberg, Walter Wolf, National Oceanic and 
Atmospheric Administration (United States)

The Joint Polar Satellite System (JPSS) is the next generation 
United States polar-orbiting operational environmental satellite 
system that will provide continuity of critical observations for 
accurate weather forecasting, reliable severe storm outlooks, 
and global measurements of atmospheric and oceanic 
conditions. A pre-cursor mission for JPSS - The Suomi National 
Polar-orbiting Partnership (SNPP) satellite was successfully 
launched on October 28, 2011, and designated as the NOAA 
primary afternoon-orbit operational satellite since May 1st, 
2014. The Cross-track Infrared Sounder (CrIS) on Suomi 
National Polar-orbiting Partnership Satellite (S-NPP) is a 
hyperspectral Fourier transform spectrometer. In normal mode 
(mission mode), CrIS measures the spectral bands from 650 
to 1095 cm-1 (long-wave IR band, LWIR), 1210 to 1750 cm-1 
(mid-wave IR band, MWIR), and 2155 to 2550 cm-1 (short-
wave IR band, SWIR) with spectral resolutions of 0.625 cm-1 
, 1.25 cm-1 and 2.5 cm-1 , respectively. It provides a total of 
1305 channels for sounding the atmosphere. CrIS can also be 
operated in the full spectral resolution (FSR) mode, in which 
the MWIR and SWIR band interferograms are recorded with 
the same maximum path difference as the LWIR band and with 
spectral resolution of 0.625 cm-1 for all three bands (total 2211 
channels). NOAA has been operated CrIS in FSR mode since 
December 2014 for SNPP, and plan to do the same for the 

Joint Polar Satellite System (JPSS)-1 and follow-on satellites in 
order to improve the retrieval accuracy of water vapor, carbon 
monoxide, carbon dioxide and methane. 
In the presentation, we will provide updates on the CrIS FSR 
SDR processing status, as well as the quality of the CrIS FSR 
SDR data and the derived advanced sounding data products. 
Plans for JPSS-1 CrIS sensor data and sounding products 
pre-launch and post launch validation, the required truth 
and correlative datasets to validate the Accuracy, Precision 
and Uncertainty (APU) requirements specified in the Level 1 
Requirements Document will also be discussed. 

9880-3, Session 1

Remote sensing using ground-based, 
airborne, and satellite ultraspectral 
sensors
William L. Smith Sr., Univ. of Wisconsin-Madison (United 
States); Allen M. Larar, NASA Langley Research Ctr. 
(United States); Henry E. Revercomb, Joseph K. Taylor, 
Univ. of Wisconsin-Madison (United States); Melissa 
Yesalusky, U.S. Dept. of Energy (United States); Xu Liu, 
Daniel K. Zhou, NASA Langley Research Ctr. (United 
States); Elisabeth Weisz, Univ. of Wisconsin-Madison 
(United States)

Techniques and results from the use of ground-based, airborne, 
and satellite ultraspectral sounding instruments operating 
during several research field campaigns are presented. The 
ultraspectral sensors considered are the ground-based AERI 
and ASSIST, the airborne SHIS and NAST-I, and the satellite 
AIRS, IASI, and CrIS sensors. Validation of the atmospheric 
profiles retrieved from the radiance spectra observed by 
these sensors is accomplished using radiosonde, dropsonde, 
and analyses of operational meteorological data. Results are 
presented which demonstrate how combinations of data from 
different ultaspectral sensors on different observing platforms 
compliment each other in the analysis and understanding of 
various geophysical phenomena. 

9880-4, Session 1

Advanced sounder validation studies 
from recent NAST-I airborne field 
campaigns
Allen M. Larar, Daniel K. Zhou, Xu Liu, Jialin Tian, NASA 
Langley Research Ctr. (United States); William Smith, 
Langley Research Ctr. (United States) and Science 
Systems and Applications, Inc. (United States)

The evolution of satellite measurement systems continues to 
improve their research and operational impact and is essential 
for advancing global observations of the Earth’s atmosphere, 
clouds, and surface. Measurement system and data product 
validation is required to fully exploit these data for enabling 
their intended enhancements in weather prediction, climate 
monitoring capability, and environmental change detection. 
Airborne field campaigns can play a vital role in such validation 
and contribute to assessing and improving satellite sensor 
measurements and associated data products. The NASA LaRC 
National Airborne Sensor Testbed – Interferometer (NAST-I) 
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was part of the aircraft payload for the two field experiments 
conducted to address Suomi NPP (SNPP) validation since 
the satellite’s launch in late 2011: 1) mid-latitude flights based 
out of Palmdale, CA during May 2013 (SNPP-1), and 2) flights 
over Greenland during March 2015 while based out of Keflavik, 
Iceland (SNPP-2). This presentation focuses on radiance 
analysis from the SNPP airborne field campaigns with a 
particular emphasis on NAST-I inter-comparisons with the 
Cross-track Infrared Sounder (CrIS) for challenging cold scenes 
conditions as observed during SNPP-2.

9880-5, Session 2

Second Suomi NPP Cal/Val campaign: 
atmospheric and surface environmental 
data retrieval analysis
Daniel K. Zhou, Allen M. Larar, Xu Liu, Jialin Tian, NASA 
Langley Research Ctr. (United States); William L. Smith 
Sr., Hampton Univ. (United States); Mitchell Goldberg, 
Joint Polar Satellite System (United States)

Satellite ultraspectral infrared sensors provide key data records 
essential for weather forecasting and climate change science. 
The second Suomi NPP Cal/Val campaign, conducted in March 
2015 over Greenland, provides data for the National Airborne 
Sounder Testbed-Interferometer (NAST-I) and Suomi NPP 
satellite Cross-track Infrared Sounder (CrIS) measurements 
and retrieval evaluation for a winter, Arctic environment. 
Co-incidental radiosondes lunched over the Summit Station, 
Greenland, and the European Centre for Medium-Range 
Weather Forecasts (ECMWF) model analysis are used to 
assess remote sensing measurements and retrievals from the 
aircraft and satellite. Preliminary results of atmospheric and 
surface environmental data retrievals under a winter, Arctic 
environment are presented.

9880-6, Session 2

Tropical Tropopause Dynamics (TTD) 
campaigns over Indian region: overview 
and scientific accomplishments
Venkat Ratnam Madineni, National Atmospheric 
Research Lab. (India); S. V. Sunilkumar, Krishnaswamy 
Parameswaran, Space Physics Lab. (India); B . V. Krishna 
Murthy, Ceebros (India)

In recent years the ‘Tropical Tropopause’ has received 
immense scientific attention because of its sensitivity to 
anthropogenic activities leading to climate change. Several 
campaigns have already been conducted and also are being 
planned to address various issues related to it. Despite many 
campaigns, several scientific issues still remain unexplained. 
In order to address some of the issues, particularly over the 
Indian region, intensive observational campaigns named as the 
‘Tropical Tropopause Dynamics (TTD)’ have been conducted 
since December 2010 at two stations namely Gadanki(13.5oN, 
79.2oE) and Trivandrum(8.5oN, 76.9oE). This work is aimed 
at bringing out the importance of a sustained study on the 
tropical tropopause, using collocated instruments as well as 
complementary data from the satellites. In general, a prominent 
updraft prevails below and above the TTL, suggesting that 
deep convection is not essential for the transport of minor 
species across the tropopause. Sub-daily variations are 
observed at both the stations and the amplitude of this 
variation is small at Gadanki. The behavior of the cold point 
tropopause (CPT) at Gadanki and Trivandrum revealed that 
there are important differences in the CPT characteristics 
even within the monsoon region. Significant modulation in the 
tropical tropopause parameters by the prevailing tides and 
planetary waves is noticed. The vertical temperature gradient in 
the tropical tropopause layer (TTL) is related to the presence of 
tropical cirrus. Altitude structure of tropical cirrus in the upper 

troposphere is clearly associated with that of turbulence. This 
Indian Program is expected to provide important contributions 
to the international campaigns planned over Pacific and Asian 
region on the TTL. 

9880-8, Session 2

Inter-calibration assessment of Kalpana-1 
and INSAT-3D satellite using NOAA and 
METOP data
Ashim K. Mitra, Ashok K. Sharma, Nitesh Kaushik, 
Minstry of Earth Sciences (India)

This paper describes the inter-calibration approach and key 
results of Kalpana-1/INSAT-3D geostationary satellite. The 
normalized calibration technique is attempted in order to 
re-calibrate the Kalpana-1 Infrared ( 10.8 µm) and INSAT-3D 
Infrared ( 10.8 µm) and Mid-infrared ( 3.8 µm) channels and 
remove the effect of the temporal non-linearity of sensor 
response due to degradation of the sensor based on ISCCP 
(International satellite cloud climatology project) procedure 
over the Indian Ocean. The study region of the inter-calibration 
is ± 10º NS latitude of the equator; 64º-84º longitude east. The 
primary data used for Kalpana-1 and INSAT-3D inter-calibration 
is VHRR Infrared brightness temperatures and NOAA-19 AVHRR 
channel-2 and channel-4 brightness temperatures from May to 
December 2009 and February to April 2015 respectively.
The major objective of this project is the generation of a 
Climate Data Record of calibrated and quality controlled 
geostationary sensor data for weather and climate prediction.

9880-9, Session 2

Calibration strategy of INSAT-3D 
meteorological satellite imager using the 
Moon at IMD, New Delhi
Shailesh Parihar, Ashim K. Mitra, A. K. Sharma, L. S. 
Rathore, M. Mohapatra, India Meteorological Dept. 
(India); Rajeev Bhatla, Ravi S. Singh, Banaras Hindu 
Univ., Varanasi (India)

Lunar measurements are part of the calibration strategy for 
the instruments in Earth Observing System and satellites. The 
purpose of using moon as an absolute radiometric standard 
for calibration it is used solely as a diffuse reflector whose 
surface remains unchanged. INSAT-3D is India’s meteorological 
geostationary satellite an exclusive next-generation mission 
designed for enhanced meteorological observations having 6 
channel imager and 18 channel sounder. INSAT-3D Spacecraft 
was dedicated to Nation at National Satellite Meteorological 
Center (NSMC) indigenously designed developed INSAT-
3D Meteorological Data Processing System (IMDPS), 
commissioned at India Meteorological Department (IMD) New 
Delhi on January 15, 2014.
The Moon is being observed from INSAT-3D regularly in the 
margins and corners of full-disk operational image of earth 
with rectangular field of regard in IMDPS New Delhi. INSAT-3D 
measurements of lunar surface in Visible (0.55 - 0.75µm), Short 
Wave Infrared 1.55 - 1.70µm, Mid Wave Infrared (3.80 - 4.00µm), 
Water Vapor (WV) 6.50 - 7.10µm, Thermal Infrared (TIR) 1 & 
2, 10.3 - 11.3µm & 11.5 - 12.5µm wavelength regions provide a 
new and intriguing methodology of distinguish in sensitivities 
of Earth observing radiometers especially for visible and 
infrared. The USGS RObotic Lunar Observatory (ROLO) project 
has developed the capability for on-orbit calibration using 
the Moon via a GSICS (Global Space based Inter calibration 
System) Implementation of ROLO Model (GIRO) model for 
lunar spectral irradiance that accommodates the geometries 
of illumination and viewing by a spacecraft. The on-orbit 
irradiance value of Moon through INSAT-3D using WV and TIR 1 
channels has been observed. The dynamical range of irradiance 
value of the moon spans roughly around 2-3% as compared 
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to typical Earth scene observed from INSAT-3D TIR channel. 
By integrating the INSAT-3D Moon observation images to an 
equivalent irradiance, and its spectral response functions (SRF), 
a calibration approach can be developed through comparison 
against the GIRO lunar model for archived INSAT-3D sensors.

9880-10, Session 3

Aerosol measurements and validation of 
satellite-derived aerosol optical depth 
over the Kavaratti Cal-Val site
K. N. Babu, Space Applications Ctr. (India) and Indian 
Space Research Organisation (India); Nandlal Suthar, 
Space Applications Ctr. (India); Piyushkumar N. Patel, 
Aloke K. Mathur, Space Applications Ctr. (India) and 
Indian Space Research Organisation (India)

Aerosols are short-lived with a residual time of about a week 
in the lower atmosphere and are concentrated around the 
source of origin. Aerosols are produced by variety of natural 
processes as well as by anthropogenic activities; it gets 
distributed in the atmosphere through turbulent mixing as well 
as transported away from the source of origin and thus results 
in its large seasonal and spatial variability. In this study, the 
CIMEL sun-photometer measurements at Kavaratti calibration 
and validation site are used to characterize the aerosols’ nature 
at the measurement site. Also, these in-situ measurements are 
used to validate the satellite sensor derived aerosol optical 
depth (AOD) parameter. The data analysis shows that the 
locally generated aerosols are mostly of marine aerosols 
and other natural aerosols are transported desert dust. The 
anthropogenic aerosols are transported from mainland and 
they are found during the pre-monsoon season. Further, the 
five years (2009 – 2015) aerosol measurements are being 
planned for validating the satellite sensors derived AOD 
products namely: OceanSat2-OCM2, MODIS-Terra and MODIS-
Aqua.

9880-11, Session 3

Spectral dependence of aerosol radiative 
forcing at surface over a tropical coastal 
station
Manoj K. Mishra, Kunjukrishnapillai Rajeev, Vikram 
Sarabhai Space Ctr. (India)

Spectral variation aerosol radiative forcing (ARF) depends on 
the solar zenith angle (SZA), size distribution and composition 
of aerosols and atmospheric background. The spectral variation 
of ARF apportioned in different spectral bands as a function of 
SZA has been estimated during different seasons based on the 
systematic high spectral resolution observations of downward 
solar irradiance using FieldSpec-3 spectroradiometer. This 
optical fiber spectroradiometer have a spectral resolution 
of 3nm in the wavelength band of 350–1000nm and 10nm 
in 1000–2500nm. These observations have been used to 
determine the spectral variations of the instantaneous aerosol 
direct radiative forcing efficiency (IADRFE) under clear sky 
conditions during 2012-2013. The study shows that during the 
winter and premonsoon seasons spectral IADRFE maximizes 
at ~440nm during noon and systematically decreases with 
wavelength. The wavelength of the peak value of IADRFE 
increases with SZA and the actual variation depends on the 
type of aerosols during different seasons. The wavelength at 
which the peak spectral IADRFE occurs increases with SZA. 
The spectral peak is relatively broad centered around 600nm 
at SZA of 75°. The percentage cumulative contribution of the 
spectral IADRFE to the total IADRFE shows that 80% of the 
IADRFE is contributed by the wavelength bands below 1 µm 
around noon and 8% is contributed by wavelengths >1.5µm. The 
observed spectral variation in the IADRFE has been compared 
with the model derived IADRFE using SBDART for different 

type of aerosols and under varying water vapour loading in the 
atmosphere.

9880-12, Session 3

Development of algorithm for retrieving 
aerosols over land surfaces from NEMO-
AM polarized measurements
Mehul R. Pandya, Space Applications Ctr. (India)

Atmospheric aerosols have a large effect on the Earth radiation 
budget through its direct and indirect effects. A systematic 
assessment of the aerosol effects on the Earth’s climate 
and environment requires a global mapping of tropospheric 
aerosols through satellite remote sensing. However aerosol 
retrieval over land surface remains a challenging task 
due to bright background of the land surfaces. Polarized 
measurements can provide an improved aerosol sensing by 
providing a means of decoupling the surface and atmospheric 
contribution. Taking the advantage of polarized measurements 
aerosols can be retrieved from the satellite polarization 
observations. ISRO has planned a multi-angle dual-polarization 
instrument (MADPI) onboard a Nano satellite for Earth 
MOnitoring for Aerosol Mapping (NEMO-AM). The MADPI has 
three spectral bands operating in blue, red and near infrared 
spectral regions having 20 nm spectral resolution with a 
nominal spatial resolution of approximately 30 m from the 
altitude of approximately 500 km from the polar orbit. 
A new aerosol retrieval algorithm has be developed for the 
MADPI instrument onboard NEMO-AM. A study has been taken 
up with the aim of development of an algorithm for retrieving 
aerosol optical thickness over land surfaces from NEMO-AM 
polarized measurements. In this paper, results of a theoretical 
modelling study have been reported, which will be useful for 
aerosol retrieval from the MADPI/NEMO-AM measurements. 
The study has four major components: (1) theoretical modelling 
exercise for computing the atmospheric and surface polarized 
contributions, (2) modelling of total satellite-level polarized 
signal in MADPI spectral bands, (3) retrieval of aerosol optical 
thickness (AOT) by comparing the modelled and measured 
polarized signals and (4) validation of retrieved AOT using 
the MODIS AOT products. The algorithm has been developed 
for MADPI/NEMO-AM spectral bands and has been tested 
on similar data of PARASOL-POLDER mission. The algorithm 
has been successfully applied to twelve POLDER data sets 
covering various land covers over the Indian landmass with 
diverse atmospheric conditions prevailing during January 2012 
to May 2013 time period. AOT images have been generated 
from the polarized measurements, which have been compared 
with the MODIS AOT products. Results showed a good 
match with R2~0.71 and RMSE~ 0.08. Initial investigation has 
given encouraging results however, comprehensive analysis 
and testing have to be carried out for establishing the 
proposed algorithm for retrieving AOT from the NEMO-AM 
measurements.

9880-13, Session 3

Fast hyperspectral radiative transfer 
modeling and its applications
Xu Liu, Wan Wu, Qiguang Yang, Daniel K. Zhou, Allen M. 
Larar, Susan Kizer, NASA Langley Research Ctr. (United 
States)

We will describe a fast radiative transfer model that is 
specifically designed for hyperspectral remote sensing 
applications. The fast radiative transfer model is capable 
of performing efficient and accurate calculations under 
cloudy condition and in the presence of solar radiations. 
The model uses a Principal Component Analysis to speed 
up computational speed. The PCRTM model is capable of 
simulating top of atmospheric radiance or reflectance spectral 
from 50 wavenumber to 30000 wavenumber. The PCRTM 
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has a very good accuracy relative to reference line-by-line 
radiative transfer models and it saves orders of magnitude 
computational time. We will show comparisons of the PCRTM 
model to AIRS, CrIS, IASI, NAST-I, and SCIAMACHY data. 
We will further show results of applying the PCRTM retrieval 
algorithm to these remote sensing data to retrieve atmospheric 
temperature and moisture profiles, CO2, CO, CH4, N2O, and O3 
profiles, cloud optical depth, size, phase, and height. Surface 
properties such as surface emissivity spectra and surface skin 
temperatures are also retrieved simultaneously.

9880-14, Session 3

Retrieval of sea surface temperature and 
trace gas column averaged from GOSAT, 
IASI-A, and IASI-B over the Arctic Ocean 
in summer 2013 and 2014
Sébastien Payan, LATMOS (France) and Univ. Pierre et 
Marie Curie (France); Claude Camy-Peyret, iNS (France); 
Jérôme Bureau, LATMOS (France)

The Arctic Ocean is a very important region of the globe in 
which the effect of climate change can be detected over short 
time periods. We have used the possibility provided by the 
three infrared sounders TANSO-FTS on the GOSAT platform, 
IASI-A, and IASI-B on the MetOp platforms to retrieve the sea 
surface temperature (Tsurf) and the column averaged mixing 
ratio of several trace gases (CO2, CH4, N2O, O3) for pairs of 
nearly coinciding footprints (IFOVs) at small time separations 
(typically for IASI ~46 mn and ~54 min depending on which 
satellite has first observed the corresponding scene). A strict 
filtering based on the AVHRR cloud fraction and the radiance 
analysis within the GOSAT and IASI footprints lead to a large 
number of quasi-coinciding IFOVs for which a 1D-var inversion 
(Tsurf and XCO2 as the main parameters in the state vector, 
plus scaling factors for the profiles of H2O and O3) has been 
performed. As an example, we used during retrieval the 
atmospheric window between 940 and 980 cm-1 (CO2 laser 
band) for which the sensitivity to the surface is maximum. 
The statistics of the comparison between IASI-A and IASI-B 
retrievals will be presented and compared to the corresponding 
Eumetsat L2 products. The months of July and August for 
the years 2013 and 2014 have been considered since in these 
Arctic summer conditions the ice pack coverage is reduced. 
The differences between these two consecutive years will be 
discussed and a comparison with 2010 (for which only IASI-A 
was in orbit) is confirming that IASI can indeed be used for 
climate change studies

9880-15, Session 3

Data analytics from hyperspectral 
infrared sounders for short-term and 
long-term forecasting
Hal J. Bloom, Chris Barnet, Antonia Gambacorta, 
Science and Technology Corp. (United States)

Hyperspectral infrared sounders on satellites are now routinely 
used to make informed weather decisions through data 
assimilation at NWP centers. Typically, NWP centers ingest 
only a small fraction of the available information due to 
computational limitations. Retrieval systems from satellites, on 
the other hand, can afford to exploit more of the hyperspectral 
information and are routinely creating a broad set of products.
In 2011 the Cross-Track Infrared Sounder (CrIS) was launched 
aboard the Suomi-NPP satellite and is producing EDR products 
using the same algorithm as AIRS. The algorithm is called 
NOAA-Unique CrIS/ATMS Processing Sysytem. Recently, 
NUCAPS products have been made available in both the 
Advanced Weather Interactive Processing System (AWIPS) and 
the Community Satellite Processing Package (CCSP). 

This presentation will summarize the results from a number 
of initiatives sponsored by the NOAA Joint Polar Satellite 
Systems (JPSS) Office (NJO). Scope of these initiatives is to 
demonstrate the vertical profiling capabilities of hyper-spectral 
soundings in capturing high impact mesoscale phenomena 
over otherwise poorly sampled regions of the globe. The high 
vertical resolution and spatial coverage of hyper-spectral 
sounders is a key element to fill this critical observational gap. 
The first initiative was participation in “CalWater-2015,” a field 
campaign focusing on variability of the water supply and the 
incidence of extreme precipitation events along the west coast 
of the United States. CSPP direct broadcast data was used 
to support flight planning and analysis of these mesoscale 
events. The second initiative was the use of AWIPS-II NUCAPS 
soundings in the Hazardous Weather Testbed 2015 Spring 
Experiment. Here National Weather Service (NWS) forecasters 
evaluated NUCAPS in developing convective environments. 
This paper attempts at performing two main investigations. A 
first comparative analysis is aimed at validating the robustness 
of the NUCAPS retrievals under extreme weather conditions. 
Secondly, we aim at showcasing the beneficial additional 
information of the hyper spectral soundings over the model 
analyses in the vicinity of the complex synoptic and mesoscale 
events. This study is aimed at providing a proving ground 
for assimilation of NUCAPS retrievals into regional model 
forecasting with the scope of ultimately reducing diagnostic 
and forecast errors associated with extreme atmospheric 
events.
The second part of this presentation discusses the use of long 
term satellite retrieval data records to derive new applications 
of societal benefit. We used 10 years of the Atmospheric 
Infrared Sounder (AIRS) data, processed at the NASA DAAC. 
AIRS was launched in 2002 aboard the NASA Aqua satellite. 
NASA has produced a consistent set of products for the entire 
mission, which now spans over 14 years. The AIRS retrieval 
system produces cloud-cleared radiances and provides 
information as close to the surface as possible. Numerous 
environmental data products (EDR) are derived from the 
cloud cleared radiances including, profiles of atmospheric 
temperature, moisture, ozone and other trace gases, cloud and 
surface products, stability indices, and sulfur dioxide alerts.
We used AIRS data to perform a long-term data analytics 
study including correlation analysis among different retrieval 
products in order to derive indexes indicative of extreme event 
probabilities.

9880-17, Session 4

Texture-based mango orchard 
classification
Rohit Nagori, K. R. Manjunath, Space Applications Ctr. 
(India)

Horticulture crops are a major part of the revenue generation 
in India from the agricultural sector which comprise of fruits, 
vegetables, ornamental plants, etc. and India is second largest 
producer of fruits and vegetables in the world. Horticultural 
crops unlike agricultural crops are very heterogeneous 
and sparse making their classification difficult. Ministry 
of Agriculture has initiated programme named CHAMAN 
(Coordinated programme on Horticulture Assessment & 
Management using geoiNformatics) in collaboration with 
various scientific institutions in order to have geospatial 
database. Development of techniques for inventory of orchards 
is one of the main focus of the CHAMAN. Current study 
deals with development of technique for mango orchard 
discrimination, mango being the prime fruit produce of country. 
The study site is Malihabad taluka in Lucknow district and 
Sitapur district of Uttar Pradesh, India. Dussheri is the most 
popular variety with GI tag. The textural features that appear 
in satellite images associated with mango orchards are useful 
for its classification. Also mixed orchards pose a problem with 
plantations having mango and guava trees grown together in 
the study site. Eucalyptus trees were also found as plantations 
as well as on the boundaries of the mango fields.

Conference 9880: Multispectral, Hyperspectral,  
and Ultraspectral Remote Sensing Technology,  

Techniques and Applications VI



SPIE Asia-Pacific Remote Sensing 2016 · www.spie.org/aprs100
 

Return to Contents

The methodology makes use of two date IRS LISS- IV data 
(11 Dec 2013 and 24 Sept 2014). The temporal data is of help 
due to the fact that mango orchards will be consistent in 
both the images. Ground Truth Collection was performed to 
develop training sets to be utilized in classification process. 
The basic methodology used is first the identification of 
non-vegetative class in the images. ROI’s were prepared by 
visual as well as with the help of GT points. NDVI image was 
used and for each non-vegetative class, Gaussian function 
was fitted to satisfy the data collected for the pixels falling 
under that respective class. Threshold range was determined 
for variation allowed in data (NDVI values for pixels) around 
the central maximum for that class. Intersection of all these 
thresholds gave the finer common range to remove the non-
vegetative class. Majority analysis was performed and image 
containing only vegetative class was produced. It was found 
to be much faster in comparison to unsupervised classification 
and then removal of non-vegetative class and results were 
also found to be comparable. The process was repeated for 
both the images. Then textural features images (dissimilarity 
and entropy images) were prepared for the remaining part 
of both the image using ENVI software and stacked together 
with respective images. After that supervised classification 
techniques (MLC, SVM and neural network) were applied and 
image was classified using training data set developed from 
the GT. The dominant mango orchards were identified in both 
the images and were intersected to find the common area 
among the two in order to generate map containing most 
probable mango orchards. The results were then validated and 
classification accuracy was determined.
SVM was found to be better than others among supervised 
classification techniques. Three different classes were chosen 
for representing mango orchards out of which two classes 
showed high classification accuracy from 92-95 percent 
where as the third class showed a low classification accuracy 
of around 77 percent where maximum mixing occurred 
with guava and eucalyptus plantations. Reciprocally, the 
classification accuracy of guava and eucalyptus plantations 
also decreased due to their mixing with the third class 
of mango. Involvement of textural features helped in the 
separation of agricultural fields which had relatively much 
smoother texture.

9880-18, Session 4

The decomposition of foliar 
hyperspectral signatures for the high-
fidelity discrimination and management 
of crops
Gladimir V. G. Baranoski, Spencer Van Leeuwen, Tenn F. 
Chen, Univ. of Waterloo (Canada)

Hyperspectral technologies are being increasingly employed 
in precision agriculture. By separating the surface and 
subsurface components of foliar hyperspectral signatures 
using polarization optics, it is possible to enhance the remote 
discrimination of different plant species and optimize the 
assessment of different factors associated with the crops’ 
health status such as chlorophyll levels and water content. 
These initiatives, in turn, can lead to higher crop yield and 
lower environmental impact through a more effective use 
of fresh water supplies and fertilizers (reducing the risk of 
nitrogen leaching). It is important to consider, however, that 
the main varieties of crops, represented by C3 (e.g., soy, Soja 
Hispida) and C4 (e.g., corn, Zea mays) plants, have markedly 
distinct morphological characteristics. Accordingly, the 
influence of these characteristics on their interactions with 
impinging light may affect the selection of optimal probe 
wavelengths for specific applications making use of combined 
hyperspectral and polarization measurements. In this work, 
we compare the sensitivity of the surface and subsurface 
reflectance responses of C3 and C4 plants to different 
spectral and geometrical light incidence conditions. In our 
comparisons, we also consider intra-species variability with 
respect to specimen characterization data. This investigation is 

supported by measured biophysical data and predictive light 
transport simulations. The results of our comparisons indicate 
that the surface and subsurface reflectance responses of C3 
and C4 plants depict well-defined patterns of sensitivity to 
varying illumination conditions. We believe that these patterns 
should be considered in the design of new high-fidelity crop 
discrimination and management procedures.

9880-19, Session 4

Ground-based hyperspectral remote 
sensing to discriminate biotic stress in 
cotton crop
Rahul Nigam, Space Applications Ctr. (India) and Indian 
Space Research Organisation (India); Rajsi Kot, M.G. 
Science Institute (India); Sandeep S. Sandhu, Punjab 
Agricultural Univ. (India); Bimal K. Bhattacharya, Space 
Applications Ctr. (India) and Indian Space Research 
Organisation (India); Ravinder S. Chandi, Manjeet Singh, 
Jagdish Singh, Punjab Agricultural Univ. (India); K. R. 
Manjunath, Space Applications Ctr. (India) and Indian 
Space Research Organisation (India)

Detecting plant health conditions is of primary importance 
to agricultural field management. Biotic stress discrimination 
and quantification is one of the major application areas of 
hyperspectral remote sensing. Recent pest attack on vast 
area of cotton crop in Punjab is a matter of concern for 
farming community. Majority of cotton crop was infested 
by whitefly (Bemisia tabaci). To discriminate between pest 
affected and healthy crop a study was conducted in three 
different locations in Bhatinda district of Punjab state. Ground-
based hyperspectral reflectance measurements within the 
spectral range of 350 nm to 2500nm were carried out using 
spectroradiometer. In addition, measurements of various crop 
parameters such as chlorophyll content, leaf water content 
and leaf area index were also carried out. Infestation levels 
were sampled at three canopy depths (at 2cm, 5cm and 10cm). 
Spectral response largely differed mainly in the region of 
510-695nm and 700 to 1200nm with maximum difference in 
550-650nm and 700-850nm.Substantial reduction of mean 
Green, Red and NIR reflectances were noticed among healthy 
and different depths of samplings over infested patches. The 
difference in chlorophyll content between healthy and infested 
crops was found to be in the range of 38-61%. It is 11-34% in leaf 
area index. Various hyperspectral vegetation indices such as 
renormalized difference vegetation index (RDVI), soil adjusted 
vegetation index (SAVI), modified chlorophyll absorption 
ratio index (MCARI), red edge vegetation stress index 
(RVSI), photochemical reflectance index (PRI), physiological 
reflectance index (PhRI) and anthocyanin reflectance index 
(ARI) were computed for discrimination analysis. Among 
all the indices ARI, PRI, MCARI and RVSI showed maximum 
percentage difference of 40 to 80 percent between healthy 
and pest infested crop. The study demonstrates the capability 
of hyperspectral indices to discriminate healthy and pest 
infested crops and its degree of severity with respect to 
crop canopy depth. In future, the biochemical response to 
hyperspectral measurements is a potential tool which needs to 
be explored for characterizing and quantifying biotic stress in 
the sub-tropics. 

9880-20, Session 4

Evaluation of LISS-III and AWiFS sensor 
data for wheat acreage estimation
Suresh Goswami, National Ctr. for Medium Range 
Weather Forecasting (India)

Crop acreage estimation is important for advanced planning 
and taking various policy decisions. The present study was 
carried out in Indore district using AWiFS sensor satellite data 
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from sowing to maturity period as well as single date LISS-III 
sensor satellite data of maximum vegetation growth stage 
of wheat crop. The technique used for single date LISS-III 
data classification is complete enumeration approach based 
on supervised classification. While Multi-date AWiFS data 
classification technique is based on two-stage classification of 
multi-date dataset by unsupervised Iterative Self Organizing 
Data Analysis Technique (ISODATA). The acreage estimated 
using the LISS- III sensor data is 98.41 000’ha while using 
AWiFS sensor data is 105.70 000’ha. It was found that LISS – III 
results shows -6.89 percent underestimation as compared to 
AWiFS estimates.The comparison of both (LISS-III and AWiFS) 
sensor’s acreage estimates with the actual acreage data (viz. 
97.20 000’ha) shows that higher spatial resolution (LISS-III) 
sensor satellite data have more accuracy than low spatial 
resolution (AWiFS) sensor. 

9880-21, Session 4

Banana orchard inventory using IRS LISS 
sensors
Nilay Nishant, Gargi Upadhayay, Sarweshwar P. Vyas, K. 
R. Manjunath, Space Applications Ctr. (India) and Indian 
Space Research Organisation (India)

Banana is one of the major crops of India with increasing 
export potential. It is important to be able to estimate the 
production and acreage of the crop. Thus, the present 
study was carried out to evolve a suitable methodology for 
estimating banana acreage in few districts of Gujarat. Area 
estimation methodology was devised around the fact that 
banana has different phonological cycles which is directed 
with the local practice of the farmers. First the months 
depicting peak banana signatures were identified and then 
the integration of banana area various months depicting peak 
banana signature were calculated in order to predict the total 
banana acreage for the particular year using LISS 3 data. 
Estimated banana acreage in the three districts were 11857Ha, 
15202ha and 11373Ha for Bharuch, Anand and Vadodara 
respectively with corresponding accuracy of 91.3%, 90% 
and 84%. Study further compared the use of LISS 4 data for 
estimation of banana using object based as well as per-pixel 
classification and the results were compared with statistical 
reports for both the approaches. In the current paper we 
depict the various methodologies to accurately estimate the 
banana acreage. Various other parameters such as texture 
homogeneity were implemented to accuratley extract banana 
using LISS-4 imagery .

9880-22, Session 4

Assessing wheat residue cover with 
hyperspectral remote sensing
Rojalin Tripathy, K. R. Manjunath, Space Applications Ctr. 
(India)

Hyperspectral remote sensing can aid in discriminating crop 
residue owing to the ability of narrow bands to capture the 
unique absorption feature of soil and residue. The present 
study was carried out to find out the suitable narrow spectral 
bands and hyper-spectral indices for discriminating wheat 
residue (stubble and burnt). Ground spectra of wheat 
residue and the adjoining soil were collected using the ASD 
fieldspecTM spectroradiometer. The best spectral range was 
derived using the Stepwise Discriminating Analysis (SDA). 
‘F’statistics from one way ANOVA was used to find out the best 
index for discriminating wheat residue from soil. EO1-Hyperion 
data over Anand-Borsad region of Gujarat state in India was 
acquired free of cost from USGS earth explorer website (http://
eo1.usgs.gov/) to apply the field based result over the Hyperion 
scene. Spectral Angle Mapper (SAM) classification scheme was 
used to generate the wheat residue cover over the Hyperion 
scene. Among the hyperspectral indices evaluated for this 
study the Cellulose Absorption Index (CAI) was found to be the 

best and hence CAI was used to classify the Hyperion scene for 
discriminating crop residue in field and also the burnt wheat 
residue. Results indicated that the wave bands at 10 nm width 
in the SWIR spectral region specifically from 1500-1700nm 
and 1900 to 2300nm are most suitable for wheat residue 
discrimination. The SAM classification technique is suitable 
for classifying the wheat residues with an overall accuracy of 
around 80 % where as classification based on CAI could be 
used successfully to identify both wheat stubble and the burnt 
residues. This study concluded that wheat residue can be 
mapped for a large area using the space borne hyperspectral 
data. 

9880-98, Session 4

FASAL: Operational crop production 
forecasting using satellite and agro-
meteorological data 
Shibendu Shankar Ray, Neetu Neetu, Mahalanobis 
National Crop Forecast Ctr. (India); Kyathsandra 
Ramachandra Manjunath, Space Applications Ctr. 
(India); Kamalesh Kumar Singh, India Meteorological 
Dept. (India) 

Crop production forecasting is essential for better economic 
planning with respect to export/import, price policy, storage 
and contingency measures. Government of India has instituted 
a project, since 2007, called FASAL (Forecasting Agricultural 
output using Space, Agro-meteorology and Land based 
observations, which provides multiple pre-harvest national/
state/district level production forecasts of various major 
crops of the country using satellite data (both optical and 
microwave), large number of ground observations, agro-
meteorological, econometric and remote sensing based 
models. 18 forecasts are issued in a year. Various types of 
satellite data, such as Resourcesat-2 AWiFS & LISS III, RISAT 1 
MRS, Sentinel 2, Landsat 8 are used for crop area estimation, 
with the help of in-season ground truth (>6000 points) 
collected from all over the country using Android based 
Apps. Various classification approaches are followed, such 
as multi-stage unsupervised (Isodata), supervised (MXL) and 
hierarchical approaches. The yield is estimated using agro-
meteorological models (empirical or simulation models), 
selected crop cutting experiment data and remote sensing 
based models.  When compared with the official estimates 
the remote sensing based estimates correlation coefficients 
of 0.95 – 0.99 for acreage and 0.96 – 0.99 for production. 
The RMSE values varied from 0.0 to 0.6 Million Ha for acreage 
and 0.0 to 1.9 Million Tonnes. Thus, the FASAL project is an 
example of the operational use of remote sensing data for crop 
forecasting. The acceptance of the FASAL project results by 
the Government has resulted in a creation of a new institute 
under Ministry of Agriculture. 

9880-23, Session 5

Assimilation of SAPHIR radiance: impact 
on hyperspectral radiances in 4D-VAR 
(Invited Paper)
Indira Rani, National Ctr. for Medium Range Weather 
Forecasting (India); Amy Doherty, Nigel Atkinson, 
William Bell, Stuart M. Newman, Met Office (United 
Kingdom); John P. George, E. N. Rajagopal, National Ctr. 
for Medium Range Weather Forecasting (India)

Assimilation of a new observation dataset in an NWP system 
may affect the quality of an existing observation data set 
against the model background (short forecast), which in-
turn influence the use of an existing observation in the NWP 
system. Effect of the use of one data set on the use of another 
data set can be quantified as positive, negative or neutral. 
Impact of the addition of new dataset is defined as positive 
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if the number of assimilated observations of an existing type 
of observation increases, and bias and standard deviation 
decreases compared to the control (without the new dataset) 
experiment. Recently a new dataset, Megha Tropiques SAPHIR 
radiances, which provides atmospheric humidity information, 
is added in the Unified Model 4D-VAR assimilation system. In 
this paper we discuss the impact of SAPHIR on the assimilation 
of hyper-spectral radiances like AIRS, IASI and CrIS. Though 
SAPHIR is a Microwave instrument, its impact can be clearly 
seen in the use of hyper-spectral radiances in the 4D-VAR 
data assimilation system in addition to other Microwave and 
InfraRed observation. SAPHIR assimilation decreased the 
standard deviation of the spectral channels of wave number 
from 650 -1600 cm-1 in all the three hyper-spectral radiances. 
Similar impact on the hyper-spectral radiances can be seen 
due to the assimilation of other Microwave radiances like from 
AMSR2 and SSMIS Imager.

9880-24, Session 5

Assimilation of hyperspectral radiances 
in the NCMRWF global forecast system
Sanjeev K. Singh, V. S. Prasad, National Ctr. for Medium 
Range Weather Forecasting (India)

The availability of high resolution temperature and water 
vapor data is important for the study of mesoscale scale 
weather phenomena. As, Atmospheric Infrared Sounder 
(AIRS), Cross-Track Infrared Sounder (CrIS) and European 
Infrared Atmospheric Sounding Interferometer (IASI) provide 
high resolution atmospheric profiles by measuring radiations 
in many thousands of different channels. The AIRS, on the 
EOS-Aqua polar-orbiting satellite, was the first of a new 
generation of meteorological advanced sounders able to 
provide hyper- spectral data for operational and research 
use. The CrIS is a Fourier Transform Michelson interferometer 
instrument launched on board the Suomi National Polar-
Orbiting Partnership (Suomi NPP) satellite on 28 October 2011. 
CrIS is a major step forward in the U.S. operational infrared (IR) 
sounding capability previously provided by the High-resolution 
Infrared Spectrometer (HIRS). The IASI is the most advanced 
instrument carried on the MetOp satellite on 19 October 2006. 
As a result, demonstration of the benefit of hyper-spectral 
data on Numerical Weather Prediction (NWP) has been a high 
priority. This work focuses on the assessment of the potential 
values of satellite hyper-spectral radiance data in the NGFS 
(National Centre for Medium Range Weather Forecasting-
Global Forecast System). An Observing System Experiments 
(OSE) has been conducted to examine the impact of hyper-
spectral radiances and detail results will be presented in this 
presentation.

9880-25, Session 5

Impact of AIRS radiance in the NCUM 
4D-VAR assimilation system
Desamsetti Srinivas, Indira Rani S., Swapan Mallick, John 
P. George, National Ctr. for Medium Range Weather 
Forecasting (India)

The hyperspectral radiances from Atmospheric InfraRed 
Sounder (AIRS), on board NASA-AQUA satellite, have been 
processed through the Observation Processing System (OPS) 
and assimilated in the Variational Assimilation (VAR) System 
of NCMRWF Unified Model (NCUM). Numerical experiments 
are conducted in order to study the impact of the AIRS in the 
NCUM analysis and forecast system. NCMRWF receives AIRS 
radiance from EUMETCAST through MOSDAC. AIRS is a grating 
spectrometer having 2378 channels covering the thermal 
infrared spectrum between 3 and 15 ?m. Out of 2378 channels, 
324 channels are selected for assimilation according the 
peaking of weighting function and meteorological importance. 
According the surface type and day-night conditions, some 
of the channels are not assimilated in the VAR. Test runs are 

conducted for a minimum period of 15 days to see the impact 
of AIRS in NCUM. Statistical parameters like bias (Observation 
– Background), standard deviation and RMSE are calculated to 
see the real impact of AIRS in the assimilation system.

9880-26, Session 5

IASI hyperspectral radiances in the 
NCMRWF 4D-VAR assimilation system: 
OSE
Priti Sharma, Indira Rani S., Swapan Mallick, Desamsetti 
Srinivas, John P. George, Munmun D. Gupta, National Ctr. 
for Medium Range Weather Forecasting (India)

Accuracy of global NWP depends more on the contribution 
of satellite data than the surface based observations. This is 
achieved through the better usage of satellite data within the 
data assimilation system. Efforts are going on at NCMRWF to 
add more and more satellite data in the assimilation system 
both from Indian and international satellites in geostationary 
and polar orbits. Impact of the new dataset is assessed through 
Observation System Experiments (OSEs), through which the 
impact of the data is evaluated comparing the forecast output 
with that of a control run. This paper discusses one such OSEs 
with Infrared Atmospheric Sounder Interferometer (IASI) 
onboard MetOp-A and B. IASI is the main payload instrument 
for the purpose of supporting NWP. IASI provides information 
on the vertical structure of the atmospheric temperature and 
humidity with an accuracy of 1K and a vertical resolution of 
1 km, which is necessary to improve NWP. IASI measures the 
radiance emitted from the Earth in 8641 channels, covering the 
spectral interval 645-2760 cm-1. The high volume data resulting 
from IASI presents many challenges, particularly in the area 
of assimilation. Out of these 8641 channels, 314 channels are 
selected depending on the information in each channel to 
assimilate in the NCMRWF 4D-VAR assimilation system. Studies 
show that the use of IASI data in NWP accounts for 40 % of 
the impact of all satellite observations in the NWP forecasts, 
especially microwave and hyperspectral infrared sounding 
techniques are found to give the largest impacts. 

9880-27, Session 5

Assimilation of CrIS hyperspectral 
radiances in a 4D-VAR assimilation 
system
Swapan Mallick, Indira Rani, Desamsetti Srinivas, John 
P. George, National Ctr. for Medium Range Weather 
Forecasting (India)

This study demonstrates the impact of the infrared 
hyperspectral radiances in a four dimensional variational 
(4D-Var) data assimilation system. The 4D-Var system has the 
advantage to include asynoptic observations such as satellite 
radiance at correct observation time. The advantage of the 
assimilation of Cross-track Infrared Sounder (CrIS) radiances 
of the Suomi-NPP satellite observation is studied here. The 
CrIS sensor broadly has similar high spectral coverage to 
Atmospheric Infrared Sounder (AIRS) but less than Infrared 
Atmospheric Sounding Interferometer (IASI) and has very 
low-noise profile. CrIS provides radiance data on 1,305 narrow 
wavelength spectral channels in the wave number range 650–
2550 cm?1. However 399 channels which provide information 
on the atmospheric temperature and humidity are only used in 
the NCMRWF Unified Model (NCUM) 4D-Var data assimilation 
system. This paper discusses the observation pre-processing 
system, quality control and thinning strategy for CrIS 
observations in addition to the impact of this observation in the 
analysis. Observation bias statistics are computed against the 
NCUM model fields from a short-range forecast (background) 
for quality control. The impact on forecasts is evaluated using 
“Observing System Simulation Experiments (OSSE’s)”.
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9880-28, Session 6

Hyperspectral remote sensing of 
vegetation: knowledge gain and 
knowledge gap after forty years of 
research (Invited Paper)
Prasad S. Thenkabail, U.S. Geological Survey (United 
States)

This presentation summarizes the advances made over 40+ 
years in understanding, modeling, and mapping terrestrial 
vegetation as reported in the new book on “Hyperspectral 
Remote Sensing of Vegetation” (Publisher:Taylor and Francis 
inc.). The advent of spaceborne hyperspectral sensors or 
imaging spectroscopy (e.g., NASA’s Hyperion, ESA’s PROBA, 
and upcoming Italy’s ASI’s Prisma, Germany’s DLR’s EnMAP, 
Japanese HIUSI, NASA’s HyspIRI) as well as the advances made 
in processing when handling large volumes of hyperspectral 
data have generated tremendous interest in advancing the 
hyperspectral applications’ knowledge base to large areas.
Advances made in using hyperspectral data, relative 
to broadband data, include: (a) significantly improved 
characterization and modeling of a wide array of biophysical 
and biochemical properties of vegetation, (b) ability to 
discriminate plant species and vegetation types with high 
degree of accuracy, (c) reducing uncertainties in determining 
net primary productivity or carbon assessments from 
terrestrial vegetation, (d) improved crop productivity and 
water productivity models, (e) ability to assess stress resulting 
from causes such as management practices, pests and 
disease, water deficit or water excess, and (f) establishing 
more sensitive wavebands and indices to study vegetation 
characteristics.
The presentation will discuss topics such as: (1) hyperspectral 
sensors and their characteristics, (2) methods of overcoming 
the Hughes phenomenon, (3) characterizing biophysical 
and biochemical properties, (4) advances made in using 
hyperspectral data in modeling evapotranspiration or actual 
water use by plants, (5) study of phenology, light use efficiency, 
and gross primary productivity, (5) improved accuracies in 
species identification and land cover classifications, and (6) 
applications in precision farming. 

9880-29, Session 6

A comparative analysis of extended 
water cloud model and backscatter 
modelling for above-ground biomass 
assessment in Corbett Tiger Reserve
Yogesh Kumar, Sarnam Singh, R. S. Chatterjee, Indian 
Institute of Remote Sensing (India); Mukul Trivedi, 
Forest Survey of India (India)

Forest biomass acts as a backbone in regulating the climate 
by storing carbon within itself. Thus the assessment of forest 
biomass is crucial in understanding the dynamics of the 
environment. Traditionally the destructive method was adopted 
for the assessment of biomass which was further advanced 
to the non-destructive methods. The allometric equations 
developed by destructive methods were further used in 
non-destructive methods for the assessment, but they were 
mostly applied for woody species. Now days Remote Sensing 
data is primarily used for the biomass estimation. The Optical 
Remote Sensing data (Landsat8, LISS III, etc) is being used 
very successfully for the estimation of above ground biomass 
(AGB). However optical data is not suitable for all atmospheric 
conditions, because it can’t penetrate through clouds and 
haze. Thus Radar data is one of the possible ways to acquire 
data in all weather condition irrespective of Weather & light. 
The paper examines the potential of ALOS PALSAR L-band 
dual polarisation data for the estimation of AGB in the Corbett 
Tiger Reserve (CTR) covering an area of 889 Km2. The main 

focus of this study is to explore the accuracy of Polarimetric 
Scattering Model (Extended Water Cloud Model (EWCM) 
with respect to Backscatter model in the assessment of 
AGB. The parameters of the EWCM were estimated using the 
decomposition components (Raney Decomposition) and the 
plot level information. The biomass in the CTR ranges from 9.6 
t/ha to 322.6 t/ha. 

9880-31, Session 6

Modelling satellite-level solar-induced 
chlorophyll fluorescence and its 
comparison with OCO-2 observations
Rohit Pradhan, Ankit R. Gohel, Space Applications Ctr. 
(India)

Plant photosynthesis is a very dynamic process and its rates 
adjust depending on the environmental stresses, by rearranging 
pigments within the leaves, without any apparent change in 
reflectance. Solar induced Chlorophyll Fluorescence (SIF) is a 
more direct measure of the subtle changes in plant functioning 
as it is emitted by the photosynthetic machinery. NASA’s 
OCO-2 (Orbiting Carbon Observatory-2) mission launched 
in July 2014 has been providing observations of SIF in two 
wavelengths around 757 and 771 nm. In this paper, FluorMOD 
leaf+canopy model was used to estimate the SIF values 
around the 757 and 771 nm wavelengths. Solar Radiation, 
LAI, biome-specific Chlorophyll a and b content were used 
to obtain the modelled fluorescence values. These values 
were then compared to OCO-2 observations from September 
2014 to August 2015 in Nadir mode. Also, an attempt was 
made to correlate actual GPP with modelled SIF and then use 
this relation to estimate GPP using OCO-2 SIF observations. 
Modelled SIF values at 757 nm varied from 0.01 to 0.8 W m-2 
sr-1 um-1 over the year. OCO-2 observed SIF averaged over the 
country ranged from 0.18 W m-2 sr-1 um-1 in December 2014 to 
0.42 W m-2 sr-1 um-1 in August 2015. Fairly good agreement 
(R2=0.62 at 757nm) was observed between modelled and 
observed SIF except for the monsoon months of July and 
August 2015, where very high standard deviation was seen 
in the observed values. There is a need to further study the 
dependencies between SIF and GPP by incorporating other 
environmental factors as inputs to the model.

9880-32, Session 6

Leaf area index retrieval using Hyperion 
EO-1 data-based vegetation indices in 
Himalayan forest system
Dharmendra Singh, Space Applications Ctr. (India); 
Sarnam Singh, Indian Institute of Remote Sensing (India)

Present Study is being taken to retrieve Leaf Area Index (LAI) 
in Himalayan forest system using vegetation indices developed 
from Hyperion EO-1 hyperspectral data. Hemispherical 
photograph were captured in the month of March and April, 
2012 at 40 locations, covering moist tropical Sal forest, 
subtropical Bauhinia and pine forest and temperate Oak 
forest and analysed using an open source GLA_software. LAI 
in the study region was ranging in between 0.076 m2/m2 to 
6.00 m2/m2. These LAI values were used to develop spectral 
models with the FLAASH corrected Hyperion measurements. 
Normalized difference vegetation index (NDVI) was used taking 
spectral reflectance values of all the possible combinations of 
170 atmospherically corrected channels. The R2 was ranging 
from lowest 0.0 to highest 0.837 for the band combination of 
spectral region 640 nm and 670 nm (figure 1). The spectral 
model obtained was y = 0.02x - 0.0407.
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9880-33, Session 7

Pixel level fusion of fully polarimetric 
data and hyperspectral data for 
enhanced land cover classification
Shenbaga Rajan Venkatachalaperumal, Vinay Kumar, 
Indian Institute of Remote Sensing (India); Claudio 
Persello, ITC (Netherlands)

Land cover classification is a salient application of remotely 
sensed data. In remote sensing, in the case of complex urban 
and industrial areas, the natural vegetation cover and man-
made materials appear spectrally similar in moderate resolution 
optical sensors and even high spatial resolution satellite 
sensors may not be sufficient to distinguish them. Hence the 
information extracted from those sensors is limited which 
affects the land cover classification accuracy. In this study, we 
aim to improve the land cover classification by fusing data 
from different sensors: , i) the spectrally rich Hyperion data 
which can differentiate spectrally similar land cover classes, 
and ii) the fully polarimetric Radarsat (RS) 2 data which 
possess the scattering, geometric and the surface roughness 
properties of the land features. In this research, different pixel-
level fusion techniques such as Principle Component Analysis 
(PCA), Intensity Hue Saturation (HIS), Multiplicative fusions 
etc. are carried out for integrating Hyperion data with the four 
scattering decomposition parameters such as Double bounce, 
Volume scattering, Surface scattering and helix scattering 
extracted from RS 2 data. Double-bounce and helix scattering 
are found to be predominant in urban areas, Volume scattering 
for the vegetation areas and the Surface scattering is for the 
plain surface scatters. The fused images of the above pixel level 
techniques are analyzed and compared. Experimental results 
confirm that there is a significant improvement in the fused 
product with respect to the original images.
REFERENCES:
1. Borghys, D., Shimoni, M., Degueldre, G., & Perneel, C. (2007). 
Improved object recognition by fusion of hyperspectral and 
SAR data. In Proceedings 5th EARSeL Workshop on Imaging 
Spectroscopy. Bruges (pp. 1–14). 
2. Borghys, D., Shimoni, M., & Perneel, C. (2007). Change 
detection in urban scenes by fusion of SAR and hyperspectral 
data. In Proceedings of SPIE (Vol. 6749, p. 67490R–67490R–12). 
http://doi.org/10.1117/12.738767
3. Pohl, C., & Van Genderen, J. L. (1998). Review article 
Multisensor image fusion in remote sensing: Concepts, methods 
and applications. International Journal of Remote Sensing. 
http://doi.org/10.1080/014311698215748

9880-34, Session 7

Simulation of the hyperspectral data 
from multispectral data using python 
programming language
Varun Tiwari, Vinay Kumar, Kamal Pandey, Rigved 
Ranade, Shefali Agarwal, Indian Institute of Remote 
Sensing (India) and Indian Space Research Organisation 
(India)

Multispectral Remote Sensing (MRS) sensors have been 
generally utilized for acquiring and extracting information of 
Land Use Land (LULC) Cover features in the past few decades. 
MRS sensor generally acquire data in the small window of 
spectral bands hence, it is not capable of distinguishing 
spectrally similar features. On the other hand, fascinating 
detailed information available in hyperspectral (HRS) data 
is spectrally over determined and is able to distinguish 
spectrally similar material of earth surface. But HRS sensors 
are very few in number because of the requirement of 
sensitive detectors, large storage capacities which make 
the acquisition and processing cumbersome and exorbitant. 

So, there arises a need to utilize the available MRS data for 
detailed LULC studies. Simulation of HRS data using available 
MRS data can be potential techniques for getting HRS data 
to study earth peculiarities in detail. In the present study 
spectral reconstruction approach is used for the simulation 
of hyperspectral data using EO-1 ALI multispectral data 
using python programming language. Over all 70 bands are 
simulated and validated using visual interpretation, statistical 
and classification approach.

9880-35, Session 7

Multisensor multiresolution data fusion 
for improvement in classification
Rubeena Vohra, Kailash C. Tiwari, Delhi Technological 
Univ. (India)

The rapid advancements in technology have facilitated easy 
availability of multisensor and multiresolution remote sensing 
data which may contain complementary information. Fusion 
of multisensor and multiresolution remote sensing data 
may result in extraction of several application dependent 
significant information which may be difficult to extract 
otherwise. The present work aims at improving classification 
by fusing features of coarse resolution hyperspectral (1 m) 
LWIR and fine resolution (20 cm) RGB data. The classification 
map comprises of eight classes namely, Road, Trees, Red 
Roof, Grey Roof, Concrete Roof, Vegetation, bare Soil and 
Unclassified. The processing methodology for hyperspectral 
LWIR data comprises of dimensionality reduction, resampling 
of data using interpolation technique for registering the 
two images at same spatial resolution, extraction of spatial 
features to improve classification accuracy etc. In the case 
of fine resolution RGB data, vegetation class is classified 
using vegetation index while buildings are classified using 
morphological building index. Similarly, different textural 
features have been considered for different classes. After 
extracting these features, Support Vector Machine (SVMs) 
has been used for training and classification. To increase the 
classification accuracy, certain post processing steps such 
as filtering by majority voting within the objects has been 
considered.

9880-36, Session 7

Super resolution mapping using multi-
viewing CHRIS/PROBA data
Manish Dwivedi, Remote Sensing Applications Ctr., U.P. 
(India); Vinay Kumar, Indian Institute of Remote Sensing 
(India)

High-spatial resolution Remote Sensing (RS) data provides 
detailed information which ensures high-definition visual image 
analysis of earth surface features. These data sets also support 
improved information extraction capabilities at a fine scale. In 
order to improve the spatial resolution of coarser resolution RS 
data, the Super Resolution Reconstruction (SRR) technique has 
become widely acknowledged which focused on multi-angular 
imagesequences. In this study multi-angle CHRIS/PROBA data 
of Kutch area is used for SR image reconstruction to enhance 
the spatial resolution from 18 m to 6m in the hope to obtain 
a better land cover classification. Various SR approaches like 
Projection onto Convex Set (POCS), Robust, IBP, Non-uniform 
Interpolation and Structure Adaptive Normalized Convolution 
(SANC) chosen for this study. Subjective assessment through 
visual interpretation shows substantial improvement in land 
cover details. Quantitative measures including peak signal to 
noise ratio and structural similarity are used for the evaluation 
of the image quality. It was observed that SANC SR technique 
using Vandewalle algorithm for the low resolution image 
registration outperformed the other techniques. After that SVM 
based classifier is used for the classification of SRR and data 
resampled to 6m spatial resolution using bi-cubic interpolation. 
A comparative analysis is carried out between classified data 
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of bi-cubic interpolated and SR derived images of CHRIS/
PROBA and SR derived classified data have shown a significant 
improvement of 10-12% in the overall accuracy. The results 
demonstrated that SR methods is able to improve spatial detail 
of multi-angle images as well as the classification accuracy.
Keywords: CHRIS, Super Resolution, Spatial, Bicubic and SVM

9880-37, Session 7

Evaluation and effect of various noise-
reduction techniques performed before 
atmospheric correction of Hyperion data
Chinmaya Panda, Vinay Kumar, Kamal Pandey, Indian 
Institute of Remote Sensing (India); G. Jyothi, Andhra 
Univ. (India)

In recent days, hyperspectral sensors emerged as a new 
aspect to numerous applications. It contains data with fine 
bandwidth (10nm) which enables identification and distinction 
of spectrally similar features. In Hyperion L1R 242 bands data, 
some bands contain no and noisy information, negative values 
and dropped line error. After removal of these sensor errors, 
atmospheric correction using Fast Line-of-sight Atmospheric 
Analysis of Hypercubes (FLAASH) is carried out to get true 
ground reflectance. In the obtained product it was observed 
that spectral reflectance curve of the features are still affected 
with several noise and in order to remove this noise some 
corrections are required prior to atmospheric correction. So, 
in this study various noise reduction techniques like Minimum 
Noise Fraction (MNF), Principal Component Analysis (PCA) 
and Independent Component Analysis (ICA) are applied and 
then their inverse are carried out to the Hyperion sensor 
error corrected data. After that atmospheric correction using 
FLAASH is performed. It is observed from the obtained 
atmospheric correction products that output generated with 
the use of MNF & its inverse has significantly improved the 
spectral profiles by reducing the noise of the earth surface 
features. It is comparatively better, as after using PCA spectral 
profiles obtained still contain noise but using ICA has abruptly 
increased the spectral reflectance of the features in the longer 
wavelength region. So, it is concluded that the atmospheric 
correction performed after applying MNF & its inverse can 
improve the result and more useful for further analysis like 
feature identification and classification.

9880-65, Session PWA1

Laboratory-based, field-based, and 
satellite-borne spectroscopy for 
lithological discrimination
Rushanka P. Amrutkar, Khushboo Parakh, Bijal 
Chudasama, Sanchari Thakur, Malcolm Aranha, Indian 
Institute of Technology Bombay (India); Alok Porwal, 
Indian Institute of Technology Bombay (India) and Univ. 
of Western Australia (Australia)

Spectroscopic analysis is carried out for lithological 
discrimination in a study area in the Pali and Ajmer districts 
of Rajasthan, western India using laboratory-based, field-
based and space-borne data. We first explored the feasibility 
of the Landsat-8 (Operational Land Imager (OLI), Thermal 
Infrared Sensor (TIRS)) and Advanced Space-borne Thermal 
Emission and Reflection Radiometer (ASTER) imagery for 
lithological mapping. Laboratory spectra of the samples of 
rocks exposed in the area were collected using FieldSpec3 
spectroradiometer in the VNIR-SWIR region and resampled 
to the LANDSAT 8 and ASTER spectral bands. The spectral 
angle mapper (SAM) algorithm was used to map the lithologies 
using the resampled laboratory spectra as references. The 
resulting map was validated based on field geological mapping. 
SAM applied on Landsat 8 imagery with NIR and SWIR bands 
discriminated mica schist, granite and amphibolites. The angles 

used to classify the Landsat 8 NIR-SWIR bands were 0.2 rad 
for amphibolites, 1.1 rad for mica schist and 0.28 rad for granite. 
The SAM algorithm for ASTER data in the NIR region led to the 
discrimination of mica-schist, calc-silicates and limestone. The 
threshold spectral angle used were 0.23 rad for calc-silicates, 
0.17 rad for limestone and 0.06 rad for mica-schist. Mica-
schist is discriminated very well with very high users accuracy 
whereas, limestone is classified with lowest users accuracy. 
Amphibolites, granites and calc-silicates are also classified 
with good users and producers accuracy using both sensor 
datasets. Pegmatites were confused with mica-schists and 
could not be discriminated. Overall accuracy of SAM algorithm 
for lihological discrimination was found greater with Landsat 8 
(77.78 %) dataset as compared to ASTER (62.82 %) dataset for 
this research. 

9880-66, Session PWA1

Geospatial mapping of Antarctic coastal 
oasis using geographic object-based 
image analysis and high-resolution 
satellite imagery
Shridhar D. Jawak, Alvarinho J. Luis, National Ctr. for 
Antarctic & Ocean Research (India)

An accurate spatial mapping and characterization of land cover 
features in cryospheric regions is an essential procedure for 
many geoscientific studies. A novel semi-automated method 
was devised by coupling spectral index ratios (SIRs) and 
geographic object-based image analysis (OBIA) to extract 
cryospheric geospatial information from very high resolution 
WorldView 2 (WV-2) satellite imagery. The present study 
addresses development of multiple rule sets for OBIA-based 
classification of WV-2 imagery to accurately extract land cover 
features in the Larsemann Hills, east Antarctica. Multi-level 
segmentation process was applied to WV-2 image to generate 
different sizes of geographic image objects corresponding to 
various land cover features with respect to scale parameter. 
Several SIRs were applied to geographic objects at different 
segmentation levels to classify land mass, man-made features, 
snow/ice, and water bodies. A specific attention was paid to 
water body class to identify water areas at the image level, 
considering their uneven appearance on landmass and ice. 
The results illustrated that synergetic usage of SIRs and OBIA 
can provide accurate means to identify land cover classes with 
an overall classification accuracy of ≈97%. In conclusion, the 
results suggest that OBIA is a powerful tool for carrying out 
automatic and semiautomatic analysis for most cryospheric 
remote-sensing applications, and the synergetic coupling with 
pixel-based SIRs is found to be a superior method for mining 
geospatial information.

9880-67, Session PWA1

Multisource classification and pattern 
recognition methods for polar 
geospatial information extraction using 
WorldView-2 data
Parag Khopkar, Space Applications Ctr. (India) and Univ. 
of Pune (India); Shridhar D. Jawak, Alvarinho J. Luis, 
National Ctr. for Antarctic & Ocean Research (India)

Present research study emphasizes the importance of 
advanced digital image processing methods in order to 
delineate between various land cover land use (LULC) features 
in the Antarctic environment. In the case of the Antarctica, the 
present LC (snow/ice, landmass, water, vegetation etc.) and 
the present LU (research stations of various nations) needs 
to be mapped accurately for the hassle free scientific field 
and logistic activities. In this paper, we have tried to locate 
three most important features (snow/ice, landmass, and 
water) and also have extracted the extent of the same using 
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the multisource classification (image fusion/pansharpening) 
and pattern recognition methods (supervised/unsupervised 
methods, index ratio methods). Innovation in developing 
spectral index ratios has led us to come up with an unique 
ratio named Normalized Difference Landmass Index (NDLI) 
which performed better (Avg. Bias: 51.99m) than other ratios 
such as Normalized Difference Snow/Ice Index (NDSII) (Avg. 
Bias: -1572.11m) and Normalized Difference Water Index 
(NDWI) (Avg. Bias: 1886.60m). The practiced trial and error 
methodology quantifies the productivity of not only the 
classification methods over one other but also that of the 
fusion methods. In present study, classifiers used (Mahalanobis 
and Winner Takes All) performed better (Avg. Bias: 122.16 m) 
than spectral index ratios (Avg. Bias: 620.16 m). The study 
also revealed that newly introduced bands in WorldView-2, 
band 1 (Coastal Blue), 4 (Yellow), 6 (Red-edge) and 8 (Near 
Infrared-2) along with traditional bands have the capacity to 
mine the polar geospatial information with utmost accuracy 
and efficiency.

9880-68, Session PWA1

Semi-automatic extraction of 
supra-glacial features using fuzzy 
logic approach for object-oriented 
classification on WorldView-2 imagery
Shridhar D. Jawak, National Ctr. for Antarctic & Ocean 
Research (India); Yogesh Palanivel V., SRM Univ. (India); 
Alvarinho J. Luis, National Ctr. for Antarctic & Ocean 
Research (India)

High resolution satellite data provide high spatial, spectral and 
contextual information. Utilization of spatial and contextual 
information of image objects is highly required to extract the 
information from high resolution satellite data. The supraglacial 
environment includes several features that are present on 
the surface of the glacier. The extraction of features from 
supraglacial environment is quite challenging using pixel-
based image analysis. To overcome this, object-oriented 
approach is implemented. This paper aims at the extraction 
of geoinformation from the supraglacial environment from 
high resolution satellite image by object-oriented image 
analysis using the fuzzy logic approach. The object-oriented 
image analysis involves the multiresolution segmentation 
for the creation of objects followed by the classification of 
objects using the fuzzy logic approach. The multiresolution 
segmentation is executed on the pixel level initially which 
merges pixels for the creation of objects thus minimizing their 
heterogeneity. This is followed by the development of rule sets 
for the classification of various features such as blue ice, debris, 
snow from the supraglacial environment in WorldView-2 data. 
The area of extracted feature is compared with the reference 
data and misclassified area of each feature using various 
bands is determined. The present object oriented classification 
achieved an overall accuracy of ≈ 92% for classifying 
supraglacial features. Finally, it is suggested that Red band is 
quite effective in the extraction of blue ice and snow, while NIR 
band is effective in debris extraction. 

9880-69, Session PWA1

An effective unsupervised nonparametric 
weighted feature extraction using 
geometrical measures in prototype space 
for hyperspectral imagery
Mohsen Ghamary Asl, K.N.Toosi Univ. of Technology 
(Iran, Islamic Republic of); Barat Mojaradi, Iran Univ. of 
Science and Technology (Iran, Islamic Republic of)

Feature extraction (FE) is a common technique to overcome 
the “curse of dimensionality” posed by the high dimensionality 

of hyperspectral imagery. When the image is characterized 
by unknown phenomena, an unsupervised approach can be 
utilized to extract the most distinctive and informative features. 
The efficiency of an unsupervised feature extraction depends 
on the measures and the space (e.g., feature space, pixel 
space, spectral space, etc.) in which the data are represented. 
Moreover, the determination of the optimal feature size 
(the optimal number of distinct and informative features to 
be extracted) is the other challenge faced in unsupervised 
approaches. In this paper, we propose an unsupervised FE 
method called NWPFE, which stands for Nonparametric 
Weighted Prototype-space-based Feature Extraction, by 
representing bands in the prototype space (PS). The method 
proposes a way for extracting the distinct and informative 
features based on band-clustering and orthogonal distance 
from the PS diagonal. Indeed, after clustering the bands in 
the PS, the proposed algorithm calculates a nonparametric 
weighted mean for each band-cluster and finally introduces it 
(the nonparametric weighted mean) as an extracted feature. 
For determining the number of features to be extracted, 
which is equal to the number of band-clusters, the HySime 
algorithm was employed in feature space. The experimental 
results on real and synthetic data sets show that the NWPFE 
method is more reliable and can yield a better result in terms 
of class separability and Friedman test than other widely used 
techniques.

9880-70, Session PWA1

Application of airborne hyperspectral 
remote sensing for the retrieval of forest 
inventory parameters
Yegor V. Dmitriev, Institute of Numerical Mathematics 
(Russian Federation); Vladimir V. Kozoderov, Lomonosov 
Moscow State Univ. (Russian Federation); Anton A. 
Sokolov, Univ. des Sciences et Technologies de Lille 
(France)

The main information source for the forest management 
is the forest inventory data. The ground based inventory 
provides the most exact information about the standard forest 
stand attributes, however, this method is of low efficiency 
because it requires spending many man-hours. The program 
of development of the forest management implies that 80% 
of the total forest inventory data must be obtained from 
the aerospace imagery. We present applications of airborne 
hyperspectral remote sensing for the retrieval of such 
important inventory parameters as the forest species and age 
composition. The hyperspectral images of a test region were 
obtained from the airplane equipped by the produced in Russia 
light-weight airborne videospectrometer of visible and near 
infrared spectral range and high resolution photo-camera on 
the same gyro-stabilized platform. The quality of the thematic 
processing depends on many factors such as the atmospheric 
conditions, characteristics of measuring instruments, 
corrections and preprocessing methods, etc. The construction 
of the classifier together with methods of the reduction of the 
feature space play an important role in retrieval precision. The 
performance of different spectral classification methods is 
analyzed for the problem of hyperspectral remote sensing of 
soil and vegetation. For the reduction of the feature space we 
used an earlier proposed stable feature selection method. The 
results of the classification of hyperspectral airborne images 
by using different methods and the comparative analysis are 
demonstrated. Advantages of the use of nonlinear classifiers 
are shown. Multiclass SVM with Gaussian kernel and parametric 
Bayesian classifier based on the Gaussian mixture model 
revealed the highest accuracy.
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9880-71, Session PWA1

A comparative assessment of various 
super-resolution techniques in target 
detection and enhancement using 
hyperspectral data
Amrita Anand, Kailash C. Tiwari, Delhi Technological 
Univ. (India)

Hyperspectral data has enhanced the scope of applications of 
remote sensing in various domains. However, exploitation of 
hyperspectral data is still subject to development and research 
of newer algorithms/techniques for extraction of application 
specific significant/relevant data. Hyperspectral data is 
extremely suitable in target detection and enhancement; 
however, its full potential is still to be exploited. For example, 
most target detection algorithms successfully detect full pixel 
targets; but, they fail to simultaneously detect part of the 
target which may be lying partially in the surrounding pixels. 
This requires development of algorithms based on spectral 
unmixing and other techniques which can simultaneously 
detect the sub pixel targets in the surrounding pixels so that a 
shape of the target can be recovered for identification purpose. 
Super resolution mapping is one such method for target 
identification and enhancement. Literature reports several such 
super resolution mapping techniques such as Markov Random 
fields, Hopfield neural network, Pixel swapping etc. Aim of this 
paper is to further explore various super resolution techniques 
for target detection and identification and to perform a 
comparative assessment of these techniques.

9880-72, Session PWA1

Dimensionality reduction of 
hyperspectral data: band selection using 
curve fitting
Mahendra Kumar Pal, Alok Porwal, Indian Institute of 
Technology Bombay (India)

Advances in hyperspectral sensor technology has provide 
an effective alternative for study the earth’s surface and its 
atmosphere. Hyperspectral sensors offer narrow spectral 
bandwidth facilitating better discrimination among various 
ground classes. However, high spectral resolutions of these 
sensors result in larger data volumes, and thus pose a problem 
for image processing and analysis for information extraction. 
The increased computational complexity limit the use of 
hyperspectral data, where applications demands moderate 
accuracies but economy of processing and execution time. 
Also classification accuracies decrease when the number 
of features exceed a given limit, for a fixed size of training 
samples, a consequence of the Hughes effect. A reduction 
in the number of input features can overcome the Hughes 
effect, thus improving classification accuracies. Dimensionality 
reduction can be accomplished by: (i) Feature selection- 
selection of sub-optimal subset of the original set of features 
(e.g. PCA, MNF, ICA, and factor analysis), and (ii) Feature 
extraction- projection of the original feature space into a lower 
dimensional subspace that preserves most of information 
(e.g. sequential’ search procedures, beam search, genetic 
algorithms). In this contribution, we propose a novel method of 
feature section by identifying and selecting the optimal bands 
based on spectral decorrelation using a local curve fitting 
technique. The technique is implemented on the Hyperion data 
of a study area from Western India. The results shows that the 
proposed algorithm is efficient and effective in preserving the 
useful original information for better classification with reduced 
data size and dimension.

9880-73, Session PWA1

Robust watermarking of satellite images 
using texture-based LSB-DWT method
Suraj M. Somani, Deepak V. Choksi, Buddhiraju K. Mohan, 
Parvatham Venkatachalam, Tanzima Habib, Indian 
Institute of Technology Bombay (India)

Satellite images and raster data with valuable information are 
expensive and important. The security of these images is of 
concern in today’s networked environment where data can be 
distributed and copied easily. Moreover, these data-sets are 
quite complex in nature and not many robust watermarking 
techniques have been proposed to deal with these issues. The 
LSB watermarking is a fragile technique. Even the slightest bit 
of change performed on the watermarked image corrupts the 
watermark. Embedding the watermark in the first LSB (Least 
Significant Bit) almost always results in the irretrievability 
of the watermark while embedding the watermark in bits 
of higher significance than the LSB makes the retrieved 
watermark more accurate. On the other hand embedding the 
watermark in bits of higher significance results in a higher RMS 
(Root Mean Square) error between the original image and the 
watermarked image. Therefore, there is a trade off between 
watermark resistance and quality of watermarked image. So 
LSB techniques produce watermarks which are sensitive to 
operations and attacks, so it is fragile. The DWT (Discrete 
Wavelet Transform) method was found to be semi-resistant to 
smoothing attacks and watermarks were identifiable visually 
in all the cases, but the PSNR (Peak signal to Noise Ratio) 
values were low and unacceptable. This paper talks about 
using texture based DWT LSB combination method instead 
of separate methods discussed above which is tested against 
attack such as smoothing, contrast enhancement, histogram 
equalization and cropping. Also improvement to this method 
is under progress which will increase its robustness and also 
keeping the original image fidelity intact.

9880-74, Session PWA1

Sub-pixel mapping with hyperspectral 
imagery using super-resolution
Shreya Sharma, Buddhiraju K. Mohan, Indian Institute of 
Technology Bombay (India)

In hyper-spectral imagery, images have high spectral resolution 
but poor spatial resolution. Therefore, the spectra is often 
contaminated due to the presence of mixed pixels. As a result, 
inaccurate pixel classification occurs. So to utilize this high 
spectral information, spatial resolution has to be enhanced 
by further classifying the sub-pixels. The proposed super-
resolution mapping method is based on the concept of swarm 
intelligence. The optimization algorithm that will be used in this 
method is ant colony optimization (ACO). ACO concept has 
been presented for two-class classification problems in images. 
The method for sub-pixel mapping is divided into five stages. 
The initial step is to extract the end-members from the image 
.Next step, is to find abundance fractions for different classes 
for each of the pixels using soft-classification techniques. Third 
step is the determination of zoom factor, which indicates that 
by how much the resolution has to be increased. The next 
task is the localization of these sub-pixels to various classes. 
The sub-pixels are considered as the ants and are assigned 
classes randomly. Each mixed pixel is further classified based 
on the proposed ACO, where the pheromone value determines 
the attractiveness for any one class. Finally, to measure the 
classification accuracy of the proposed method various indices 
such as confusion matrix, kappa coefficient, Root Mean Square 
Error (RMSE) are calculated .This method does not require 
training data samples and does not assume the statistical 
distribution of the underlying data pixels. Therefore, it has 
advantage over learning classifiers like ANN and regression 
based techniques. It takes into account both the inter-pixel 
spatial correlation and intra-sub pixel spatial correlation, thus 
provide better measure of spatial dependency.
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9880-75, Session PWA1

Machine-learning and spectral 
techniques for lithological classification
Khushboo Parakh, Sanchari Thakur, Bijal Chudasama, 
Siddhesh Tirodkar, Rushanka P. Amrutkar, Indian 
Institute of Technology Bombay (India); Alok Porwal, 
Indian Institute of Technology Bombay (India) and Univ. 
of Western Australia (Australia); Avik Bhattacharya, 
Indian Institute of Technology Bombay (India)

Experimentations with applications of machine learning 
algorithms such as random forest (RF), support vector 
machines (SVM) and fuzzy inference system (FIS) to 
lithological classification of multispectral datasets such as 
Landsat-8 and Advanced Space-borne Thermal Emission and 
Reflection Radiometer (ASTER) in conjunction with Shuttle 
Radar Topography Mission (SRTM) digital elevation data are 
described. The training data included pre-classified image 
pixels as well as laboratory spectra of the field samples of the 
main lithotypes. The study area is a part of Ajmer and Pali 
districts, Western Rajasthan, India. The main lithotypes exposed 
in the area are amphibolite, granite, calc-silicates, mica-schist, 
pegmatite and carbonates. In a parallel implementation, 
spectral parameters derived from the continuum-removed 
laboratory spectra of the field samples (e.g., band ratios) were 
used in spectral matching algorithms to generate geological 
maps from the LANDSAT-8 and ASTER data. The results 
indicate that as compared to the SVM, the RF algorithm 
provides higher accuracy for the minority class, while for 
the rest of the classes the two algorithms return comparable 
results. The RF algorithm effectively deals with outliers and 
also ranks the input bands based on their importance in 
classification. The FIS approach provides an efficient expert-
driven system for lithological classification based on matching 
the image spectral features with the absorption features of the 
laboratory spectra of the field samples, and returns comparable 
results. The study also establishes spectral parameters of 
amphibolite, granite, calc-silicates, mica-schist, pegmatite and 
carbonates that can be used in generating geological maps 
from multispectral data using spectral matching algortihms.

9880-76, Session PWA1

Retrieval of surface reflectance from 
Resourcesat-2 AWiFS, LISS-3, and LISS-4 
data using SACRS2 scheme
Vishal N. Pathak, Sardar Patel Univ. (India); Mehul R. 
Pandya, Space Applications Ctr. (India) and Indian 
Space Research Organisation (India); Dhiraj B. Shah, 
Sir P. T. Sarvajanik College of Science (India); Himanshu 
J. Trivedi, Natubhai V. Patel College of Pure & Applied 
Sciences (India); K. D. Patel, Sardar Patel Univ. (India); 
Raghavendra P. Singh, Space Applications Ctr. (India) 
and Indian Space Research Organisation (India)

Satellite based multispectral imagery contains various 
quantitative information related to surface and atmosphere. 
To extract the accurate information about surface, we need 
to correct  atmospheric influence which is introduced by 
the atmosphere. Atmospheric correction of multispectral 
satellite imagery is an important prerequisite to derive geo 
physical parameters from satellite data. In this study surface 
reflectance is retrieved using the Scheme for Atmospheric 
Correction of Resorucesat-2 (SACRS2). The SACRS2 is physics 
based atmospheric correction model developed by Space 
Applications Center (SAC), ISRO based on radiative transfer 
model 6SV (The Second Simulation of the Satellite Signal in 
the Solar Spectrum vector version). SACRS2 method is easily 
applicable for atmospheric correction of multispectral data. 
A detail analysis has been carried out to retrieve surface 
reflectance from Resourcesat-2 AWiFS, LISS-3 and LISS-4 data 

using SACRS2 method. The retrieved surface reflectance from 
SACRS2 for AWiFS, LISS-3 and LISS-4 have been compared 
with in-situ reflectance measurements and MODIS surface 
reflectance products. The comparison showed a good match 
of reflectance derived by SACRS2 scheme with the in-situ 
measurements. The absolute error in terms of root mean square 
is around 0.023 for all the four bands with high correlation R2 ? 
0.9. The study demonstrated the capability of SACRS2 scheme 
to retrieve the surface reflectance within 10% w.r.to in-situ 
measurements.

9880-77, Session PWA1

Modelling the hydrological impacts of 
prosopis juliflora invasions
Vijayasekaran Duraisamy, Vidhya Rangasamy, Anna 
Univ., Chennai (India)

The invasive plants are possessing serious threats to our 
environment. The continuous monitoring of the invasions is 
necessary to protect the ecosystem. The Prosopis juliflora is 
a major threatening invasive plant in India. The geo-spatial 
technology will enable us to study the detailed distribution 
of invasion and impacts of exotic plants. In this present study 
P.juliflora infestations in the Vaigai watershed (Tamil Nadu/
India) are extracted from the Indian Remote Sensing satellite 
sensor Linear Imaging Self Scanner (LISS)-IV with 5-m spatial 
resolution. The support vector machine (SVM) classification 
with polynomial kernel has been used to extract the invasions. 
To study the hydrological consequences by this exotic plant 
Soil and Water Assessment Tool (SWAT) was applied. The 
land use / land cover scenario (0% of Prosopis and 100% of 
Prosopis) are simulated. The results observed that there is an 
increased evapotranspiration (ET) with increased extent of this 
invasive plant. The stream flow also been affected by Prosopis 
encroachment in the basin. The model has validated using the 
gauge discharge observatories in Vaigai river. The complete 
eradication of this exotic plant in the waterways will helps to 
increase the water availability in the semi-arid regions of the 
country.

9880-78, Session PWA1

Comparison of signal-to-noise ratio and 
its features variation
Ram K. Singh, TERI Univ. (India); Himanshu Govil, 
National Institute of Technology, Raipur (India); Shweta 
Singh, Manoharbhai Patel Institute of Engineering & 
Technology (India)

Signal to noise ratio is measure of signal senses of an imaging 
system. It is collection of reflected albedo signal from objects 
in electromagnetic region. Remotely sensed images are used 
to be analyze spectral values and on the basis of these values 
identification of objects can be done, but credentials of noise 
in data plays a trifling role. As noise value is expertly more in 
respect of signal quality then the estimates of object intensity 
will be not of presumable quality. The images received from 
sensor, consists of signal information and undesirable noise 
received along with it.
Noise in the surface signal it produces variation in the 
measurement of radiance, which will be not get relate to 
radiance leaving the target. Variance in the measured radiance 
may due to atmosphere, mechanical sensor instruments and 
its internal working devices. Lesser the noise and higher signal 
relative value desirable for capturing the information in image. 
Relative value of noise should be determined by intensity of the 
signal. These value represented as Signal to Noise Ratio.
Hyperion-1R Hyper-spectral Image of an Indian region of April 
Month is used to apply the algorithms. Various algorithms 
is used to know the signal noise ratio all over the image on 
various class features (water, forest, barren-soil and urban). 
Homogeneous Area algorithm, signal at a point determined 
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by averaging the pixel responses, which is divided by noise 
component. Estimated by calculating the standard deviation 
of the pixel responses. Nearly Homogeneous Area algorithms 
standard deviation of increasing pixel size matrix is plotted 
against the reciprocal of the square root of the number of 
pixels. Geostatistical method estimate image noise in used pixel 
along a traverse.
Results of all three methods Homogeneous Area, Nearly 
Homogeneous Area and Geostatistical algorithms for different 
classes water, forest, barren-soil, urban in spectral region 
for visible, near infrared and short wave infrared range are 
compared. 

9880-79, Session PWA1

An assessment of effects of various 
parameters on performance of target 
detection using hyperspectral data
Deepti Yadav, Manoj K. Arora, Indian Institute of 
Technology Roorkee (India); Kailash C. Tiwari, Delhi 
Technological Univ. (India); J. K. Ghosh, Indian Institute 
of Technology Roorkee (India)

Hyperspectral imaging has become a de facto standard for 
most of applications that require precision based (or detailed 
or specific/definite) analysis. This is due to the fine spectral 
resolution that hyperspectral data offers. Target detection 
based on hyperspectral imaging is one of the significant 
uses which is required for numerous defence, surveillance 
as well as many civilian applications. This involves detailed 
analysis of all bands of hyperspectral data for presence of the 
desired target. It may done using either spectral matching 
algorithms or anomaly detection algorithms. However, there 
exist many factors which may have significant effects on the 
performance of these target detection algorithms. Firstly, 
targets are characterized with many spatial parameters like 
it can be of any size, shape and location. Additionally, it also 
have many aspatial parameters like illumination, composition 
and condition. For example, it may be placed in many different 
locations like on open surface or buried under ground, 
may also be hidden or occluded and/or camouflaged. This 
paper explores the implications of these spatial and aspatial 
parameters on detection of many known targets using 360 
band hyperspectral data. This data was collected by RIT and 
shared for research purposes. In this paper, few state-of-the-
art algorithms were implemented for performing the detection 
of targets with varying sizes and locations/placements. The 
results were then assessed using receiver operating curves so 
as to provide the comparative analysis of all the algorithms 
(or to explore the suitability of the algorithms for this kinds 
of data/targets). The ROC curves indicates the superior 
performance of adaptive cosine estimator and matched filter 
for most of the targets.

9880-80, Session PWA1

A learning tool for optical and microwave 
satellite image processing and analysis
Gaurav K. Dashondhi, Jyotirmoy Mohanty, Laxmi N. Eeti, 
Buddhiraju K. Mohan, Indian Institute of Technology 
Bombay (India)

This paper presents a tool, which contain a no. of virtual 
experiments for Image Processing and analysis of Optical and 
Synthetic Aperture Radar (SAR) Images.
Experiments that are included in Learning Tool are related to -
1. Optical- Image and Edge enhancement, smoothing, PCT, 
Mathematical Morphology, Accuracy Assessment, Supervised/
Unsupervised classification etc.
2. Basic SAR- Parameter extraction and range spectrum 
estimation, Range compression, Doppler centroid estimation, 
Azimuth reference function generation and compression, 

Multilooking,etc.
3. SAR Interferometry- BaseLine Calculation, Extraction 
of single look SAR images, Registration, Resampling, 
Interferogram generation.
4. SAR Polarimetry- Conversion of AirSAR or RadarSat data to 
S2/C3/T3 matrix, Speckle Filtering, Power/Intensity generation, 
Decomposition of S2/C3/T3, Classification of S2/C3/T3 using 
Wishart Classifier. 
Learning tool also contains other modules beside experiments 
such as aim, theory, procedure, interpretation, quizzes, link to 
additional reading material and user feedback. Students can 
have basic understanding of Optical and SAR through well-
defined theory with structured procedure for running and 
interpretation for all experiments listed above. Quizzes for 
self-assessment and feedback form are also being provided 
to make this Learning tool better self-contained. One can 
download results after performing experiments.
References
Richards, J.A., Remote Sensing with Imaging Radar, Springer-
Verlag, 2009.
Jong, S.L., E. Pottier. Polarimetric Radar Imaging from Basics to 
Application, CRC press - Taylor and Francis group, 2009.
Krishna Mohan, B., L. Eeti, A. Choubey and A. Parkar (2012). An 
e-Tutor and a virtual laboratory for satellite image processing 
and analysis; Proc. IEEE Geoscience and Remote Sensing 
Symposium (IGARSS), pp. 7373-7376, Munich, July 22-27, 2012.

9880-82, Session PWA1

Study of landcover classes and retrieval 
of LAI for sugarcane using multidate 
satellite data
Amit K. Verma, Indian Institute of Technology Roorkee 
(India); P.K. Garg, Uttarakhand Technical University, 
Dehradun (India); K.S. Hari Prasad, Indian Institute of 
Technology Roorkee (India); V.K. Dadhwal, National 
Remote Sensing Centre, Hyderabad (India)

The study aimed to prepare land cover map with special 
emphasis on wheat crop using multi-date AWiFS data and 
hybrid classification technique. The hybrid technique of 
multi-date AWiFS data classification integrated two stages, 
generation of non-vegetative mask using hierarchical 
decision rule classifier and ISODATA clustering (unsupervised 
classification) for the remaining image. After that the first stage 
ISODATA clustering yielded in a classified image having 93 % to 
98 % pure class pixels and around 2% to 7 % mixed class pixels. 
The levelling of unknown classes in the first stage clustering 
was based on knowledge of basic signatures of different 
classes. The levelling of unknown classes in the first stage 
where mask out and used for second stage ISODATA clustering. 
The mixed class where not found in the second stage 
clustering. The area of wheat and pulse crops was found to 
be 41554.2 hectare and pulse 13013.1 hectare respectively. The 
LAI map generation using existing empirical relation for wheat 
crop has been attempted and the LAI range map generated. It 
is found that the study area having maximum LAI pixels in the 
range 5.0 and above and minimum in the range 2.0 to 3.20. It 
is also concluded that the LAI values greater than 3.2 to 5.8 is 
having most of the wheat crop pixels at maximum vegetative 
growth stage. It shows that the wheat crop condition in the 
study area is very good.

9880-83, Session PWA1

Monitoring the freezing injury of winter 
wheat at over-wintering period based on 
HJ1A-HSI image
Junling Li, Shuyan Li, Henan Institute of Meteorological 
Science (China)
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At present, the remote sensing monitoring of winter wheat 
freezing injury uses mainly multispectral data, the lower 
spectral resolution could lead to the lower sensitivity of the 
result. HJ1A-HSI data have filled the blank of domestic data in 
the field of hyperspectral sensors; its 2- level products have 
been free distribution and have great application prospects. 
This paper studied the winter wheat freezing injury process 
of 2012-2013 in Linzhou and its surrounding areas of Henan 
province. Two HJ1A-HSI images before and after freezing 
injury were used as the research object, the hyperspectral 
remote sensing monitoring for winter wheat freezing injury 
was done based on Li Junling (2014) results of winter wheat 
freezing injury hyperspectral sensitive indices after data 
format conversion, striped removal, atmospheric correction, 
geometry correction and other pretreatment. Statistics results 
from the changes of sensitive indexes of VI3 ?VI3=SDr/SDb; 
SDb is the blue edge area; SDr is the red edge area?and VI5 
[VI5=(SDr-SDb?/(SDr+SDb?] showed that the proportion of 
heavy freezing injury was almost identical and the percentage 
difference of mild freezing injury was 2.11%. Freezing injury 
distribution monitoring results showed that the two indexes 
distribution results had bigger differences. It is necessary to 
verify the reliability of the conclusions when freezing injury 
is occurring in the future. But this research results show that 
monitoring winter wheat freeze injury using the HJ1A-HSI data 
is feasible and the article provides reference to using the HJ1A-
HSI data onto agricultural remote sensing monitoring.

9880-84, Session PWA1

Land use change mapping in the Chilika 
wetland of India
Sridevi Jadav, Tajdarul H. Syed, Indian School of Mines 
(India)

Wetlands are well known for its high productive capacity 
in terms of supporting a wide variety of flora and fauna, 
aquaculture, carbon sequestration and other life supporting 
functions. Recently, wetland resources are threatened by rapid 
economic development, agricultural activities and extension 
of human spaces. Thus, to conserve wetland resources, it is 
important to monitor land use changes within and around 
the wetland. This study aims to detect land use changes in 
the largest brackish water lake (Chilika) region in India. For 
the said purpose, we used five Landsat images for the period 
of 1988-2015. These Landsat images were geometrically 
corrected with an RMSE obtained 0.2 pixels for each image. 
A maximum likelihood classification and post classification 
change detection techniques were applied to the Landsat 
images. Before applying change detection methods all the 
Landsat images were atmospherically corrected using the 
COST algorithm. A supervised classification was carried out 
on the six reflective bands of five Landsat images with the 
aid of visual interpretation. Subsequently, post classification 
change detection techniques were applied to assess changes 
in the different land use classes. Results show, major increase 
in agriculture and settlement and significant degradation of 
swamp and scrub land during this study period.

9880-85, Session PWA1

Application of maximum entropy method 
for earthquake signals using GPSTEC
Satya Ramesh Kanchumarthi, Revathi Rallabandi, 
Koteswara Rao Sanagapallea, S. Lakshminaraya, K. Uday 
Kiran, K L Univ. (India)

Spectral analysis of ionospheric disturbances of seismic origin 
will aid for the detection and prediction of the unavoidable 
natural disasters like Earthquakes. The strong vertical 
electrical field created at the earthquake preparation zone 
leads to changes in the electron densities in the dynamic 
upper atmosphere at that place. These density changes 
of the ionized plasma in the ionosphere cause dispersion 

of the electromagnetic signals passing through them. The 
disturbances are studied as the changes in the L band GPS 
signals traversing through the ionosphere. The authors 
tried to analyze the spectral characteristics of seismogenic 
disturbances of the GPS data using Maximum entropy 
method(MEM). In the present work International GNSS service 
(IGS) station data, BAKO situated at Bakosturnal, West Java, 
Indonesia (-6.49oN, 106.85oE) was considered for the analysis. 
GPS VTEC data of the satellite pseudorandom number 18 for 
the earthquake occurred on 17th October 2014 in Indonesia 
with a magnitude M = 5.2 is analyzed using MEM technique. 
The data is analysed for five days including the day of the 
earthquake as the middle one. It is observed that there is an 
enhancement of the energy of the ionosphere since two days 
in advance from the earthquake day. Further it is also observed 
that there is substantial increase in dB level of the GPS signal 
that can easily be identified on the earthquake day. 

9880-86, Session PWA1

The dynamic monitoring of warm-water 
discharge based on the airborne multi-
spectral thermal infrared remote sensing 
data
Honglan Shao, Feng Xie, Chengyu Liu, Zhihui Liu, 
Changxing Zhang, Gui Yang, Jianyu Wang, Shanghai 
Institute of Technical Physics (China)

The cooling water discharged from the coastal plants flow 
into the sea continuously, whose temperature is higher than 
original sea surface temperature (SST). The fact will have non-
negligible influence on the marine environment in and around 
where the plants site. Hence, it’s significant to monitor the 
temporal and spatial variation of the warm-water discharge 
for the assessment of the effect of the plant to its surrounding 
marine environment. The paper describes an approach for the 
dynamic monitoring of the warm-water discharge of coastal 
plants based on the airborne multi-spectral thermal infrared 
remote sensing technology. Firstly, the thermal infrared 
remote sensing images acquired on the aircraft are geometric 
corrected and atmospheric corrected. Secondly, the normalized 
reflectance method is used to reverse the sea surface 
temperature of the images. Thirdly, the temperature-rising 
districts caused by the warm-water discharge are extracted. 
Lastly, the temporal and spatial variations of the warm-water 
discharge are analyzed through the geographic information 
system (GIS) technology. The approach was applied to Qinshan 
plant, in Zhejiang, China. In considering with the tide states, 
the diffusion, distribution and temperature-rising values of 
the warm-water discharged from the plant were calculated 
and analyzed, which are useful to the marine environment 
estimation.

9880-87, Session PWA1

Retrieval of the pixel component 
temperatures from multi-band thermal 
infrared image using Bayesian inversion 
technique
Feng Xie, Honglan Shao, Zhihui Liu, Chengyu Liu, 
Changxing Zhang, Gui Yang, Jianyu Wang, Shanghai 
Institute of Technical Physics (China); Nengbin Cai, 
Institute of Forensic Science (China)

High spatial and spectral resolutions are the development 
trends of the thermal infrared remote sensing. As the spatial 
resolution increases, the spatial structure in the pixel becomes 
simpler, then the phenomena that the pixels are homogeneous 
or isothermal increase. However, for some pixels in centimeter-
scale, the three-dimensional non-isothermal phenomena even 
exist. It is still necessary of the retrieval of the component 
temperatures of a pixel. An approach provided is for retrieval 
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of the pixel component temperature from the multi-spectral 
thermal infrared remote sensing data based on the Bayesian 
inversion technique. The airborne WSIS (Wide Spectrum 
Imaging Spectrometer) data with VNIR (visible-near infrared), 
SWIR (short-wave infrared) and TIR (thermal infrared) bands 
were used in the study. First, the components of all the pixels 
in the image were determined by the linear mixing method. 
Second, each component emissivity of each pixel was 
calculated based on an emissivity priori knowledge base. Last, 
a temperature and emissivity separation algorithm was used 
to inverse the mean temperature of each pixel, regarded as 
initial value, the Planck function was linearized to construct a 
multi-band equation set, and the component temperatures of 
every pixel were inversed by the Bayesian inversion technique. 
The results suggest that, with the assistance of the VNIR 
and SWIR hyperspectral remote sensing data, the Bayesian 
inversion technique is capable of inversing the pixel component 
temperature effectively, while the inversion error is 0.4?, which 
meets the requirements of most practical applications.

9880-88, Session PWA1

Enhancing spatial resolution of infrared 
imagery using overlap of sequence 
images
Jiahao Cao, Hongzhen Ji, Shanghai Institute of Technical 
Physics (China) and Univ. of Chinese Academy of 
Sciences (China); Jian Jin, Chunlai Li, Jianyu Wang, 
Shanghai Institute of Technical Physics (China)

spatial resolution, also referred to as ground sample distance 
(GSD), is one of the key parameters in design and building 
of a thermal infrared imaging system. the application of high 
solution thermal infrared imaging system highly relies on 
the spatial resolution of acquire images. Thermal infrared 
data users always prefer to receive images with high spatial 
resolution in order to better serve their applications. Designing 
and building a thermal infrared imaging system with a 
considerably high spatial resolution is one of the challenges, 
as this could be prohibitively expensive and/or constrained 
by technology availability. In this paper, we develop a novel 
technology that can enhance the spatial resolution of thermal 
infrared images with sequence images. The technology exploits 
the overlap of sequence images and uses it as additional 
information to increase the spatial resolution of the thermal 
infrared images. Two methods have been developed to derive 
subpixel-shifts from the sequence images. Then we organize 
the derived subpixel-shifted images before being integrated 
into the high-resolution(HR) image using the iterative-back-
projection(IBP) fusion. Image fusion methods have been 
developed to reconstruct an high-resolution image by fusing 
subpixel-shifted low-resolution(LR) images of the same scene. 
The IBP approach iteratively uses the current best estimated 
HR image to create the simulated LR images and then compare 
the simulated LR images to the observed LR images to create 
the difference images. These difference images are then used 
to improve the initial estimation by “back projecting” each 
value in the difference image onto the HR image Experimental 
results show that the technology can enhance the spatial 
resolution by a factor of two.

9880-89, Session PWA1

Agricultural landuse change detection 
and delineation of suitable zones for 
agriculture in Lower Vellar Watershed, 
Cuddalore, Tamilnadu, India
S. Aravind, R. Sivakumar, SRM Univ. (India)

Periodic and precise change detection of agricultural landuse in 
rural areas provides valuable data on agricultural loss. Remote 
sensing data are primary source for change detection now-a-

days. This research aims at calculating the agricultural changes 
in lower vellar watershed, cuddalore using image processing 
techniques. Landsat images were taken from 2000-2014 
and impact of different factors such as rainfall, groundwater 
level, crop yield data, crop acreage data, soil, geology, 
geomorphology on agriculture were studied. The thematic 
maps were prepared and weighted overlay analysis was 
performed using GIS to identify suitable zones for agriculture. 
This suitability map can be used to enhance the productivity by 
selecting appropriate crops for respective zones.

9880-90, Session PWA1

A preliminary study on the potential of 
remote sensing and GIS to delineate 
potential zones for artificial recharge 
of groundwater in Bhawani micro-
watershed, Erode, Tamilnadu, India
Abirami C., Thangavelu Magendran, SRM Univ. (India)

Sustainable development and management of groundwater 
resources require application of scientific principles and 
modern techniques. It is believed that remote sensing and 
geographic information system (GIS) is an effective tool for 
integrated analysis of various parameters for exploration 
and management of groundwater. In this study an integrated 
approach is implemented using GIS based multi-criteria 
evaluation, to identify the potential zones for artificial recharge 
of groundwater. This study involves identification of various 
vital parameters that influence the mapping of potential 
zones and selection of suitable structures for recharge. 
Landsat-8 image was used to produce thematic maps such as 
geomorphology, geology, landuse/ landcover and lineaments. 
Slope and drainage networks were derived from ASTER DEM. 
Thematic layers such as soil, rainfall, groundwater fluctuation 
level and aquifer characteristics were also prepared and 
weighed by applying AHP method. These thematic layers were 
used in the integrated model for selecting suitable sites for 
artificial recharge. The suitability map helped in the selection 
of recharge structures such as percolation tanks, storage tank, 
check dams etc to augment groundwater recharge in the 
Bhavani micro- watershed, Erode district of Tamil Nadu. 

9880-91, Session PWA1

Citrus orchard inventory using multidate 
IRS LISS-IV data
Niti Singh, K. N. Chaudhari, K. R. Manjunath, Space 
Applications Ctr. (India)

The remote sensing classification of orchards poses a challenge 
owing to heterogeneity of plantations stemming from crop 
age, cultival and management practices. Citrus orchards in 
districts of Gujarat were determined using LISS-IV multi-
temporal satellite data. According to latest agriculture statistics 
data Mehsana districts has maximum citrus orchards and that 
is around 9,000-10,000 Ha. Two season IPS LISS-IV images 
were classified using supervised classification methods with 
maximum likelihood function to identify the location as it 
provided comparatively higher accuracy than other classifiers. 
With this study it was found that classification output of 
summer months gave better results than winter months as 
possibility of spectral mixing is less due to harvesting season 
of field crops. Further to identify citrus persistent class, two 
season images were overlapped and result obtained was 
7,800ha area with accuracy of around 76%. Same procedure 
was carried out for Gandhinagar District and area for citrus 
crop was around 1000 Ha. Hence, the use of LISS IV data was 
found to be beneficial for identifying citrus cultivated areas 
to some extent and also it can easily be separated out from 
orchards having high canopy density like sapota and mango
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9880-92, Session PWA1

A short wave infrared hyperspectral 
imager based on stepwise integrated 
filter
Liqing Wei, Yueming Wang, Shanghai Institute of 
Technical Physics (China)

Space-borne hyperspectral imager is capable of providing 
large amount of image data with high spatial and spectral 
resolution. However, with the increase of the resolution, the 
volume and weight of conventional dispersive (prism/grating) 
imaging spectrometers also increase significantly. Meanwhile, 
the demand for the system sensitivity becomes even higher. In 
this paper, the application of Integrated Stepwise Filter (ISF) 
in infrared hyperspectral imaging technology was analyzed, 
including optical efficiency, instrumental background radiation 
suppression, spectral time delay integration (TDI) and other 
performances. Several methods which can enhance the 
system sensitivity were also provided. A compact short-wave 
infrared (SWIR) hyperspectral imager prototype covering the 
spectral range of 2.0?m-2.5?m with 6 TDI stages was designed 
and implemented. The results of the imaging experiment 
demonstrated that ISF has great application prospects in the 
field of high sensitivity space-borne hyperspectral imagery.

9880-93, Session PWA1

A field radiometric calibration method 
for thermal infrared hyperspectral sensor 
based on image nonuniformity correction
Feng Xie, Gui Yang, Chengyu Liu, Zhuhui Liu, Changxing 
Zhang, Honglan Shao, Jianyu Wang, Shanghai Institute 
of Technical Physics (China); Nengbin Cai, Institute of 
Forensic Science (China)

Because of the nonuniformity phenomenon on thermal infrared 
camera which caused by detector difference and temperature 
effects, it is difficult to get accurate calibrate results through 
laboratory calibration method which are suitable for the 
actual airborne images. Based on multi-level heterogeneity 
repair, a field radiometric calibration method for thermal 
infrared hyperspectral sensor has been proposed. Firstly, a 
global moment matching method has been used on the whole 
scan lines, which repairs heterogeneity phenomenon caused 
by detector difference; Secondly segment all the scan lines 
as small parts, which use the blind detector’s temperature 
sensitive characteristics, all the scan lines can be divided into 
different parts according to the value of the blind detectors; 
thirdly, using the local moment matching method on every 
subset images to get nonuniformity correction results; At 
last, the calibration coefficient of every band was obtained 
using field target calibration. Through thermal infrared 
hyperspectral field experiments, the results show that the 
method got effective heterogeneity correction on the airborne 
thermal infrared hyperspectral images and the highly accurate 
calibration coefficients were also obtained.

9880-94, Session PWA1

Hyperspectral lidar for detection 
underground oil deposits
Alexsandr S. Grishkanich, Sergey V. Kascheev, Alexsandr 
P. Zhevlakov, ITMO Univ. (Russian Federation); Igor 
S. Sidorov, Univ. of Eastern Finland (Finland); Julia 
Ruzankina, Polina Timokhina, Leonid Smirnov, ITMO 
Univ. (Russian Federation)

The main geophysical method for underground oil and gas 
detection is the seismic survey. However, its predictive accuracy 

in favorable conditions is, at best, 30%. In addition, it has a 
particularly low efficiency in searching non-anticlinal traps 
and complex structures, which are typical in East Siberia. 
Therefore, oil exploration requires additional methods, based 
on different physical principles. At present, there are quite a 
large number of remote diagnostic tools. However, a multitude 
of factors affects measurements in field conditions. Therefore, 
most of the methods valid in well-controlled airborne research 
conditions do not operate satisfactorily in field conditions. 
For many remote areas diagnosis tools, in particular distance 
optical analyzers (DOG), increasing the sensitivity and accuracy 
of detection of hydrocarbon gases in atmospheric boundary 
layers is the most important and problematic issue6.Laser 
sensing can serve as a highly effective method of exploration 
in the present context. Development and introduction of 
nonlinear optics may increase detection sensitivity.

9880-95, Session PWA1

Drivers of cultivated land change in 
urban fringe area based on the multiple 
regression model: a case study in 
Tiruverkadu, Chennai Metropolitan Area
Manonmani Raju, Kalaiselvi Jaganthan, Vidhya 
Rangasamy, Anna Univ., Chennai (India)

Society utilizes the natural resources in many ways in order 
to improve the living standard of the common man. With 
increasing population, the pressure on natural resources 
increases and with improvement in living standards, the 
amenities required for such development increase. This leads 
to changes in land use practices in the region like increase in 
built up area, decrease in crop land and water body etc. Based 
on Remote Sensing & Geographic information system derived 
map, three change matrices were constructed for detecting 
land use change between 2006-2009 and 2009-2012. 
Decreased in crop land and increase in built were extracted 
from the 2006-2012 land use /land cover. In addition, socio- 
economic data and demography were used to analyze major 
driving forces triggering land use change between 2006-2012 
through multiple regression model and predicted land use 
change between 2014. The predicted result was compared 
with satellite derived land use map of 2014.The result indicated 
that population density, work force, dependency rate and 
infrastructure are major driving forces contributing to land use 
change in the study area. 

9880-96, Session PWA1

Accuracy of radiometric calibration of 
hyperspectral visible and NIR remote 
sensing instruments using test sites of 
different altitudes
Natalia V. Pankratova, Alexander N. Borovski, Oleg V. 
Postylyakov, A.M. Obukhov Institute of Atmospheric 
Physics (Russian Federation); Victor A. Ivanov, 
Belarusian State Univ. (Belarus)

One approach to solve the problem of radiometric calibration 
of hyperspectral remote sensing satellite instruments is based 
on comparing the results of shots of test sites with calculations 
of a radiative transport model using atmospheric parameters 
measured in site. The contribution of variability of atmosphere 
in the total error budget of radiance calculation depends on 
the altitude of the test site. We compared a site at the see 
level and Kislovodsk High Mountain Station (KHMS) of A.M. 
Obukhov Institute of Atmospheric Physics located at Caucasus 
Mountains at 2070 m.a.s.l., 43.7N 42.7E. The station situated 
above the atmospheric boundary layer, so typical aerosol 
optical depth at 550 nm are 0.03-0.1 (versus 0.2-1.5 at the sea 
level). Pressure, and consequently the optical thickness of the 
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Rayleigh scattering, is 80% of the pressure at sea level. Optical 
depth of water vapour is typically about 30% of the thickness 
at sea level. As the radiation transfer models require knowledge 
of the vertical distributions of atmospheric characteristics, 
but ground-based measurements give mainly their total 
contents, radiance modelling error are less in the mountains 
where optical depths are less than at the sea level. The report 
compares atmospheric-related radiometric errors for KHMS 
and sea-level test site for spectral range 400-1000 nm.

9880-99, Session PWA1

Assessment of hailstorm damage in 
wheat crop using remote sensing 
Suresh Kumar Singh, Rajat Saxena, Akhilesh Porwal, 
Neetu Neetu, Shibendu Shankar Ray, Mahalanobis 
National Crop Forecast Ctr. (India) 

Heavy Rainfall and Hail storm events occurred in major wheat 
growing areas of India during February and March, 2015 
causing large scale damage to crop. An attempt was made 
to assess the impact of hail storm in the states of Punjab, 
Haryana, Uttar Pradesh, Rajasthan and Madhya Pradesh using 
remote sensing data. Multi-year Remote Sensing Data from 
Resourcesat 2 AWiFS was used for the purpose. Wheat crop 
map, generated by the operational FASAL project, was used 
in the study.  NDVI deviation images were generated from 
the NDVI images of similar period in 2014 and 2015. This was 
combined with the gridded data of cumulative rainfall during 
the period. Logical modeling approach was used for damage 
classification into Normal, Mild, Moderate and Severe. From 
the analysis, it was found that Northern and southern districts 
in Haryana were severely affected due to rainfall/hail storm. 
Eastern Rajasthan and Western Madhya Pradesh were also 
highly affected. Western Uttar Pradesh was mildly affected. 
Based on remote sensing data, Crop Cutting Experiments 
(CCE) were planned in two districts of Madhya Pradesh 
state. The CCE data showed that the affected fields have 7% 
lower yield than unaffected fields. Empirical yield model was 
developed between wheat yield and NDVI using CCE data. The 
yield model was used to compute the loss in state level wheat 
production. This showed that, there was a reduction of 8.3% 
of national wheat production.  The production loss estimated 
through this method matched with the Government estimate. 
Thus, the study showed that remote sensing data, integrated 
with meteorological data and sample ground data, can help in 
providing an early estimate of crop damage. 

9880-38, Session 8

Neural network parameters for 
improvement in classification accuracy
Avijit Pathak, Kailash C. Tiwari, Delhi Technological Univ. 
(India)

Objectives of the study are to investigate the effect of various 
Neural Network parameters on the accuracy of Hyperspectral 
image classification. AVIRIS Hyperspectral Indian Pine dataset 
in 220 Bands acquired on June 12, 1992 has been used for 
study. The bands covering regions of water absorption are 
removed leaving 200 bands for classification. Thereafter the 
maximal feature extraction technique of Principle component 
analysis is used to reduce the dataset to 10 bands preserving 
of 99.96% variance. The parameters selected for the study 
are – number of hidden layers, hidden Nodes, training sample 
size, learning rate and learning momentum. The training sample 
sizes selected for the study are 20, 40, 60, 80, and 100. Four 
values of hidden nodes are selected 10, 20, 30, 40 are fixed 
for one and two hidden layer categories. The learning rate is 
varied in the range 0.0004-0.4 and momentum varied in the 
range 0-1. Backpropagation method of learning is adopted. 
The overall accuracy of the trained is assessed with testing 
samples of size 300. Total of 800 classifications are performed 

with various combinations of parameter set using adaptive 
learning rate. The performance of network is checked in terms 
of mean square error. Several networks are able to classify the 
data with high accuracies (>95%) even for smaller datasets 
thus outperforming several conventional methods. Parameters 
corresponding to such networks are studied thoroughly and 
necessary relations are derived for maximum classification 
accuracy with minimum size of input training set. All 
implementations are done on ENVI and MATLAB software. 

9880-39, Session 8

An unsupervised and spectral rule-based 
approach for change detection from 
multi-temporal remote sensing imagery
Jianyu Chen, Zhu Li, The Second Institute of 
Oceanography, SOA (China)

In this study, we present an unsupervised change detection 
method using multi-spectral and multi-temporal remotely 
sensed imageries. This method is a pre-classification approach 
based on a spectral rule-based per-pixel classifier (SRC) 
developed by Baraldi et al. (2006). SRC is purely based on 
spectral-domain prior knowledge, such that no training or 
supervision process is needed. To explore its capability to 
detect change, we applied it in the Zhoushan Islands, Zhejiang, 
China. First, images were classified by SRC, and change 
detection was performed by two separate methods. One 
was the comparison of the merged categories obtained by 
reclassifying the pre-classification types of SRC. The other 
was comparing bi-temporal pre-classification types directly. 
The classification accuracy of the merged categories based 
on SRC was compared to the Maximum Likelihood Classifier 
and Support Vector Machine. The accuracy of the change 
detection was assessed and compared to results processed by 
the common post-classification comparison and change vector 
analysis methods. Results show that the change detection by 
directly comparing pre-classification types of SRC had the 
highest accuracy (overall accuracy was 90%, kappa coefficient 
was 0.81) among these methods and that the method of 
comparing merged categories was the worst (overall accuracy 
was 73%, kappa coefficient was only 0.46).

9880-40, Session 8

Automated end member extraction for 
subpixel classification of multispectral 
and hyperspectral data
Deepali Shrivastava, Devi Ahilya Vishwavidyalaya, Indore 
(India); Vinay Kumar, Richa U. Sharma, Indian Institute of 
Remote Sensing (India)

Most of the multispectral sensors acquire data in several broad 
wavelength bands and are capable of extracting different 
Land Cover features while hyperspectral sensors contain 
ample spectral data in narrow bandwidth (10-20nm). The 
spectrally rich data enable the extraction of useful quantitative 
information from earth surface features. Endmembers are the 
pure spectral components extracted from the remote sensing 
datasets. Most approaches for Endmember extraction (EME) 
are manual and have been designed from a spectroscopic 
viewpoint, thus neglecting the spatial arrangement of the 
pixels. Therefore, EME techniques which can consider both 
spectral and spatial aspects are required to find more accurate 
Endmembers for Subpixel classification. 
Multispectral (EO-1 ALI and Landsat 8 OLI) and Hyperspectral 
(EO-1 Hyperion) datasets of Udaipur region, Rajasthan is 
used in this study. All the above mentioned datasets are 
preprocessed and converted to surface reflectance using Fast 
Line-of-sight Atmospheric Analysis of Spectral Hypercube 
(FLAASH). Further Automated Endmember extraction 
and Subpixel classification is carried out using Multiple 
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Endmember Spectral Mixture Analysis (MESMA). Endmembers 
are selected from spectral libraries to be given as input to 
MESMA. To optimize these spectral libraries three techniques 
are deployed i.e. Count based Endmember selection (CoB), 
Endmember Average RMSE (EAR) and Minimum Average 
Spectral Angle (MASA) for endmember selection. Further 
identified endmembers are used for classifying multispectral 
and hyperspectral data using MESMA and SAM. It was 
observed from the obtained classified results that diverse 
features, spread over a pixel, which are spectrally same are well 
classified by MESMA whereas SAM was unable to do so.

9880-41, Session 8

Identification and mapping of minerals 
by using imaging spectroscopy in 
southeastern region of Rajasthan
Chayanika Parashar, Shovan L. Chattoraj, Richa U. 
Sharma, Indian Institute of Remote Sensing (India)

Remote Sensing have new technological trend that 
are hyperspectral sensors which combine imaging and 
spectroscopy in a single system. Interpretation of Remotely 
Sensed imagery involve basics of spectroscopy for 
identifying and mapping minerals,as different minerals have 
a unique reflectance and absorption pattern across different 
wavelengths which act as there identifying signatures.In 
this paper Hyperion data have been used for mapping of 
minerals in the exposed Aravalli fold belt of the South- Eastern 
Rajasthan.Rock samples collected from the study area were 
used to generate spectra using ASD Field Spectroradiometer 
in laboratory conditions.The spectra generated were validated 
from USGS spectral library.The imageries have undergone 
through standard image processing techniques, such as 
atmospheric correction through Fast line of sight atmospheric 
absorption for hypercubes (FLAASH) model, Minimum 
Noise Fraction (MNF), Pixel Purity Index (PPI),and N-d 
visualization for endmember selection.Further, Spectral Angle 
Mapper technique was used for mapping minerals that are 
Dolomite,Calcite,Talc, Montmorillonite,Illite,Kaosmectite,Muscov
ite and Serpentine. 

9880-42, Session 8

Automated spectral matching in 
Hyperion images to estimate the grades 
of iron ore, limestone, and magnesite 
deposits of India
Sanjeevi Shanmugam, Anna Univ., Chennai (India); 
Padma SrinivasaPerumal, Saveetha Engineering College 
(India); J. Satish Kumar, Magendran Thangavelu, SRM 
Univ. (India)

The advantage of using hyperspectral data for mineral 
exploration is its ability to depict certain typical absorption 
features such as for iron ore (at 865 m), carbonates (at 2350 
nm) and clays (at 2200 nm). However, accurate grade-wise 
categorization of such mineral deposits using multispectral 
images does not yield acceptable results. Use of appropriate 
spectral matching approaches in hyperspectral images, 
followed by classification using the inputs of spectral matching 
can give better results. This paper proposes an automated 
JM-SAM combined spectral matching approach incorporating 
Jeffries-Matusita (JM) distance measure and Spectral Angle 
Mapper (SAM) applied to Hyperion images of three mining 
sites in India (Magnesite in Salem, south India; limestone in 
Sankagiri, south India; and haematite in Noamundi, eastern 
India). The reference spectra of pure magnesite, limestone 
and haematite are extracted from the Hyperion image after 
the application of appropriate radiometric correction to the 
image. The discriminability of JM-SAM matching approach is 
evaluated using the performance measures of relative spectral 

discriminatory probability (RSDPB) and relative spectral 
discriminatory entropy (RSDE). Based on the degree of match 
(or mismatch), a map indicating grade-wise categorization 
of the mineral deposits is obtained. Validation was done by 
comparing with the ground data obtained from 17 locations in 
the three mining sites. Accuracy assessments confirmed the 
better performance of JM-SAM matching-based classification 
compared to the approaches of SAM, JM and minimum-
distance. Thus, this study shows that automated spectral 
matching based approach is a rapid and reliable tool for 
grade-wise categorization of minerals and ores using Hyperion 
images.

9880-43, Session 8

Identification and mapping of 
hydrothermally altered minerals in parts 
of Delhi fold belt, Jaipur, India, through 
EO-1 Hyperion data
Himanshu Govil, National Institute of Technology, Raipur 
(India)

This study aimed at identifying and mapping hydrothermally 
altered minerals in parts of Delhi fold belt near Jaipur city, India 
using EO-1 Hyperion data. The rock type found in this area is 
Quartzite of Ajabgarh Series of the Delhi Super group. Space 
based Hyperion hyperspectral data results have been analyzed 
by the conventional hyperspectral methods and compared 
with different laboratory analysis techniques like petrography, 
X-ray diffraction and spectroradiometer on the selected rock 
samples. Though, the SNR of the Hyperion image was low 
(18:1) but different hydrothermally altered and clay minerals 
like muscovite, kaolinite, kaolinitesmectite and montmorillonite 
have been identified using the Hyperion Hyperspectral data. 
The data was in good confirmation with the laboratory 
spectroscopic analysis. Surface mineralogy of this area was 
mapped using the spectral angle mapper classification on 
the Hyperion image and was found in good confirmation 
with the field observations. On the basis of the mineralogy 
of the area, it can be concluded that this zone is mainly 
subjected to the intermediate argillic alteration, silicification 
and tourmalinization. On the basis of the hydrothermal altered 
minerals a fault has also been identified in the study area.

9880-44, Session 9

Scattering from carbonaceous regolith 
analogues
Ankur Gogoi, Jagannath Barooah College (India); 
Manash J. Boruah, Tezpur Univ. (India); Surojit Konwer, 
The Gargaon College (India); Gazi A. Ahmed, Tezpur 
Univ. (India)

Carbonaceous particles (amorphous carbon, graphite, 
carbonates, nanodiamonds etc.) of highly irregular shapes 
are one of the major constituents of the interstellar dust and 
regolith layers. Depending on their origin they can be compact 
or fluffy aggregates of submicron to micron sized grains with 
large values of real and imaginary part of the refractive index 
and can be sometimes embedded in an absorbing mantle or in 
the form of composite grains. The proper study and analysis of 
light scattered by interstellar dust particles and regolith layers 
is very important as such results help in remote detection 
and retrieval of information about their physical properties. 
In this context laboratory research on the properties of 
terrestrial interstellar dust analogues are of great astronomical 
importance as their properties are found to be similar to the 
properties of planetary regolith, cometary dust etc [1].
In this contribution, we report the design and fabrication 
of a laboratory goniometric device for light scattering 
measurements. Bidirectional reflectance distribution function 
(BRDF) of graphite, expanded graphite and graphene 
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particulate layers as a function of phase angle was measured 
at broadband incident wavelengths from 400 nm to 650 nm 
by using this device. The experimental errors were reduced 
by taking the average of a large number of scattering 
measurements on the same set of samples. A comparison of 
the experimental results with theoretical calculations was also 
conducted to interpret the experimentally observed BRDF 
patterns.
Reference
[1] Volten, H., et al. J. Geophys. Res., 106 (D15), 17375–17401, 
2001.

9880-45, Session 9

Multi-spectrum-based enhanced 
synthetic vision system for aircraft DVE 
operations
Sudesh K. Kashyap, V.P.S. Naidu, N. Shanthakumar, CSIR-
National Aerospace Labs. (India)

Reduced visibility and reduced situational awareness are the 
main cause for accidents during controlled flight into terrain. 
Enhanced Synthetic Vision System (ESVS) is the suggested 
technology to reduce such accidents. CSIR-NAL, India is 
working on ESVS development which is the combination of 
Enhanced vision system (EVS) consisting of multi-spectral 
sensors like infrared sensor and ultra low light electro-optic 
camera, Synthetic vision generated from terrain database and 
Head-Up/Head-Down displays. The primary objective of ESVS 
is to enhance the pilot situational awareness in degraded visual 
environment (DVE) conditions during take-off and approach/
landing operations and to perform safe flight operations even 
in airports not having Instrument Landing System (ILS). ESVS 
is expected to provide aircraft the capability of operation at 
all Indian regional airports with minimal infrastructure and 
instrumentation facility under DVE conditions including night, 
rain, fog, smoke and other low visibility conditions. The GPS 
aided geo augmented navigation (GAGAN) is expected to 
provide CATI landing capabilities at all airports within India. 
With ESVS it is expected to achieve CAT II and possibly CAT 
IIIa approach and landing without any additional infrastructure 
facilities at most of the Indian airports.
CSIR-NAL has developed EVS hardware prototype consisting 
of long-wave Infrared sensor and low light CMOS camera and 
data acquisition system to capture EVS sensor and inertial 
navigation data during experiments. In parallel CSIR-NAL is 
also developed fixed base flight simulator for ESVS research 
and concept studies. Few ground vehicle experiments at HAL 
airport has been carried out with EVS prototype at different 
visibility conditions to record the data and playback on flight 
simulator to carry out research/development and fine tuning 
the EVS/SVS and display systems. Now CSIR-NAL is putting 
effort to conduct EVS flight experiments on its research aircraft 
HANSA in low visibility condition especially in fog condition in 
the coming winter months. 

9880-46, Session 9

Estimation of lunar surface maturity and 
ferrous oxide from Moon mineralogy 
mapper (M3) data through data 
interpolation techniques
Ajith Kumar P., Shashi Kumar, Indian Institute of Remote 
Sensing (India) and Indian Space Research Organisation 
(India)

Extra terrestrial remote sensing techniques helped to estimate 
surface maturity and Ferrous oxide (FeO) concentration of 
the lunar regolith in terms of the optical maturity index and 
data interpolation respectively. The technique developed by 
Lucey et al (2000) for calibration of Clementine Mission,s 

multispectral data was recalibrated for hyperspectral data 
of Moon Mineralogy Mapper (M3). Recalibration of M3 data 
reveals a bundle of information regarding with the optical 
maturity and mineral content of the regolith. Different data 
fitting methods provided a tool for mineral mapping in terms 
of the weight percentage equations. Hyperspectral analysis of 
M3 data gave a better opportunity to understand the process 
behind regolith formation, which might have influenced the 
geological evolution of the life existing planet, Earth. Current 
research mainly focused on the comparison of different 
interpolation techniques applied on the hyperspectral data to 
generate the mineral weight percentage equation and their 
corresponding maps. Optical maturity estimation was achieved 
through the origin (matured end member) optimization of 
spectral reflectance and band strength. Optical maturity origin 
with power function (0.08, 1.18) was taken as the origin for 
M3 data. From the 750nm and 950nm spectral bands optical 
maturity parameter (OMAT) was estimated. Lunar ferrous 
oxide was measured and estimated through data interpolation 
techniques. Standard mineral weight percentages from Lunar 
retuned samples coupled with the newly generated mineral 
sensitive parameters after origin optimization through data 
fitting to generate the mineral weight percentage of the 
target location. Linear, second order polynomial, exponential, 
logarithmic and power function data fitting techniques were 
applied according to the lunar target locations. FeO maps were 
prepared with the help of data fitting equations. 

9880-47, Session 9

Implementation of ESPRIT algorithm on 
GPS TEC for percussive signatures of 
earthquakes in ionosphere
Koteswara Rao Sanegapallea, Revathi Rallabandi, S. 
Lakshminaraya, Satya Ramesh Kanchumarthi, K. Uday 
Kiran, K L Univ. (India)

Ionospheric remote sensing using global positioning 
systems has a remarkable capability of monitoring the 
disturbances occurring in ionosphere due to solar events, 
Lithosphere- Atmosphere- Ionosphere coupling mechanism 
etc. Electromagnetic detection of earthquakes is better way of 
predicting these natural disasters ahead of their occurrences. 
Spectral estimation of seismogenic disturbances in ionosphere 
leads to the better interpretation of their source mechanism. 
Till today, many large earthquakes have been analyzed using 
global TEC data representing the seismogenic disturbances 
in ionosphere. Study of seismic disturbances over different 
parts of the world does not give us enough information for 
their prediction as well as in detection. Advanced statistical 
signal processing can aid in the prediction and detection of 
earthquakes using GPSVTEC data. In this context, authors 
has considered an International GNSS service (IGS) station, 
BAKO situated at Bakosturnal, West Java, Indonesia (-6.49oN, 
106.85oE) for analysis. Estimation of signal parameters via 
rotational invariant techniques (ESPRIT) algorithm was 
implemented on the GPS VTEC of satellite pseudorandom 
number 18 for the earthquake occurred on 13th November 
2013 in Indonesia with a magnitude of M = 4.5. It helps in 
accurate detection and extraction of spectral characteristics of 
impending earthquake disturbance in ionosphere.

9880-48, Session 9

Flood modelling with global 
precipitation measurement (GPM) 
satellite rainfall data: a case study of 
Dehradun, Uttarakhand, India
Venkata Sai Krishna Vanama, Anil Kumar Dikshit, Indian 
Institute of Technology Bombay (India); Kamal Pandey, 
Indian Institute of Remote Sensing (India)
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Urban expansion, water bodies and climate change are 
inextricably linked with each other. So the macro and micro 
level climate change will leads to extreme precipitation 
events which has a severe consequences on flooding in urban 
areas. Flood simulations will be helpful in demarcation of 
flooded areas and effective flood planning and preparedness. 
The temporal availability of satellite rainfall data at varying 
spatial scale of 0.10 to 0.50 is helpful in near real time flood 
simulations. The present research aims at analysing stream flow 
and runoff to monitor flood condition by using satellite rainfall 
data in a hydrologic model. The satellite rainfall data used in 
the research was NASA’s Global Precipitation Measurement 
(GPM) Integrated Multi-satellite Retrievals for GPM (IMERG) 
which is available at 30 minutes temporal resolution. Landsat 
data was used in mapping the water bodies of the study 
area. Land use land cover (LULC) data was prepared by using 
Landsat 8 data with maximum likelihood technique that acts 
as an input in hydrological model. The research was carried on 
one of the urbanized cities of India, i.e. Dehradun which is the 
capital city of Uttarakhand state. The research aims at identify 
the flood vulnerability at basin level by considering the runoff 
and various socio economic parameters. Multi criteria analysis 
was used in determining the flood vulnerability of catchments.

9880-49, Session 10

Identification of coral reef feature using 
hyperspectral remote sensing
Prakash Chandra Mohanty, R. S. Mahendra, Satej N. 
Panditrao, Shiva Kumar H., T. Srinivasa Kumar, Indian 
National Ctr. for Ocean Information Services (India)

Present study employs extraction of coral reef feature along 
the Sentinel Island of Andaman in the Bay of Bengal, using 
hyper spectral imagery by Hyperion mission of NASA. Hyperion 
image, consisting of 242 spectral bands, provide a unique 
ability to identify Coral substrate based on their spectral 
properties. We applied atmospheric correction using FLAASH 
module of ENVI software. Subsequently we extracted Coral 
Reef Zones (CRZ) based on specific threshold limits after 
subtracting data of 782.95nm band from 579.45nm band. Both 
of these bands were chosen due to their property of exhibiting 
maximum spectral contrast, that determine threshold limits 
to distinguish a coral area from its non-coral counterpart. 
Additionally, CRZs were mapped with the help of unsupervised 
ISODATA classification technique using LISS-IV images. We 
observed that extracted CRZ area was 85.25 m2 and 110.1 m2 
using LISS-IV and Hyperion Data, respectively. Despite the 
CRZ area been overestimated by Hyperion data in compare 
to that achieved by LISS-IV ISODATA classification, the spatial 
distribution of CRZ showed reasonable similarity.

9880-51, Session 10

Elorza Crater on Mars: identification of 
phyllosilicate-bearing minerals by MRO-
CRISM
Nirmala S. Jain, Prakash Chauhan, Space Applications 
Ctr. (India)

The Elorza crater is located in the Ophir Planum region of 
Mars with a 40-km diameter, centered near 550.25’ W, 80.72’ 
S. Since the Elorza crater has clays rich deposits it was one of 
the important crater to understand the past aqueous alteration 
processes of planet Mars. Hyperspectral remote sensing has 
potential to study the composition of these minerals. In this 
study, the Compact Reconnaissance Imaging Spectrometer 
for Mars (CRISM) aboard the Mars Reconnaissance Orbiter 
(MRO) is a VNIR spectrometer with better spectral resolution 
is used in order to study the aqueous minerals in and around 
Elorza crater, Ophir planum. It provides the ability to map 
the aqueous minerals at large area in Ophir planum region of 
Mars. The CRISM reflectance datasets with high spatial (18m, 
35 m / pixel) and spectral resolution 1002-3920 nm (IR), 655 

nm / channel) with 545 bands are analysed for this study. 
The aim of this study is to extract the aqueous minerals from 
Ophir planum using CRISM sensor. HiRISE and CONTEXT 
data sets are used to analysis the morphology of the study 
area to assess the origin of the detected minerals by study of 
geomorphological features. The detection of minerals has been 
carried out by using CRISM Analysis Tool (CAT) which is freely 
available. The dominated minerals in and around Elorza crater 
are phyllosilicates and mafic silicates. These minerals suggest 
that the Elorza crater may have experienced the sedimentation 
due to paleo lake or hydrothermal alteration due to impact 
cratering processes. Results of the present study are important 
to understand the formation processes of these mineral 
assemblages on Mars, which may help in understanding the 
evolutionary history of the planet.

9880-52, Session 10

Remote detection of magmatic water 
at the central peak of crater Theophilus 
by hyperspectral data from Moon 
Mineralogy Mapper (M3) instrument 
onboard Chandrayaan-1
Satadru Bhattacharya, Mamta Chauhan, Space 
Applications Ctr. (India); Disha Lal, Gujarat Univ. (India); 
Prakash Chauhan, Ajai Ajai, Space Applications Ctr. 
(India)

Remote spectral study of lunar surface based on measurements 
from Chandrayaan -1 Moon Mineralogy Mapper (M3) has 
revealed widespread hydration in the lunar surface. Recent 
discovery of enhanced hydration associated with endogenic 
water from Compton-Belkovich Volcanic Complex (CBVC) and 
central peak of Bullialdus crater hint towards the presence of 
a hydrous lunar mantle. Also, magmatic water has recently 
been detected at the inner ring of Sinus Iridum in association 
with olivine of possible mantle origin. We have reported 
very recently the findings of enhanced hydroxyl absorption 
signatures in the spectra collected from the central peak of 
crater Theophilus based on Chandrayaan -1 Moon Mineralogy 
Mapper (M3) measurements. Here we present the detailed 
spectral analysis of the observed hydration at Theophilus 
central peak.
Spectral analysis of the central peak region reveals the 
association of OH/H2O absorption features with Fe-Mg-
spinel-bearing lithology, olivine-rich exposures aswell as with 
pure crystalline plagioclase-bearing surfaces indicative of its 
wide existence irrespective of the compositional nature of the 
litho-types. The maximum band strength of hydroxyl-feature 
is found mostly in association with olivine-bearing troctolitic 
lithology exposed along the northernmost ridge of the 
eastermost central peak. Overall, the hydroxyl band strength in 
the central peak varies from ~2-7% relative to the crater floor 
and matured regolith just outside the crater. The OH-feature 
is characterised by a sharp doublet centered around 2810 nm. 
The sharp, narrow and localized nature of the hydroxyl feature 
at Theophilus crater central peak, its equitorial position and 
association with diverse mafic and felsic lithologies possibly 
indicate a magmatic source for the observed hydrwtion feature. 

9880-53, Session 10

Enhanced 630nm equatorial airglow 
emission observed by Limb Viewing 
Hyper Spectral Imager (LiVHySI) 
onboard YOUTHSAT-1
Ratan Singh Bisht, Nitesh Thapa, P. Narayanbabu, Space 
Applications Ctr. (India)

LiVHySI onboard YOUTHSAT, is operated in the Earth’s 
limb viewing mode to measure airglow/aurora emissions. 
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The range along the line of sight is about 3200 km with 
an altitude coverage of 80 – 600 Km. The radiometric 
resolution for 10 seconds of integration time is about 20 
Rayleigh. The spectral coverage is 450 – 900 nm with about 
24 nm spectral resolution. The camera is operated during 
the nights and depending upon the camera operational 
mode, the observations correspond to three different local 
times. The observations carried out during 20th April to 
3rd May, 2011 covering a total number of seven orbits are 
presented. Observations during these orbits show prominent 
enhancement in O(1D) 630 nm emission peaking at about 
240 km altitude. The enhancement observed at 2030 LT and 
2230 LT could be explained as pre-midnight enhancement 
due to the reverse fountain effect and that observed at 0030 
LT could be an enhancement due to Mid-night Temperature 
Maximum (MTM). The volume emission rates as a function of 
altitude are simulated for our observational epochs by using an 
airglow code in conjuncture with both empirical as well as the 
theoretical models. The limb intensity distribution as simulated 
by theoretical models is found to be in fairly good agreement 
with the observations, while empirical models show a poor 
correlation with the observations. This could be perhaps due 
to the better representation of the upper atmospheric physical 
conditions by the theoretical models as compared to the 
empirical models. 

9880-54, Session 11

SW-MW infrared spectrometer for lunar 
mission (Invited Paper)
Arup Banerjee, Amiya Biswas, Shaunak R. Joshi, Ankush 
Kumar, Sami Ur Rehman, Satish B. Sharma, Sandip 
Somani, Sunil Bhati, Jitendra C. Karelia, Anish R. Saxena, 
Arup Roychowdhury, Space Applications Ctr. (India)

Imaging Infrared Spectrometer (IIRS), the Hyperspectral optical 
imaging instrument, would be flown onboard Chandrayaan-2 
spacecraft. Chandrayaan-2, India’s second mission, is envisaged 
to map geomorphology and mineralogy of lunar surface. The 
mission is intended towards comprehensive coverage of the 
moon surface, with goals supplementing and complimenting 
the measurements carried out by Chadrayaan-1. The instrument 
onboard the spacecraft will be designed to image the electro-
magnetic energy emanating from moon’s surface with high 
spectral and spatial resolution for the mission duration from 
an altitude of 100 km. IIRS is designed to cover 0.8 to 5 mm in 
250 spectral bands with GSD 80m and swath 20km. Primarily 
there are three basic optical segments in the spectrometer. 
They are fore optics, dispersing element and focusing 
elements. The payload is designed around a custom developed 
multi-blaze convex grating optimized for system throughput. 
The considerations for optimization are lunar radiation, 
instrument background, optical throughput, and detector 
sensitivity. HgCdTe (cooled using a rotary stirling cooler) based 
detector array (500x256 elements, 30µm) is being custom 
developed for the spectrometer. Stray light background flux 
is minimized using a multi-band monolithic filter cooled to 
cryogenic temperature. Mechanical system realization is being 
performed considering requirements such as structural, opto-
mechanical, thermal, and alignment. The entire EOM is planned 
to be maintained at ~240K to reduce and control instrument 
background. Al based mirror, grating, and EOM housing is 
being developed to maintain structural requirements along 
with opto-mechanical and thermal. Multi-tier radiative isolation 
and multi-stage radiative cooling approach is selected for 
maintaining the EOM temperature. EOM along with precision 
electronics packages are planned to be placed on the outer 
and inner side of Anti-sun side (ASS) deck. Power and Cooler 
drive electronics packages are planned to be placed on bottom 
side of ASS panel. Cooler drive electronics is being custom 
developed to maintain the detector temperature within 100mK 
during the imaging phase. Low noise detector electronics 
development is critical for maintaining the NETD requirements 
at different target temperatures. Subsequent segments of the 
paper bring out system design aspects and trade-off analyses.

9880-55, Session 11

Optical design of common aperture and 
high resolution electro-optical/infrared 
system for aerial imaging applications
Alaaeldin M. Mahmoud, Dong Xu, Lijun Xu, BeiHang 
Univ. (China)

The increased desire for visible light/infrared dual band 
imaging systems with compact structure, high resolution 
coverage and without significantly complicates the optical 
design is increasing. Such systems are particularly desirable 
for aerial imaging applications where increased levels of target 
reconnaissance, precision target location and designation are 
required in cost-effective and light weight systems. Therefore, 
in this paper, a high resolution Electro-optical/infrared (EO/IR) 
system to simultaneously operate in the visible band and short 
wave infrared band (SWIR) band using ZEMAX software are 
presented. It has a common aperture using Ritchey-Chrétien 
(R-C) system and the spectrum is separated using a dichroic 
beam splitter. The distance between the primary and the 
secondary mirror is about 140mm, allowing space for beam 
splitter. The visible spectrum is transmitted through the beam 
splitter while the SWIR spectrum is reflected. The off-axis 
aberrations in addition to the astigmatism which introduces 
by the presence of beam splitter can both be corrected by 
using corrective lenses and selecting a material with high index 
of refraction for the beam splitter, so the structure of three- 
pieces lenes with 2 aspheric surfaces is selected. our design 
which simultaneously operates in the visible band and SWIR 
band has the same focal length 700 mm, the full field angle of 
1? and image quality reaches the diffraction limit with MTF is 
all above 0.5 in whole field at Nyquist frequency .The results 
of the optical design indicated that our proposed approach 
meets the technical performance requirements for high image 
performance and compact size. This system can be applied in 
aerial remote sensing applications. 

9880-57, Session 11

Laboratory calibration of an infrared 
hyperspectral Imager and its flight test 
validation
Chunlai Li, Gang Lv, Liyin Yuan, Jian Jin, Xiaowen Chen, 
Hongzhen Ji, Yueming Wang, Jianyu Wang, Shanghai 
Institute of Technical Physics (China)

Infrared spectrum is very useful in the field of hyperspectral 
remote sensing.Because of the weak energy of infrared 
spectrum, the difficulty of the development of infrared focal 
plane, and the strong background, the development of the 
Infrared Hyperspectral Imaging System is very difficult. So far, 
the field is still in the laboratory research stage. This paper 
will presents an airborne infrared hyperspectral imager. It can 
acquires 180 wavebands in range of 8.0~12.5?m.The spectral 
resolution of this imager is better than 44nm and the absolute 
spectral calibration accuracy is better than 1nm. The field of 
view of this imager is about 14° and the spatial resolution is 
better than 1mrad. Its noise equivalent temperature difference 
(NETD) is less than 0.2K@300K.The imager was carried out 
in Zhoushan, Zhejiang, China in june 2015.Analysis shows that 
the Infrared hyperspectral image data can plays an important 
role in the field of Surface emissivity inversion and Geological 
mineral recognition.
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9880-58, Session 11

Concept research on asteroid multi-
resolution hyperspectral imaging 
technology based on staring/area 
scanning and preliminary ground-based 
verification experiments
Zhiping He, Yingyu Xu, Rui Xu, Rong Shu, Jianyu Wang, 
Shanghai Institute of Technical Physics (China)

Deep space exploration is an important way to further 
exploration and comprehensive understanding of the 
characteristics of asteroids. Traditional ground-based and 
space-based observations of asteroids tend to get only the 
basic orbital parameters and some physical properties of 
asteroids, while this method is limited research on the material 
composition and the shape of the asteroid. Hyperspectral 
imaging has the capability to obtain both spectral data and 
imaging data and it could use the method of the combination 
of morphometry and spectral measurements to achieve the 
goal of efficiently identifying the chemical composition and 
quantitative analysis, which has a strong advantage in the field 
of asteroids.
For deep space exploration of asteroids, there are some 
means usually including overflights, surrounding, attachment, 
etc. The relative distance and orbital characteristics vary 
between satellite and asteroids, which affect the spatial 
resolution and detection performance of corresponding remote 
sensing payload. Staring imaging spectrometer technology 
generally refers to a way which simultaneously obtains the 
observed object geometry and sharing obtains the spectral 
information. The format imaging characteristics are unique in 
the asteroid detection. It has the potential ability to adapt to 
different distances and multi-resolution. This paper describes 
a conceptual design for deep space hyperspectral imaging 
detection of asteroid. It specifically describes the design 
principle and prototype instrument composition and discusses 
the spatial adaptability and typical applications. This paper also 
designs the equivalent ground verification experiments and 
develops a ground verification device applied to ground-based 
hyperspectral imaging experiment. Corresponding research 
and test results could provide a reference for asteroids load 
configuration.

9880-61, Session 11

Development and characterization of 
NDIR-based CO2 sensor for manned 
space missions
Dhrupesh S. Shah, Indian Space Research Organisation 
(India)

Trace gas monitoring system inside the crew cabin of manned 
space shuttle requires high precision sensor instrumentation 
with quick response, smaller mass, compact and less power 
consumption. Trace gases like Carbon dioxide and carbon 
monoxide are the primary gases whose concentration should 
be monitored precisely and continuously inside the crew cabin 
to mitigate hazards accidental events to occur. Conventional 
chemical reaction based or mass spectro meter based 
instruments for monitoring these gases are either bulky or 
relatively slower in response. Compared to that, Non Dispersive 
Infrared sensor (NDIR) remote sensing trace gas monitoring 
technique is accurate, quick in response and compact. Trace 
gases like carbon dioxide (CO2), carbon monoxide (CO), 
nitrogen oxide(NO) have unique light absorption characteristic 
at specific wavelengths in Mid Wave Infrared (MWIR) spectrum. 
For example, CO2 have absorption spectra at 4.26µm whereas 
CO has absorption spectrum at 4.6 µm. In MWIR spectrum, 
4.0µm is the unique wavelength where there is no absorption 
of any of the trace gases and hence this channel is used as 
reference channel. NDIR based trace gas detection technique 
utilizes this absorption characteristic of trace gases to identify 

its concentration. This technique consist IR source typically a 
small tungsten filament with glass envelope, gas cell having 
high inside reflective coating, MWIR active detector with 
coated narrow band pass filter tuned to the targeted gas, 
MWIR reference detector tuned to reference wavelength 
and processing hardware. Due to its compact size, on-board 
processing feasibility and very low power consumption it 
is most preferred choice for trace gas monitoring system 
monitoring crew cabin environment of Manned space missions. 
This paper covers design and realization of indigenously 
developed Carbon Dioxide sensor based on NDIR technique. 
Paper will also cover carried out ray tracing simulation for 
various gas cell geometry, MWIR sensor sensitivity requirement, 
test results and calibration aspects. Developed sensor has 
resolution of better than 1ppm with measurement range from 0 
to 5% Vol. 

9880-59, Session 12

TIRCIS: thermal infrared compact 
imaging spectrometer for small satellite 
applications
Robert Wright, Paul G. Lucey, Sarah T. Crites, Harold 
Garbeil, Mark Wood, Univ. of Hawai’i at Manoa (United 
States)

TIRCIS (Thermal Infra-Red Compact Imaging Spectrometer), 
uses a Fabry-Perot interferometer, an uncooled microbolometer 
array, and push-broom scanning to acquire hyperspectral 
image data cubes. Radiometric calibration is provided by 
blackbody targets while spectral calibration is achieved using 
monochromatic light sources. Neither the focal plane nor the 
optics need to be cooled, and the instrument has a mass of 
<10 kg and dimensions of 53 cm ? 25 cm ? 22 cm. Although the 
prototype has four moving parts, this can easily be reduced to 
one. The current optical design yields a 120 m ground sample 
size given an orbit of 500 km. Over the wavelength interval 
of 7.5 to 14 microns up to 90 spectral samples are possible, 
by varying the physical design of the interferometer. Our 
performance model indicates signal-to-noise ratios of the order 
of about 400-800:1. In this presentation we will provide an 
overview of the instrument design, fabrication, results from our 
initial laboratory characterization, and some of the application 
areas in which small-satellite-ready instruments such as TIRCIS 
could make a valuable contribution to the Earth sciences.

9880-60, Session 12

Spectral characterization of fs 
filamentation produced in atmosphere
Nagaraju Guthikonda, Samuel A. Nalam, Rajendhar J., 
Raghavendar Chikkonda, V. Rakesh Kumar, Manoj Kumar 
Gundawar, Prem Kiran Paturi, Univ. of Hyderabad (India)

From the initial observation of self-channeling of high-peak 
power femtosecond (fs) laser pulses in air by Braun et. al. [1], 
propagation of intense ultrashort laser pulses in air has been 
one of the most exciting fields of due to interest from both 
fundamental and technological aspects. The fundamental 
aspects try to explore the role of plasma ionization and 
the interaction of the ultrashort laser produced plasma 
during propagation, while the application aspects look at 
the development of LIDAR [2] and long range propagation 
through aerosols [3] to name few. Recent studies on fs laser 
filamentation in air under tight focusing leading to the presence 
of intensities of the order of 1014 Wcm-2 due to the complete 
ionization of air [4,5] and the super filamentation in air [6] have 
renewed the interest of propagation of high peak power pulses 
in atmosphere.
We present the spectral characterization of fs filaments 
produced in atmosphere that reveal the presence of different 
constituents of the atmosphere. Transform limited fs pulses 
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(800 nm, 50 fs, 1 kHz rep. rate) are focused in atmosphere 
using 150 mm focal length plano-convex lens. Systematic 
studies on the role of input power on the spectral evolution 
of fs filamentation which forms the base for filament based 
LIDAR, remote sensing applications will be presented.
1. A. Braun et. al., Opt. Lett. 20, 73 (1995).
2. A. Gaeta, Science 301, 61 (2003). 
3. M. Mlejnek et. al., Phys. Rev. Lett. 83 (15), 2938–2941 (1999).
4. P. Prem Kiran et. al., Phys. Rev. A, 82, 013805 (2010).
5. P. Prem Kiran et. al., Opt. Express., 18, 21504 (2010).
6. G. Point et. al., Phys. Rev. Lett. 112, 223902 (2014).

9880-62, Session 13

Classification of high-resolution satellite 
imagery by object-based image analysis 
and lidar data for urban landscape
Sarika S. Yadav, Imdad A. Rizvi, Terna Engineering 
College (India)

The advancement in remote sensing area has opened various 
platforms for satellite image processing. The extraction of 
land cover information is most common application of satellite 
images. To extract the information from high resolution satellite 
images Object based image analysis (OBIA) approach is more 
suitable as compare to pixel based approach. OBIA overcomes 
salt and pepper effect as well as improves the accuracy of 
image classification. The main objective of this paper is to 
explore the performance of multispectral and Light detection 
and ranging (LIDAR) data with OBIA approach. The well known 
OBIA software - ecognition is used for the image analysis 
purpose. It allows fusion of multiple data types, textural and 
contextual features which provides more detailed and accurate 
land cover classification. LIDAR data has gain the popularity 
as Digital Elevation models (DEM) can be derived from it 
which can efficiently classifies the variable height features. 
Land cover features which are obscured by shadows can be 
extracted with LIDAR data. Only limitation of LIDAR data is its 
narrow range of spectral information. Multispectral imagery can 
not only overcome this limitation but also provides different 
band combination to formulate indices. The combination of 
LIDAR and multispectral data further improves land cover 
classification. Mostly complex urban landscapes can be 
effectively classify by employing such multiple data fusion 
along with expert knowledge. The result of classification is 
evaluated by confusion matrix which shows that accuracy of 
classification higher for multiple data type as compare to single 
imagery classification.

9880-63, Session 13

Performance analysis of k-means and 
ISODATA clustering algorithms for 
landcover classification
Waseem Abbas Arbab, The Univ. of Agriculture, 
Peshawar (Pakistan); Nasru Minallah, Nasir Ahmad, 
Muhammad A. Ali Khan, Sahibzada A. R. Abid, Univ. of 
Engineering & Technology, Peshawar (Pakistan)

This research work aids to remote sensing by analyzing 
iterative procedures for automatic grouping of pixels with 
similar spectral characteristics into unique clusters statistically 
to evaluate the performance of K-Means as well as ISODATA 
(Iterative Self-Organizing Data Analysis Technique Algorithm) 
unsupervised classification algorithms. For this research, 
remotely sensed test patch of Abbottabad region in Pakistan 
obtained from SUPARCO (Space and Upper Atmosphere 
Research Commission (Pakistan)) using ENVI 5.0 has been 
used. The test patch consists of 5bands i.e. red, green, far 
infrared, near infrared and Normalized Difference Vegetation 

Index (NDVI). The selected regions of interest that we 
considered for Land cover classification composed of 5 
different class types i.e. agriculture, forest, settled area, barren 
land and water bodies. The considered test patch is firstly 
preprocessed by filtering, in order to improve the homogeneity 
of neighboring pixels and to increase classification 
performance. More specifically, two unsupervised classifiers i.e. 
k-means and ISODATA are selected as pixel based classifiers 
and its accuracy assessment is performed after applying it on 
the selected test patch image. Furthermore, the performance 
of the selected classifiers is investigated by changing their 
various parameters in order to identify the impact of the 
clustering algorithms and their class statistics on overall 
classification results.

9880-64, Session 13

Modelling of shoreline dynamics of the 
southeast coast of Tuticorin District, 
Tamil Nadu
Amaladas P., S. S. Ramakrishnan, Srinivasa R. K., Anna 
Univ., Chennai (India)

Tuticorin coast is a highly populated industrial area with Major 
Port and Power Plants very near to Coast. These man-made 
activities caused dynamics of coastal landforms causing 
change in Shoreline. Many areas of the coast are subjecte 
to either Accretion or Erosion in the past few decades. This 
research focused on long term shoreline movement records 
of erosion and accretion for the last four decades through 
temporal remote sensing. Automatic Feature Extraction 
techniques to Object Oriented Approach were applied on 
Remote Sensing imagery from 1973 to 2015 for extraction 
of Shoreline. Multi-date shoreline data along with baseline 
were used to quantify shoreline changes using DSAS model. 
Modelling the landuse/landcover using Cellular Automata 
model of the area provided the possible scenario for land use 
in 2025.Integrating future land use/land cover with shoreline 
dynamics was used for Prediction of Shoreline in 2025.
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Conference 9881: Earth Observing Missions  
and Sensors: Development, Implementation,  
and Characterization IV
Monday - Thursday 4 –7 April 2016
Part of Proceedings of SPIE Vol. 9881 Earth Observing Missions and Sensors: Development, 
Implementation, and Characterization IV

9881-1, Session 1

Overview of the NASA-ISRO Synthetic 
Aperture Radar mission: science and 
applications for a changing world 
(Invited Paper)
Paul A. Rosen, Jet Propulsion Lab. (United States); Raj 
Kumar, Tapan Misra, Space Applications Ctr. (India); 
Yunjin Kim, Jet Propulsion Lab. (United States); 
Sanghamitra B. Dutta, NASA Headquarters (United 
States); Raghava Murthy, ISRO Satellite Ctr. (India)

The Indian Space Research Organisation (ISRO) and the 
National Aeronautics and Space Administration (NASA) in 
the United States have embarked on the formulation of a 
proposed Earth-orbiting science and applications mission that 
will exploit synthetic aperture radar to map Earth’s surface 
every 12 days. The mission’s primary objectives are the study 
of Earth land and ice deformation, and ecosystems, in areas of 
common interest to the US and Indian science and applications 
communities. To meet demanding coverage, sampling, and 
accuracy requirements, the system requires a swath of over 
240 km at fine resolution, using full polarimetry where needed. 
To address the broad range of disciplines and scientific study 
areas of the mission, a dual-frequency system was conceived, 
at L-band (24 cm wavelength) and S-band (10 cm wavelength). 
To achieve these observational characteristics, a reflector-feed 
system will be used, whereby the feed aperture elements are 
individually sampled to allow a scan-on-receive (“SweepSAR”) 
capability at both L-band and S-band. In the partnership, 
NASA will provide the instrument structure for both L- and 
S-band electronics, the L-band electronics, the reflector and 
associated boom, and an avionics payload to interface with the 
radar that will include a solid state recorder, high-rate Ka-band 
telecommunication link, and a GPS receiver. ISRO will provide 
the spacecraft and launch vehicle, the S-band radar electronics, 
and a second Ka-band telecommunications link. ISRO will 
operate the satellite, and ISRO and NASA will conduct joint 
science operations and science data processing. 

9881-2, Session 1

NASA-ISRO Synthetic Aperture Radar: 
science and applications (Invited Paper)
Raj Kumar, Space Applications Ctr. (India); Paul A. 
Rosen, Jet Propulsion Lab. (United States); Tapan Misra, 
Space Applications Ctr. (India)

NASA-ISRO Synthetic Aperture Radar (NISAR), a novel SAR 
concept will be utilized to image wide swath at high resolution 
of stripmap SAR. It will have observations in L- and S-bands to 
understand highly spatial and temporally complex processes 
such as ecosystem disturbances, ice sheet changes, natural 
hazards including earthquakes, tsunamis, volcanoes, and 
landslides. NISAR with several advanced features such as 12 
days interferometric orbit, achievement of high resolution 
and wide swath images through SweepSAR technology and 
simultaneous data acquisition in dual frequency would support 
a host of applications. The primary objectives of NISAR are to 
monitor Ecosystem structure including monitoring changes 
in ecosystem structure and biomass estimation, carbon 
flux monitoring; mangroves and wetlands characterization; 
alpine forest characterization and delineation of tree-line 

ecotone, Land surface deformation including measurement 
of deformation due to co-seismic and inter-seismic activities; 
landslides; land subsidence and volcanic deformation, 
Cryosphere including measurements of dynamics of polar 
ice sheet, ice discharge to the ocean, Himalayan snow and 
glacier dynamics, deep and coastal ocean studies including 
retrieval of ocean parameters, mapping of coastal erosion 
and shore-line change; demarcation of HTL and LTL for CRZ 
mapping, Geological studies including mapping of structural 
and lithological features; lineaments and paleo-channels; geo-
morphological mapping, Disaster response including mapping 
and monitoring of floods, forest fires, oil spills, earthquake 
damage and monitoring of extreme weather events such 
as cyclones. In addition to the above, NISAR would support 
various other applications such as Enhanced crop monitoring, 
soil moisture estimation, Urban area development, Weather and 
hydrological forecasting.

9881-3, Session 1

NISAR ISRO science data processing and 
products
Krishna Murari Agrawal, Space Applications Ctr. (India); 
Raghav Mehra, Space Applications Ctr (India); Usha 
Sundari Ryali, Indian Space Research Organisation 
(India)

NASA-ISRO Synthetic Aperture Radar (NISAR) is a Dual 
Frequency (L & S band) mission operating in SweepSAR mode. 
As compared to traditional SAR imaging modes in which Swath 
and resolution are in trade-off SweepSAR imaging concept can 
acquire data over large swath (240Km) without compromising 
on azimuth resolution (6m approximately). NISAR L-band & 
S-band sensors will be developed by JPL-NASA and ISRO 
respectively. NISAR science data will be downloaded at NASA 
& ISRO ground stations.
SAC-ISRO will develop the SAR processor for both L & S 
band data to generate products in compliance with user 
requirements. Moreover, JPL will develop L-band SAR 
processor and all data products will also be available to users. 
A distributed data processing architecture will be used for 
handling large volume of data resulting from high resolution 
and larger swath in SweepSAR mode. Data products will be 
available in multiple levels like raw signal products, signal 
processed single-look and multi-look products, ground range 
products and geocoded products in HDF5 & GeoTiff formats. 
Derived Geocoded Polarimetric and Interferometric data 
products will also be available for dissemination to users. A 
rigorous calibration exercise will be performed by acquiring 
data over reference targets like Amazon rain-forest & corner 
reflectors sites for the generation of calibrated data products. 
Furthermore, various science data products derived from basic 
data products will be generated with the help of NISAR science 
team.

9881-4, Session 1

Three petabytes or bust: planning 
science observations for NISAR
Joshua Doubleday, Jet Propulsion Lab. (United States)

NISAR is a joint agency mission between NASA and ISRO 
to fly in the 2020 timeframe, charged with collecting 



  +1 360 676 3290 · help@spie.org      121Return to Contents

Synthetic Aperture Radar data over nearly all of earth’s land 
and ice, to advance science in ecosystems, solid-earth and 
cryospheric disciplines with global time-series maps of various 
phenomenon. Over a three-year mission span, NISAR will 
collect on the order of 24 Terabits of raw radar data per day. 
Developing a plan to collect the data necessary for these three 
primary science disciplines and their sub-disciplines has been 
challenging in terms of overlapping geographic regions of 
interest, temporal requirements, competing modes of the radar 
instrument, and data-volume resources. One of the chief tools 
in building a plan of observations against these requirements 
has been a software tool developed at JPL, CLASP. CLASP 
intersects the temporo-geometric visibilities of a spaceborne 
instrument with campaigns of temporospatial maps of 
scientific interest, in an iterative squeaky-wheel optimization 
loop. While the overarching strategy for science observations 
has evolved through the formulation phases of this mission, so 
has the use of CLASP. 
We’ll show how this problem space and tool has evolved over 
time, as well as some of the current parameter estimates for 
NISAR and its overall mission plan. 

9881-5, Session 2

The NASA science data system for NISAR
Sean M. Buckley, David T. Cuddy, Hook Hua, Paul A. 
Rosen, Piyush Agram, Maher F. Hanna, Elias Sayfi, Jet 
Propulsion Lab. (United States)

We describe the NASA L-band synthetic aperture radar (SAR) 
data products and data processing approach for the NASA-
ISRO SAR (NISAR) mission. The spacecraft is scheduled to 
launch in December 2020 carrying a NASA L-band SAR and an 
ISRO S-band SAR instrument. With 3 terabytes of L-band data 
collected on a daily basis, the mission presents unique data 
volume and movement challenges for processing.
The L-band SAR Level 0 through Level 2 products will be 
generated by the project science data system (SDS) and 
provided to Distributed Active Archive Centers (DAACs) 
soon to be selected by NASA. This baseline product list 
includes more than 70 terabytes per day of SAR and radar 
interferometry global data products: raw signal data, processed 
images, as well as InSAR phase and correlation products for 
the nearest-in-time SAR image pair. Current plans also call for 
higher level science products to be developed by the external 
science team in coordination with the project scientist to 
verify that the mission requirements are met. These include 
deformation time series derived from advanced InSAR analysis 
and ecosystem biomass estimates at calibration/validation 
sites.
The project SDS processing design is a coordinated effort 
between the data system team and algorithm development 
team. Our approach is to use the publically-available InSAR 
Scientific Computing Environment (ISCE) software for the 
development framework. The work includes developing 
correction strategies for troposphere, ionosphere, and 
electromagnetic interference. We will highlight data system 
architecture solutions that make use of a cloud computing 
paradigm and minimizing data movement.

9881-6, Session 2

S-band synthetic aperture radar on board 
NISAR satellite
Rakesh Bhan, Tapan Misra, Indian Space Research 
Organisation (India)

The Indian Space Research Organisation (ISRO) and the 
National Aeronautics and Space Administration (NASA) have 
embarked on a mission for joint realization of SAR in L-band 
and S-band which will map Earth’s surface every 12 days. This 
mission called NASA-ISRO Synthetic Aperture Radar (NISAR), 
based on a novel SweepSAR concept, will be utilized to image 

wide swath(>240km) at high resolution(5-10m). Towards 
the realization of NISAR payload, ISRO is responsible for the 
development of S-Band SAR system while JPL/NASA will be 
providing the L-Band SAR system along with data recorder 
and GPS system. Both radars will share a common antenna 
reflector (12meters) provided by JPL/NASA. In order to cater 
to science and applications requirements, S-SAR has been 
configured to provide Single, Dual, Compact and Quasi-Quad 
polarization imaging modes. Centre frequency for S-band SAR 
is 3200MHz with highest bandwidth of 75MHz. S-Band SAR 
utilizes 24 transmit receive modules (T/R Modules) to illuminate 
>240kms swath during transmit event and Digital Beam 
Forming (DBF) on receive to reduce data rate by combining 24 
receive channels and enhance SNR of the system. This paper 
provides details of S-band SAR system design, configuration 
and realization which is a challenging task, since both L-band 
and S-band radars need to operate at same PRF and clock 
reference during simultaneous imaging operation. Further to 
this SweepSAR technique demands PRF dithering to avoid 
dead gaps in the swath due to receive echo conflicting with 
transmit event. 

9881-7, Session 2

NASA L-SAR instrument for the NISAR 
(NASA-ISRO) Synthetic Aperture Radar 
Mission
James Hoffman, Jet Propulsion Lab. (United States)

The National Aeronautics and Space Administration (NASA) in 
the United States and the Indian Space Research Organization 
(ISRO) have partnered to develop an Earth-orbiting science 
and applications mission that exploits synthetic aperture 
radar to map Earth’s surface every 12 days. For its part, NASA 
will be developing and L-band radar, which is the topic of 
this paper, while the ISRO radar will cover S-band. Novel 
radar technologies and architecture have been developed 
to meet the challenges of an affordable mission, capable 
of a 12-day repeat orbit, while achieving all observational 
goals. The instrument is required to achieve over 240 km 
swath at fine resolution, while using full polarimetry where 
needed. To achieve this, a reflector-feed system is considered, 
whereby the feed aperture elements are individually sampled 
to allow a scan-on-receive (“SweepSAR”) capability. The 
instrument leverages the expanding capabilities of on-board 
digital processing to enable real-time calibration and digital 
beamforming; as well as technology efforts in space qualifying 
highly efficient Gallium Nitride (GaN) high power solid-state 
power amplifiers. This paper describes the instrument systems, 
current status of the NASA instrument, and the technology 
development efforts in the United States that are reducing 
risk on the key radar technologies needed to ensure proper 
SweepSAR operations.

9881-8, Session 2

The NASA-ISRO SAR (NISAR) mission 
spacecraft
Satish Ramanna, Vijayarama Raju Sagi, Sreekantha C. V., 
Cherukupalli V. H. S. Sarma, Prashanth P. S., Muralidhar 
K. V., Ashok K. Kakula, Kalpana S., Lalitkrushna J. Thakar, 
Venkata A. Raghavendra, ISRO Satellite Ctr. (India)

NISAR is a collaborative Earth Science project between Indian 
Space Research Organization (ISRO) and National Aeronautics 
and Space Administration (NASA). The joint mission objectives 
encompass global study of deformation, ecosystems, and 
dynamics of ice, and India-specific observations of agriculture, 
forest, mangrove biomass, coastal erosion and soil moisture. 
ISRO will deliver an S-Band SAR instrument, spacecraft 
systems with heritage from ISRO’s remote sensing and 
communications satellites, mission operations and launch 
services. NASA will provide an L-band SAR and augment the 
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spacecraft capabilities with systems to help store, and transmit 
the large volume of science data. The observatory is planned to 
be launched using ISRO’s GSLV-MkII launch vehicle.
Implementing a satellite with two SAR instruments on one 
platform sharing a common structure and a 12m-diameter 
reflector is a challenge for both ISRO and NASA. This paper 
discusses these challenges: The plan to operate both radars 
simultaneously leads to a several-kilowatt power system. 
Pointing the radar antenna to within a tenth of a degree drives 
the attitude control system design. Flying the spacecraft within 
an orbital ‘Diamond’ for interferometric studies drives frequent 
and precise mission maneuvers using responsive propulsion 
elements. At peak rates, each instrument produces data at 
gigabit per second speeds, which drives data transfer and 
storage. Separate redundant data transmission systems of ISRO 
and JPL will have matching 3.5 Gbps data rates and share a 
common Direct To Earth antenna. Finally accommodation of 
the entire observatory within the envelop of GSLV payload 
faring proves to be a very challenging task.

9881-9, Session 2

ISRO’s dual frequency airborne SAR pre-
cursor to NISAR
V. Manavala Ramanujam, Suneela T. J. V. D., Space 
Applications Ctr. (India); Anup K. Das, Rakesh Bhan, 
Indian Space Research Organisation (India)

The Indian Space Research Organisation (ISRO) and the 
National Aeronautics and Space Administration (NASA) have 
embarked on NASA-ISRO Synthetic Aperture Radar (NISAR) 
L-band and S-band which will map Earth’s surface every 12 
days. As a pre-cursor to the NISAR mission, ISRO is planning 
an airborne SAR (L&S band) which will deliver NISAR analogue 
data products to science community. ISRO will develop all the 
hardware with the aim of adhering to system design aspects of 
NISAR to the maximum extent possible. It is a fully polarimetric 
stripmap SAR and can be operated in single, dual, compact, 
quasi-quad and full polarimetry modes. It has wide incidence 
angle coverage from 24°-77° with swath coverage from 5.5km 
to 15 km. Apart from simultaneous imaging operation, this 
system can operate in standalone L/S SAR modes. This system 
is planned to operate on a aircraft platform with nominal 
altitude of 8000meters. Antenna for this SAR will be rigidly 
mounted to the aircraft, whereas, motion compensation 
will be implemented in the software processor to generate 
data products. Data products for this airborne SAR will be 
generated in slant, ground and geocoded in HDF5/Geotiff 
formats. This airborne SAR will provide readiness to the Indian 
scientific community for optimum utilization of NISAR data. 
In-order to collect useful science data, airborne campaigns are 
planned during 2016 and 2018.

9881-10, Session 3

Climate change observation accuracy: 
requirements and economic value 
(Invited Paper)
Bruce A. Wielicki, NASA Langley Research Ctr. (United 
States); Roger M. Cooke, Resources for the Future 
(United States); Alexander A. Golub, American Univ. 
(United States); Rosemary R. Baize, Martin Mlynczak, 
Constantine Lukashin, NASA Langley Research Ctr. 
(United States); Kurtis J. Thome, NASA Goddard 
Space Flight Ctr. (United States); Yolanda Shea, NASA 
Langley Research Ctr. (United States); Greg A. Kopp, 
Peter Pilewskie, Univ. of Colorado at Boulder (United 
States); Henry E. Revercomb, Frederick A. Best, Univ. of 
Wisconsin-Madison (United States)

Higher than normal accuracy is required to rigorously 

observe decadal climate change. But what level is needed? 
This presentation will summarize a new more rigorous and 
quantitative approach to determining the required accuracy for 
climate change observations. Using this metric, most current 
global satellite observations struggle to meet this accuracy 
level. CLARREO (Climate Absolute Radiance and Refractivity 
Observatory) is a new satellite mission designed to resolve 
this challenge is by achieving advances of a factor of 10 for 
reflected solar spectra and a factor of 3 to 5 for thermal 
infrared spectra. The CLARREO spectrometers can serve as SI 
traceable benchmarks for the Global Satellite Intercalibration 
System (GSICS) and greatly improve the utility of a wide range 
of LEO and GEO infrared and reflected solar satellite sensors 
for climate change observations (e.g. CERES, MODIS, VIIIRS, 
CrIS, IASI, Landsat, etc). A CLARREO Pathfinder mission for 
flight on the International Space Station is included in the U.S. 
President’s fiscal year 2016 budget, with launch in 2019 or 
2020.
Providing more accurate decadal change trends can in 
turn lead to more rapid narrowing of key climate science 
uncertainties such as cloud feedback and climate sensitivity. 
A new study has been carried out to quantify the economic 
benefits of such an advance and concludes that the economic 
value is ~ $9 Trillion U.S. dollars. The new value includes the 
cost of carbon emissions reductions. 
A brief summary of these two studies and their implications for 
the future of climate science will be presented. 

9881-11, Session 3

Earth Observation System (EOS) for 
monitoring regional hydrological cycle 
and climate change (Invited Paper)
Madhavan Nair Rajeevan, Indian Institute of Tropical 
Meteorology (India)

IPCC model projections suggest that there will be more 
changes in our climate system in future due to increase in 
greenhouse gases and land use changes etc. Therefore, 
long-term, high-quality and uninterrupted observations of 
the atmosphere, land and ocean are vital for all countries. 
Observations must be sustained into the future to evaluate 
how the climate is changing so that informed decisions can be 
made on prevention, mitigation, and adaptation strategies. 
India only maintains 21 surface observatories as baseline 
climate stations and most of these observatories are in cities 
where over a period of time, conditions have considerably 
deteriorated due to urbanization. In future, use of data from 
these stations for climate change studies may be challenged. 
Therefore, there is an urgent need to have Climate Reference 
Stations at the earliest. A proposal is made to develop a climate 
reference network to sustain climate observations in future. 
The main goal of the climate reference network is to answer 
a simple prospective question posed 50 years into the future: 
How has the climate changed in the last 50 years? To meet 
this goal, the climate reference network aims to create a set of 
station records that will provide a robust multi-decadal climate 
monitoring capability. The proposal is to develop 40-50 climate 
reference stations in the country. In this presentation, details of 
the proposal will be discussed.

9881-12, Session 3

The infrared Absolute Radiance 
Interferometer (ARI) prototype for 
CLARREO demonstrates technical 
readiness
Henry E. Revercomb, Frederick A. Best, Joseph K. Taylor, 
P. Jonathan Gero, David C. Tobin, Robert O. Knuteson, 
Douglas P. Adler, Claire Pettersen, Mark P. Mulligan, Univ. 
of Wisconsin-Madison (United States)
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The NASA Climate Absolute Radiance and Reflectivity 
Observatory (CLARREO) would use highly accurate infrared 
emission and reflected solar spectra along with GPS-RO to 
establish a benchmark measurement of the Earth’s climate. 
The technical readiness for both a pathfinder mission on the 
International Space Station (ISS) and for a full-up mission has 
been proven by NASA supported instrument developments, 
including that of the Absolute Radiance Interferometer (ARI), 
a prototype for the infrared instrument. ARI was developed 
by our group teamed with the Anderson Group at Harvard 
University.
The ARI instrument measures absolute spectrally resolved 
infrared radiance (3.7-50 µm) with ultra-high accuracy. 
Resolving spectral lines allows ARI to provide products 
for climate trending with much higher information content 
than those from current radiation budget measurements. 
While ARI accuracy requirements are demanding, the overall 
instrument is relatively simple and low-cost, because of the 
limited requirements on spatial sampling (25-100 km nadir-
only footprints spaced at < 250 km) and on noise performance 
(decadal trending products are created by combining many 
samples). A key aspect of the ARI instrument is the On-orbit 
Verification and Test System (OVTS) for verifying its accuracy 
by reference to International Standards (SI). Laboratory 
results demonstrating agreement of calibrated ARI brightness 
temperatures to within 0.1 K 3-sigma of radiances from the 
OVTS will be shown.
ISS implementation and the use of ARI as an on-orbit 
calibration transfer standard for high resolution operational 
sounders (CrIS, IASI, and AIRS) will be discussed, along 
with the approach to establishing an initial global climate 
benchmark. 

9881-13, Session 3

Offner-based imaging spectrometer 
approach for the reflected solar 
instrument of CLARREO
Kurtis J. Thome, NASA Goddard Space Flight Ctr. 
(United States); Greg A. Kopp, Univ. of Colorado at 
Boulder (United States); Joel McCorkel, NASA Goddard 
Space Flight Ctr. (United States); Peter Pilewskie, 
Univ. of Colorado at Boulder (United States); Bruce A. 
Wielicki, NASA Langley Research Ctr. (United States)

The Climate Absolute Radiance and Refractivity Observatory 
(CLARREO) mission addresses the need to observe high-
accuracy, long-term climate change trends and to use decadal 
change observations to determine the accuracy of climate 
change projections. The CLARREO Project is planning to 
implement a spaceborne earth observation mission designed 
to provide rigorous SI traceable observations (i.e., radiance, 
reflectance, and refractivity) that are sensitive to a wide range 
of key decadal change variables. One portion of the instrument 
suite is the reflected solar instrument designed to retrieve an 
at-sensor reflectance over the spectral range from 320 to 2300 
nm with 500-m GIFOV and a 100-km swath width. Reflectance 
is obtained from the ratio of measurements of radiance while 
viewing the earth’s surface to measurements of irradiance 
while viewing the sun. The RS instrument must be designed to 
account for a factor of 50,000 between solar and earth views 
as well as include a calibration approach that allows accurate 
retrieval of the reflectance traceable to SI standards at a level 
better than 0.3%. The current work describes an Offner imaging 
spectrometer design approach that will meet the CLARREO 
requirements. The Offner design has been incorporated into a 
set of laboratory- and field-based instruments that are being 
used by the CLARREO team to demonstrate that the required 
mission accuracy is achievable. Keys to the success of this 
demonstration have been a reliance on heritage hardware, 
eduction of sensor complexity, and adherence to detector-
based calibration standards.

9881-14, Session 4

Monitoring climate from space: a 
metrology perspective
Henry E. Revercomb, Nadia Smith, William L. Smith Sr., 
Elisabeth Weisz, Univ. of Wisconsin-Madison (United 
States)

Without a dedicated observing system in space, the only 
means with which to measure global climate change is 
through the assembly of vast amounts of weather data 
obtained from many different instruments – a task that is 
both laborious and complex. A primary challenge lies with 
scale: how do you use observations that were designed to 
measure large changes over small scales (weather) to detect 
small changes over large scales (climate)? Other challenges 
relate to instrument technology and data processing (both in 
terms of radiance calibration and retrieval algorithm design). 
This paper will highlight some of the main issues faced when 
working with long-term records of measurements from the 
suite of low-Earth-orbiting infrared hyper-spectral sounders, 
namely the Atmospheric Infrared Sounder (AIRS), Cross-
track Infrared Sounder (CrIS) and Infrared Atmospheric 
Sounding Interferometer (IASI). Results will be prepared on an 
instrument-independent uniform equal-angle grid and we will 
highlight some of the steps taken to overcome differences and 
facilitate the assembly of geophysically consistent data records 
of measured radiances and retrieved profiles of temperature, 
moisture and trace gases across large space-time scales for use 
in climate research. 

9881-15, Session 4

Primary radiometric standards in support 
of possible climate change benchmark 
mission traceability
Sergey N. Mekhontsev, John T. Woodward, Joseph P. 
Rice, National Institute of Standards and Technology 
(United States)

The proposed Climate Absolute Radiance and Refractivity 
Observatory (CLARREO) has a mission of accurately measuring 
and attributing climate change by establishing climate 
change benchmarks with high absolute radiometric accuracy, 
which has to be established pre-flight and verified on-orbit 
to maintain traceability to the fundamental measurement 
standards. 
The CLARREO benchmarks are derived from measurements 
of the Earth/atmosphere reflectance (0.32 to 2.3 um) and the 
thermal and far infrared (5 to 50 um) radiance spectra, and 
radio occultation from which accurate temperature proles are 
derived. It is estimated that to achieve this goal, CLARREO 
measurement uncertainty on orbit should be 5 to 10 times 
better than Reflected Solar (RS) instruments and 2 to 3 times 
better than existing Infrared (IR) remote sensing instruments. 
This is a very challenging task, involving several measurements 
with uncertainties which are smaller than demonstrated at the 
level of National Metrology Institutes worldwide, including NIST. 
In recent years, four CLARREO Calibration Demonstration 
Systems (CDS) were developed, including Reflected Solar 
(RS) instruments at NASA GSFC and CU/LASP, and Infrared 
(IR) instruments at UW and LaRC. Using an example of 
traceability paths for these instruments, this paper discusses 
their relation with existing primary radiometric standards and 
their uncertainties. Finally, this paper discusses possible further 
developments at NIST to support future climate benchmark 
instruments traceability at the uncertainty levels necessary.
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9881-16, Session 4

CLARREO: reference inter-calibration on 
orbit with reflected solar spectrometer
Constantine Lukashin, Carlos M. Roithmayr, NASA 
Langley Research Ctr. (United States); Daniel S. Goldin, 
Wenbo Sun, Science Systems and Applications, Inc. 
(United States); Bruce A. Wielicki, NASA Langley 
Research Ctr. (United States)

One of the primary objectives of CLARREO mission is to 
provide an on-orbit standard for measuring reflected solar (RS) 
radiance with SI-traceable accuracy of 0.3% (k=2). CLARREO 
reference inter-calibration measurements are intended to 
improve accuracy of critical climate change components 
including reflected broadband radiation, decadal change 
in cloud properties, and surface albedo changes including 
snow and ice albedo feedback. The CLARREO approach for 
reference inter-calibration is based on obtaining coincident 
highly accurate spectral reflectance and reflected radiance 
measurements, and establish an on-orbit reference for existing 
Earth viewing reflected solar radiation sensors: CERES and 
VIIRS on JPSS satellites, AVHRR and follow-on imagers on 
MetOp, and imagers on GEO platforms. The mission goal is 
to be able to provide CLARREO RS reference observations 
that are matched in space, time, and viewing angles with 
measurements from the aforementioned instruments, with 
sampling sufficient to overcome the random error sources 
from imperfect data matching and instrument noise. The 
inter-calibration method is to monitor over time changes in 
targeted sensor response function parameters: effective offset, 
gain, non-linearity, spectral degradation, and sensitivity to 
polarization of optics. In this study we used existing satellite 
data (SCIAMACHY, CERES, PARASOL) and simulation methods 
to derive the methodology, and determine requirements 
for CLARREO RS inter-calibration sampling and data 
matching. We applied numeric methods to estimate expected 
uncertainty for inter-calibration of imaging radiometers, such 
as VIIRS,including uncertainty contribution due to instrument 
sensitivity to polarization. 

9881-17, Session 4

Absolute shortwave-infrared 
spectral response detector-based 
characterization using a monochromatic 
extended source
Joel McCorkel, Kurtis J. Thome, NASA Goddard 
Space Flight Ctr. (United States); Bruce A. Wielicki, 
NASA Langley Research Ctr. (United States); Brendan 
McAndrew, NASA Goddard Space Flight Ctr. (United 
States)

The Climate Absolute Radiance and Refractivity Observatory 
(CLARREO) mission key goals include enabling observation 
of high accuracy long-term climate change trends, use of 
these observations to test and improve climate forecasts, 
and calibration of operational and research sensors. The 
spaceborne instrument suites include a reflected solar (RS) 
spectroradiometer, emitted infrared spectroradiometer, 
and radio occultation receivers. The requirement for the RS 
instrument is that derived reflectance must be traceable to SI 
standards with an absolute uncertainty of <0.3% and the error 
budget that achieves this relies on careful instrument design 
with an associated instrument models based on laboratory 
characterization. One of the primary methods of spectral and 
radiometric characterization uses a tunable extended source 
monitored by detectors with absolute uncertainties of 0.09% 
(k=2) across wide spectral regions. This work describes the 
implementation and initial results of the calibration facility 
designed to operate across the 1.0-1.6 micrometer spectral 
region.

9881-18, Session 5

Initial pre-launch radiometric 
performance of JPSS-1 VIIRS
Hassan Oudrari, Jeffrey McIntire, Science Systems and 
Applications, Inc. (United States); Xiaoxiong J. Xiong, 
James J. Butler, NASA Goddard Space Flight Ctr. 
(United States); Qiang Ji, Thomas Schwarting, Science 
Systems and Applications, Inc. (United States); Jinan 
Zeng, Fibertek, Inc. (United States)

The first Joint Polar Satellite System (J1) mission is scheduled 
to launch in December 2016. The Visible Infrared Imaging 
Radiometer Suite (VIIRS) is a key instrument on-board J1, and 
is very similar to the Suomi-National Polar-orbiting Partnership 
(SNPP) mission. VIIRS data are used to generate multiple 
environmental data products to support climate research and 
many economical and weather related applications. VIIRS has 
22 spectral bands covering the spectrum between 0.4 and 
12.6 microns. It is a cross-track scanning radiometer capable of 
providing observations at two spatial resolutions, ~375 m and 
~750 m at nadir for imaging and moderate bands, respectively. 
This paper will provide an overview of J1 VIIRS performance 
assessments derived using pre-launch testing at ambient and 
in thermal vacuum environment. This sensor characterization 
and calibration effort was completed by the government 
independent team to generate the metrics needed for on-orbit 
calibration and operations and sensor simulation. Key sensor 
characterization will be discussed such as the sensor signal to 
noise ratios, radiance dynamic range, reflective and emissive 
bands calibration performance, polarization sensitivity, spectral 
performance, response-vs-scan, and scattered light response. 
A set of performance metrics generated during the pre-launch 
testing program will be compared to both the VIIRS sensor 
specification and the SNPP VIIRS pre-launch performance. 
Additional testing performed in the post-TV phase to get 
better understanding of the sensor issue (e.g. polarization, DNB 
non-linearity) will be also presented and discussed.

9881-19, Session 5

Post-launch calibration and testing of the 
advanced baseline imager on GOES-R 
Satellite
Chris Rollins, John F. Kline, Research Support 
Instruments, Inc. (United States); Jeffrey Kronenwetter, 
Chesapeake Aerospace, LLC (United States); William 
Lebair, Monica Todirita, NASA Goddard Space Flight Ctr. 
(United States)

The Geostationary Operational Environmental Satellite R 
(GOES-R) series is the planned next generation of operational 
weather satellites for the United States National Oceanic and 
Atmospheric Administration. The first launch of the GOES-R 
series is planned for October 2016. The GOES-R series 
satellites and instruments are being developed by the National 
Aeronautics and Space Administration (NASA). One of the 
key instruments on the GOES-R series is the Advance Baseline 
Imager (ABI). The ABI is a multi-channel, visible through 
infrared, passive imaging radiometer. The ABI will provide 
moderate spatial and spectral resolution at high temporal and 
radiometric resolution to accurately monitor rapidly changing 
weather. 
Initial on-orbit calibration and performance characterization is 
crucial to establishing baselines used to maintain performance 
throughout mission life. A series of tests has been planned 
to establish the post launch performance and establish 
the parameters needed to process the data in the Ground 
Processing Algorithm. The large number of detectors for each 
channel required to provide the needed temporal coverage 
presents unique challenges for accurately calibrating ABI and 
minimizing striping. 
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This paper discusses the planned tests to be performed on ABI 
over the six-month Post Launch Test period and the expected 
performance as it relates to ground tests.

9881-20, Session 5

Post-launch calibration and testing of 
space weather instruments on GOES-R 
Satellite
Sivakumara Tadikonda, NASA Goddard Space Flight 
Ctr. (United States); Cindy Merrow, Stellar Solutions, 
Inc. (United States); Jeffrey Kronenwetter, Chesapeake 
Aerospace, LLC (United States); Gustave J. Comeyne III, 
Daniel G. Flanagan, Monica Todirita, National Oceanic 
and Atmospheric Administration (United States)

The Geostationary Operational Environmental Satellite - R 
(GOES-R) is the first of a series of satellites to be launched, 
with the first launch scheduled for October 2015. The three 
instruments – Solar UltraViolet Imager (SUVI), Extreme 
UltraViolet Sensor (EUVS) X-Ray Sensor (XRS) Irradiance 
Sensors (EXIS), and Space Environment In-Situ Suite (SEISS) 
provide the data needed as inputs for the product updates 
National Oceanic and Atmospheric Administration (NOAA) 
provides to the public. SUVI is a full-disk extreme ultraviolet 
imager enabling Active Region characterization, filament 
eruption, and flare detection. EXIS provides inputs to solar 
backgrounds/events impacting climate models. SEISS consists 
of five sensor heads to provide particle measurements in 
various energy ranges and these data enables updates to 
spacecraft charge models for electrostatic discharge. EXIS 
and SEISS have been tested and calibrated end-to-end in 
various ground test facilities around the country. Due to the 
complexity of SUVI design, data from component tests were 
used in a model to predict on-orbit performance. The ground 
tests and model updates provided inputs for designing the 
on-orbit calibration tests. A series of such tests have been 
planned for the Post-Launch Testing (PLT) for each of these 
instruments, and specific parameters have been identified 
that will be updated in the Ground Processing Algorithms, 
on-orbit parameter tables, or both. Some of SUVI and EXIS 
calibrations require slewing the platform off the Sun, while no 
such maneuvers are needed for SEISS. The PLT is a six-month 
period after which the GOES-R will become operational. The 
calibration details will be presented in this paper.

9881-21, Session 5

Test results of proto-flight model of 
Second Generation Global Imager (SGLI) 
Infrared Scanning Radiometer (IRS)
Kazuhiro Tanaka, Japan Aerospace Exploration Agency 
(Japan); Takahiro Amano, Tatsuya Uchikata, Takashi 
Sakashita, NEC Corp. (Japan)

The proto-flight test of Infrared Scanning Radiometer (IRS) 
started in December 2014 to confirm the sensor performance. 
IRS is one of the two sensor units of Sencond Generation 
Global Imager (SGLI) on GCOM-C satellite. IRS has six optical 
channels from 1.1micron to 12 micron, corresponds to Short 
Wave Infrared (SWI) and Thermal Infrared (TIR)observation 
requirements form GCOM-C mission. The GCOM-C is planned 
for launch in JFY-2016. This paper descrives the SGLI-IRS test 
status.

9881-73, Session 5

JPSS-1 science products algorithms 
development, characterization, and 
validation
Murty G. Divakarla, I. M. Systems Group, Inc. (United 
States); Lihang Zhou, Xingpin Liu, Walter Wolf, Fuzhong 
Weng, Thomas Atkins, Arron L. Layns, Ctr. for Satellite 
Applications and Research (United States)

The Joint Polar Satellite System (JPSS) will launch its first 
JPSS-1 satellite in early 2017. The JPSS-1 and follow-on 
satellites will carry aboard an array of instruments including 
the Visible Infrared Imaging Radiometer Suite (VIIRS), the 
Cross-track Infrared Sounder (CrIS), the Advanced Technology 
Microwave Sounder (ATMS), and the Ozone Mapping and 
Profiler Suite (OMPS). These instruments are similar to the 
instruments currently operating on the Suomi National Polar-
orbiting Partnership (SNPP) satellite, a predecessor designed 
to bridge for the JPSS constellation. The National Oceanic 
and Atmospheric Administration (NOAA) Center for Satellite 
Applications and Research (STAR) has developed algorithms 
to process S-NPP instrument data into xDR products such as 
Raw Data Records (RDRs), Sensor Data Records (SDRs), and 
Environmental Data Records (EDRs). All of the S-NPP SDR 
and EDR products have achieved the validated maturity stage 
meeting the requirements and are currently going through the 
long term monitoring (LTM) stage providing continuity of data 
products for end-user applications. Based on the experience 
gained through the S-NPP science product development and 
end-user utility/feedback, NOAA/STAR has made significant 
improvements to the JPSS-1 SDR/EDR product algorithms. 
Optimizations have been performed on JPSS-1 Uppers, which 
account for improvements to the instruments on JPSS-1 to 
produce additional or improved data products. This paper 
presents an overview of these efforts. The overview includes 
a discussion of the S-NPP xDR products performance and 
end-user utility; lessons learned in adapting xDR algorithms for 
JPSS-1 and upgrades; and JPSS-1 pre-launch characterization, 
post-launch validation, and long term monitoring plans and 
preparations. 

9881-22, Session 6

Overview of Japanese Earth observation 
missions (Invited Paper)
Toshiyoshi Kimura, Japan Aerospace Exploration 
Agency (Japan)

Currently, five Japanese satellites or sensors; ASTER on Terra, 
GOSAT, GCOM-W, GPM and ALOS-2, are now on orbit and 
under operation. ASTER is operating over 15 years, except 
SWIR sensor. GOSAT and GCOM-W are operating more than 
6 years and 3 years, respectively. GPM and ALOS2 were newly 
launched in 2014 and started their operations. On the other 
hand, AMSR-E on Aqua and PR on TRMM were terminated 
their operations after very long observation. Towards finalizing 
Japanese Earth observation satellite system as a contribution 
for the first decadal plan of Global Earth Observation System 
of Systems (GEOSS), GCOM-C carrying SGLI and EarthCARE 
carrying CPR, which is a joint project between ESA and JAXA, 
will be launched within a few years. Studies of synergetic use 
with these Japanese sensor data, are accelerated towards 
materialization of social benefits, which were defined by 
Group on Earth Observations (GEO). Now the next generation 
Japanese satellites are under preparations. ALOS-2 is known 
as an ALOS follow-on satellite with Synthetic aperture 
radar (SAR). In contrast, another ALOS follow-on satellite 
development with a wide swath optical imager is about to 
start. GOSAT-2 is under development to be flown in 2017, with 
improved FTS and optical imager.
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9881-23, Session 6

The EarthCARE mission development 
status (Invited Paper)
Alain Lefebvre, Arnaud Heliere, Kotska Wallace, Damien 
Maeusli, European Space Research and Technology 
Ctr. (Netherlands); Eichi Tomita, Hirotaka Nakatsuka, 
Japan Aerospace Exploration Agency (Japan); Cyrille 
Lusteau, European Space Research and Technology Ctr. 
(Netherlands)

The European Space Agency (ESA) and the Japan Aerospace 
Exploration Agency (JAXA) are co-operating to develop the 
EarthCARE satellite mission with the fundamental objective of 
improving the understanding of the processes involving clouds, 
aerosols and radiation in the Earth’s atmosphere in order to 
include them correctly and reliably in climate and numerical 
weather prediction models. 
The satellite will be placed in a Sun-Synchronous Orbit at about 
400 Km altitude and14h00 mean local solar time. The payload 
consisting of a High Spectral Resolution UV Atmospheric LIDar 
(ATLID), a 94GHz Cloud Profiling Radar (CPR) with Doppler 
capability, a Multi-Spectral Imager (MSI) and a Broad-Band 
Radiometer will provide information on cloud and aerosol 
vertical structure of the atmosphere along the satellite track as 
well as information about the horizontal structures of clouds 
and radiant flux from sub-satellite cells. 
The presentation, supported by photographs of actual 
hardware, will describe the satellite and in particular the design, 
performance and development status of its payload. 

9881-24, Session 6

Wide swath and high-resolution optical 
imaging satellite of Japan
Haruyoshi Katayama, Eri Kato, Hiroko Imai, Masakazu 
Sagisaka, Japan Aerospace Exploration Agency (Japan)

The “advanced optical satellite” (tentative name) is a follow-
on mission from ALOS “Daichi” which had contributed to 
cartography, regional observation, disaster monitoring, 
and earth resources surveys for more than 5 years until its 
termination of operation in May 2011. Mission objectives of 
the advanced optical satellite is to build upon the existing 
advanced techniques for global land observation using 
optical sensors, as well as to promote data utilization for 
social needs including land and infrastructure management 
and environment monitoring. These social needs includes: 
1) Disaster monitoring of damaged areas, both in detail and 
at large 2) Continuous updating of data archives related 
to national land and infrastructure information 3) Effective 
monitoring of cultivated areas 4) Global monitoring of forests 
and glaciers to resolve global-level environmental issues.
Wide swath and high resolution optical imager onboard the 
advanced optical satellite will extend the capabilities of earlier 
ALOS missions. The optical imager will be able to collect high-
resolution (< 1 m) and wide-swath (70 km) images with high 
geo-location accuracy without ground control points using the 
precise geo-location determination techniques developed for 
ALOS. 
This paper introduces a conceptual design of the advanced 
optical satellite.

9881-25, Session 6

Study of AMSR2 follow-on mission and 
instrument
Marehito Kasahara, Takashi Maeda, Misako Kachi, 
Norimasa Ito, Japan Aerospace Exploration Agency 
(Japan)

Japan Aerospace Exploration Agency (JAXA) is proceeding 
with the Global Change Observation Mission (GCOM). 
The?GCOM mission aims to take over the Advanced Earth 
Observing Satellite-II (ADEOS-II or Midori-II) mission and 
develop?into long-term monitoring. The GCOM mission 
consists of two medium size satellites: GCOM-W and?GCOM-C. 
GCOM-W satellite has been in operation since May 2012 and 
GCOM-C is scheduled to be launched in 2016.
An observing instrument for GCOM-W satellite is the?Advanced 
Microwave Scanning Radiometer 2 (AMSR2) which is the 
follow-on instrument of the Advanced Microwave Scanning 
Radiometer for the Earth Observing System (AMSR-E) on Aqua 
satellite. AMSR2 is a multi frequency, dual polarized passive 
microwave radiometer that observes water-related?geophysical 
parameters such as water vapor, cloud liquid water, 
precipitation, sea surface temperature, sea surface wind 
speed, sea ice concentration, snow depth, and soil moisture to 
monitor climate change and to understand global water cycle. 
In addition to being used for climate monitoring, AMSR-E and 
AMSR2 data came into use for operational numerical weather 
prediction (NWP) and tropical cyclone monitoring at several 
meteorological agencies. Sea surface temperature observed 
through cloud by AMSR2 also became an essential information 
for fishery.
To keep the continuous observation and to contribute to 
such operational use, JAXA plans AMSR2 follow-on mission. 
The AMSR2 follow-on instrument will have at least the same 
performance as AMSR2. Additional frequency channels are 
also under consideration to have capability to retrieve solid 
precipitation.

9881-26, Session 6

Proto Flight Model (PFM) development 
status of visible and near-infrared 
radiometer (VNR) on the second-
generation global imager (SGLI)
Takashi Sakashita, Koichi Shiratama, Takahiro Amano, 
Shunji Tsuida, NEC Corp. (Japan); Kazuhiro Tanaka, 
Japan Aerospace Exploration Agency (Japan)

Global Change Observation Mission (GCOM) is the global 
observing satellite program as the Japan’s contribution to the 
ten years implementation plan of the Global Earth Observation 
System of Systems (GEOSS) and plans two-series satellites of 
GCOM-W (Water) and GCOM-C (Climate). 
The Second-generation Global Imager (SGLI) is a multi-band 
optical imaging radiometer in the bandwidth ranging from 
near-UV to thermal infrared implemented on GCOM-C. SGLI will 
provide high accuracy measurements of Ocean, Atmosphere, 
Land and Cryosphere. SGLI consists of two radiometers, the 
Visible and Near Infrared Radiometer (VNR) and the Infrared 
Scanning Radiometer (IRS). VNR is a push-broom scanning 
type radiometer which includes three telescopes for the non-
polarized light observation in the bandwidth ranging from 
380nm to 868.5nm and two telescopes for polarized light 
observation at 673.5nm and 868.5nm. IRS is a whisk-broom 
scanning type radiometer with the observation bandwidth 
ranging from 1?m to 12?m. SGLI project is now the Proto 
Flight Model (PFM) manufacturing and testing phase after the 
optical-electrical and environmental tests of Engineering Model 
(EM).
This paper describes VNR PFM radiometric test results 
provided by using the integration sphere. Especially it is 
shown that the detailed test result of VNR radiometric which 
considered the characteristics of the integrating sphere.
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9881-27, Session 7

Altimetry for the next decade and 
overview of the proposed Surface Water 
and Ocean Topography Mission (Invited 
Paper)
Parag V. Vaze, Jet Propulsion Lab. (United States)

Satellite altimetry has revolutionized the study of the 
global oceans for the past two decades. Precision altimetry 
missions like TOPEX/Poseidon, Jason-1, and OSTM/Jason-2, 
complemented by other missions like ERS 1 and 2, ENVISAT, 
and GFO, have provided unprecedented observations of the 
ocean surface topography at scales larger than about 200 km 
and made significant advances in our understanding of global 
ocean circulation and sea level change. 
However, current generation of nadir pointing, or profile 
altimeters prevent resolving scales shorter than 100 km, the 
submesoscales that are important for understanding the 
dynamics of the ocean kinetic energy and the vertical transfer 
processes in the ocean. 
Altimetry measurements have also been applied to the study 
of the water levels of rivers and lakes, but the coarse resolution 
of the data has severely limited its ability in addressing key 
hydrological questions on the storage of water on land and its 
discharge. These are important questions on the distribution of 
fresh water on land that is being seriously affected by global 
climate change. 
By using swath interferometry, rather than profile altimetry 
methods, the proposed SWOT mission would allow mapping 
of surface water extent and stage of inland waters at spatial 
scales as fine as 100 m, and perhaps better, and would resolve 
ocean and near coastal eddies to scales of around 10 to 15 
km. To enable this challenging measurement performance, 
the SWOT mission concept is designed to overcome several 
challenges, such as very high raw data rate (320 Mbps), large 
on-board data volumes, high power demand, stringent pointing 
and stability requirements, and on board and ground data 
processing systems.
The primary objectives of the proposed SWOT mission are:
For oceanography:
- Characterize the ocean mesoscale and sub-mesoscale 
circulation at spatial resolutions of 10 km and greater; 
For hydrology
- Provide a global inventory of all terrestrial water bodies 
whose surface area exceeds (250m2) (lakes, reservoirs, 
wetlands), and rivers whose width exceeds 100 m 
(requirement) (50 m goal); 
- Measure the global storage change in fresh water bodies at 
sub-monthly, seasonal, and annual time scales, and to estimate 
the global change in river discharge at submonthly, seasonal, 
and annual time scales. 
Global coverage and more frequent sampling dictates a 
compromise in orbit repeat period of 22 days, to achieve non 
sun-synchronous orbit to minimize tidal aliasing and to ensure 
coverage of major water bodies on land. It was determined 
that an orbit of 891 Km altitude and 78 deg inclination, with 
a 22 day repeat, would be adequate to meet the science 
objectives for performance and observability. The proposed 
Swath Interferometer (KaRIn) instrument would provide a high-
resolution swath width of 100 km enabling global coverage 
(~90%) of the world’s ocean’s and fresh water bodies. It is 
being designed to provide a spatial resolution of 1 km for the 
oceans (after on-board processing), and 100 m for land water, 
both at centimetric accuracy. 
The proposed Surface Water and Ocean Topography (SWOT) 
mission would be a joint project between NASA and CNES, 
following the long-lasting tradition in collaboration in radar 
altimetry over the past 25 years. SWOT observations would be 
acquired for a period of at least three years after launch, which 
is baselined for late 2020.

9881-28, Session 7

Current scientific activities for the Water 
Cycle Observation Mission
Jiancheng Shi, Tianjie Zhao, Institute of Remote Sensing 
and Digital Earth (China); Xiaolong Dong, National 
Space Science Ctr. (China)

Water cycle studies are currently limited by shortfalls in 
knowledge and observational capabilities. We are proposing 
a new Water Cycle Observation Mission (WCOM) in China, 
which was successfully selected as a candidate mission In July 
2013. Key elements of the global water cycle including the 
soil moisture, freeze/thaw state, ocean salinity, snow water 
equivalent, atmospheric water vapor, precipitation and other 
associated parameters, would be monitored by WCOM through 
significantly improving the accuracy and synchronization 
of measurements. The mission concept is a combination 
of active and passive microwave instruments. There will be 
three payloads onboard the WCOM: 1) an L-S-C tri-frequency 
Full-polarized Interferometric synthetic aperture microwave 
radiometer (FPIR) with spatial resolution ranging from 15 km 
to 50 km. It consists of a 9 m by 6 m mesh reflector and one-
dimensional thinned array as the feed; 2) a Polarized Microwave 
radiometric Imager (PMI) covering 6.8 to 150 GHz band with 
a 1.8 m diameter reflector antenna for conical scan. Most of its 
frequency channels have the capability of full-polarizations; 3) 
an X-Ku Dual-Frequency Polarized SCATterometer (DFPSCAT) 
with 2~5 km resolution and 1000 km swath. The fine resolution 
is achieved by Linear FM pulse compression along the elevation 
direction and by unfocused synthetic aperture processing and 
oversampled super-resolution reconstruction along the azimuth 
direction. The WCOM satellite will be flown with a 6:00 am/
pm sun synchronous polar orbit at 600 km height, to make the 
surface resolution and satellite power feasible.

9881-29, Session 7

Snow and Water Imaging Spectrometer 
(SWIS): development of a CubeSat-
compatible instrument
Holly A. Bender, Pantazis Mouroulis, Jet Propulsion Lab. 
(United States); Christopher D. Smith, Sierra Lobo, Inc. 
(United States); Byron E. Van Gorp, Daniel W. Wilson, 
Colin H. Smith, Johannes Gross, Michael Eastwood, Jet 
Propulsion Lab. (United States)

The Snow and Water Imaging Spectrometer (SWIS) is a 
fast, high-uniformity, low-polarization sensitivity imaging 
spectrometer and telescope system designed for integration 
on a 6U CubeSat platform. Operating in the 350-1700 nm 
spectral region with 5.7 nm sampling, SWIS is capable of 
simultaneously addressing the demanding needs of coastal 
ocean science and snow/ice monitoring. We discuss progress 
in the SWIS optomechanical design, thermal analysis, and 
mission plan. We also describe an innovative single drive on-
board calibration system capable of addressing the stringent 
radiometric stability and knowledge these missions require. 
The spectrometer features a new Teledyne CHROMA array, 
optimized for high temperature operation, with a linear variable 
anti-reflection coating to enhance quantum efficiency and 
minimize backscatter.

9881-30, Session 7

Ensuring continuity of global Earth 
radiation budget observations: the 
Radiation Budge Instrument (RBI)
Kory J. Priestley, NASA Langley Research Ctr. (United 
States); Mohan Shankar, Science Systems and 
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Applications, Inc. (United States); Anum R. Barki, NASA 
Langley Research Ctr. (United States)

The Radiation Budget Instrument (RBI) is one of five 
instruments hosted aboard the NOAA JPSS-2 spacecraft; a 
polar-orbiting sun-synchronous satellite in Low Earth Orbit. 
The primary RBI mission goals and objectives are to measure 
the reflected sunlight and thermal radiation emitted by the 
Earth and provide transparent product consistency to the 
CERES data sets. RBI provides an independent measurement 
of the broadband reflected solar radiance and Earth’s emitted 
thermal radiance using three spectral bands (Shortwave, 
Longwave, and Total) which have matched point spread 
function footprints on Earth. RBI accomplishes this by having 
three co-aligned telescopes whose fields-of-view, detector time 
constants, filtering, cross-track scan rates, and sampling rates 
match the RBI PSF to the heritage CERES PSF. 
The Field-of-Regard scanning capability matches CERES and 
provides cross-track and bi-axial scanning for full Earth disk 
coverage extending to deep-space as well as enabling solar 
and lunar calibration verification. RBI has multiple on-orbit 
calibration sources in order to provide high quality calibrated 
data products ensuring calibration stability is maintained over 
the RBI sensor lifetime. To ensure NIST traceable calibration 
in space the sensor uses a visible calibration target (VCT) and 
an infrared calibration target (ICT). The VCT is a thermally 
controlled integrating sphere with Spectralon covering the 
inner surface and fiber-coupled laser diodes in the UV to IR 
wavelength region. An Electrical Substitution Radiometer (ESR) 
monitors long term stability of the sources and degradation 
of the Spectralon. The radiometric calibration protocol will 
use a solar calibration target (SCT) with multiple Spectralon 
diffusers. 

9881-31, Session 8

A new approach to Earth radiation 
budget measurements: inclusion of 
coherence and polarization effects
Anum R. Barki, Kory J. Priestley, NASA Langley 
Research Ctr. (United States); James R. Mahan, Virginia 
Polytechnic Institute and State Univ. (United States)

A new approach to carrying out Earth Radiation Budget 
(ERB) measurements is presented in the current effort. 
Thermal radiation, which is non-coherent and non-polarized 
at its source, is known to assume a measurable degree of 
coherence and polarization upon reflection and scattering. 
High accuracy measurements require that any differences 
between Top-Of-Atmosphere (TOA) fluxes and on-board 
calibration sources, including those associated with coherence 
and polarization, be taken into consideration; however, current 
measurements of TOA fluxes depend only on wavelength. 
The proposed approach utilizes the principles of a Michelson 
interferometer, allowing the characterization of the state of 
coherence and degree of polarization effects in addition to the 
traditional wavelength dependence in ERB measurements. The 
proposed effort will significantly increase our understanding 
of, and ability to measure, the coherence and polarization 
states of TOA fluxes, resulting in a more accurate and rapid 
determination of climate sensitivity. Current ERB instruments 
measure the radiative flux at the top of the atmosphere in 
relatively broad spectral bands using thermal detectors. 
Implicit in their design and operation is the assumption that 
uncertainties due to coherence and polarization in the radiative 
scenes and the on-board targets viewed during calibration 
are negligible. If these assumptions are not strictly valid, 
there exists the possibility of detectors responding differently 
to fluxes having otherwise identical spectral radiances. The 
proposed new instrument concept combines several well-
understood optical components in a novel way that permits 
simultaneous measurement of the degree of coherence and the 
state of polarization of TOA fluxes.

9881-32, Session 8

SNR improvement for hyperspectral 
application using frame and pixel binning
Sami Ur Rehman, Ankush Kumar, Arup Banerjee, Space 
Applications Ctr. (India)

Hyperspectral imaging spectrometer systems are increasingly 
being used in the field of remote sensing for variety of civilian 
and military applications. The ability of such instruments in 
discriminating finer spectral features along with improved 
spatial and radiometric performance have made such 
instruments a powerful tool in the field of remote sensing. 
Design and development of spaceborne hyper spectral imaging 
spectrometers poses lot of technological challenges in terms 
of optics, dispersion element, detectors, electronics and 
mechanical systems. 
The main factors that define the type of detectors are the 
spectral region, SNR, dynamic range, pixel size, number of 
pixels, frame rate, operating temperature etc. Detectors with 
higher quantum efficiency and higher well depth are the 
preferred choice for such applications. CCD based Si detectors 
serves the requirement of high well depth for VNIR band 
spectrometers but suffers from smear. Smear can be controlled 
by using CMOS detectors. Si CMOS detectors with large 
format arrays are available. These detectors generally have 
smaller pitch and low well depth. Binning technique can be 
used with available CMOS detectors to meet the large swath, 
higher resolution and high SNR requirements. Availability 
of larger dwell time of satellite can be used to bin multiple 
frames to increase the signal collection even with lesser 
well depth detectors and ultimately increase the SNR. Lab 
measurements reveal that SNR improvement by frame binning 
is more in comparison to pixel binning. Effect of pixel binning 
as compared to the frame binning will be discussed and 
degradation of SNR as compared to theoretical value for pixel 
binning will be analysed. 

9881-33, Session 8

Atmospheric profiling via satellite to 
satellite occultations near water and 
ozone absorption lines for weather and 
climate
Emil Kursinski, Space Sciences and Engineering (United 
States)

Assessing climate models requires observations that 
determine the true climate state precisely and unambiguously, 
independently from models. To address this need, we are 
developing a remote sensing system that combines the 
features of GPS RO and the Microwave Limb Sounder called 
the Active Temperature, Ozone and Moisture Microwave 
Spectrometer (ATOMMS). By actively probing cm and mm 
wavelength water vapor and ozone absorption lines in a 
satellite to satellite occultation geometry, ATOMMS will 
simultaneously profile temperature, pressure, and water vapor 
from near the surface into the mesosphere with ~1%, 0.4K and 
10 m precision respectively and still better accuracy, with 100 
m vertical resolution. Ozone profiles will extend upward from 
the upper troposphere. Line of sight wind profiles will extend 
upwards from the mid-stratosphere. 
ATOMMS is a doubly differential absorption spectrometer 
that eliminates drift and both sees clouds and sees thru them, 
delivering performance in clouds within a factor of 2 of clear 
sky performance. This all-weather sampling and insensitivity 
to surface emissivity avoids sampling biases that limit most 
satellite records. ATOMMS will also profile slant liquid water in 
clouds and rain. 
Ground observations by prototype ATOMMS instrumentation 
developed with funding from NSF have demonstrated 
precise measurements of water vapor, cloud amount, rainfall, 
turbulence and absorption line spectroscopy including 

Conference 9881: Earth Observing Missions  
and Sensors: Development, Implementation,  

and Characterization IV



  +1 360 676 3290 · help@spie.org      129Return to Contents

determination of water vapor to 1% precision in optical depths 
up to 17. 
Our vision is a constellation of ATOMMS nanosatellites 
providing globally distributed radiosonde-like profiles for 
weather, climate monitoring and precise constraints on 
processes essential to improving model veracity. 

9881-34, Session 8

Design of low-cost miniaturized SFCW 
ground penetration radar with initial 
results
Swati Shukla, Piyush Sinha, Manish Gupta, Anand Patel, 
V. Vishwanathan Vedam, Rajesh Chavda, Amita Shah, 
Deepak Putrevu, Space Applications Ctr. (India)

Ground Penetration Radar is an extremely useful microwave 
sensor for subsurface target detection and profiling. GPR 
instruments are categorised as per their frequency of 
operation, which is inversely proportional to the depth of 
penetration. GPRs are also categorized as per method of 
operation which is time-domain or frequency-domain. Indian 
market is presently procuring GPRs from only foreign suppliers. 
Space Applications Centre (SAC) had taken up GPR as R&D 
Technological development with a view to benchmark the 
technology which may be transferred to local industry for 
mass production of instrument at a relatively cheaper cost 
(~20 times cheaper). Hence, this instrument presents a viable 
indigenous alternative. Also, the design and configuration 
was targeted for terrestrial as well as future interplanetary 
(Lander/Rover) missions of ISRO to map subsurface features. 
The developed GPR has a very large bandwidth (100%, i.e. 
bandwidth of 500MHz with centre-frequency of 500MHz) 
and high dynamic range along with the advantage of being 
highly portable (<10kg). The system was configured as a 
Stepped-Frequency-Continuous-Wave (SFCW) GPR which is a 
frequency domain GPR with the aim to increase the detection 
capabilities with respect to current systems. In order to achieve 
this goal, innovative electronic equipment have been designed 
and developed. Three prototypes were developed and two of 
them have been delivered for
Indian Scientific Expedition to Antarctica (ISEA) in 2013 and 
2014-15, respectively and promising results have been obtained. 
The results from the same closely compare with that from 
commercial GPR too. 

9881-35, Session 9

Recent sensor designs for Earth 
observation
Paul Jerram, David G. Morris, e2v technologies plc 
(United Kingdom)

The large number of missions associated with ESA’s Copernicus 
programme has resulted in a number of image sensor designs 
for earth observation (or living planet) applications as each 
instrument is highly optimised. Whilst the majority of these 
sensors has used CCD technology the use of CMOS sensors is 
starting to increase.
We will discuss new designs and technology trends for 
hyperspectral applications such as Sentinel 4, Sentinel 5, 
Sentinel 5 precursor (Tropomi) Flex and 3MI. In all of these 
missions sensor design has been optimised to provide higher 
dynamic range combined with reduced smear and higher frame 
rates.
In addition two current CMOS earth observation programmes 
(MTG and METImage) will be discussed in more detail. Both 
these missions use CMOS sensors with extremely large pixels, 
up to 250µm square, at high line rates. Radiation test data and 
key performance measurements will be shown for MTG and for 
a test device that has been made for METImage.

Finally we will cover technology developments for future image 
sensors for earth observation including back-thinning of CMOS 
sensors and TDI CMOS imagers.

9881-36, Session 9

Electrical coupling in multi-array charge-
coupled devices
Parul Singh, Vishal Sakervadiya, Space Applications 
Ctr. (India); Neeraj Dubey, Indian Space Research 
Organisation (India); Arup Banerjee, Space Applications 
Ctr. (India)

Silicon based charge coupled device (CCD) performances have 
immensely improved over the years. Scientific community 
across the globe target challenging remote sensing 
applications with CCD as optical imaging detector. Over the 
years, both pixel count (from few hundreds to few tens of 
thousands) and line readout rate (from few kHz to few tens 
of kHz) have increased considerably. Pixels are readout using 
a large number of output ports driven up to few tens of MHz. 
Moreover, for multi-spectral applications, same Si die contains 
multiple arrays sharing input stimuli. This is usually done to 
optimize package pin count. Si die as well as package level 
layout of clock and bias lines become critical for closely spaced 
multi-array devices. The inter-array separation may go down 
to few hundreds of microns when filter coating is laid on top 
of the die. Die level layout becomes quite critical for devices 
with such architecture. The inter-array (consecutive arrays) 
separation is optimized to reduce optical coupling / stray light 
in devices integrated multi-band strip filter. Layout constraints 
along with shared bias/clock lines are known to produce 
electrical cross-talk or coupling. Effect of this (within one 
array or between two arrays) cross-talk is more pronounced 
in systems having low noise floor. Test board and camera 
hardware realization needs to take adequate measures for 
laying out a large number of clock lines maintaining board level 
electrical coupling, onto bias and video lines, below detectable 
limits. Calibration and compensation is relatively easier when 
these electrical couplings (board / detector package / Si die) 
are independent of impinging photon flux or video signal 
amplitude. Signal dependent coupling in a multi-port system 
becomes quite complex and leads to a relatively noisier system 
(post correction). The paper presents results of simulations 
and tests (pre and post correction) addressing this type of 
electrical coupling. The paper presents cause, impact and 
possible remedial measures to minimize such coupling in a 
multi-array-multi-port Time delay integration (TDI) CCD from 
1% to below 0.05%.

9881-48, Session PWA2

Update of S-NPP VIIRS on-orbit 
operations, calibration, and performance
Xiaoxiong J. Xiong, James J. Butler, NASA Goddard 
Space Flight Ctr. (United States); Changyong Cao, 
NOAA National Environmental Satellite, Data, and 
Information Service (United States); Ning Lei, Kwofu 
Chiang, Science Systems and Applications, Inc. (United 
States)

The Suomi-NPP VIIRS has successfully operated for more 
than 4 years since its launch in 2011. It make observations in 
15 reflective solar bands (RSB) including a day night band 
(DNB), with wavelengths from 0.41 to 2.3 um and 7 thermal 
emissive bands (TEB) with wavelengths ranging from 3.7 to 
12.4 um. The VIIRS RSB calibration is performed by an on-
board solar diffuser (SD) and the SD on-orbit degradation 
is tracked by a solar diffuser stability monitor (SDSM). The 
VIIRS TEB calibration is performed by an on-board blackbody 
(BB). On a regular basis, VIIRS also makes lunar observations 
through its space view (SV) port, enabling an independent 
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monitoring of its RSB calibration stability. For this purpose, 
most of the lunar observations are scheduled at the “same” 
phase angles. This paper provides an overview of VIIRS RSB 
and TEB on-orbit calibration methodologies and performance. 
It compares the RSB response trends derived from both SD 
and lunar observations and TEB response trends derived from 
BB and earth view (EV) calibration targets. It identifies and 
examines various issues that should be addressed for further 
improvements. Calibration impact due to uncertainties in SD 
degradation, screen transmission, sensor modulated relative 
spectral response (RSR), and reference lunar spectral irradiance 
is also discussed.

9881-61, Session PWA2

Comparison of FLAASH and QUAC 
atmospheric correction methods for 
Resourcesat-2 LISS-IV data
Varinder Saini, Indian Institute of Technology Roorkee 
(India); Reet Kamal Tiwari, Wadia Institute of Himalayan 
Geology (India); R. P. Gupta, Indian Institute of 
Technology Roorkee (India)

The LISS-IV sensor aboard Resourcesat-2 is a modern relatively 
high resolution multispectral sensor having immense potential 
for generation of good quality land use land cover maps. It 
generates data in high (10-bit) radiometric resolution and 5.8 
m spatial resolution and has three bands in the visible-near 
infrared region. This is of particular importance to global 
community as the data are provided at highly competitive 
prices. However, no literature describing the atmospheric 
correction of Resourcesat-2-LISS-IV data could be found. 
Further, without atmospheric correction full radiometric 
potential of any remote sensing data remains underutilized. The 
FLAASH and QUAC module of ENVI software are highly used 
by researchers for atmospheric correction of popular remote 
sensing data such as Landsat, SPOT, IKONOS, LISS-I, III etc. This 
article outlines a methodology for atmospheric correction of 
Resourcesat-2-LISS-IV data. Also, a comparison of reflectance 
from different atmospheric correction modules (FLAASH 
and QUAC) with TOA and standard data has been made to 
determine the best suitable method for reflectance estimation 
for this sensor. 

9881-66, Session PWA2

LED characterization for development of 
on-board calibration unit of CCD-based 
advanced wide-field sensor camera of 
RESOURCESAT-2A
Abhijit Chatterjee, Somya S. Sarkar, P. Narayanbabu, 
Space Applications Ctr. (India)

The Advanced Wide Field Sensor (AWiFS) camera caters 
to high temporal resolution requirement of Resourcesat-
2A mission with revisit period of 5 days. The AWiFS camera 
consists of four spectral bands, three in the visible and in near 
IR and one in the short wave infrared. The imaging concept 
in VNIR bands is based on push broom scanning that uses 
linear array silicon CCD based Focal Plane Array (FPA). On-
Board Calibration unit for these CCD based FPAs is used to 
monitor any degradation in FPA during entire mission life. 
Four LEDs are operated in constant current mode and 16 
different light intensity levels are generated by electronically 
changing exposure of CCD throughout the calibration cycle. 
Ground characterization and selection of suitable flight model 
LEDs with peak wavelength (?P) of 655nm are carried out for 
development of On-board Calibration Unit. The full length of 
the FPA i.e. 6000 pixels (60 mm) has to be uniformly or near 
uniformly illuminated by the combination of LEDs. A dynamic 
range from 20% to 60% of the camera saturation level has to 
be covered by 16 different illumination levels. LED view angle, 

spectral profile and output optical power are most important 
selection criteria which decides the dynamic range coverage of 
the FPA and pixel wise response. It was experimentally found 
that LEDs having output optical power greater than 600nW/
cm2 at ?P = 655nm and view angle of greater than ±15° meets 
the requirement.

9881-67, Session PWA2

MODIS on-orbit thermal emissive bands 
lifetime performance
Sriharsha Madhavan, Aisheng Wu, Na Chen, Science 
Systems and Applications, Inc. (United States); 
Xiaoxiong J. Xiong, NASA Goddard Space Flight Ctr. 
(United States)

MODerate resolution Imaging Spectroradiometer (MODIS), a 
leading heritage sensor in the fleet of Earth Observing System 
for the National Aeronautics and Space Administration (NASA) 
is in space orbit on two spacecrafts. They are the Terra (T) 
and Aqua (A) platforms. Both instruments have successfully 
continued to operate beyond the 6 year design life time, with 
the T-MODIS currently functional beyond 15 years and the 
A-MODIS operating beyond 13 years respectively. The MODIS 
sensor characteristics include a spectral coverage from 0.41 
µm – 14.4 µm, of which wavelengths ranging from 3.7 µm – 14. 
4 µm cover the thermal infrared region also referred to as the 
Thermal Emissive Bands (TEBs). The TEBs is calibrated using a 
v-grooved BlackBody (BB) whose temperature measurements 
are traceable to the National Institute of Standards and 
Technology temperature scales. The TEBs calibration based on 
the onboard BB is extremely important for its high radiometric 
fidelity. In this paper, we provide a complete characterization 
of the lifetime instrument performance of both MODIS 
instruments in terms of the sensor gain, the Noise Equivalent 
difference Temperature, key instrument telemetry such as the 
BB lifetime trends, the instrument temperature trends, the Cold 
Focal Plane telemetry and finally, the total assessed calibration 
uncertainty of the TEBs. 

9881-68, Session PWA2

Cross-calibration of the Oceansat-2 
Ocean Colour Monitor (OCM) with Terra 
and Aqua MODIS
Amit Angal, Jake Brinkmann, Science Systems and 
Applications, Inc. (United States); A. Senthil Kumar, 
Indian Institute of Remote Sensing (India); Xiaoxiong J. 
Xiong, NASA Goddard Space Flight Ctr. (United States)

The Ocean Colour Monitor (OCM) sensor on-board the 
Oceansat-2 spacecraft has been operational since its launch in 
September, 2009. OCM acquires Earth scene measurements 
in eight multi-spectral bands in the range from 402-885 nm. 
The MODIS spectral bands, designed for land and ocean 
applications, cover the spectral range from 412-869 nm. 
This study focuses on comparing the radiometric calibration 
stability of OCM using near-simultaneous TOA measurements 
with Terra and Aqua MODIS acquired over the Libya 4 target. 
Same-day scene-pairs from all three sensors (OCM, Terra 
and Aqua MODIS) between August, 2014 and September, 
2015 were chosen for this analysis. On a given day, the OCM 
overpass is approximately an hour after the Terra overpass 
and an hour before the Aqua overpass. Due to the orbital 
differences between Terra and Aqua, MODIS images the 
Libya 4 site at different scan-angles on a given day. Some 
of the high-gain ocean bands for MODIS tend to saturate 
while viewing the bright Libya 4 target, but bands 8-10 (412 
nm – 486 nm) provide unsaturated response and are used 
for comparison with the spectrally similar OCM bands. All the 
standard corrections such as bidirectional reflectance factor 
(BRDF), relative spectral response mismatch, and impact for 
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atmospheric water-vapor are applied to obtain the reflectance 
differences between OCM and the two MODIS instruments. 
Furthermore, OCM is used as a transfer radiometer to obtain 
the calibration differences between Terra and Aqua MODIS 
reflective solar bands. 

9881-69, Session PWA2

Radar cross-section calculation: an 
approach to validate derived RISAT-1 
calibration constants
Shweta Sharma, Space Applications Ctr. (India); Gautam 
Dadhich, Parul R. Patel, Nirma Univ. (India); Aloke K. 
Mathur, Space Applications Ctr. (India)

In this work, an attempt has been made to verify the calibration 
constants derived for RISAT-1 FRS-1 and MRS mode data using 
Radar Cross Section calculation approach of standard point 
targets. For this study, Ahmedabad, Gujarat, India is used as the 
study area. The absolute radiometric calibration was done for 
RISAT-1 FRS-1 data of 28th June 2013 (RH and RV polarizations, 
beam 95) and MRS mode (HH polarization, beam 87-97) data 
of 5th July 2015 using integral box method and deployed 
triangular trihedral corner reflectors as standard point targets. 
For verification of the derived calibration constants, another 
date data of same beam, area and mode (11th Sept 2013 for 
FRS-1 and 30th July 2015 for MRS mode) was used. During 
the acquisition of 11th Sept 2013/30th July 2015 data, same 
triangular trihedral corner reflectors were deployed at same 
locations as on 28th June 2013/5th July 2015. For verification 
process, RCS of each triangular trihedral corner reflector 
deployed on 11th Sept 2013/30th July 2015 was calculated by 
using derived calibration constant of 28th June 2013/5th July 
2015 as an input. 
Difference between theoretical RCS and calculated average 
RCS of deployed reflectors was found to be 0.32 and 0.03 
dBm2 for FRS-1, RH and RV polarization respectively, whereas, 
for MRS mode HH polarization the difference was found to be 
less than 1%. This negligible difference between theoretical and 
calculated RCS verifies that the derived calibration constant 
is accurate and can be used to generate backscattering 
coefficient image. 

9881-72, Session PWA2

Spatial and spectral characterization of a 
methane sensor for Earth observation
Moumita Dutta, Ankush Kumar, Space Applications 
Ctr. (India); Amit Kumar Singh, Space Applications Ctr 
(India); Somya S. Sarkar, Space Applications Ctr. (India)

Methane sensor for Earth is a differential radiometer with 
two sensing arms realized by splitting the input light equally 
by means of a beam splitter. Two fused silica solid etalons, 
one of them tuned such that its spectral transmission peaks 
match with the methane absorption lines and other one with 
its spectral peaks shifted with respect to the former, form 
the basis for methane detection by measuring the differential 
signal. Two single element, aspheric zinc selenide (ZnSe) lenses 
following the etalons in each of the arms focus the filtered 
signal on respective InGaAs detectors. As a part of spatial 
characterization the performance of methane sensor was 
optimized in terms of performance parameters like MTF and 
registration between the two channels. Both the channels were 
focused to maximize MTF and aligned to obtain registration 
within 0.15 pixel. The sensor was extensively characterized to 
determine and precisely align the spectral peaks with those 
of methane. The spectral characterization of the sensor was 
carried out with the help of a tuneable laser by varying the 
laser wavelength at an interval of 5picometer over the entire 
pass band of the sensor i.e. 1640 nm to 1660 nm. Peaks were 
also characterized with respect to angle of incidence and 
temperature.

When gas cells of known methane concentrations were 
introduced between methane sensor and the laser collimator 
the spectral peaks of Methane channel show sharp dips at 
definite spectral locations. Sensitivity to detect methane in 
Earth’s atmosphere is calculated from observed absorption by 
the sensor. 

9881-75, Session PWA2

Characterization of solid Fabry-Perot 
etalons operating in SWIR using two 
different optical techniques
Moumita Dutta, Ankush Kumar, Somya S. Sarkar, Space 
Applications Ctr. (India)

Two different optical techniques are demonstrated to 
accurately characterize solid etalons operating in short wave 
infra-red (SWIR) wavelength range, in terms of performance 
parameters including transmission, free spectral range (FSR), 
and bandwidth. Etalon, an optical comb filter can be used to 
detect greenhouse gases as they exhibit spectral peaks of very 
narrow bandwidth. It is also equally important to accurately 
determine fine spectral shift due to change in angle of 
incidence and temperature. The first technique uses an optical 
spectrum analyzer (OSA) in which the transmitted light from 
an etalon made of silicon is precisely focused inside the input 
port of the OSA by using a single element aspheric lens. The 
spectral shift of silicon etalon due to change in temperature is 
100 picometer/deg C whereas that of fused silica etalon is 10 
picometer/deg C. The OSA has a resolution of 80 picometer 
that limits measurement capability of detecting a spectral 
shift as fine as 10 picometer. First time we demonstrate a 
technique using tuneable laser to characterize a solid etalon 
working in SWIR using finest possible wavelength interval. We 
used collimated light from a tunable laser to characterize an 
etalon made of fused silica where the laser can be tuned with 
a minimum wavelength scan step interval of 1 picometer. The 
spectral characterization using tunable laser which has better 
measurement accuracy surpasses the other technique. The 
advantages and limitations of two individual measurement 
techniques supported with necessary results and plots are 
presented in this paper.

9881-76, Session PWA2

Higher-order calibration rectification 
for Terra MODIS long-wave infrared 
channels achieved by electronic crosstalk 
correction
Junqiang Sun, Global Science & Technology, Inc. (United 
States) and Ctr. for Satellite Applications and Research 
(United States); Sriharsha Madhavan, Science Systems 
and Applications, Inc. (United States); Xiaoxiong J. 
Xiong, NASA Goddard Space Flight Ctr. (United States); 
Menghua Wang, Ctr. for Satellite Applications and 
Research (United States)

Terra (T) MODerate resolution Imaging Spectroradiometer 
(MODIS), a lineage sensor in the long list of Earth of Observing 
System for NASA was developed in the 1990’s and launched 
into orbit by the end of the 20th century on December 18, 
1999. Given the legacy and the amount of science products 
derived from the MODIS imagery it is extremely imperative to 
ensure the radiometric accuracy of the sensing signals. The 
T-MODIS comprises of 36 spectral channels of which 16 are in 
the Mid-to-Long Wave Infrared wavelengths. They are referred 
to as Thermal Emissive Bands (TEBs). The TEBs are calibrated 
using a well characterized On-board BlackBody which is 
referenced to NIST standards. However, after several years of 
very stable performance the TEBs, especially in Long Wave 
InfraRed channels from 6.7 µm to 9.7 µm (bands 27-30) have 
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suffered from degradation in the electronic circuits causing a 
leak of signals between each of their circuitry. The phenomena 
of the effect have been well understood at a first order and 
have been reported in several works. In this paper, we delve 
deeper and correct the higher order calibration terms in the 
retrieval algorithms to further improve the retrieved Earth 
view radiances in these bands. With the crosstalk corrections 
applied the Earth view responses are corrected to be within 
±0.5 K. This would definitely ensure the long term climate data 
record to be preserved, reflect the true changes across the 
globe as opposed to instrument response based artifacts. The 
results presented in this paper are extremely important and 
would need to be implemented in a future reprocessing of the 
MODIS Level 1 B (L1B) radiances for these affected bands. 

9881-77, Session PWA2

A method for destriping ocean color 
data from OCM-2 sensor
Rakesh K. Singh, Palanisamy Shanmugam, Indian 
Institute of Technology Madras (India)

Ocean colour monitor (OCM) aboard the Oceansat 2 satellite 
is a multi-band and multi-detector sensor with a spatial 
resolution of 360 m x 250 m. Despite a much improved spatial 
resolution for improved ocean colour interpretation within 
coastal zones, differences among the detectors of this sensor 
lead to stripping artifacts in the along-track direction that limit 
the ocean colour work. Existing calibration methods are unable 
to characterize the stripping noise. Destriping algorithms are 
generally applied to Level 2 radiometric or biogeochemical 
products (i.e., after radiometric and atmospheric correction), 
although it is acceptable that the destriping approach be 
applied to the top-of-atmosphere radiances (TOA radiances) 
to remove the stripping artifacts in order to ensure quality 
products for the subsequent processing steps (including 
atmospheric correction). In this study, a robust method is 
proposed to effectively remove the stripping effects in the TOA 
radiance products. Preliminary results based on this approach 
are presented with a significant improvement in image quality 
for Level 1B (TOA radiance) and Level 2 (remote sensing 
reflectance and biogeochemical products such as chlorophyll) 
products. The proposed method operates on a pixel by pixel 
basis so as to maintain the spatial and spectral resolution of 
data and ensure image quality in the derived products. 

9881-78, Session PWA2

Sub-pixel level corner detection 
and matching based method for 
evaluating band-to-band registration in 
multispectral cameras
Hiren Rambhia, Jitendra Sharma, Amit Dave, Ashish 
Mishra, Devashish R. Goswami, Space Applications Ctr. 
(India)

Precise evaluation of Band-to-Band Registration (BBR) in 
multi-spectral camera is crucial for fusion of multiple band 
data and generating value added products. Traditionally, the 
on-ground evaluation of BBR is carried out by all band imaging 
of specifically designed targets. This limit the opportunities 
of BBR evaluation during development phase of the camera. 
Also, as the target imaging based BBR method requires prior 
knowledge of target geometry and involves computation 
across the edge, it is not suited for on-ground images.
In this paper,a new method based on sub-pixel level corner 
detection and matching for evaluating BBR is proposed. In 
this method, the pixel position of the corner point is detected 
by a suitable operator in the first step. Then, sub-pixel of the 
corner point is determined for accurate localization. Finally, 
the reference band detected corner points are matched with 
remaining bands corner points and registration number are 

derived as differences between the matched points. The 
proposed algorithm enables complete automation of BBR 
measurement with minimal inputs from user. Furthermore, the 
method can be easily extended to on-ground images without 
specifically designed target. This extended application of the 
method removes processing related uncertainties, provides 
performance traceability and improves temporal rate of BBR 
measurement throughout the camera development life-cycle, 
from the sub-system characterization phase to integrated level 
camera testing. Experimental results indicates that this method 
has the desired accuracy and noise insensitivity characteristics.

9881-79, Session PWA2

Validation of INSAT-3D atmospheric 
motion vectors for monsoon 2015
Priti Sharma, Indira Rani, Munmun Das Gupta, National 
Ctr. for Medium Range Weather Forecasting (India)

Atmospheric Motion Vector (AMV) over Indian Ocean and 
surrounding region is one of the most important sources 
of tropospheric wind information assimilated in numerical 
weather prediction (NWP) system. Earlier studies showed that 
the quality of Kalpana-1 AMVs was not comparable to that 
of other geostationary satellites and hence not used in NWP 
system. Indian satellite INSAT-3D was successfully launched 
on July 26, 2013 with upgraded imaging system as compared 
to that of previous Indian satellite Kalpana-1. INSAT-3D has 
middle infrared band (3.80 - 4.00 ?m) which is capable of 
night time pictures of low clouds and fog. Three consecutive 
images of 30-minutes interval are used to determine the 
AMVs. New height assignment scheme (using NWP first guess 
and replacing old empirical GA method) along with modified 
quality control scheme were implemented for deriving INSAT-
3D AMVs. In this paper an attempt has been made to validate 
these AMVs against in-situ observations as well as against NWP 
first guess for monsoon 2015. AMVs are subdivided into three 
different pressure levels in the vertical viz. low (1000 – 700 
hPa), middle (700 – 400 hPa) and high (400 – 100 hPa) for 
validation purpose. Several statistics viz. normalised root mean 
square vector difference, biases etc. have been computed over 
different latitudinal belt. Result shows that the general mean 
monsoon circulations along with all the transient monsoon 
systems are well captured by INSAT-3D AMVs. The quality of 
INSAT-3D AMVs are now comparable to other geostationary 
satellites. 

9881-80, Session PWA2

Modeling of INSAT-3D imager scan 
geometry using Earth disc imageries for 
image restoration
Hiren Rambhia, Bela Vaidya, Ashish Mishra, Devashish 
R. Goswami, Saji A. Kuriakose, Space Applications Ctr. 
(India)

INSAT-3D, a meteorological satellite carrying 6-channel Imager 
provide imaging capability of the Earth disk from geostationary 
altitude. Imager reflects the incoming radiation onto an 
aperture telescope by scan mirror mounted at 45° to the 
optical axis of the telescope. The scan mirror housed inside the 
Electro-Optic Module (EOM) is driven about two orthogonal 
axes, fast scan and slow scan, by independent servo loops. The 
bi-axial gimbaled servo driven system provides scanning at a 
rate of 1.1 sec/line in East-West (E-W) direction and stepping of 
224µR in the North-South (N-S) direction.
The non-ideal scan geometry leads to aberration in image and 
impact its quality requiring restoration. Impact assessment 
during payload development is difficult, as the combined effect 
of mirror motion non-linearity, platform stability, mechanical 
coupling and thermal stress on scan geometry cannot be 
accurately simulated. To overcome this limitation, an approach 
to model the scan geometry using in-orbit images is presented 
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in this paper. The model first reconstruct the scan geometry 
deviation from expected along the scan line as correction 
factors using geographical points on Earth as reference. Then, 
the pointing location in E-W and N-S direction, telemetered as 
part of baseband data, are augmented with these correction 
factor. Finally, the relocation values are applied on all scan lines 
for image restoration. The scan geometry model was applied 
on INSAT-3D imageries for restoration with encouraging results.

9881-81, Session PWA2

An approach for a comprehensive 
automation of electro-optical (EO) 
sensor characterization setups
Amit Dave, Jitendra Sharma, Anil Sukheja, Ashish Mishra, 
Devashish R. Goswami, Space Applications Ctr. (India)

Space Applications Centre develops various electro-optical 
(EO) sensors for space borne platforms and inter-planetary 
missions. Sensor complexities vary for different applications 
and therefore performance evaluation and characterization 
poses different challenges. Performance optimization tasks 
need repeated measurements and characterization needs to be 
done under different test conditions. It is difficult to meet these 
requirements for short sensors development lifecycles and 
tight schedules. Activities which are amenable to automation 
are identified and targeted to reduce the manual intervention 
and to avoid delays due to errors.
Laboratory instruments, either in-house developed or COTS, 
play an important role in automating the test setup as 
they have different types of interfaces and have their own 
complications. In order to make an automated test setup, 
software intelligence need to be built based on the instrument 
feedback and the other check points based on the test 
sequence. A complete automation needs machine intelligence 
and sufficient amount of traceability, so that the process can 
be easily verified for confidence. Overall software architecture 
should be such that it allows connecting various types of 
instruments, decision making based on output of the device 
under test, complete traceability and fault tolerance.
In this paper authors have identified the activities that can 
be automated for various EO satellite sensor categories and 
approaches are discussed for automation with radiometric 
calibration, spectral response measurement and focusing as 
test cases. Also, software architecture is presented which 
allows uniform access to instruments, back-end database and 
macro level automation process.

9881-82, Session PWA2

Design and implementation of fast 
bipolar clock drivers for CCD imaging 
systems in space applications
Jayesh Jayarajan, Nishant Kumar, Amarnath Verma, 
Ramkrishna Thakkar, Space Applications Ctr. (India)

Design of high speed bipolar clock drivers for CCDs is 
challenging because of the huge capacitive loads that have 
to be driven and a strict constraint on the rise and fall times. 
Designing drive electronics circuits for space applications 
becomes even more challenging due to unavailability of 
discrete devices which can drive bipolar clocks and can survive 
in the harsh radiation prone space environment. This paper 
presents the design, simulations and test results of a set of 
such high speed, bipolar clock drivers which are developed 
indigenously. The design has been tested under a thermal cycle 
of -15 deg C to +55 deg C and under vacuum conditions. 
The clock driver circuit has two sections, namely, the level 
shifter stage and the output push-pull buffer stage. The input 
to the clock driver is a digital signal, having LVTTL/LVCMOS 
interface. This signal has a voltage swing of 0 to 3.3V. The 
first stage of the clock driver converts this LVTTL/LVCMOS 

signal into its bipolar version, with signal swing of VHH to 
VLL. VHH and VLL levels can be tuned as per output clock 
level requirements. The design of this stage is highly critical 
as it has the meet the level tolerances imposed on the CCD 
clocks (typically +/-0.2V). In this design, the VHH = 5+/-
0.2V, VLL = -5+/-0.2V). This stage uses capacitive coupling 
to turn on npn/pnp transistors during input clock transitions, 
and charge/discharge the output node to VHH/VLL. The 
succeeding stage is the output buffer stage, which drives 
high capacitive loads. This stage is designed as a Push Pull 
amplifier. It is a combination of n-p-n and p-n-p transistors 
connected in class–B type. Further, In class B type, there is 
no power dissipation when input signal is not present, so this 
circuit consumes very low static power. Additional circuits 
are also employed for preventing thermal runaway and to 
prevent variations in transistor currents due to hfe mismatches. 
Complete Stress Analysis and FMECA (Failure Mode Effects 
and Criticality Analysis) has also been completed on this design 
and it is cleared for use in Flight Model Electronics by SAC, 
ISRO. 
The test results for BBM (Breadboard Model) show that the 
design meets the stringent rise/fall time requirements of 
50±10ns for 13 Vertical CCD (VCCD) clocks and 20±5ns for 12 
Horizontal CCD (HCCD) clocks with sufficient design margins 
across full qualification temperature range(-15 to +55C), with 
a pixel readout rate of 6.6MHz. The full design (for 25 clocks) 
has been realized in flexi-rigid PCB with package volume of 
140x160x50 mm3, and a PCB mass of about 400gms.

9881-83, Session PWA2

Pre-flight spectral and radiometric 
calibration of Resourcesat-2A-LISS3* 
payload
Harish Seth, Manoj P. Detroja, Deepa Padmanabhan, 
Vedant Raj, Anil Kumar, Somya S. Sarkar, Space 
Applications Ctr. (India)

Resourcesat-2A is a follow-up of Resourcesat-2 mission of 
Indian Remote Sensing Programme. It is expected to be 
launched in mid of 2016 and dedicated mainly for agricultural 
applications. One of the payload, LISS3* is a medium resolution 
(23.5 m) sensor having four spectral bands viz. B2, B3, B4 
and B5 respectively covering Visible, Near Infrared (NIR) and 
Short Wave Infrared (SWIR) regions. This paper describes Pre-
flight radiometric and spectral calibration methodologies of 
LISS3* payload and its performance evaluation. The pre-flight 
spectral calibration of LISS3* is performed in the laboratory 
using calibrated spectrometer and system level Relative 
Spectral Response (RSR) is determined. Since it is a continuity 
mission to Resourcesat-2 which was launched in April 2011, 
for generating long term data record and correlation with 
previous observations, it is required that spectral response 
of the LISS3* sensor of both Resourcesat-2 and 2A should 
have a good match with each other. This paper presents 
spectral characteristics (central wavelength, bandwidth) and 
comparison of Relative Spectral response (RSR) of both the 
payloads i.e., of Resourcesat-2 & 2A. The difference in RSR 
is quantified using SBAF (Spectral Band Adjustment Factor) 
methodology which is essential to determine radiometric 
measurement uncertainty of both the payloads. The observed 
SBAF factor is found to be less than 1.5% in the VNIR bands 
while in SWIR band it is less than 2.7%. The next important 
exercise is pre-flight radiometric calibration, which was carried 
out in laboratory using a standard integrating sphere traceable 
to NIST standards. This paper highlights the technique adopted 
during pre-flight calibration of the radiometric response and 
performance assessment of all 4 bands of LISS3* in terms of 
major electro-optical parameters like Signal to Noise Ratio 
(SNR), Saturation Radiance (SR) etc. The observed SR shows 
that the sensor can measure up to Earth’s 100% albedo. 
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9881-85, Session PWA2

Optical fiber sensor of selective filling of 
photonic crystal fiber by liquid injection
Li Wang, Beijing Univ. of Technology (China)

A simple method of selective collapsing photonic crystal 
fiber with fusion splicer is applied in optical fiber sensor has 
described. Successfully fabricated the LOCF and process the 
fiber end face, we can get well spatial mode. In considering the 
temperature distribution and heat transfer process, the effect 
of fusion current, duration and times is analyzed, selectively 
air-hole collapse is realized when the before or after on liquid 
injection. The discharge current is proportional to the PCF 
structure, such as the ratio cladding area to holing area is 
proportional to the fusion current in theoretically. The ranges 
of different parameter have tested in experiment. The sensor of 
selective filling of photonic crystal fiber? by liquid injection can 
be applied to liquid core optical fiber that is used in the optical 
fiber sensor.

9881-86, Session PWA2

On-orbit calibration and performance of 
S-NPP VIIRS DNB
Hongda Chen, Kwofu Chiang, Science Systems and 
Applications, Inc. (United States); Xiaoxiong J. Xiong, 
NASA Goddard Space Flight Ctr. (United States)

The S-NPP VIIRS instrument has successfully operated since 
its launch in October, 2011. The VIIRS Day-Night Band (DNB) 
is a panchromatic channel covering wavelengths from 0.5 to 
0.9 um that is capable of observing the Earth scene during 
both day and nighttime orbit at a spatial resolution of 750 m. 
To cover the large dynamic range, the DNB operates at low, 
mid, or high gain stages, and it uses an onboard solar diffuser 
(SD) for its low gain stage calibration. The SD observations 
also provide a mean to compute gain ratios of low-to-mid and 
mid-to-high gain stages. This paper describes the DNB on-orbit 
calibration methodologies used by the VIIRS Characterization 
Support Team (VCST) in supporting the NASA earth science 
community with consistent VIIRS sensor data records (SDRs) 
made available by the Land Science Investigator-led Processing 
Systems (SIPS). It provides an assessment and update of DNB 
on-orbit performance, including the SD degradation in DNB 
spectral range, detector gain and gain ratio trending, stray light 
contamination and its correction. Also presented in this paper 
are performance validation based on earth science and lunar 
observations.

9881-87, Session PWA2

Calibration and reconstruction of hybrid 
polarimetric RISAT-1 data for pseudo 
quad-pol coherency matrix generation
Shashi Kumar, Indian Institute of Remote Sensing 
(India); Vivek Gupta, Banaras Hindu Univ., Varanasi 
(India)

A new approach to reconstruction of pseudo quad-polarized 
data from hybrid polarimetric data has been presented in this 
research. The algorithm is based on certain assumptions which 
were validated upon testing the aptness of the results and their 
comparison with true optical images of the region under study. 
This involved direct construction of the 3X3 coherency matrix 
from the 2X1 scattering matricX obtained from the hybrid 
polarimetric data. The reasonableness of the assumptions was 
tested by decomposing the reconstructed pseudo quad-pol 
data using a coherent decomposition mechanism. The data 
set used in this project was single look complex (SLC) FRS-
1 mode Hybrid Polarimetric SAR data of RISAT-1 satellite of 
ISRO. Reliable scattering retrieval from SAR data involves the 

calibration of the data. Polarimetric calibration was performed 
on real and imaginary channels of the SLC SAR data. The newly 
developed algorithm was implemented on calibrated data. To 
extract complete information of different scattering elements 
of any location, second order derivative of scattering matrix is 
the most suitable and widely used matrix. Coherency matrix 
obtained from hybrid polarimetric data using reconstruction 
algorithm contains all the properties of the coherency matrix 
of fully polarimetric SAR data. Diagonal elements of coherency 
matrix were compared with scattering mechanism and it was 
found that the first diagonal element showed the property 
of surface scattering, second diagonal element preserved 
properties of double-bounce scattering and third diagonal 
element showed volume scattering. The obtained surface, 
double-bounce and volume scattering were observed and 
related to the geographical features located on the ground 
by comparing them with the optical image of the region. The 
comparison revealed that the results obtained were satisfactory 
and thus the assumptions made during the reconstruction of 
pseudo quad-pol data were reasonable for specific purposes. 
Further comparisons of results using different decompositions 
technique can help better understand the aptness of the 
algorithm.

9881-88, Session PWA2

Comparison of TanDEM-X and Cartosat-1 
stereo DEMs over different terrains
Rinki Deo, Minaal Jain, Y. S. Rao, Indian Institute of 
Technology Bombay (India)

With the launch of TanDEM-X mission in 2010, a new 
era in spaceborne technology has started in the field of 
interferometric DEM generation. The innovative bistatic mode 
of data acquisition by this mission for global DEM generation 
lasted till summer 2014. The processing and validation of the 
DEMs are still going on. Various investigators evaluated the 
absolute accuracy (< 2 m so far evaluated DEMs) and relative 
accuracy (< 2 m) of the TanDEM-X DEMs and have reported 
its accuracy to be far better than the accuracy specified 
before the launch of the mission. Like dedicated SRTM and 
TanDEM-X missions, optical stereo missions like ASTER, PRISM 
and CARTOSAT-1 missions were launched for DEM generation. 
However, both the techniques have its own advantages and 
disadvantages. The inherent geometric distortions like layover 
and shadow occuring in SAR acquisition results in gaps in 
the generated DEM. These gaps in InSAR DEMs can be filled 
with the DEMs of equivalent accuracy from other source. The 
Indian Cartosat-1 optical stereo DEM is also reported to have 
high accuracy which is equivalent to that of TanDEM-X DEM 
and thus can be used as a complementary data to generate 
accurate DEM especially in complex terrain area. In view of this, 
we have evaluated the accuracy of TanDEM-X DEMs and also 
compared it with Cartosat-1 optical stereo DEMs over different 
terrains of India. Using accurate GPS points as reference, 
Mumbai area with flat as well as hilly terrain, Koyna area with 
hilly terrain, rugged terrain of Manali and Katerniaghat area 
with forest cover over flat terrain showed an RMSE of 3.3 m, 
4.9 m, 12.8 m and 8.7 m respectively. After the calibration of 
TanDEM-X DEMs, the accuracy may be equivalent to reported 
by TanDEM-X group. Cartosat-1 DEM over these areas showed 
an RMSE of 4.8 m,7.9 m, 11.4 m and 8.7 m respectively. The 
height error also shows its dependence on slope. The difference 
between the DEMs obtained from the two techniques was 
also calculated for all the test sites in order to compare their 
accuracies. For all the test sites except Manali, an RMSE < 4 
m with 90% confidence level was observed between the two 
DEMs. The rugged terrain of Manali area gets highly affected 
due to layover and shadow effect in TanDEM-X DEM and hence 
showed higher RMSE when compared with Cartosat-1 DEM.
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9881-89, Session PWA2

Post launch calibration and testing of 
The Global Lightning Mapper on GOES-R 
Satellite
Marc D. Rafal, Arctic Slope Technical Services (United 
States) and NASA Goddard Space Flight Ctr. (United 
States); Ruth Cholvibul, Orbital Science Corp. (United 
States) and NASA Goddard Space Flight Ctr. (United 
States); Jared T. Clarke, Intergrety Applications Inc. 
(United States) and NASA Goddard Space Flight Ctr. 
(United States); Jeffrey Kronenwetter, Chesapeake 
Aerospace, LLC (United States) and NASA Goddard 
Space Flight Ctr. (United States)

The Geostationary Operational Environmental Satellite R 
(GOES-R) series is the planned next generation of operational 
weather satellites for the United States National Oceanic and 
Atmospheric Administration (NOAA). The National Aeronautics 
and Space Administration (NASA) is procuring the GOES-R 
spacecraft and instruments with the first launch of the GOES-R 
series planned for October 2016. Included in the GOES-R 
Instrument suite is the Geostationary Lightning Mapper 
(GLM). GLM is a single-channel, near-infrared optical detector 
that can sense extremely brief (800 µs) transient changes in 
the atmosphere, indicating the presence of lightning. GLM 
will measure total lightning activity continuously over the 
Americas and adjacent ocean regions with near-uniform spatial 
resolution of approximately 10 km.
Due to its large CCD (1372x1300 pixels), high frame rate, 
sensitivity and onboard event filtering, GLM will require 
extensive post launch characterization and calibration. 
Daytime and nighttime images will be used to characterize 
both image quality criteria inherent to GLM as a space-based 
optic system (focus, stray light, crosstalk, solar glint) and 
programmable image processing criteria (dark offsets, gain, 
noise, linearity, dynamic range). In addition ground processing 
algorithm parameters will be adjusted based on lightning-
specific phenomenology (coherence) to isolate real from false 
transients with their own characteristics. These parameters will 
be updated, as needed, on orbit in an iterative process guided 
by pre-launch testing. This paper discusses the planned tests 
to be performed on GLM over the six-month Post Launch Test 
period to optimize and demonstrate GLM performance.

9881-90, Session PWA2

Assessing and ensuring GOES-R 
magnetometer accuracy
Donald Chu, NASA Goddard Space Flight Ctr. (United 
States); Delano R. Carter, Thearality, Inc. (United States) 
and NASA Goddard Space Flight Ctr. (United States); 
Jeffrey Kronenwetter, NASA Goddard Space Flight Ctr. 
(United States); Monica Todirita, National Oceanic and 
Atmospheric Administration (United States)

Although the GOES-R magnetometers themselves are initially 
quite accurate, it is difficult to ensure overall system accuracy. 
Calibrations change in launch, and parameters such as zero 
offset and scale factor drift over time. Spacecraft also generate 
fields, and the magnetometers are mounted on long booms 
which adds orientation uncertainty. To preserve accuracy, 
GOES-R has minimized spacecraft magnetic fields, but more 
important is knowledge of those fields. 
The largest fields come from the reaction wheels, arcjet 
thrusters and the solar array. Reaction wheel fields are due 
to the rotors and can be predicted from their phase angles. 
Arcjet fields are due to the large currents they require and 
can be predicted from them. Solar array field is a function of 
illumination and array orientation. In addition to spacecraft 
fields, boom deflection causes errors. Each of these sources 

produces fields on the order of tenths of nanoteslas (nT).
These effects can be modeled before launch, but launch shock, 
drift and thermal effects require on-orbit calibration. Zero 
offset and misalignments are estimated using slew maneuvers 
which must be repeated over a day to characterize diurnal 
variation and annually to track drift. Scale factor requires a 
known field, and calibration sources either have to be built in or 
identified such as the reaction wheel or arcjets.
If these corrections can be made, during quiet times with 
stable 100 nT fields, the magnetometers should provide 1.7 nT 
accuracy. Here, accuracy is defined to be absolute mean plus 
3 sigma per-axis error as computed over a day. During storms 
with random 512 nT fields, the accuracy drops to 4.0 nT. This 
predicted performance will be checked on-orbit by comparison 
with other spacecraft and ground-based magnetic field 
measurements. 

9881-91, Session PWA2

Aerosol distribution and rainfall pattern 
over India using model simulation and 
satellite data
Sumita Kedia Gandhi, Sagar Kasid, Sahidul Islam, 
Akshara Kaginalkar, Ctr. for Development of Advanced 
Computing (India)

Atmospheric aerosols can modify the cloud characteristics and 
influence rainfall by changing cloud microphysical property 
as well as cloud lifetime. Over India, a large spatio-temporal 
variability in sources (natural and anthropogenic), varying 
size spectrum and their short lifetimes result in a spatially and 
temporally heterogeneous aerosol distribution. The WRF-Chem 
model has been used in this study to simulate the meteorology, 
aerosol distributions, radiation and rainfall pattern over India. 
For the present work, the model is configured to cover the 
entire Indian subcontinent with a horizontal resolution of 25 
Km2 for monsoon season.
Meteorological conditions plays a crucial role in spatiotemporal 
distribution of aerosols through transport, scavenging 
and mixing of aerosols within atmosphere. Therefore, 
accurate simulation of meteorological parameters is the first 
requirement for correctly estimating aerosol distribution 
using model. Satellite data serves as a useful tool for model 
evaluation of various output parameters. A comparison of 
model results against satellite observations indicates that the 
model can reproduce the spatial and temporal characteristics 
of meteorological data from NCEP (temperature, relative 
humidity, wind speed and direction, pressure), rainfall (TRMM), 
planetary boundary layer height (AIRS) and aerosol optical 
depth (TERRA/AQUA MODIS, CALIPSO) reasonably well. The 
spatial pattern of precipitation over India has been simulated 
fairly well by the model when compared with TRMM satellite 
data. Apart from model evaluation, CALIPSO satellite data 
played a crucial role by confirming the presence of dust layer 
which is observed in the model simulation. Detailed results and 
finding will be presented and discussed.

9881-92, Session PWA2

Urbanization and heavy rainfall in 
Mumbai: analysis with WRF
Sahidul Islam, Akshara Kaginalkar, Ctr. for Development 
of Advanced Computing (India)

Increase of urbanization has a significant impact on weather 
and climate in urban areas. The conversion of rural to urban 
land results in statistically significant changes in precipitation, 
near-surface humidity, temperature, winds in urbanized 
areas. Impact of urbanization on rainfall is yet to be studied 
extensively over India. The present study is focussed on 
simulation of heavy rainfall events over Mumbai region. The 
WRF model has been coupled with the Noah land surface and 
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Urban Canopy Model (UCM) to study it. Model performance is 
evaluated by comparing with the present land use land cover 
(LULC) of MODIS data and USGS LULC data. The urbanization 
has increased the mean temperature by about 10C in Mumbai 
due to the increased sensible heat flux and decrease mean 
humidity. Due to land use changes, the rainfall has increased 
substantially over urban part of Mumbai area. The increase 
in rainfall is due to the enhancement of the formation and 
development of convective clouds. This may be due to the 
increase of sensible heat during afternoon to evening. Overall, 
the rainfall is well simulated using MODIS.

9881-93, Session PWA2

A fundamental climate data record for 
microwave humidity sounder radiances
Viju Oommen John, Met Office (United Kingdom) 
and EUMETSAT (Germany); Roger W. Saunders, Met 
Office (United Kingdom); Helen Hanlon, EUMETSAT 
(Germany); William Ingram, Met Office (United 
Kingdom)

Microwave humidity sounding measurements have been shown 
to have significant impact in NWP models by improving the 
representation of the tropospheric water vapour distribution in 
the models. The aim of this project is to provide a fundamental 
climate data record (FCDR) of such measurements so that 
they can also be used to create climate quality datasets of 
tropospheric humidity for monitoring humidity variability 
and changes, compare with climate model simulations and 
assimilate in atmospheric reanalyses. 
In this project, as part of the EUMETSAT’s Climate Monitoring 
Satellite Application Facility (CMSAF), an FCDR of microwave 
radiances covering the period 1993—2014 has been created 
and analysed. The main issue when creating these data 
was how to combine data from the different satellites. The 
individual satellite data records have been quality assessed 
and corrections calculated for users to remove instrumental 
biases. The inter-satellite biases have been calculated, using 
NOAA 18 as the reference for the others to be compared 
against. This provided a means of correcting the differences 
between satellites allowing us to combine records from 
different satellites and create a longer consistent time-series 
of radiances. Also a quality assessment was performed prior 
to the bias correction and any erroneous values that were 
discovered have been flagged. 
In summary, the CMSAF project has created a log of missing 
or bad data for input to a dataset of quality flags which can be 
applied to remove observations considered to be suspicious. 
Analysis of the individual satellites has shown differences 
between the records of the individual satellites and highlighted 
particular periods of data that should be used with caution. The 
presentation will present the analyses of 20+ years of radiances 
which reveals variability and changes in tropospheric water 
vapour for the last 20 years.

9881-94, Session PWA2

Himawari-8/AHI latest performance of 
navigation and calibration 
Tasuku Tabata, Meteorological Satellite Ctr., Japan 
Meteorological Agency (Japan) 

The new-generation geostationary meteorological satellite of 
the Japan Meteorological Agency (JMA), Himawari-8, started 
operation in July 2015 after the completion of in-orbit testing 
and checking of the overall system. Himawari-8 features a new 
imager, Advanced Himawari Imager (AHI), with 16 bands. The 
imager’s spatial resolution is double that of its predecessor 
satellites, MTSAT series. Full-disk imagery is obtained every 
10 minutes. Regional observation with 2.5-minute interval is 
also conducted. These significant improvements will bring 

unprecedented levels of performance in nowcasting services 
and short-range weather forecasting systems. To bring 
out potential of the advanced imager sufficiently, precise 
navigation and accurate radiometric calibration are essential. 
This presentation will report navigation and calibration 
performance of AHI.
Himawari-8 is equipped with three sensors onboard, star 
trackers, inertia reference units and angular rate sensors 
to realize accurate image navigation. Navigation and co-
registration accuracy is validated by landmark analysis and 
pattern matching technique. As to radiometric calibration, 
AHI has a blackbody for infrared bands and a solar diffuser 
for visible and near infrared bands as on-board calibration 
references. We examine inter-calibration and vicarious 
calibration in some approaches referring MTSAT observation, 
hyper-sounders observation such as AIRS, NPP/VIIRS 
observation, lunar model and simulated radiance by radiative 
transfer model. Even after its starting operation, we updated 
Image Navigation and Registration (INR) module in ground 
processing system for further quality improvement. In the 
conference, the analysis based on latest AHI data will be 
introduced. 

9881-38, Session 10

A setup for measuring the dynamic MTF 
of TDI devices
Neeraj Dubey, Arup Banerjee, Space Applications Ctr. 
(India)

The paper uniquely addresses the novelty in design & 
development of low noise camera electronics for TDI CCD 
including biasing and video processing, thermal control system 
using refrigerant circulators & TEC (Thermo-Electric Cooler) 
for vibration free maintenance of CCD temperature within ±1˚C, 
vibration removal scheme (using custom software developed 
to remove the frame with edge noise of more than defined 
percentage), intelligent scene based non-uniformity correction 
scheme for source and detector correction, fast optical auto-
focus scheme using MTFA method ( Maximizing the area 
under MTF curve instead of Standard deviation as reported in 
other papers) and innovative active alignment methodology 
using point source instead of passive alignment strategy 
using theodolite’s and auto-collimators.Specific hardware & 
software system is built in order to measure dynamic MTF 
of TDI-CCD detectors. The method is based on a moving 
edge, synchronized with the movement of charges inside the 
TDI detector. Unlike other methods the moving part is a fast 
steering mirror which has high accuracy, low temperature drift 
and absence of mechanical stage errors like eccentricity error, 
wobble, etc. The measurement methodology is based on the 
knife edge one: but instead of keeping it stationary during 
detector voltage sampling, the knife edge is synchronized with 
the charge transfer inside the CCD programmed externally 
through clock timings, simulating image movement on the 
detector. 

9881-39, Session 10

Design, development, characterization, 
and qualification of infrared focal plane 
area array detectors for space-borne 
imaging applications
Ankur Jain, Space Applications Ctr. (India); Arup 
Banerjee, Space Applications Ctr (India)

This paper discusses the design, development, characterization 
and qualification aspects of large format Infrared Focal Plane 
Arrays (IRFPA) required for panchromatic, multi-, hyper- and 
ultra-spectral imaging applications from a space-borne imager. 
Detection of feeble radiant flux from the intended target in 
narrow spectral bands requires a highly sensitive low noise 
sensor array with high well capacity. For this the photodiode 
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arrays responsive in desired spectral band are grown using 
different growth techniques and flip-chip bonded with a 
suitable Si Read-out ICs (ROICs) for signal conditioning. IR 
detectors require cryogenic cooling to achieve background 
limited performance. Although passive radiative cooling 
is always the preferred choice of cooling in space, it is not 
suitable for cooling IRFPAs due to high thermal loads. To 
facilitate characterization of IRFPAs and cool them to desired 
cryogenic temperature, an Integrated Detector Dewar Cooler 
Assembly (IDDCA) is essential where the detector array sits 
over the cold tip of an active cooler and the detector cooler 
assembly is vacuum sealed in a thermally isolated Dewar. A 
cold shield above the sensor array inside the Dewar restricts its 
field-of-view and a cold filter fine tunes its spectral response. 
In this paper, various constituents of an IRFPA like sensor 
array materials, growth techniques, ROICs, filters, cold shields, 
cooling techniques etc., their types and selection criteria for 
different applications are discussed in detail. Design aspects 
of IRFPA characterization test bench, challenges involved 
in radiometric and spectral characterization and space 
qualification of such IDDCA based IRFPAs are also discussed.

9881-40, Session 10

Detectors and focal plane modules for 
weather satellites
Arvind I. D’Souza, DRS Sensors & Targeting Systems, Inc. 
(United States); Sachidananda R. Babu, NASA Goddard 
Space Flight Ctr. (United States)

Weather satellite instruments require detectors with a variety 
of wavelengths ranging from the visible to VLWIR. The 
geostationary Advanced Himawari Imager (AHI) imager covers 
wavelengths from the 450 to 490 nm band through the 13.0 to 
13.6 ?m band. There are a total of 16 spectral bands covered. 
The Cross-track infrared Sounder (CrIS) is a Polar Orbiting 
interferometric sensor that measures earth radiances at high 
spectral resolution. The CrIS instrument contains SWIR (?c ~ 5 
?m at 98K), MWIR (?c ~ 9 ?m at 98K) and LWIRs (?c ~ 16 ?m at 
81K) Focal Plane Modules (FPMs). This presentation will cover 
FPM performance data from both instruments.
AHI contains (i) a visible-near infrared module consisting of 
three visible and three near infrared channels, (ii) a MWIR 
module comprised of five channels from 3.9 ?m to 8.6 ?m and 
(iii) a 9.6 ?m to 13.3 ?m, five-channel LWIR module. Silicon 
p-i-n detectors are used for the 0.47 ?m to 0.86 ?m channels. 
The thirteen channels above 1 ?m are fabricated in various 
compositions of Hg1-xCdxTe, and in this particular case using 
two different detector architectures. 
CrIS detectors are 850 ?m diameter detectors. Each FPM 
consists of nine detectors arranged in a 3 x 3 pattern. D* 
requirements at peak wavelength are ≥ 5.0E+10 Jones for LWIR, 
≥ 9.3E+10 Jones for MWIR and ≥ 3.0E+11 Jones for SWIR. All 
FPMs exceeded the D* requirements.

9881-41, Session 10

Low dark current LWIR and VLWIR 
HgCdTe focal plane arrays at AIM
Markus Haiml, Detlef Eich, Wolfgang P. Fick, Heinrich 
Figgemeier, Stefan Hanna, Martin Mahlein, Wilhelm 
Schirmacher, Richard Thöt, AIM INFRAROT-MODULE 
GmbH (Germany)

Cryogenically cooled HgCdTe (MCT) quantum detectors are 
unequalled for applications requiring high imaging as well as 
high radiometric performance in the infrared spectral range. 
Compared with other technologies, they provide several 
advantages, such as the highest quantum efficiency, lower 
power dissipation compared to photoconductive devices, and 
fast response times, hence outperforming micro-bolometer 
arrays. However, achieving an excellent MCT detector 

performance at long (LWIR) and very long (VLWIR) infrared 
wavelengths is challenging due to the exponential increase 
in the thermally generated photodiode dark current with 
increasing cut-off wavelength and operating temperature. 
Dark current is a critical design driver, especially for LWIR 
/ VLWIR multi-spectral imagers or hyper-spectral Fourier 
spectrometers operated at high frame rates and moderate 
signal levels.
Consequently, low dark current (LDC) technologies are the 
prerequisite for future scientific space and earth observation 
missions.
Aiming, for example at exoplanet or earth atmospheric spectral 
analysis, significant improvement in LWIR / VLWIR detector 
material performance is mandatory. LDC material optimization 
can target different directions of impact: (i) reduction in dark 
current for a given operational temperature to increase SNR 
and reduce thermally induced signal offset variations. (ii) 
operation at elevated temperatures at a given dark current level 
to reduce mass and power budget of the required cryocooler 
and to reduce cryostat complexity. (iii) increase the accessible 
cut-off wavelength at constant detector temperature and dark 
current level. 
AIM will present its latest results on n-on-p as well as p-on-n 
low dark current planar MCT photodiode focal plane detector 
arrays at cut-off wavelengths >11 µm at 80 K. Dark current 
densities below the Rule’07 have been demonstrated for 
n-on-p devices. Slightly higher dark current densities and 
excellent cosmetics with very low cluster and point defect 
densities have been demonstrated for p-on-n devices.

9881-42, Session 10

Infrared detector development for Earth 
observation
Keith Barnes, Peter Knowles, Nick Shorrocks, Ray P. 
Davis, SELEX ES Ltd. (United Kingdom)

IASI (Infrared Atmospheric Sounding Interferometer), 
developed by Airbus Defence and Space and launched since 
2006 on the Metop satellites, is established as a major source 
of data for atmospheric science and weather prediction. The 
next generation - IASI NG - is a French national contribution 
to the Metop second 118 generation satellites and is under 
development by Airbus for CNES. The mission aim is to achieve 
twice the perfomance of the original IASI instrument in terms 
of sensitivity and resolution. In turn, this places very demanding 
requirements on the infrared detectors for the
new instrument. Selex ES in Southampton has been selected 
for the development of the infrared detector set for the IASI 
NG instruments. The wide spectral range, 3.6 to 15.5 microns, 
is covered in four bands, each served by a dedicated detector 
design, with a common 4 x 4 array format of 1.3 mm square 
macropixels. Three of the bands up to 8.7 microns employ 
photovoltaic MCT (mercury cadmium telluride) technology 
and the very long wave band employs photoconductive MCT, 
in common with the approach taken between Airbus and Selex 
ES for the SEVIRI instrument on Second Generation Meteosat. 
For the photovoltaic detectors, the MCT crystal growth of 
heterjunction photodiodes is by the MOVPE technique (metal 
organic vapour phase epitaxy). Novel approaches have been 
taken to hardening the photovoltaic macropixels against 
localised crystal defects, and integrating transimpedance 
amplifiers for each macropixel into a full-custom silicon read 
out chip.
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9881-43, Session 11

GOES-R Space Environment In-Situ 
Suite: instruments overview, calibration 
results, data processing algorithms, and 
expected on-orbit performance
Gary Galica, Bronislaw K. Dichter, Michael Golightly, Chi-
Wa Tsui, Assurance Technology Corp. (United States); 
Clifford Lopate, James Joseph Connell, The Univ. of New 
Hampshire (United States)

The space weather instruments (Space Environment In-Situ 
Suite – SEISS) on the soon to be launched, NOAA GOES-R 
series spacecraft offer significant space weather measurement 
performance advances over the previous GOES N-P series 
instruments. The specifications require that the instruments 
ensure proper operation under the most stressful high flux 
conditions corresponding to the largest solar particle event 
expected during the program, while maintaining high sensitivity 
at low flux levels. Since the performance of remote sensing 
instruments is sensitive to local space weather conditions, 
the SEISS data will be of be of use to a broad community of 
users. The SEISS suite comprises five individual sensors and 
a data processing unit: Magnetospheric Particle Sensor-Low 
(0.03–30 keV electrons and ions), Magnetospheric Particle 
Sensor-High (0.05–4 MeV electrons, 0.08–12 MeV protons), two 
Solar And Galactic Proton Sensors (1 to >500 MeV protons), 
and the Energetic Heavy ion Sensor (10-200 MeV for H, H to 
Fe with single element resolution). We present comparisons 
between the enhanced GOES-R instruments and the current 
GOES space weather measurement capabilities. We provide 
an overview of the sensor configurations and performance. 
Results of extensive sensor modeling with GEANT, FLUKA and 
SIMION are compared with calibration data measured over 
nearly the entire energy range of the instruments. Combination 
of the calibration results and model are used to calculate 
the geometric factors of the various energy channels. The 
calibrated geometric factors and typical and extreme space 
weather environments are used to calculate the expected on-
orbit performance. 

9881-44, Session 11

Image navigation and registration 
performance assessment tool set for the 
GOES-R Advanced Baseline Imager and 
Geostationary Lightning Mapper
Frank J. De Luccia, Scott Houchin, Brian Porter, Justin 
Graybill, Evan Haas, Patrick D. Johnson, Peter J. 
Isaacson, The Aerospace Corp. (United States); Alan D. 
Reth, Chesapeake Aerospace, LLC (United States)

The GOES-R Flight Project has developed an Image Navigation 
and Registration (INR) Performance Assessment Tool Set 
(IPATS) for measuring Advanced Baseline Imager (ABI) and 
Geostationary Lightning Mapper (GLM) INR performance 
metrics during the Post Launch Test (PLT) and Long Term 
Monitoring (LTM) phases of the GOES-R calibration and 
validation (cal/val) test program. For ABI these metrics are the 
three-sigma errors in navigation (NAV), channel-to-channel 
registration (CCR), frame-to-frame registration (FFR), swath-
to-swath registration (SSR), and within frame registration 
(WIFR) for the Level 1B image products. For GLM the single 
metric of interest is the three-sigma error in the navigation 
of background images (GLM NAV) used by the system to 
geolocate lightning strikes. Three-sigma errors are estimates 
of the 99.73rd percentile of the errors accumulated over 
a 24 hour data collection period. IPATS utilizes a modular 
algorithmic design to allow user selection of data processing 
sequences optimized for generation of each INR metric. This 
novel modular approach minimizes duplication of common 
processing elements, thereby maximizing code efficiency and 

speed. Fast processing is essential given the large number 
of sub-image registrations required to generate INR metrics 
for the many images produced over a 24 hour evaluation 
period. Another aspect of the IPATS design that vastly reduces 
execution time is the off-line propagation of Landsat based 
truth images to the fixed grid coordinates system for each 
of the three GOES-R satellite locations, operational East and 
West and initial checkout locations. This paper describes the 
algorithmic design of IPATS and provides preliminary test 
results.

9881-45, Session 11

Instrument calibration architecture of 
RISAT-1 payload
Rakesh Bhan, Indian Space Research Organisation 
(India); Tapan Misra, Space Applications Ctr. (India)

Radar Imaging Satellite (RISAT-1) is a multi resolution/multi-
swath/multi-polarization system and carries an active-array-
antenna of 12m2 on-board. Multimode agility of the system 
demands a complex system architecture. RISAT-1 system is 
configured with a dual polarized active antenna with 288 
transmitting and receiving elements. Antenna beams generated 
by active array antenna is 126 to cover cross-track swath from 
107km to 659km on both sides of azimuth track. Hardware 
architecture of RISAT-1 is configured to support 13 imaging 
modes. During radar operation transmit and receive signals 
pass through different signal paths of radar electronics so that 
radar loses its reciprocity due to phase/gain deviation. RISAT-1 
payload system is configured to perform self-calibration 
of transmit and receive paths before and after imaging 
sessions through a special instrument calibration technique. 
Instrument calibration architecture of RISAT-1 supported 
ground verification and validation of payload including active 
array antenna. During on-ground calibration of 126 beams of 
active array antenna which needed precise calibration of bore 
sight pointing a unique method called “collimation coefficient 
error estimation” was utilized. This method of antenna 
calibration was supported by special hardware and software 
calibration architecture of RISAT-1. System calibration before 
each imaging session enables ground processor to evaluate 
true point target response even if system clock reference is 
powered-off between observations. This paper concentrates 
on RISAT-1 hardware and software architecture which supports 
in-orbit and on-ground instrument calibration. Efforts are 
also put here to highlight use of special calibration scheme of 
RISAT-1 instrument to evaluate system response during ground 
verification and validation. 

9881-46, Session 11

Scatsat-1, an improved successor of 
Oscat: A glimpse of onboard processor 
enhancements and pre-launch 
performance analyses
Prantik Chakraborty, Priyanka Gupta, BSVGR 
Jogeswara Rao, Saravana Kumar, Nilesh M. Desai, Space 
Applications Ctr. (India)

The Oceansat-II Scatterometer (popularly christened ‘Oscat’) 
turned out to be a globally significant and useful mission in the 
areas of wind-retrieval, wind-research, weather-forecasting, 
cyclone-tracking and prediction. To address international 
demand of continuity of wind-vector products, a follow-on 
mission Scatsat-1 has been planned, is being developed and 
will be flown soon by ISRO. Scatsat-1 also holds the promise of 
creating data for long-term climate-data records.
Scatsat-1 will inherit the instrument specifications of Oscat. 
However, it is a quick service replacement mission and unlike 
Oscat, will be a standalone payload on an IMS (Indian Mini 
Satellite)-II platform. Several advancements have been made in 
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the Scatsat hardware from the purview of miniaturization and 
performance improvement over Oscat. This paper will focus 
upon the improvements and enhancements that have been 
incorporated in the onboard digital processor and analyses of 
the pre-launch processor performance. The salient features are:
1. Several ground-commanded flexible features in onboard 
Doppler computation and bandwidth-partitioning in order to 
handle such angular-offset exigency as faced in Oscat.
2. The anti-aliasing filter at receiver output used in Oscat (a 
SAW device) is being replaced by a digital filter in order to 
improve the passband slope and ripple and stopband rejection. 
This move is aimed at eliminating over-a-scan biases observed 
in Oscat data. 
3. Unlike Oscat which had a 16-bit truncated processed data 
output, full 32-bit precision will be provided by Scatsat-1. This is 
expected to eliminate data saturation seen in Oscat data over 
the polar ice-caps.
4. Overlapped periodogram approach used by the onboard 
processor in Oscat for FFT (mainly because of memory 
constraints) is being replaced by the finest resolution 4K-FFT in 
order to achieve better spectral fidelity of the echo among the 
range bins. With the finest spectral resolution (476 Hz), even 
sub-km range-resolution is possible in Scatsat-1.
All the above changes notwithstanding, several other 
programmable features have been embedded in the overall 
system to make it more robust than its predecessor.

9881-47, Session 11

METEOSAT IR and WV channels 
fundamental climate data record: 
recalibration using HIRS and the 
relevance of FIDUCEO
Viju Oommen John, Rob Roebeling, Tim J. Hewison, 
Alessio Lattanzio, Jörg Schulz, EUMETSAT (Germany)

The detection of climate change and analysis of climate 
variability at inter-annual scales requires long-term, well 
calibrated observations that are homogenised in time and 
space. Observations from EUMETSAT’s series of Meteosat First 
Generation (MFG) and Meteosat Second Generation (MSG) 
geostationary satellites span a period from 1982 to today. 
Although these satellites provide data for climate analysis 
at multi-decadal scales, their applicability for such analysis 
is hampered by heterogeneities in the time series due to 
successive radiometers having different filter functions and 
changes in the calibration methodology. EUMETSAT initiated 
the activity to improve the quality of these data, and generates 
a Fundamental Climate Data Record (FCDR) of Water Vapour 
(WV) and Infrared (IR) channel radiances, i.e., a long-term 
data record of calibrated and quality-controlled sensor data 
designed to allow the generation of homogeneous products 
that are accurate and stable enough for climate monitoring. 
We present a method to inter-calibrate the complete time 
series of WV (6.3 µm) and IR (11.8 µm) channel radiances 
from MFG-MVIRI and MSG-SEVIRI observations. Our method 
is based on the principles of the Global Space-based Inter-
Calibration System (GSICS). A systematic review of spectral 
conversion functions, which often dominate the errors, 
indicates that spectral changes of the WV channel from 
HIRS/2 to HIRS/3 triples the uncertainty of inter-calibrated 
METEOSAT WV radiances. We will show that these issues can 
be circumvented by using HIRS/2, AIRS, and IASI as reference 
instruments, and thus keeping the uncertainties due to spectral 
conversion similar throughout the time series. Finally we will 
present an evaluation of 30 years of recalibrated HIRS, MVIRI 
and /SEVIRI radiances from the IR and WV channels, and 
demonstrate their improved suitability for climate applications.
The quality of the FCDR generated heavily depends on the 
quality of the reference datasets used. The HIRS/2 reference 
data, which covers most of the MFG data period (1981 – 2002; 
AIRS and IASI data are used after that), have been developed 
in the context of the HORIZON-2020 FIDUCEO project. We will 

discuss issues in the current HIRS/2 data and how potential 
improvements that would be made in FIDUCEO project will 
eventually lead to better FCDRs from geo-stationary satellite 
measurements.

9881-49, Session 12

VIIRS reflective solar bands on-orbit 
calibration and performance: a four-and-
half year update
Junqiang Sun, Global Science & Technology, Inc. (United 
States) and Ctr for Satellite Applications and Research 
(United States); Menghua Wang, Ctr. for Satellite 
Applications and Research (United States)

The Suomi National Polar-orbiting Partnership (SNPP) Visible 
Infrared Imaging Radiometer Suite (VIIRS) has been on-
orbit for more than four years. VIIRS has 22 spectral bands, 
among which 14 are reflective solar bands (RSB) covering a 
spectral range from 410 to 2250 nm. The SNPP VIIRS RSB have 
performed very well since launch. So far, all the detectors of 
the 14 RSB have been operated normally and stably. The RSB 
are calibrated on orbit by the on board solar diffuser (SD) 
and SD stability monitor (SDSM) calibration. They are also 
calibrated using the scheduled monthly lunar observations. 
The calibration coefficients, called F-factors, for the RSB are 
generated from both the SD/SDSM and lunar calibrations using 
a hybrid approach. In this paper, methodology of the on-orbit 
calibration of the RSB is reviewed and the calibration results 
are presented for the latest reincarnation. The coefficients 
derived from the three approaches are shown and the 
uncertainties of the calibrations are addressed. It is also shown 
that with the hybrid calibration coefficients, the high accurate 
sensor data records (SDR) are achieved and then high quality 
environmental data records (EDR) for ocean color products, 
which require the SDR to be calculated with a magnitude 
more accurate than the RSB’s uncertainty specification, are 
generated. The challenge issues of the RSB calibration are 
discussed. 

9881-50, Session 12

On-orbit performance and calibration 
improvements for the reflective solar 
bands of Terra and Aqua MODIS
Amit Angal, Science Systems and Applications, Inc. 
(United States); Xiaoxiong J. Xiong, NASA Goddard 
Space Flight Ctr. (United States); Aisheng Wu, Hongda 
Chen, Xu Geng, Daniel Link, Yonghong Li, Science 
Systems and Applications, Inc. (United States)

MODIS is a major instrument for NASA’s EOS Terra and Aqua 
missions, designed to extend and improve heritage sensor 
measurements and data records. The reflective solar bands 
(RSB) of MODIS covering wavelengths from 0.41 µm to 2.2 
µm, are calibrated on-orbit using a solar diffuser (SD), with 
its on-orbit bi-directional reflectance factor (BRF) changes 
tracked using the solar diffuser stability monitor (SDSM For 
both Terra and Aqua MODIS, the SD and lunar observations are 
used together to track the on-orbit changes of RSB response 
versus scan angle (RVS) as the SD and SV port are located 
at different angles of incidence (AOI) to the scan mirror. The 
MODIS Level 1B (L1B) Collection 6 (C6) algorithm incorporated 
several enhancements over its predecessor Collection 5 (C5) 
algorithm. The MODIS Characterization Support Team (MCST) 
has been maintaining and enhancing the C6 algorithm since its 
first update in November, 2011 for Aqua MODIS, and February, 
2012 for Terra MODIS. Several calibration improvements have 
been incorporated that include extending the EV-based 
RVS approach to other RSB, additional correction for SD 
degradation at SWIR wavelengths, and alternative approaches 
for on-orbit RVS characterization. In addition to the on-orbit 
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performance of both instruments, this paper also summarizes 
the on-orbit performance of the MODIS RSB and discusses in 
detail the recent calibration improvements implemented in the 
MODIS L1B C6. 

9881-70, Session 12

Global space-based inter-calibration 
system reflective solar calibration 
reference: from Aqua MODIS to S-NPP 
VIIRS
Xiaoxiong J. Xiong, NASA Goddard Space Flight Ctr. 
(United States); Aisheng Wu, Science Systems and 
Applications, Inc. (United States); David R. Doelling, 
NASA Langley Research Ctr. (United States); Changyong 
Cao, NOAA National Environmental Satellite, Data, and 
Information Service (United States); Amit Angal, Science 
Systems and Applications, Inc. (United States); James J. 
Butler, NASA Goddard Space Flight Ctr. (United States)

MODIS is a key instrument for the NASA’s EOS missions, 
currently operated on-board the Terra and Aqua spacecraft. 
Because of its stringent calibration requirements, 
comprehensive on-board calibration capability, and excellent 
on-orbit performance, Aqua MODIS has been accepted by 
the Global Space-based Inter-Calibration System (GSICS) 
operational community as its calibration reference sensor in 
the reflective solar spectral region, and also used by a number 
of earth-observing sensors as the calibration reference for 
cross-sensor calibration and inter-comparisons. Considering 
that Aqua MODIS has operated in space for more than 13 years, 
it is essential to extend and transfer the calibration reference 
to a new sensor that has similar calibration capability and 
performance. Since launch, the S-NPP VIIRS has successfully 
operated for nearly 4 years and its overall performance has 
been carefully examined and demonstrated to meet its overall 
design requirements. Furthermore, the VIIRS was designed 
with strong MODIS heritage, including its on-board calibrators 
and on-orbit calibration methodologies, and is, therefore, an 
ideal candidate to serve as the future GSICS reference sensor. 
This paper provides an assessment of Aqua MODIS and S-NPP 
VIIRS reflective solar bands calibration methodologies and 
strategies, traceability, and their on-orbit performance. It 
describes different methods and approaches that can be used 
to facilitate the calibration reference transfer, including the use 
of desert and Antarctic sites, DCC (deep convective cloud), and 
the lunar observations. Also discussed in this paper are results 
from inter-comparison of Aqua MODIS and S-NPP VIIRS on-
orbit performance.

9881-84, Session 12

Status of MODIS spatial and spectral 
characterization and performance
Daniel Link, Science Systems and Applications, Inc. 
(United States); Xiaoxiong J. Xiong, NASA Goddard 
Space Flight Ctr. (United States); Zhipeng Wang, 
Science Systems and Applications, Inc. (United States)

The Terra and Aqua MODIS have successfully operated for 
more than 15 and 13 years since their launch in 1999 and 2002, 
respectively. MODIS make observations in 36 spectral bands 
with wavelengths from 0.41 to 14.4 um and at 250 m (2 bands), 
500 m (5 bands), and 1 km (29 bands) nadir spatial resolutions. 
MODIS spectral bands and detectors are distributed among 
four focal plane assemblies (FPAs). In addition to other on-
board calibrators designed for sensor radiometric calibration, 
MODIS is equipped with a unique spectro-radiometric 
calibration assembly (SRCA) that can be used to characterize 
sensor spatial and spectral performance. This paper provides 
an overview of MODIS SRCA key functions, on-orbit calibration 

activities, and performance. It illustrates both Terra and Aqua 
MODIS spatial and spectral performance in terms of their 
band-to-band registration (BBR), FPA-to-FPA registration 
(FFR), detector-to-detector registration (DDR), modulation 
transfer function (MTF), instantaneous field-of-view (IFOV), 
center wavelengths (CW), and bandwidths (BW). On-orbit 
spatial and spectral characteristics are compared in this paper 
against design specifications and pre-launch performance. Also 
discussed are calibration impact due to on-orbit changes and 
lessons in support of future operations and improvements.

9881-52, Session 13

On-orbit radiometric performance 
characterization of S-NPP VIIRS 
reflective solar bands
Sirish Uprety, Colorado State Univ. (United States); 
Slawomir Blonski, Univ. of Maryland, College Park 
(United States); Changyong Cao, NOAA National 
Environmental Satellite, Data, and Information Service 
(United States)

It has been nearly four years that the S-NPP VIIRS was 
launched. In an effort to improve the VIIRS calibration, it has 
undergone a number of major LUT updates. Visible bands such 
as M1 through M3 suggested higher solar diffuser degradation 
rate since launch. Similarly, for higher wavelengths, even 
though the solar diffuser degradation is much smaller and even 
negligible in SWIR region, bands such as M7 suffer from major 
RTA throughput degradation. Even though the solar diffuser 
and mirror degradation is well characterized, the data quality 
needs to be independently verified and validated to ensure that 
data are well within the specification. We have used on-orbit 
calibration/validation techniques such as extended SNOs to 
estimate the bias of these bands and quantify the radiometric 
performance since launch. Assuming MODIS as a standard 
reference, intercomparison was performed to analyze the VIIRS 
radiometric performance. It was observed that some of the 
VIIRS bands such as M5 and M7 suggest bias on the order of 
1.5% or more for most of the time period since early launch. 
VIIRS bias trends keep changing over time which can be mainly 
attributed to calibration updates and instrument anomalies. 
In addition, the SDR product generated from IDPS and NASA 
LPeate/SIPS is also compared to analyze the calibration 
differences. Results on VIIRS on-orbit calibration performance 
and its bias since early launch will be presented during meeting 
to help users better understand the data quality and its 
impacts on broader scientific research and applications.

9881-53, Session 13

Inter-calibration and monitoring of 
INSAT-3D imager and sounder using 
AIRS/IASI/CrIS
Ipshita Dey, Munn V. Shukla, Indian Space Research 
Organisation (India); Pradeep K. Thapliyal, Space 
Applications Ctr. (India)

Recently available satellite observations from the Infrared 
sensors (Imager/Sounder) on-board India’s geostationary 
satellite INSAT-3D are increasingly gaining importance 
for weather predictions and nowcasting applications. This 
necessitates continuous monitoring and quality assessment 
of the Imager/Sounder data, in particular the L1B radiances. 
To improve the radiometric calibration accuracy of the data, 
a specific inter-calibration of both the sensors with three 
well-calibrated hyperspectral sounders on-board Low Earth 
Orbiting (LEO) satellites has been implemented. Global 
Space-Based Inter-Calibration System (GSICS) algorithm 
has been adopted to achieve the goal of making INSAT-3D 
measurements traceable to the cross-calibration reference. 
The reference instruments used here are the Atmospheric 
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Infrared Sounder (AIRS) on the Aqua satellite; the Infrared 
Atmospheric Sounding Interferometer (IASI) on the Metop-A 
satellite and the Cross-track Infrared Sounder (CrIS) on the 
Suomi NPP satellite. These instruments are chosen on account 
of their highly stable radiomentric and spectral calibrations 
since in orbit as well as high calibration accuracy of ?1K. The 
algorithm uses a weighted linear regression to directly compare 
collocated radiances observed from each pair of GEO-LEO 
instruments and systematically generate a set of calibration 
correction functions referred to as GSICS Corrections. Bias 
monitoring and calibration corrections for the di?erent Imager/
Sounder channels are then employed using these GSICS 
corrections.
These inter-calibration products and their uncertainties 
are shown to vary with time, which aids in monitoring the 
instrument performances and isolating root causes of 
high biases. The objective of this paper is to examine the 
radiometric calibration accuracy and bias monitoring of INSAT-
3D sensors during the months of April-September, 2015 along 
with analyzing the diurnal calibration variation.

9881-54, Session 13

Absolute vicarious calibration of 
Landsat-8 OLI and Resourcesat-2 AWiFS 
sensors over Rann of Kutch site in 
Gujarat
Shweta Sharma, V. N. Sridhar, R. P. Prajapati, Space 
Applications Ctr. (India); K. M. Rao, Institute of 
Seismological Research (India); Aloke K. Mathur, Space 
Applications Ctr. (India)

In this work, vicarious calibration coefficients for all the four 
bands (green, red, NIR and SWIR) of Resourcesat-2 AWiFS 
sensor for three dates during Dec 2013-Nov 2014 and for the 
seven bands (blue, green, red, NIR, SWIR1, SWIR2 and PAN) 
of OLI sensor onboard Landsat-8 for six dates during Dec 
2013-Feb 2015 were estimated using field measured reflectance 
and measured atmospheric parameters during sensor image 
acquisition over Rann of Kutch site in Gujarat. The top of 
atmosphere (TOA) at-satellite radiances for all the bands were 
simulated using 6S radiative transfer code with field measured 
reflectance, synchronous atmospheric measurements and 
respective sensor’s spectral response functions as an input. 
These predicted spectral radiances were compared with the 
radiances from the respective sensor’s image in the respective 
band over the calibration site. Cross-calibration between 
the sensors AWiFS and OLI was attempted using near-
simultaneous same day image acquisition. Effect of spectral 
band adjustment factor was also studied with OLI sensor taken 
as reference sensor.
Results show that the variation in average estimated radiance 
ratio for the AWiFS sensor was found to be within 20% for all 
the bands, whereas, for OLI sensor, the variation was found 
to be within 6% for all the bands except green and SWIR2 for 
which the variation was 8% and 11% respectively. At the 1? level, 
red, NIR, SWIR1 and Panchromatic bands of OLI sensor showed 
close agreement between sensor-measured and vicarious TOA 
radiance resulting no change in calibration coefficient and 
hence indicating no sensor degradation.

9881-55, Session 14

Site characterization for calibration 
of radiometric sensors using vicarious 
method
Shailesh Parihar, India Meteorological Dept. (India); 
Yogdeep Desai, Space Applications Ctr. (India); 
L. S. Rathore, A. K. Sharma, M. Mohapatra, India 
Meteorological Dept. (India); Rajeev Bhatla, Ravi S. 
Singh, Banaras Hindu Univ., Varanasi (India)

Radiometric performances of earth observation satellite/
sensors vary from ground pre-launch calibration campaign 
to after launch and throughout the satellite lifetime due to 
launching vibrations. Therefore calibration is carried over 
worldwide various methods throughout the satellite lifetime. 
In India Indian Space Research Organization (ISRO) calibrates 
the sensor of Resourcesat-2 by vicarious method. One of 
these vicarious calibration methods is the reflectance-based 
approach that is applied here to radiometric calibration of 
sensors on-board Resouresat-2 satellite. The results of ground-
based measurement of atmospheric conditions and surface 
reflectance are made at Bap, Rajasthan Calibration/Validation 
(Cal/Val) site. Cal/Val observations at site were carried out 
with hyper-spectral Spectroradiometer covering spectral 
range of 350nm-2500nm for radiometric characterization 
of site. The Sunphotometer/Ozonometer for measuring the 
atmospheric parameters has also been done. The calibrated 
radiance is converted to absolute at-sensor spectral reflectance 
and Top-Of-Atmosphere (TOA) radiance. TOA radiance was 
computed using radiative transfer model ‘Second simulation 
of the satellite signal in the solar spectrum’ (6S), which can 
accurately simulate the problems introduced by the presence 
of the atmosphere along the path from Sun to target (surface) 
to Sensor. The methodology for band averaged reflectance 
retrieval and spectral reflectance fitting process are described. 
Then the spectral reflectance and atmospheric parameters are 
put into 6S code to predict TOA radiance which compare with 
Resourcesat-2 radiance. Spectral signature and its reflectance 
ratio indicate the uniformity of the site. Thus the study proves 
that the selected site is suitable for vicarious calibration of 
sensor of Resourcesat-2. Further the study demonstrates that 
similar exercise for site selection carried out for Cal/Val analysis 
of other satellite over India region.

9881-56, Session 14

Response versus scan-angle corrections 
for MODIS reflective solar bands using 
deep convective clouds
Rajendra Bhatt, Amit Angal, Science Systems and 
Applications, Inc. (United States); David R. Doelling, 
NASA Langley Research Ctr. (United States); Xiaoxiong 
J. Xiong, NASA Goddard Space Flight Ctr. (United 
States); Aisheng Wu, Conor O. Haney, Benjamin 
R. Scarino, Arun Gopalan, Science Systems and 
Applications, Inc. (United States)

The absolute radiometric calibration of the reflective solar 
bands (RSBs) of Aqua- and Terra-MODIS is performed using 
on-board calibrators. A solar diffuser (SD) panel along with a 
solar diffuser stability monitor (SDSM) system, which tracks 
the performance of the SD over time, provides the absolute 
reference for calibrating the MODIS sensors. MODIS also views 
the moon and the deep space through its space view (SV) 
port for lunar-based calibration and for computing the zero 
input radiance, respectively. The MODIS views the Earth’s 
surface through a two-sided scan mirror, whose reflectance 
is a function of angle of incidence (AOI) and is described by 
response versus scan-angle (RVS). The RVS for both MODIS 
instruments was characterized prior to launch. MODIS also 
views the SD and the moon at two different assigned RVS 
positions. There is sufficient evidence that the RVS is changing 
on orbit over time and as a function of wavelength. The SD and 
lunar observation scans can only track the RVS variation at 
two RVS positions. Consequently, the MODIS Characterization 
Support Team (MCST) developed enhanced approaches 
that supplement the onboard calibrator measurements with 
responses from pseudo-invariant desert sites. This approach 
has been implemented in Level 1B (L1B) Collection 6 (C6) 
for selected short-wavelength bands. This paper presents 
an alternative approach of characterizing the mirror RVS to 
derive the time-dependent RVS correction factors for MODIS 
RSBs using tropical deep convective cloud (DCC) targets. The 
effectiveness of the DCC-based RVS corrections is evaluated 
by inter-calibrating MODIS and a geostationary satellite imager 
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using coincident and ray-matched radiance pairs. These 
radiance pairs will be compared as a function of MODIS scan-
angle for consistency. Robust MODIS RVS corrections would 
produce consistent GEO-to-MODIS inter-calibration gains 
across all scan-positions.

9881-57, Session 14

Uncertainty analysis of INSAT-3D 
sounder/imager radiances using 
radiosonde and NWP analysis
Prateek Kumar, Space Applications Ctr. (India); 
Ipshita Dey, Munn V. Shukla, Indian Space Research 
Organisation (India); Pradeep K. Thapliyal, Space 
Applications Ctr. (India)

INSAT-3D is a meteorological satellite developed by the Indian 
Space Research Organisation and was launched successfully 
on 26 July 2013 in the geostationary orbit at 82E. It has 
a 6 channel Imager and a 19 channel sounder. Radiance 
measured by Imager and Sounder can have uncertainties due 
to radiometric noises in the instrument as well as due to the 
onboard blackbody calibration. These uncertainties mainly 
consist of biases due to the limitations in the radiometric 
calibration. Correction of these biases are necessary for 
improving the quality of calibrated radiances in order to 
generate accurate geophysical products. To achieve this goal 
we have carried out an analysis to compare the measured 
radiances from INSAT-3D Imager and Sounder instruments 
with that computed using collocated high quality radiosonde 
observations as well as NWP model analysis with the help of a 
suitable radiative transfer model. 
The analysis has been carried out for 2 years (2014-2015). 
For comparison with Radiosonde, stations near coastline and 
radiosonde observation taken from ships have been selected to 
minimize the effects arising due to uncertainty in surface skin 
temperature. Apart from this ECMWF analysis at 00, 06, 12, 18 
GMT has also been used over oceanic region. Trend in the mean 
biases and standard deviations have been used as a measure 
of uncertainty. Apart from investigating the temporal stability 
of biases, variation of biases with other variables such as scan 
angle, location, and solar zenith angle is also being studies.

9881-58, Session 14

The test of vicarious calibration for land 
satellite using Rayleigh scattering over 
clean ocean
Xingfeng Chen, Zhengqiang Li, Institute of Remote 
Sensing and Digital Earth (China); Li Liu, China Ctr. 
for Resource Satellite Data and Applications (China); 
Xiaodong Mei, Zhao Liu, Yang Lv, Institute of Remote 
Sensing and Digital Earth (China); Bangyu Ge, Henan 
Polytechnic Univ. (China)

With computation by a Radiative Transfer Model (RTM), The 
Rayleigh scattering over clean ocean could provide radiation 
of Top of Atmosphere (TOA) with high precision. So it has 
been used for vicarious calibration just like POLDER and some 
oceanic observing satellite sensors. 
The operational calibration of Chinese land satellites is carried 
out using desert in Dunhuang district once a year. And the error 
is about 7% now. We need a more efficient calibration method 
which should have both high-precision and high-frequency.
We get the parameters of ocean surface environment from 
different datasets online. Wind speed is from ASCAT and 
NCEP-NCAR Re; Salinity is from GODAS and ECDA; Pigments 
concentration is from MODIS productions; and Aerosol Optical 
Depth (AOD) is from AERONET and MODIS AOD production. 
The Second Simulation of a Satellite Signal in the Solar 

Spectrum code (6S) RTM was used to compute the radiance of 
TOA using these parameters.
The MODIS data was chosen obeying rigorous conditions. 
With comparing the L1 radiance data, the errors of BAND3 
(459-479nm) and BAND4 (545-565nm) are no more than 3%. 
Considering AOD, Salinity, Pigments concentration and Wind 
speed, the error analysis shows that the biggest errors of 
BAND3 and BAND4 are 2.79% and 3.66%.
Based on the analysis and results of Rayleigh scattering 
calibration for MODIS, we can conclude that this method could 
be used for land satellites. For the further work, we should 
arrange the land satellite to acquire more images over clean 
ocean areas.

9881-59, Session 15

An improved algorithm for de-striping of 
ocean colour monitor imageries aided by 
measured sensor characteristics
Ashutosh Dutt, Ashish Mishra, Devashish R. Goswami, 
Space Applications Ctr. (India); A.S. Kiran Kumar, Indian 
Space Research Organisation (India)

The push-broom sensors in bands meant to study oceans, 
in general suffer from residual non uniformity even after 
radiometric correction. The in-orbit data from OCM-2 shows 
pronounced striping in lower bands. There have been many 
attempts and different approaches to solve the problem using 
image data itself. The success or lack of it of each algorithm lies 
on the quality of the uniform region identified. In this paper, an 
image based destriping algorithm is presented with constraints 
being derived from Ground Calibration exercise. The basis 
of the methodology is determination of pixel to pixel non-
uniformity through uniform segments identified and collected 
from large number of images, covering the dynamic range of 
the sensor. The results show the effectiveness of the algorithm 
over different targets. The performance is qualitatively 
evaluated by visual inspection and quantitatively measured by 
two parameters.

9881-60, Session 15

Thermal noise removal in hybrid 
polarimetry SAR data
Suneela T.J.V.D., V. Manavala Ramanujam, Amit Shukla, 
Deepak Putrevu, Tapan Misra, Space Applications Ctr. 
(India)

Thermal noise affects the signal to noise ratio as well as 
radiometry of the SAR images. Several techniques employed 
for estimating the thermal noise using onboard noise 
measurements and from the noise equivalent area of the 
images like calm reservoirs, lakes,etc. The estimated noised is 
subtracted in the detected image to produce good contrast 
images. In RISAT-1, hybrid polarimetry is implemented in all 
modes seamlessly. In the polarimetric processing, the single 
look complex (SLC) image is used to derive target properties. 
Traditional noise removal methods affect the phase of the 
data which in turns affects the polarimetric decomposition. 
A new method of removal noise in polarimetry decomposed 
data is presented in this paper. The estimation of the noise for 
different antenna beam combination and removal of the noise 
in detected as well as decomposed images are being discussed 
in the paper. 
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9881-62, Session 16

Impact of ionosphere on high-bandwidth 
chirp in L-band SAR and its mitigation
Partha S. Nandy, Deepak Putrevu, Space Applications 
Ctr. (India)

Ionosphere impacts L-band SAR signals in two ways, viz, 
(1) Faraday rotation and (2) delay in signal as a function of 
frequency. The effect of the latter is significant in the case of 
high bandwidth chirp signals. The paper studies the impact 
of Total Electron Content (TEC) of the ionosphere on 18% 
bandwidth chirp signal, in one of the modes of proposed 
L-band SAR. The resultant ionosphere delays mar the impulse 
response thereby calling for suitable mitigation techniques, 
addressed in the paper. The technique is successfully applied 
on simulated data; the results so obtained are presented in the 
paper.

9881-63, Session 16

C-band RISAT-1 imagery for geospatial 
mapping of cryospheric surface features 
in the Antarctic environment
Shridhar D. Jawak, National Ctr. for Antarctic & Ocean 
Research (India); Satej N. Panditrao, Indian National Ctr. 
for Ocean Information Services (India); Alvarinho J. Luis, 
National Ctr. for Antarctic & Ocean Research (India)

Cryospheric surface feature classification is one of the widely 
used applications in the field of polar remote sensing. Precise 
surface feature maps derived from remotely sensed imageries 
is the major requirement for many geoscientific applications 
in polar regions. The present study explores the capabilities 
of C-band dual polarimetric (HH & HV) SAR imagery from 
Indian Radar Imaging Satellite (RISAT-1) for land cryospheric 
surface feature mapping. The study areas selected for the 
present task were Larsemann Hills and Schirmacher Oasis, 
East Antarctica. RISAT-1 Fine Resolution STRIPMAP (FRS-1) 
mode data with 3-m spatial resolution was used in the present 
research attempt. In order to provide additional context to the 
amount of information in dual polarized RISAT SAR data, a 
band HH+HV was introduced to make use of the original two 
polarizations. In addition to the data calibration, transformed 
divergence (TD) procedure for class separability analysis was 
performed to evaluate the quality of the statistics prior to 
image classification. For most of the class pairs the TD values 
were comparative, which indicates that the classes have good 
separability. Fuzzy and Artificial Neural Network classifiers 
were implemented and accuracy was checked. Nonparametric 
classifier Support Vector Machine (SVM) was also used to 
classify RISAT-1 data with optimized polarization combination 
into three land-cover classes consisting of sea ice/snow/
ice, rocks/landmass, and lakes/waterbodies. Results of the 
classification were compared against the ground reference 
data, which showed that the overall accuracy of classification 
is 89%. This study demonstrates that C-band FRS1 image mode 
data from RISAT-1 mission can be exploited to identify, map and 
monitor land cover features in the polar regions, even in dark 
winter period. For better landcover classification and analysis, 
hybrid polarimetric data (cFRS-1 mode) from RISAT-1, which 
incorporates phase information, unlike the dual-pol linear (HH, 
HV) can be used for getting better polarization signatures.

9881-64, Session 16

Target detection in synthetic aperture 
radar imageries using scale invariant 
feature transform
Mangalraj P., Anupam Agarwal, Indian Institute of 
Information Technology (India)

Target detection in synthetic aperture radar (SAR) images 
which are affected by speckle noise is a challenging task. In 
the present study, we propose a new algorithm for automatic 
target detection (ATR) in SAR images. In the first step, 
moving and stationary target acquisition and recognition 
(MSTAR) images are segmented and passed through multiple 
preprocessing stages (histogram equalization, dilation, position 
normalization). In the next step, feature extraction based on 
SIFT is performed. The extracted features from testing images 
are matched with the features extracted from training images. 
Thus, the classification of the targets is performed. The results 
obtained and the comparison with existing algorithms, both 
are sufficient enough to prove that the proposed algorithm is 
robust and effective.

9881-65, Session 16

Simulation of SAR backscatter for forest 
vegetation
Richa Prajapati, Shashi Kumar, Shefali Agrawal, Indian 
Institute of Remote Sensing (India)

Synthetic Aperture Radar (SAR) is one of the most recent 
imaging technology to study the forest ecosystems. Microwave 
interaction with forest structure leads to retrieval of various 
biophysical parameters. A coherent combination of radar 
polarimetry and interferometry (PolInSAR) enhances the 
accuracy of retrieved parameters. In this paper, simulation of 
SAR image was performed in order to overcome the difficulty 
caused in estimation of forest structural information due 
to instability of radar platforms. Homogeneous forest area 
of Haridwar-Rishikesh region in Uttarakhand state of India 
was chosen as the study area. The system characteristics of 
PolInSAR dataset of Radarsat-2 SAR sensor was used for 
simulation process. Geometric and system specifications like 
platform altitude, center frequency, mean incidence angle, 
azimuth and range resolution were taken from metadata. The 
calculated parameters were horizontal and vertical baseline 
having values of 32.3 m and 22 m respectively. Depending 
on the collected field data, average tree height and forest 
stand density were 25 m and 300 stems/ha respectively. The 
obtained simulated results were compared with the sensor 
acquired master and slave intensity images. Upon analysis, 
it was observed that for co-polarized horizontal component 
(HH), the mean values of simulated and real master image 
had a difference of 0.3645 with standard deviation of 0.63. 
Cross-polarized (HV) channel showed better results with 
mean difference of 0.06 and standard deviation of 0.1 while 
co-polarized vertical component (VV) did not show similar 
values. For all polarization combinations, the obtained mean 
values of both master and slave simulated images were almost 
equal. In case of HV polarization, mean variation between 
simulated and real slave images was found to be the least. 
Since cross-polarized channel is more sensitive to vegetation 
feature therefore better simulated results were obtained for 
this channel. 
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9882-1, Session 1

Global Satellite Mapping of Precipitation 
(GSMaP) product in the GPM era and its 
validation
Takuji Kubota, Misako Kachi, Riko Oki, Japan Aerospace 
Exploration Agency (Japan); Kazumasa Aonashi, 
Meteorological Research Institute (Japan) and Japan 
Meteorological Agency (Japan); Tomoo Ushio, Osaka 
Univ. (Japan); Shoichi Shige, Kyoto Univ. (Japan); Yukari 
N. Takayabu, The Univ. of Tokyo (Japan)

The Global Satellite Mapping of Precipitation (GSMaP) product 
is a global rainfall map that is highly accurate, highly frequent, 
and high-spatial resolution through the development of rain 
rate retrieval algorithms based on reliable precipitation physical 
models by using a number of microwave radiometer (imagers, 
sounders, and imager/sounders) observation data, and 
comprehensive use of the Precipitation Radar (PR) on board 
the Tropical Rainfall Measuring Mission (TRMM) satellite. Output 
product of GSMaP algorithm is 0.1-degree grid for horizontal 
resolution and 1-hour for temporal resolution. The GSMaP near-
real-time version product (GSMaP_NRT) has been in operation 
at Japan Aerospace Exploration Agency (JAXA) since October 
2008 in near-real-time basis, and browse images and binary 
data available at JAXA GSMaP web site.
The GSMaP product is one of JAXA products in the Global 
Precipitation Measurement (GPM). The GPM mission consists 
of the GPM Core Observatory, carrying the Dual-frequency 
Precipitation Radar (DPR) and Constellation Satellites that 
carry microwave radiometers. For the GPM mission, the GSMaP 
algorithm was improved by refining rainfall retrievals over land, 
considered the orographic rainfall effects, and added the rain 
gauge corrected rainfall product. The GPM-GSMaP product has 
been released to public since September 2014. In near future, 
information from the DPR will be compiled as a database to 
improve the retrieval accuracy of weak rainfall in mid-to-high 
latitudes. 

9882-2, Session 1

Measurement performance of future 
space-based Doppler lidar
Shoken Ishii, Philippe Baron, National Institute of 
Information and Communications Technology (Japan); 
Kozo Okamoto, Toshiyuki Ishibashi, Taichu Y. Tanaka, 
Tsuyoshi T. Sekiyama, Takashi Maki, Meteorological 
Research Institute (Japan); Koji Yamashita, Japan 
Meteorological Agency (Japan); Yohei Satoh, Takuji 
Kubota, Daisuke Sakaizawa, Japan Aerospace 
Exploration Agency (Japan); Satoshi Ochiai, 
Motoaki Yasui, National Institute of Information and 
Communications Technology (Japan); Masaki Satoh, 
The Univ. of Tokyo (Japan); Toshiki Iwasaki, Tohoku Univ. 
(Japan); Kyoka Gamo, Chikako Takahashi, Fujitsu FIP 
Corp. (Japan)

Wind is one of fundamental elements in various meteorological 
studies. Global wind profiling is important to improve initial 
conditions for numerical weather prediction or general 
circulation model. A space-based Doppler lidar is a promising 
remote sensing technique for the global wind profiling. NICT 
developed an end-to-end comprehensive simulator for wind 

measurement from space called ISOSIM-L (Integrated Satellite 
Observation SIMulator for a space-based coherent doppler 
Lidar) in order to study measurement performances of a 
space-based Doppler lidar. For each range gate, the ISOSIM-L 
uses pseudo-truth global atmospheric and aerosol models 
to calculate time-domain signal, backscattered power, power 
spectra, noise power, signal-to-noise ratio, and a line-of-
sight (LOS) wind speed and error. Then, single-range-gate 
power spectra are averaged to match an user-defined spatial 
resolution, and LOS winds are retrieved from the averaged 
spectra. Retrieved LOS wind data simulated by the ISOSIM-L 
are used for an Observing System Simulation Experiment 
(OSSE) system to investigate potential impacts on the 
numerical weather prediction. The measurement performances 
of the space-borne Doppler lidar were investigated for ideal 
and realistic atmosphere using the ISOSIM-L. In the paper, we 
present preliminary results and current status of the ISOSIM-L.

9882-4, Session 1

MODIS sea surface temperature retrievals 
using different channel combinations and 
hybrid cloud detection
Prabhat K. Koner, Andrew R. Harris, Univ. of Maryland, 
College Park (United States)

The information-rich multiband MODIS instruments have 
provided high signal-to-noise ratio global measurements for 
more than a decade, and offer great potential to increase 
knowledge in atmospheric and oceanic sciences. NASA has 
been providing global MODIS sea surface temperatures (SST) 
on daily to decadal periods. These SSTs are used extensively 
for many applications, including numerical weather prediction, 
ocean circulation, air–sea interactions, divergence studies for 
the planetary boundary layer, and ocean biology including 
algae blooms and coral reefs. Thus, the accuracy of SST 
retrieval from MODIS measurement is of critical importance. 
However, much of the potential for deriving SST from MODIS 
remains unrealized because of the choice of the operationally 
implemented inverse methods using only two channel 
regression. Thus, we developed a new multi-bands physical 
deterministic method to improve the quality of MODIS SST 
retrieval.
Accurate cloud-masks using alone spectral differences is 
almost impossible and several studies reported that cloud 
contamination is one of the significant error contributors 
in operational MODIS SST product. We therefore introduce 
various RT-based classifications tests atop a conservative 
spectral difference method to reduce cloud leakage and false 
alarms. Results show that our deterministic SST retrieval using 
6 channels, in conjunction with our hybrid cloud detection 
scheme, can reduce the average root mean square error by 
~50% while increasing the data coverage by ~50% compared to 
the available operational MODIS SST from the NASA PO.DAAC 
website. 

9882-5, Session 1

Towards understanding the variability 
of aerosol characteristics over the Indo-
Gangetic Plain
V. Vinoj, Satyendra Kumar Pandey, Indian Institute of 
Technology Bhubaneswar (India)

Ground and satellite based measurements show significant 
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loading of atmospheric aerosols over the highly populated 
Indo-Gangetic Plains with implications to both air quality and 
regional climate. Recent studies have found varying trends 
in aerosol loading over this region during different seasons. 
However, most of these trends were associated or linked to 
changes in the strength of emission sources of both natural and 
anthropogenic origin. In this study, using data from multiple 
satellites (MODIS and MISR), ground based (AERONET) 
and reanalysis (ECMWF, NCEP) products, we show that 
emission characteristics over the West or North-western part 
of India have significant impact on aerosol loading over the 
IGP irrespective of the seasons. We find that meteorology 
has played a significant role in determining the direction 
of these trends. Our analysis suggests that meteorological 
characteristics may have contributed to more than 15 % (to the 
increase or decrease in aerosol loading depending on season) 
over the IGP in the recent past. This implies that future emission 
reduction strategies need to incorporate this information 
along with other developmental parameters to attain their 
emission reduction goals. In addition, this also has implication 
for regional climate including monsoon precipitation as both 
natural and anthropogenic emissions change. 

9882-6, Session 2

A new perspective on the aerosol cloud 
interaction in monsoon clouds
Thara V. Prabhakaran, Indian Institute of Tropical 
Meteorology (India)

Aerosol cloud interaction is a topic of significant attention in 
the recent years due to the uncertainty in addressing the cloud 
processes in numerical models. Major puzzle is addressing 
importance of subdrid processes in the numerical models 
relating to the indirect effect of clouds. In such a scenario, a 
synergy between the field campaigns, satellite observations, 
and simulations is sought , with each of the approach with 
its own limitations. In the Indian context, aerosol impact on 
the cloud microphysics has been illustrated through various 
studies from the Cloud Aerosol Interaction and Precipitation 
Enhancement Experiment (CAIPEEX). It may be noted that 
the monsoon conditions characterize a variety of cloud types 
and their associated microphysical interactions, which makes 
generalization very difficult. The mixed phase clouds contribute 
to significant rainfall locally and are very important to be 
understood from in situ observations and simulations. Which 
cloud microphysical processes are relevant for monsoon clouds 
and why ? What roles do aerosols play as CCN in modifying 
such environments? The abstract will focus on the fact that 
aerosol-cloud interaction in monsoon cloud is determined 
mainly by the liquid phase itself. 

9882-7, Session 2

Evaluation of NCMRWF unified model 
vertical cloud structure with CloudSat 
over the Indian summer monsoon region
A. JayaKumar, Ashu Mamgain, A. S. Jisesh, Saji 
Mohandas, R. Rakhi, E. N. Rajagopal, National Ctr. for 
Medium Range Weather Forecasting (India)

Representation of rainfall distribution and monsoon circulation 
in the high resolution versions of NCMRWF Unified model 
(NCUM) for the short-range forecasting of extreme rainfall 
event is vastly dependent on the key processes such as 
vertical cloud distribution, convection and convection/cloud 
relationship in the model. Hence it is highly significant to 
evaluate the vertical structure of cloud and precipitation of 
the model over the monsoon environment. In this regard, we 
utilized the synergy of the capabilities of CloudSat data for 
long observational period, by conditioning it for the synoptic 
situation of the model simulation period. Simulations were 
run at 4-km grid length with the convective parameterization 

effectively switched off and on. Since the sample of CloudSat 
overpasses through the monsoon domain is small, the 
aforementioned methodology may qualitatively evaluate the 
latitudinal variability of cloud and vertical cloud structure for 
the model simulation period. It is envisaged that the present 
study will open up the possibility of further improvement in the 
high resolution version of NCUM in the tropics for the Indian 
summer monsoon associated rainfall events. 

9882-8, Session 2

Genesis of elevated aerosol loading over 
the Indian region
Prijith S. S., P. V. N. Rao, National Remote Sensing Ctr. 
(India); Mannil Mohan, Vikram Sarabhai Space Ctr. 
(India)

Elevated aerosols assume importance as the diabatic heating 
due to aerosol absorption is more intense at higher altitudes 
where the atmosphere becomes thinner. Indian region, 
especially its central and northern latitudes, experiences 
significant loading of elevated aerosols during pre-monsoon 
and summer seasons. Multi-year satellite observations from 
Cloud Aerosol Lidar with Orthogonal Polarization (CALIOP) 
and Moderate Resolution Imaging Spectroradiometer 
(MODIS) are used along with reanalysis winds from MERRA 
to investigate the genesis of elevated aerosol loading over 
the Indian region. Central India is observed to have prominent 
aerosols loading at higher altitudes during pre-monsoon 
season, whereas it is during the summer over north-west 
India. Further analysis reveals that the elevated aerosols over 
central India during pre-monsoon is mainly due to convection 
of surface level aerosols and that over noth-west India during 
summer is due to mineral dust transport from arid continental 
regions at the west. Vertical transport of aerosols observed 
over central India during pre-monsoon is aided by an intense 
convergence at the surface level and divergence at the upper 
level. Moreover, aerosol source/sink strength estimated using 
aerosol flux continuity equation show significant aerosol 
production over central India during pre-monsoon. Strong 
vertical transport prevails during the season will uplift the 
locally produced aerosols, with considerable anthropogenic 
fraction, to higher altitudes where their impacts would be more 
intense.

9882-9, Session 2

Aerosols-cloud interaction during active-
break cycle of Indian summer monsoon 
from satellite observations and cloud 
resolving model simulations
Anwesa Bhattacharya, Vuruputur Venugopal, Arindam 
Chakraborty, Indian Institute of Science (India)

In this work vertical structures of hydrometeors have been 
systematically analyzed and documented using TRMM 2A12 
microwave estimates of cloud liquid water and cloud ice for 7 
years (2004--2010). A strong seasonal contrast of cloud liquid 
water and cloud-ice exists over central India. The lower rainfall 
periods (premonsoon or early monsoon) appear to show higher 
cloud liquid water than the higher rainfall periods (middle of 
the monsoon or peak monsoon) for the same surface rainrates. 
Similar differences were found between break-to-active and 
active-to-break phases of monsoon intraseasonal oscillation. 
Aerosol optical depth (AOD) was found to vary with the phases 
of ISO over central India. Based on this, we hypothesize that 
the higher cloud liquid water during the lean rainfall periods 
could potentially be attributed to the indirect aerosol effect.
Further, a realistic relationship was established between rate of 
change of AOD as a function of rainrate and present AOD using 
ground based AERONET and TRMM satellite observation.
The WRF-Chem model was modified by varying AOD and 
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aerosol concentration with rainrate using the aforementioned 
relation. We found that a realistic variation of aerosol amount 
with rainrate in the modified model resulted in a realistic 
variation in cloud liquid water as a function of height and 
rainrate in the transition phases as compared to the control 
(constant AOD) simulations. We found that the proposed 
interactive aerosol loading results in higher spatial variability in 
cloud liquid water and enhances the likelihood of larger cloud 
cover. 

9882-11, Session 3

Recent results and proposed observing 
system simulation experiments (OSSE) to 
link research and operation
Michiko Masutani, National Oceanic and Atmospheric 
Administration (United States) and Earth System 
Science Interdisciplinary Ctr. (United States) and Joint 
Ctr. for Satellite Data Assimilation (United States)

OSSEs are a challenge to operational weather services, because 
many of the efforts offer long-term rather than short-term 
benefits. Research community has more freedom to explore 
the possibility of new observing system. It is best to use 
operational data assimilation system to make the work relevant 
to operation (R2O). For that purpose close communication 
and assistance from operational community is required (O2R). 
Therefore, OSSE is a very effective tool to bond research and 
operational communities. 
Recently various OSSEs have been conducted at many 
institutes. In this presentation overview of OSSEs accomplished 
at NCEP and JCSDA in recent years will be presented. Costly 
instrument such as Doppler Wind Lidar (DWL) were evaluated 
in various configurations. High-resolution hyperspectral 
sounder, and microwave sounder in Geostational platforms 
are being evaluated. Effect of additional CPSRO satellites are 
evaluated. 
Based on results, further OSSEs to evaluate combined effect 
of these instruments are proposed. For example DWL on 
International Space Station (ISS) which cover lower latitude 
and Polar Communication and Weather mission (PCW) are 
proposed. OSSEs for Arctic observing system proposed is a 
challenge to the lack of operational tool over Arctic region.
Finally, experiences with OSSEs demonstrates that they often 
produce unexpected results. Theoretical predictions of the 
data impact and theoretical backup of the OSSE results are 
very important as they provide guidance on what to expect. On 
the other hand, unexpected OSSE results will stimulate further 
theoretical investigations. When all efforts come together, 
OSSEs will help with timely and reliable recommendations for 
future observing systems

9882-12, Session 3

Operational hydrological forecasting in 
regions of complex terrain using data 
assimilation
Ana P. Barros, Jing Tao, Duke Univ. (United States)

An operational streamflow forecasting testbed was 
implemented during the Intense Observing Period (IOP) of the 
Integrated Precipitation and Hydrology Experiment (IPHEx-
IOP) in May-June 2014 to characterize flood predictability 
skill in complex terrain and to investigate the propagation of 
uncertainty in quantitative precipitation forecasts (QPFs) and 
estimates (QPEs) to streamflow forecast uncertainty using 
a distributed hydrologic model. Specifically, hydrological 
forecasts for the 24 hour period beginning at 12:00 UTC were 
issued daily for 12 headwater catchments in the Southern 
Appalachians with drainage areas ranging from 71 km2 to 520 
km2 using the Duke Coupled surface-groundwater Hydrology 
Model (DCHM) forced by hourly atmospheric fields and 

QPFs produced by the NASA-Unified Weather Research and 
Forecasting (NU-WRF) model. Previous day hindcasts forced 
by radar-based QPEs were used to provide initial conditions 
(e.g. soil moisture) for the present day forecasts. This 
manuscript first describes the operational testbed framework 
and workflow during the IPHEx-IOP including a synthesis 
of results. Second various data assimilation approaches are 
explored a posteriori (post-IOP) to improve operational (flash) 
flood forecasting. Although all flash flood events during the 
IOP were predicted by the IPHEx operational testbed results 
with lead times of up to 6 hours, significant errors of over- 
and, or under-prediction were identified that could be traced 
back to the QPFs and subgrid-scale variability of radar QPEs. 
To improve operational flood prediction, three data-merging 
strategies were pursued post-IOP: 1) to improve QPFs through 
assimilation of satellite-based microwave radiances into NU-
WRF; 2) to improve QPEs by merging raingauge observations 
using simple but effective bias-correction methods, and 3) to 
improve streamflow forecasts by assimilating river discharge 
observations into the DCHM using Ensemble Kalman Filter 
(EnKF), fixed-lag Ensemble Kalman Smoother (EnKS), and 
Asynchronous EnKF (i.e. AEnKF) data assimilation techniques. 
The NU-WRF simulations assimilating satellite data resulted in 
improved QPF spatial patterns; hydrologic simulations forced 
by ensembles of merged QPEs from satellite and ground-
based radar observations produced streamflow hindcasts and 
associated uncertainty envelope capturing the observations; 
and, finally, both flood hindcasts and forecasts were 
significantly improved by assimilating discharge observations 
into the DCHM. Specifically, Nash-Sutcliff Efficiency (NSE) 
values as high as 0.98, 0.71 and 0.99 at 15-min time-scales were 
attained for three headwater catchments in the inner mountain 
region demonstrating that the assimilation of discharge 
observations at the basin’s outlet can reduce the errors and 
uncertainties in soil moisture at very small scales. Success in 
operational flood forecasting at lead times of 6, 9, 12 and 15hrs 
was also achieved through discharge assimilation with NSEs of 
0.87, 0.78, 0.72 and 0.51, respectively. Analysis of experiments 
using various data assimilation system configurations indicates 
that the optimal assimilating time window depends both on 
basin properties and storm-specific space-time-structure of 
rainfall, and therefore adaptive, context-aware, configurations 
of the data assimilation system are recommended to address 
the challenges of flood prediction in headwater basins. 

9882-13, Session 3

Impact of AIRS profiles on prediction 
of Indian summer monsoon-2010 using 
WRF variational data assimilation system
Anant Parekh, Indian Institute of Tropical Meteorology 
(India)

This study investigates the impact of Atmospheric Infrared 
Sounder (AIRS) temperature and moisture profiles on the 
prediction of the Indian summer monsoon-2010 using the 
three dimensional variational data assimilation system (3DVAR) 
annexed to the Weather Research and Forecasting model. 
In this study three sensitivity experiments are carried out to 
explore the impact of different observations on the monsoon 
prediction. The first is the control experiment and includes no 
assimilation; in the second, assimilation of conventional Global 
Telecommunication System data is performed. The third one is 
identical to the second except that it also includes assimilation 
of AIRS profiles. The initial fields of tropospheric temperature 
and water vapor mixing ratio showed significant improvement 
over the model domain. Assimilation of AIRS profiles has 
significant impact on predicting the seasonal mean monsoon 
characteristics such as tropospheric temperature, low-level 
moisture distribution, easterly wind shear, and precipitation. 
The vertical structure of the root-mean-square error is 
substantially affected by the assimilation of AIRS profiles, with 
smaller errors in temperature, humidity, and wind magnitude. 
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The consequent improved representation of moisture 
convergence in the boundary layer (deep convection as well) 
causes an increase in precipitation forecast skill. The fact that 
the monsoonal circulation is better captured is particularly 
noteworthy, thanks to an improved representation of thermal 
gradients, which in turn leads to more realistic moisture 
transport. Several previous data impact studies with AIRS and 
other sensors have focused on the short or medium range 
forecasts. The demonstrated improvement in all the predicted 
fields associated with the Indian summer monsoon, consequent 
to the month long assimilation of AIRS profiles, is an innovative 
finding with large implications to the operational seasonal 
forecasting capabilities over the Indian subcontinent. 

9882-14, Session 4

Reduction of uncertainty associated 
with future changes in Indian summer 
monsoon projected by climate 
models and assessment of monsoon 
teleconnections
Kavirajan Rajendran, Sajani Surendran, CSIR Fourth 
Paradigm Institute (India); Akio Kitoh, Univ. of Tsukuba 
(Japan); Stella Jes Varghese, CSIR Fourth Paradigm 
Institute (India) and Academy of Scientific & Innovative 
Research (AcSIR) (India)

Coupled Model Intercomparison Project phase 5 (CMIP5) 
coupled global climate model (CGCM) Representative 
Concentration Pathway (RCP) simulations project clear future 
temperature increase but diverse changes in Indian summer 
monsoon rainfall (ISMR) with substantial inter-model spread. 
Robust signals of projected changes are derived based on 
objective criteria and the physically consistent simulations with 
the highest reliability suggest future reduction in the frequency 
of light rainfall but increase in high to extreme rainfall. The 
role of equatorial Indian and Pacific Oceans on the projected 
changes in monsoon rainfall is investigated. The results 
of coupled model projections are also compared with the 
corresponding projections from high resolution AGCM time-
slice, multi-physics and multi-forcing ensemble experiments.

9882-15, Session 4

Impact of Megha-Tropiques SAPHIR 
radiance assimilation on the simulation 
of tropical cyclones over Bay of Bengal
Dhanya M., Deepak Gopalakrishnan, Anantharaman 
Chandrasekar, Indian Institute of Space Science and 
Technology (India); Sanjeev Kumar Singh, V. S. Prasad, 
National Ctr. for Medium Range Weather Forecasting 
(India)

Improving the accuracy in the prediction of tropical cyclones, 
both its intensity and movement, is one of the challenging 
tasks in numerical weather prediction (NWP). Lack of sufficient 
conventional observations over the ocean makes the role 
of satellite data crucial in this regard. In present study we 
have investigated the impact of assimilation of radiance 
measured by Sounder for Probing Vertical Profiles of Humidity 
(SAPHIR), on board Megha-Tropiques on the simulation of 
tropical cyclones. This case study has been done for three 
post-monsoon Bay of Bengal cyclones namely, Thane, Nilam 
and Phailin. The three-dimensional variational (3DVar) 
data assimilation system within the Weather Research and 
Forecasting (WRF) model has been employed here. With 
the initial and boundary conditions from Global Forecasting 
System (GFS) analysis, we performed a control run without the 
assimilation of any data and a 3DVar run, in which the SAPHIR 

radiance has been assimilated, for two nested domains (with 
two way nesting) of horizontal resolution of 27 km x 27 km and 
9 km x 9 km with 30 vertical levels. From the results obtained, 
it has been found that, the assimilation of SAPHIR radiance 
led to better simulation of each cyclone in terms of the track, 
precipitation, maximum wind, minimum sea level pressure, time 
averaged - domain averaged vertical profile of relative vorticity 
etc. Simulated rainfall has been compared with Tropical Rainfall 
Measurement Mission precipitation, and improvement has been 
verified by the analysis of statistical skill scores like, equitable 
threat score (ETS), bias, probability of detection (PoD), and 
false alarm ratio (FAR). The analysis of time averaged - domain 
averaged vertical profile of temperature anomaly around 
the center of the cyclone revealed that, the 3DVar run could 
capture the warm core of the cyclone more realistically than 
that of the control run, which again confirms the usefulness of 
SAPHIR radiance data.

9882-16, Session 4

Impact of advanced technology 
microwave sounder (ATMS) data in the 
NCMRWF 4D-VAR data assimilation 
system
S. Indira Rani, Swapan Mallick, Desamsetti Srinivas, John 
P. George, National Ctr. for Medium Range Weather 
Forecasting (India)

This study demonstrates the added benefits of assimilating the 
Advanced Technology Microwave Sounder (ATMS) radiances 
from the Suomi-NPP satellite in the NCMRWF Unified Model 
(NCUM). ATMS is a cross-track scanning microwave radiometer 
inherited the legacy of two very successful instrument 
namely, Advanced Microwave Sounding Unit-A (AMSU-A) and 
Microwave Humidity Sounder (MHS). ATMS has 22 channels: 
11 temperature sounding channels around 50-60 GHz oxygen 
band and 6 moisture sounding channels around the 183GHz 
water vapour band in addition to 5 channels sensitive to the 
surface in clear conditions, or to water vapour, rain, and cloud 
when conditions are not clear (at 23, 31, 50, 51 and 89 GHz). 
Before operational assimilation of any new observation by 
NWP centres it is standard practice to assess data quality with 
respect to NWP model background (short-forecast) fields. 
Qualities of all channels are estimated against the model 
background and the biases are computed and compared 
against that from the similar observations. The impact of 
the ATMS data on global analyses and forecasts is tested by 
adding the ATMS data in the NCUM Observation Processing 
system (OPS) and 4D-Var variational assimilation (VAR) 
system. This paper also discusses the pre-operational numerical 
experiments conducted to assess the impact of ATMS 
radiances in the NCUM assimilation-forecast system. It is noted 
that the performance of ATMS is stable and it contributes to 
the performance of the model, complimenting observations 
from other instruments. 

9882-17, Session 4

Role of precipitation assimilation 
in improving monsoon analysis and 
prediction
Deepa J. S., Sreenivas Pentakota, Chellappan 
Gnanaseelan, Rashmi Khandekar, Indian Institute of 
Tropical Meteorology (India)

The monsoon plays an important role in the economic 
status of Indian subcontinent. Seasonal and Extended range 
prediction of Indian summer monsoon has been a challenging 
task for meteorological communities. In the context of 
enhanced satellite and in-situ observational networks the 
data assimilation techniques have demonstrated promise 
in improving the monsoon prediction to a longer stride. 
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Previous methods of precipitation assimilation by means of 
nudging and variational techniques were limited to modify 
the moisture and temperature profiles only. They are generally 
successful in forcing the forecasted precipitation close to 
the observed precipitation during the assimilation, hence the 
model forecasts tend to lose their additional skill in few hours 
after the assimilation. The local ensemble transform Kalman 
filter (LETKF) implements effective precipitation assimilation 
by allowing ensemble members with better precipitation to 
receive higher weights in the analysis. In this study 17 years 
of TRMM precipitation is assimilated in the NCEP Global 
Forecast system (GFS) using LETKF. Accurate precipitation 
parameterization evolves with useful error covariance between 
the diagnostic precipitation and the state variables in the 
background forecast ensemble. The ensemble approach more 
efficiently changes the potential vorticity field by allowing 
ensemble members with better precipitation to locally have 
greater influence (i.e. receive higher weights) in the analysis 
step. Unlike many current approaches, both positive and zero 
rain observations are assimilated effectively by taking care of 
non-Gaussian distributive property of precipitation. Several 
sensitive experiments are performed to highlight the role 
of precipitation assimilation in better analysis of monsoon 
dynamics and their subsequent impact on monsoon forecast. 

9882-18, Session 4

Impact of satellite data assimilation 
on improving the ocean analysis and 
monsoon variability
Chellappan Gnanaseelan, Sreenivas Pentakota, 
Nadiminti Pavan Kumar, Rashmi Khandekar, Deepa J. S., 
Indian Institute of Tropical Meteorology (India)

Seasonal and Extended range prediction of Indian summer 
monsoon has been a challenging task for meteorological 
communities. It is a well established fact that accurate 
representation of ocean state is very essential for better 
seasonal as well as short term weather forecast. Any inaccuracy 
in the representation of upper ocean thermal structure in the 
ocean initial state will lead to drastic errors in coupled model 
forecast. The data assimilation techniques have promising 
role in achieving an accurate ocean state in the context of 
recent advances in ocean and atmospheric observational 
networks. The high frequency altimeter (sea surface height), 
sea surface temperature (SST) and sea surface salinity 
(SSS) are assimilated in the Global Ocean Data Assimilation 
(GODAS). GODAS is the assimilation module for MOM4 (ocean 
component of CFS, the forecast model used in India and 
many other countries). The structure of ocean temperature 
and salinity controls the density field and thereby playing 
a major role in influencing the ocean dynamics. It has been 
a challenging task to understand the strong intra-seasonal 
and inter-annual variability of temperature and salinity 
structure in the regions of large fresh water discharge and 
high precipitation such as Bay of Bengal. Several experiments 
are carried out to understand the sensitivity of different 
observations on the ocean analysis and their intra-seasonal 
and inter-annual variability. We further examined the role of 
improved ocean analysis on the CFS based seasonal monsoon 
forecast.

9882-20, Session 5

Examining the characteristics of clouds 
as simulated by NMM models
Mata Mahakur, R. Phani M. Krishna, Parthasarathi 
Mukhopadhyay, S. A. Rao, Indian Institute of Tropical 
Meteorology (India)

Recently Earth System Science Organisation (ESSO), 
Government of India under its National Monsoon Mission 
(NMM) program has adopted the National Center for 

Environmental Prediction (NCEP) coupled Climate Forecast 
System (CFS) version 2 towards seamless prediction in short 
range to seasonal scale with continued efforts for improving 
the deficiencies through rigorous validation of its simulations. 
Clouds play the dominant role in the climate system not only 
in the precipitating in various forms, durations and intensity 
but also in regulating the radiation and in redistributing latent 
energy. Thus representation of clouds in the model is very 
much crucial through proper implementation of physical 
processes. Under the NMM program version 2 of NCEP CFS 
which is the current latest release was run at three spatial 
resolutions i.e. T62, T126 and T382 with same model physics 
for 20-30 years period using NCEP Climate Forecast System 
Reanalysis as initial conditions. International Satellite Cloud 
climatology Project (ISCCP) has historical information on 
cloud types from the global constellations of infrared and 
visible imageries radiances for the period 1983-2009. But, 
after the lunch of CloudSat and CALIPSO similar information 
are available at higher spatial resolution. CloudSat is a part of 
the A-Train formation of the constellation of satellites; it flies 
cloud profiling radar (CPR), which is first of its kind. The CPR 
along with CALIPSO and MODIS provides range resolved cloud 
products each of 240 m thickness from surface through 30 
km altitude. In this work model diagnosed cloud types (low, 
middle, high and convective), frequencies and cloud-depths 
as simulated with the above mentioned three resolutions are 
compared with ISCCP as well as CloudSat products. The silent 
features from the validation exercises obtained from the entire 
data durations will be discussed. 

9882-21, Session 5

Impact of EnVar hybrid assimilation 
using EnKF ensembles
V. S. Prasad, C. J. Johny, National Ctr. for Medium Range 
Weather Forecasting (India); Jagdeep S. Sodhi, Andhra 
Univ. (India); E. N. Rajagopal, National Ctr. for Medium 
Range Weather Forecasting (India)

Performance of an EnVar hybrid data assimilation system based 
on 3D Var NGFS (NCMRWF Global Forecast System) of T574 
configuration and Ensemble Kalman Filter is investigated. The 
experiment is conducted during the Indian monsoon season 
(June-September) 2015 and compared against operational GSI 
3D Var system. Two way coupled dual resolution hybrid system 
with 80 member ensemble of T254L64 configuration are 
used and forecasts are done for 10days. In hybrid experiment 
75% weight is given to ensemble covariance and 25% for 
static covariance. The forecast skill of experiments over 
different spatial domains is compared against observations 
and respective analysis. The hybrid experiment produced 
significant improvement in forecasts compared to 3D Var in 
all fields except lower level temperature over tropical regions. 
Improvement is also seen in the prediction of extreme rainfall 
events. The prediction of monsoon onset and track of cyclone 
Ashobaa with hybrid and 3D var system is discussed.

9882-96, Session 5

High resolution land surface response 
of inland moving Indian monsoon 
depressions over Bay of Bengal
P. V. Rajesh, Sandeep Pattnaik, Indian Institute of 
Technology Bhubaneswar (India)

During Indian summer monsoon season, nearly about half of 
the monsoonal rainfall is brought inland by the low pressure 
systems called as Monsoon depressions. As these systems 
bear tremendous amount of rainfall as they move over land, 
the accurate forecast of these synoptic scale systems at short 
time scale can help in disaster management, flood relief, food 
safety. In this study, the impact of high resolution land state 
is addressed by evaluating the evolution of the inland moving 
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Monsoon Depressions formed over Bay of Bengal by means 
of High Resolution Land Data Assimilation System (HRLDAS) 
using NOAH-MP land-surface model as the core. Subsurface 
soil temperature verification using tower observation and 
top layer soil moisture using Soil Moisture and Ocean Salinity 
(SMOS) and shows remarkable agreement. Validation of the 
model simulated basic atmospheric parameters at surface layer 
and troposphere reveals that the incursion of high resolution 
land state in the simulations yields least Root Mean Squared 
Error with a higher correlation coefficient and facilitates the 
more accurate depiction of Monsoon Depressions. Rainfall 
verification shows that LDAS simulations are spatially and 
quantitatively in more agreement with the observations, and 
yields better statistical skill scores. The improved surface 
characteristics could result in the realistic reproduction of 
the storm intensity. Composite moisture analysis over land 
shows that the surface evaporative terms are quite less when 
compared to the Moisture flux convergence of water vapor 
which provides moisture supplied into the system. Lead lag 
correlation analysis of the temporal relationship between 
rainfall, moisture convergence and surface evaporation-
transpiration shows a higher correlation of lead rainfall-
moisture convergence, suggesting that the high resolution 
land state can restructure the moisture inflow into the system 
through rainfall-moisture convergence feedback.

9882-22, Session 6

Whether ice clouds warm or cool the 
Earth
Guosheng Liu, Yulan Hong, Florida State Univ. (United 
States)

Cloud modulates Earth’s radiation budget through its albedo 
vs. greenhouse effect. The former results in cooling the Earth 
by reflecting shortwave radiation back to space, while the 
latter leads to warming by intercepting outgoing longwave 
radiation. It is well established that thin cirrus and contrails 
have the greenhouse effect overtaking the albedo effect 
because their low water content, large particle size and high 
altitude, although most other types of clouds have greater 
albedo effect, thus cool the Earth as a results. Even for ice 
clouds, there is a wide spectrum in terms of water content or 
optical depth. What portion of clouds within the whole ice 
cloud spectrum have a net warming effect, and what portion 
of them have a net cooling effect? How this partition varies 
depending on region and season? This study aims at answering 
these questions using satellite-observed cloud ice distributions 
in conjunction with radiative transfer modeling.
The radiative transfer modeling has been carried out using 
one-year ice cloud retrievals from CloudSat and CALIPSO 
observations as input. It is done pixel-by-pixel, but incorporates 
solar zenith angle variation by assuming that the same ice 
cloud persists 24 hours. Surface albedo and atmospheric 
aerosol, temperature and moisture profiles are inputted into the 
simulations from existing satellite and reanalysis data. Results 
show that for all ice clouds as a whole, the warming (~21.9 W 
m-2) due to trapping longwave radiation exceeds their cooling 
(~-16.9 W m-2) caused by shortwave reflection, resulting in a 
net warming to the Earth-atmosphere system. The warming 
effect is mostly over the tropical deep convective regions, 
whereas the cooling occurs in the midlatitudes when averaged 
over a whole year. Ice cloud optical depth (?) is important in 
determining the sign of net radiative effect of ice clouds. Those 
ice clouds with ? < 4.6 display warming effect when averaged 
over the globe, although the ? value at which ice clouds have 
zero net effect depends on region and season. Specifically, 
thin ice clouds with ? < 3.0 show net warming effect globally, 
whereas those with ? > 3.0 vary their net effect between 
cooling and warming depending on regions. The largest 
contribution of warming is from ice clouds with ? ~1.0 with little 
season- or region-dependence due to its conditionally warming 
effect and frequent occurrence. In addition, results show that 
ice clouds cause differential heating and cooling in different 
levels of the atmosphere, particularly with strong heating in the 
upper troposphere over tropics. At Earth’s surface, ice clouds 

almost exclusively produce a cooling effect even for thin ones 
with ? < 0.03.

9882-23, Session 6

Quantifying and monitoring convection 
intensity from mm-wave sounder 
observations
Ziad Haddad, Jet Propulsion Lab. (United States)

Very few algorithms to interpret the measurements of 
mm-wave radiometers over clouds and precipitation have 
been proposed to date because the scattering signatures 
of hydrometeors at these frequencies are very difficult to 
model. The few algorithms that have been developed (most 
notably D. Staelin’s neural-network approach, and an adapted 
version of the Bayesina GPROF algorithm to the case of the 
Global Precipitation Measurement mission) try to retrieve 
the variable that the measurements are least sensitive to, 
namely surface precipitation. Yet mm-wave radiometers 
have an enormous advantage over the lower-frequency 
“window-channel” radiometers such as TMI, GMI, AMSR, etc, 
in that they have much finer resolution and can explicitly 
resolve deep convection. Preliminary analyses (in particular 
of Megha-Tropiques’s SAPHIR observations) indicate that the 
measurements are very sensitive to the depth and intensity 
of convection, and the first objective of our analyses was to 
characterize this dependence and to quantify the uncertainty 
in the retrieved descriptions of convection intensity. The results 
seem very complementary to the cloud-top-IR temperatures 
that are currently observed from geostationary satellites. 
The main challenge is to quantify the uncertainty due to the 
scattering signatures of the hydrometeors and to the variable 
temperature within the cloud.

9882-24, Session 6

Marine ecosystem response to the rapid 
warming over the tropical Indian Ocean
Roxy Mathew Koll, Aditi Modi, Indian Institute of 
Tropical Meteorology (India); Raghu Murtugudde, 
Univ. of Maryland, College Park (United States); Vinu 
Valsala, Swapna Panickal, Indian Institute of Tropical 
Meteorology (India); S. Prasanna Kumar, CSIR-National 
Institute of Oceanography (India); M. Ravichandran, 
Indian National Ctr. for Ocean Information Services 
(India); Marcello Vichi, Univ. of Cape Town (South 
Africa); Marina Lévy, Univ. Pierre et Marie Curie (France)

The western Indian Ocean hosts one of the largest 
phytoplankton blooms in summer, and supports the second 
largest share of the most economically valuable tuna catch. 
Earlier studies had identified this as the open ocean region 
with the largest increase in marine phytoplankton, but based 
on relatively short-term records. In fact, the coastal winds 
over the western Indian Ocean have strengthened in the 
recent decades and ideally, this should increase the nutrient 
mixing and enhance the primary productivity in this region. 
On the contrary, the current study using multi-sensor-blended 
satellite observations and earth system model historical 
simulations, points out an alarming decrease of up to 30% 
in marine phytoplankton in this region during the past six 
decades. We find that these trends in chlorophyll are driven by 
enhanced ocean stratification due to the rapid warming in the 
Indian Ocean, which suppresses the nutrient mixing from the 
subsurface layers.
The long-term trends in marine primary productivity and 
the deleterious role of ocean warming in it has remained 
unexposed so far due to the non-availability of data over 
the Indian Ocean–where the changes in the strong monsoon 
winds also determine the phytoplankton variability on short 
timescales. Future climate projections suggest that the Indian 
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Ocean will continue to warm, leading to further reduction in 
marine productivity, which combined with the fishing pressure, 
can drive this productive region into an ecological desert. This 
study may also serve as a cautionary tale for other coastal and 
open ocean regions in terms of the marine ecosystem response 
in a warming world. 

9882-25, Session 6

Effect of tropical cyclones on the 
STE processes using multi-satellite 
observations
Venkat Ratnam Madineni, National Atmospheric 
Research Lab. (India); Ravindra Babu Saginela, 
Jawaharlal Nehru Technological Univ. (India); B . V. 
Krishna Murthy, Ceebros (India); B. Venkateswara Rao, 
Jawaharlal Nehru Technological Univ. (India)

Tropical cyclones (TCs) are deep convective synoptic-scale 
systems that play an important role in modifying the thermal 
structure, tropical tropopause parameters and hence also 
modify stratosphere–troposphere exchange (STE) processes. In 
the present study, high accuracy measurements from COSMIC 
GPS RO and MLS are used to investigate and quantify the 
effect of tropical cyclones that occurred over Bay of Bengal 
and Arabian Sea in the last decade on the STE processes. 
From all the TC events, we generate the mean cyclone-centred 
composite structure for the tropopause parameters (water 
vapor and ozone) and removed it from the climatological 
mean obtained from averaging the GPS RO (MLS) data from 
2002 (2004) to 2013 (2013). In general, decrease in the CPH 
in the eye is noticed as expected. However, as the distance 
from the cyclone eye increases by 300, 400, and 500 km, 
an enhancement in CPH (CPT) and LRH (LRT) is observed. 
Lowering of CPH (0.6 km) and LRH (0.4 km) values with 
coldest CPT and LRT (2–3 K) within a 500 km radius of the TC 
centre is noticed. Higher (2 km) COH leading to the lowering of 
TTL thickness (2–3 km) is clearly observed. There are multiple 
tropopause structures in the profiles of temperature obtained 
within 100 km from the centre of the TC. Influence of these 
TCs on the water vapour transport from the troposphere to the 
lower stratosphere, and ozone from the lower stratosphere to 
the upper troposphere is clearly observed. Thus, effects of TCs 
on STE process is first time quantified.

9882-26, Session 6

Recent land-use land-cover changes 
and their impact on the evolution and 
structure of thunderstorms in New Delhi
Ashu Mamgain, C. K. Unnikrishnan, E. N. Rajagopal, 
National Ctr. for Medium Range Weather Forecasting 
(India)

The consequences of urbanization can be noticed in various 
spheres of urban life. The environmental aspects and impacts 
are having highest priority. Satellite observations show changes 
in Land use/Land cover (Lu/Lc) during last two decades. 
Current study investigates the impact of changes in Lu/Lc on 
thunderstorms, the short lived convective events occurred 
at National Capital Territory of Delhi and neighbouring areas. 
We are trying to understand the impact of urban Lu/Lc 
changes on the structure and evolution of severe thunderstorm 
activities over short time period. Lu/Lc data from International 
Geosphere-Biosphere Programme (IGBP) are available for 
the period 1992-1993 and recent period 2012-2013 Lu/Lc data 
are from Indian Space Research Organisation (ISRO) AWiFS 
satellite. Thunderstorm cases of years 2014 and 2015 are 
selected for this study. For dynamical downscaling, we have 
used a cloud resolving model at 1.5 km resolution embedded 
within a coarser resolution global model at 17 km resolution. 
These configurations of both regional and global models are 

based on UK Met Office Unified Model. High resolution (90 
metre) orography data from Shuttle Radar Topography Mission 
(SRTM) of the NASA are used to generate the regional model 
orography. Recent period Lu/Lc shows an increase in urban 
build up and increase in bare soil fraction over Delhi region. 
The preliminary results suggest that the thunderstorm activity, 
its evolution and vertical structure are modulated by the 
underlying land use land cover.

9882-27, Session 6

Precipitation-aerosol relationship over 
the Indian region during drought and 
excess summer monsoon years
Sajani Surendran, Kavirajan Rajendran, V. B. Arya, CSIR 
Fourth Paradigm Institute (India)

This study investigates the aerosols-rainfall interaction during 
Indian summer monsoon and characterizes their difference 
in drought and excess summer monsoon years, based on 
MODIS (MODerate Resolution Imaging Spectro-radiometer) 
derived Aerosol Optical Depth (AOD) at 550 nm. AOD has 
been estimated using Level-2 MODIS Terra Data Version 6. 
AOD and aerosol absorbing index in drought years are found 
to be higher over India compared to excess monsoon years. 
The total effect of aerosols causes reduction of summer 
rainfall but with distinct differences in their impact during 
strong and weak summer monsoon years, due to the changes 
in clouds, radiation, large-scale circulation, and convection. 
Aerosol and cloud characteristics exhibit strong association to 
rainfall variability in intraseasonal and interannual time scales. 
Variability in cloud effective radius and cloud optical thickness 
is found to be consistent with aerosol indirect effect. 

9882-28, Session 6

Impact of river runoff into the ocean on 
climate
Jahfer Sharif, P. N. Vinayachandran, Ravi S. Nanjundiah, 
Indian Institute of Science (India)

Local and remote impacts of river discharge on ocean salinity, 
temperature, currents, and air-sea processes such as Monsoon, 
ENSO etc. are studied using global climate model, Community 
Coupled System Model (CCSM3). To assess the impact of 
runoff, we have conducted two simulations, (i) control run 
(CR) and (ii) run without global runoff flux into the ocean 
(NoRiv). In the absence of global runoff, surface waters turned 
saltier with large scale increase in the Arctic, Bay of Bengal, 
tropical Atlantic and northern high latitudes. Significant rise 
in sea surface temperature (SST) in the NoRiv was found 
in Northern Atlantic and Pacific, largely contributed by the 
warm water transport from low latitudes. NoRiv equatorial 
Pacific SST pattern resembled that of a La Nina, but in the 
absence of global runoff, SST anomalies turned warmer 
to the north of equator and cooler to the south, in all the 
tropical oceans. This north-south anomaly in surface ocean 
temperature resulted in large-scale changes in interhemispheric 
atmospheric flow pattern. Our model results suggest that the 
northern hemispheric summer monsoon systems will enhance 
in the absence of global runoff, while to the south of equator, 
the monsoon systems will be suppressed. This north-south 
asymmetry in NoRiv is found to be primarily driven by the 
bipolar nature of SST anomalies across the equator and the 
consequent northward migration of Inter-Tropical Convergence 
Zone (ITCZ).

Conference 9882:  
Remote Sensing and Modeling  

of the Atmosphere, Oceans, and Interactions VI



  +1 360 676 3290 · help@spie.org      151Return to Contents

9882-29, Session 7

Impact of INSAT-3D satellite and other 
space- and terrestrial-based observing 
systems on weather analysis and forecast 
over the Indian region
Randhir Singh, Indian Space Research Organisation 
(India)

To investigate the potential impact of recently launched INSAT-
3D satellite and other various types of data on weather forecast 
over the Indian region, a set of data-denial experiments 
spanning the entire month of July 2012 is executed using the 
Weather Research and Forecasting (WRF) model and its three-
dimensional variational (3DVAR) data assimilation system. The 
experiments are designed to allow the assessment of mass 
versus wind observations and terrestrial versus space-based 
instruments, to evaluate the relative importance of the classes 
of conventional instrument such as radiosonde, and finally to 
investigate the role of individual space borne instruments. The 
moist total energy norm is used for validation and forecast 
skill assessment. The results show that the contribution of 
wind observations toward error reduction is larger than mass 
observations in the short range (48 h) forecast. Terrestrial-
based observations generally contribute more than space-
based observations except for the moisture fields, where the 
role of the space-based instruments becomes more prevalent. 
Only about 50% of individual instruments are found to be 
beneficial in this experiment configuration, with the most 
important role played by radiosondes. Thereafter, Meteosat 
Atmospheric Motion Vectors (AMVs) (only for short range 
forecast) and Special Sensor Microwave Imager (SSM/I) are 
second and third, followed by surface observations, Sounder 
for Probing Vertical Profiles of Humidity (SAPHIR) radiances 
and pilot observations. Results of the additional experiments 
of comparative performance of SSM/I total precipitable water 
(TPW), Microwave Humidity Sounder (MHS), and SAPHIR 
radiances indicate that SSM/I is the most important instrument 
followed by SAPHIR and MHS for improving the quality of the 
forecast over the Indian region. Further, the impact of single 
SAPHIR instrument (onboard Megha-Tropiques) is significantly 
larger compared to three MHS instruments (onboard NOAA-
18/19 and MetOp-A). As far as INSAT-3D satellite is concerned, 
the largest impacts on the analyses, when assimilating 
INSAT-3D imager radiances, are found in the mid and upper 
tropospheric moisture, while assimilation of sounder radiances 
impacted both moisture and temperature throughout 
the troposphere. The results demonstrate the ability of 
temperature- and water vapour-sensitive radiances to improve 
not only the temperature and moisture fields, but also the wind 
fields, enhancing their importance, particularly over tropical 
regions where wind observations are more important.

9882-30, Session 7

Aerosol simulations over the Indian 
region: comparison with ground- and 
satellite-derived observations
Ravi S. Nanjundiah, Gaurav Govardhan, S. K. Satheesh, 
Indian Institute of Science (India)

We compare simulation of aerosol properties over the Indian 
region by WRF-Chem and SPRINTARS (a simulated dataset 
nudged with NCEP-NCAR Reanalysis data for meteorological 
parameters) with ground observations and satellite data during 
May and October. Both simulate the spatial patterns of Black 
Carbon (BC) well but underestimate the magnitude. This 
points to shortcomings in the emissions’ inventory in both the 
models. Simulations of natural aerosols such as sea-salt and 
dust were also intercompared. Meteorological parameters (and 
their simulation) played a significant role in simulation of these 
aerosols. Simulated AOD in WRF-Chem and SPRINTARS is 
underestimated vis-a-vis MODIS AOD by a factor of 1.5 to 2.9.

We find that the boundary layer height and winds are 
overestimated by WRF-Chem. This leads to increased mixing 
and could also contribute to reduced BC concentrations. 
Difference between simulated and observed rainfall (TRMM) 
can also have an impact on wet scanvenging and hence on 
BC concentrations in WRF-Chem. Differences in prescription 
of optical properties could also have an affect on AOD 
simulations. 
We note that dust advection in SPINTARS and WRF-Chem is 
higher during the pre-monsoon season as a response to the 
prevailing winds from the West Asian region. Differences in 
simulated sea-salt concentrations is related to differences in 
surface wind speeds between the two simulations. 

9882-31, Session 7

The Southern Bay of Bengal cold pool: 
observations and modeling
P. N. Vinayachandran, Indian Institute of Science (India)

The ocean around Sri Lanka presents a variety of features 
during the summer monsoon such as the intense Summer 
Monsoon Current that flows eastward to the south of Sri Lanka 
and then intrudes into the Bay of Bengal, the Sri Lanka Dome 
located to the east of the island, coastal upwelling along the 
southern coast of Sri Lanka, phytoplankton blooms and a salt 
pump that streams saltier Arabian Sea water from subsurface 
depths. In addition, the water around the southern tip of 
India and Sri Lanka are cooler compared to the surrounding 
Bay of Bengal and in the Equatorial Indian Ocean waters and 
hence called as the cold pool. In this presentation, results from 
CTCZ field experiments, numerical simulations and analysis 
of satellite data pertaining to the formation and maintenance 
of the cold pool will be reviewed followed by plans for future 
field experiments and modeling. Understanding the dynamics 
and thermodynamics of the cold pool was identified as a major 
objective of the CTCZ field experiment under Indian Climate 
Research Programme. The field observations were able to 
capture an intra-seasonal cooling event for which the summer 
monsoon current was the primary forcing mechanism. These 
observations also showed evidences for the existence of a salt 
pump along the path of the summer monsoon current in which 
saltier sub-surface water is brought to the near-surface layers. 
The formation of the cold pool takes place along with the onset 
of summer monsoon during the month of May. The annual 
cycle of SST of the cold pool is also marked by a pre-monsoon 
cooling event that takes place during mid-April. Both events 
are closely linked to the formation and propagation of clouds 
from the equatorial Indian Ocean. Interestingly, the summer 
monsoon rainfall is at its lowest above the cold pool suggesting 
that the cold pool has a control over the distribution of rainfall. 
The role of cold pool on determining the spatial pattern of 
rainfall is not well understood.

9882-32, Session 7

Land-atmosphere coupling 
characteristics over Indian region 
obtained from satellite observations and 
model simulations
Shubhi Agrawal, Arindam Chakraborty, Eswar Rajasekar, 
Muddu Sekhar, Indian Institute of Science (India)

The spatio-temporal characteristics of Land-Atmosphere 
coupling over Indian monsoon region is poorly understood. 
A major reason behind this is lack of availability of long term 
observations of land surface parameters. In recent time, 
European Space Agency has generated 35 years of global 
gridded soil moisture based on satellite observations (ESACCI). 
In this study we validate this data set with ground based 
observations at 130 stations provided by CTCZ program for 
recent years (2010-13) for JJAS months. The stations were 
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divided into groups based on the soil type. ESACCI seem to 
do better over plains (Gangetic Plains and West Central India) 
compared to hilly or heavily vegetated areas (North India, East 
Central India). The two main reasons of difference between 
the two products could be the difference in their soil sampling 
depth and the fact that one is point observation and the 
other represents an area. Overall the satellite derived product 
(ESACCI) is in sync with ground based observations. 
A global model simulations showed huge positive bias in 
Soil moisture (SM) over Indian region compared to observed 
SM(ESACCI), specially from June to February months. 
Similar bias was found in simulated evapotranspiration when 
compared with satellite derived evapotranspiration data. 
Satellite based SM product can be used for nudging the SM in 
model and thus improving the simulation of surface fluxes and 
land-atmosphere coupling subsequently. 

9882-3, PThM1

A cloud detection through background 
surface reflectance prediction with pre-
running BRD components
Sungwon Choi, Kyung-Soo Han, Pukyong National Univ. 
(Korea, Republic of); Jongmin Yeom, Korea Aerospace 
Research Institute (Korea, Republic of); Morang Huh, 
Pukyong National Univ. (Korea, Republic of)

Cloud Detection means determining that each observed pixel 
from satellite is cloud. In most of studies, many methods of 
cloud detection are researched with observed reflectance and 
brightness temperature difference. But in this study, we study 
cloud detection with background reflectance and observed 
reflectance together. Bidirectional reflectance distribution 
function (BRDF) is semi-empirical method that composite 
normalized ground reflectance with reflectance coefficients 
and zenith angles. For estimating background reflectance, we 
use BRDF. We compare difference of estimated back ground 
reflectance by 30days BRDF normalized ground reflectance 
and observed reflectance by SPOT satellite, and study cloud 
detection using threshold method for them.

9882-46, Session PThM1

Incessant heavy rainfall event of June 
2013 over Uttarakhand, India
Manish Ranalkar, India Meteorological Dept. (India); 
Hemantkumar S. Chaudhari, Anupam Hazra, Indian 
Institute of Tropical Meteorology (India); Gaurishankar 
Sawaisarge, India Meteorological Dept. (India)

The southward penetration of mid-latitude westerlies and 
their interaction with monsoon current is harbinger of intense 
rainfall activity over northern and central India. Such synoptic 
condition prevailed during 14-17 June 2013 and unleashed 
relentless rainfall over the state of Uttarakhand. Observational 
aspects of this event have been explored using surface, satellite 
and reanalysis data. Furthermore modeling studies are also 
performed to understand this Uttarakhand event. Precipitation 
features have been explored using data from Precipitation 
Radar onboard TRMM satellite in conjunction with TRMM-
TB42, Automatic Weather Station (AWS) and Automatic Rain 
Gauge (ARG) Station data. The ERA Interim dataset has been 
used to explore prevalent synoptic conditions and Modern-
Era Retrospective analysis for Research and Applications 
(MERRA) reanalysis fields revealed that prevalent synoptic 
features led to moisture flux convergence in lower troposphere. 
Vertically integrated water vapor transport over the India and 
adjoining oceanic region is evaluated to gain an insight into 
the dynamical mechanism of rainfall activity over Uttarakhand. 
Results reveal that interplay between movement of monsoon 
low along the monsoon trough, resulting in strong low level 
convergence and constant feeding of moisture from Arabian 

Sea and Bay of Bengal and strong upper level divergence 
owing to southward intrusion of mid-latitude westerly trough 
resulted in heavy rainfall activity over Uttarakhand.

9882-47, Session PThM1

Impact of GNSS-IPW observations on 
NGFS
C. J. Johny, V. S. Prasad, National Ctr. for Medium Range 
Weather Forecasting (India)

The accurate estimation of water vapour with high spatial 
and temporal resolution is needed for operational weather 
forecasts and weather and climate research. Moisture 
representation in numerical weather prediction models is 
inadequate for forecasting meso-scale precipitation events 
and accurate information of middle and upper tropospheric 
moisture determines strength, effectiveness and longevity 
deep convective processes. Global Navigation Satellite System 
(GNSS) provides a way for measuring atmospheric humidity 
continuously at a low operational cost by co-locating GPS 
receiver with meteorological sensor. Impact of assimilation of 
GNSS-IPW observations from NOAA-NWS and EUMETNET 
network on NCMRWF GFS forecast is investigated during 
May-June period in 2014. Impact of assimilation of GNSS-IPW 
observations are not only confined to the regions of dense 
GNSS-IPW network, but can be seen in other regions also. 
Ingestion of IPW observations impacted prediction of rainfall 
over the Indian monsoon region even though very few IPW 
stations located in the region. Impact of assimilation is not 
uniform on temperature, wind and humidity and different over 
different region. GNSS-IPW observations can impact forecast 
of individual rainfall events at large and major impact on rainfall 
forecast is seen in the regions of large integrated precipitable 
water in the model. In India MoES has already setup many 
GNSS-IPW stations and also some more are in the pipeline . 
The quality of these present observations from MoES and plans 
for the future GNSS-IPW stations are discussed. 

9882-48, Session PThM1

Aerosols cloud interactions: effect on 
precipitation
Jasmine S. Takle, India Meteorological Dept. (India) and 
Savitribai Phule Pune Univ. (India) and Indian Institute of 
Tropical Meteorology (India); Rajamma S. Maheskumar, 
Indian Institute of Tropical Meteorology (India)

Aerosols a tiny suspended particle in the atmosphere with high 
variability in time and space play a major role in modulating 
the cloud properties and thereby precipitation. To understand 
the aerosol induced Invigoration effect predictors like aerosol 
optical depth, cloud optical depth, cloud top temperature, 
cloud effective radii, ice water path retrieved from the 
Moderate resolution Imaging Spectroradiometer MODIS 
(aqua) satellite data were analyzed for pre monsoon and post 
monsoon months over the Indian subcontinent during the 
period (2003-2013). Apart from the above data, mesoscale 
dynamical parameters such as vertical velocity, wind shear, etc. 
were also considered to understand their role in invigoration.
Case studies have been carried out for the regions having 
heavy rainfall events & minimal rainfall events during high 
Aerosol optical depths occasions respectively. Analysis 
revealed that the heavy rainfall which occurred in this region 
with higher optical depths might be due to invigoration effect 
of aerosols wherein the dynamical as well as thermodynamical 
parameters were also found favorable. Minimal rainfall events 
were also observed most probably due to the suppression 
of rain formation/delay in precipitation due to high amount 
of aerosol concentration in these regions. Prominent 36 such 
cases were studied all over India during Pre & Post monsoon 
months. 
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9882-49, Session PThM1

Different seasonal SST pattern and 
associated cloud cover over Arabian Sea 
and Bay of Bengal revealed from satellite 
data
Panini Dasgupta, Indian Institute of Tropical 
Meteorology (India); Charu Singh, Indian Institute of 
Remote Sensing (India)

The Arabian Sea and Bay of Bengal have a profound influence 
on sub-continental weather pattern. Using TMI Sea Surface 
temperature (SST) and outgoing long wave radiation (OLR) 
HIRS data for the time period of 16 years (1998-2013), a 
comparative analysis of SST and cloud cover between Arabian 
Sea and Bay of Bengal have been carried out. Although 
Arabian Sea and Bay of Bengal are at the same latitudinal 
position, these two Seas exhibit different SST pattern. It has 
been noticed that the Arabian Sea remains warmer than the 
Bay of Bengal except during the monsoon season. The Bay of 
Bengal appears warmer about 10C as compared to Arabian Sea 
during monsoon season. Conversely, in winter season Arabian 
Sea seems to be warmer by 10C. Different seasonal cloud 
covers over Arabian Sea and Bay of Bengal also have been 
investigated in the study.

9882-50, Session PThM1

Fe-dust deposition and phytoplankton 
bloom in Arabian Sea during dust storm 
2012
Kunal Bali, CSIR-National Physical Lab. (India)

In recent years, there is a substantial increase of interest in 
studying the processes of dust storms and its impact on the 
marine ecology. Recent studies by Patra et al. [2007] showed 
that the atmospheric deposition of mineral dust is a major 
source of nutrients for the production of phytoplankton blooms 
in the sea. Growth of phytoplankton depends on the availability 
of light and nutrients such as nitrogen, phosphorous, iron etc. 
Sheng-Hsiang Wang et al. [2012] suggest that heavy dust 
events contain readily bio available iron and enhance the 
phytoplankton growth. These nutrients are made available to 
phytoplankton by various sources such as river discharges, 
atmospheric deposition, upwelling processes and mixed-layer 
dynamics of oceans. Of these, atmospheric deposition is the 
main source of nutrients for most of the oceanic regions [Duce 
and Tindale, 1991].
In recent years, because of changes in wind shear, land cover 
and precipitation patterns, the amount of dust uplifted and 
long range transport of mineral dust is found to be quite 
variable. The mineral dust is found to enhance phytoplankton 
population that may lead to the ecological imbalance over 
oceanic regions. In this study, an effort is made to correlate 
the very recent major dust storm event of March 2012 with the 
chlorophyll concentrations in the most affected area of the 
northern Arabian sea.

9882-52, Session PThM1

Characteristics of clouds over Western 
Ghat during the active and break phase 
of Indian summer monsoon by using Ka-
band Doppler weather radar and other 
reanalysis data
Kaustav Chakravarty, Indian Institute of Tropical 
Meteorology (India); M. Kalshetti, Savitribai Phule Pune 
Univ. (India); Samir Pokhrel, Mata Mahakur, Subrata Das, 
Sachin M. Deshpande, M. C. R. Kalapureddy, Govindan 

Pandithurai, Indian Institute of Tropical Meteorology 
(India)

The intraseasonal variability of the Indian summer monsoon in 
respect to the active and break spell provides a wide impact 
over the socio-economic aspect of Indian sub-continent. The 
present study tries to evaluate the impact of these phases over 
the characteristics of clouds around a high rainfall region of the 
Western ghat with the help of Ka-band Doppler Weather Radar 
(i.e. 35 GHz Cloud Radar), Cloudsat satellite data and model 
reanalysis data. The region under consideration is an area 
of 100 km X 100 km centered around Mahabaleshwar, which 
receives an annual rainfall of 5000 mm. The analysis reveals 
that the percentage of precipitating and non-precipitating 
clouds during the active (break) phase are 60.65% (31.05%) 
and 39.35% (68.49%) respectively. Further analysis informs 
that cirrus clouds dominates the break phase with 65.22% 
whereas the percentage of shallow clouds, congestus clouds 
and deep clouds are 28.80 %, 29.43% and 41.77% respectively 
during the precipitating active spell. The radar reflectivity as 
high as 20 dBz are popped up at a height of 9-12 km in case of 
break day whereas such distinct features are absent in active 
days. Along with the Cloud Radar, the physics and dynamics 
involved in this cloud formation have been studied in details 
with the large-scale reanalysis data and the microphysical part 
by Cloudsat data. Thus, as a whole, the present paper gives 
in details the dynamical and microphysical characteristic of 
clouds during the active and break phase of monsoon over the 
high precipitation belt of Western ghat mountain.

9882-53, Session PThM1

Impact of hypersepectral radiance in 
the simulation of tropical cyclone using 
NCUM regional model
Ashish Routray, John P. George, Vivek Singh, S. 
Indira Rani, National Ctr. for Medium Range Weather 
Forecasting (India)

The socioeconomic aspects of life in coastal regions of India 
are significantly affected by tropical cyclones (TCs) over North 
Indian Ocean (NIO) because of torrential rains, strong winds, 
and associated storm surges. Therefore, an important focus 
of the research community is to improve the TC forecast over 
this region by Numerical Weather Prediction (NWP) models. 
It is well known that the lack of conventional observation 
over the ocean is a critical factor limiting the accuracy of 
the forecast. With the advancement of the satellite remote 
sensing, observation volume increased significantly. It is 
further improved by hyperspectral satellite measurements, 
which provides more detailed information on atmospheric 
temperature and humidity. Hypersepctral infrared radiance 
measurements from Atmospheric Infrared Sounder (AIRS) 
and Infrared Atmospheric Sounding Interferometer (IASI) 
with thousands of channels (narrow spectral bands) provide 
the atmospheric temperature and water vapour information 
especially in the conventional data-sparse regions. Many 
studies have shown that hypersepctral radiance have more 
potential for improving weather predictions than observations 
like ATOVS due its finer spectral and vertical resolution. The 
selection of the channels from thousands of infrared channels 
is also a challenge for NWP. The goal of this study is to assess 
the impact of hyperspectral sounder measurements from 
AIRS and IASI in TC simulation using the regional version of 
the NCMRWF Unified Model (NCUM-R) with 12 km horizontal 
resolution. For this purpose, a very severe cyclonic storm 
“Hudhud” (8-14 October 2014) occurred over Bay of Bengal 
(BoB) is considered. Two numerical experiments viz. CNTL 
(without assimilation) and RAD (with the assimilation of 
hyperspectral radiance data) are carried out. The results of the 
study indicate that the assimilation of hyperspectral radiance 
data has a positive impact on the prediction of track, intensity, 
thermodynamic structures as well as landfall time and position 
error of the storm.
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9882-54, Session PThM1

Assimilation of ASCAT winds using 
4DVAR: an impact study
Desamsetti Srinivas, S. Indira Rani, Swapan Mallick, John 
P. George, National Ctr. for Medium Range Weather 
Forecasting (India)

Sea surface wind vectors from Advanced Scatterometer 
(ASCAT) onboard MetOP-B satellite, launched in September, 
2012, are pivotal inputs to NWP models, especially during 
cyclone period. NCMRWF regularly receives these winds from 
NOAA through ftp and routinely assimilates in the operational 
global models. In the present study, the impact of the ASCAT 
winds in the NCMRWF Unified Model (NCUM) assimilation 
and forecast system during 2013 North Indian Ocean (NIO) 
cyclone period, is studied. Before assimilating, these winds are 
validated against in-situ observations from buoy platforms over 
the NIO. It is found that the errors in the ASCAT winds are well 
within the limit of mission goal (<2m/s). After the successful 
validation, numerical experiments are designed in such a way 
that 5-day forecasts are generated from two different initial 
conditions. In the control run, ASCAT winds are removed from 
the Observation Processing System (OPS) and Variational 
Assimilation (VAR) systems of NCUM, while in the experiment 
run ASCAT winds are included in both OPS and VAR. Forecasts 
from both the runs are analysed to see the movement and 
intensification of the cyclonic systems in due course. The 
results show that the experiments with ASCAT winds improved 
the track and intensity of the NIO cyclonic system.

9882-55, Session PThM1

Efforts in assimilating Indian satellite 
data in the NGFS and monitoring of their 
quality
V.S. Prasad, Sanjeev K. Singh, National Ctr. for Medium 
Range Weather Forecasting (India)

India in the recent past launched two meteorological satellites 
Megha-Tropiques (Jointly with France) and INSAT-3D with 
humidity sounder SAPHIR and temperature and humidity 
sounder onboad respectively. SAPHIR is a six channel sounder 
working in near the absorption band of water vapor at 183 GHz 
and the INSAT-3D sounder is a 19 channel instrument similar 
to Sounder on-board of GOES satellite. NCMRWF (National 
Centre for Medium Range Weather Forecasting) is regularly 
receiving these new data sets for their use in its Global Data 
Assimilation and Forecasting (GDAF) system. NCMRWF 
developed a system to assess the quality of these data sets and 
also to monitor the health of these sensors. It shows that the 
quality of these sensors is satisfactory and can be comparable 
to that of similar contemporary instruments that are flown 
other satellites. Further Observational System Experiments 
(OSE) are conducted to study the impact of these data sets on 
the GDAF system. The results from these experiments will be 
presented in this presentation.

9882-56, Session PThM1

Characteristics of cyclone-generated 
gravity waves observed using assimilated 
WRF model simulations
Hima Bindu Hanumanthu, Venkat Ratnam Madineni, 
Yesubabu V., National Atmospheric Research Lab. 
(India); C. V. Naidu, Andhra Univ. (India)

The importance of gravity waves (GWs) in controlling the 
dynamics of the atmosphere, their energy sources and 
generation mechanisms has been extensively studied. The 
mesoscale and synoptic scale disturbances like convections 

and cyclones are found to be the two major sources for the 
generation of spectrum of GWs over tropics. However, no 
serious attempts were made to investigate the generation 
of GWs by the severe cyclones over Bay of Bengal (BoB) 
region. Thus, characteristics of cyclone generated GWs are 
investigated using WRF model simulations during the evolution 
of tropical cyclone (TC) Phailin(2013) that occurred over 
BoB. This TC is simulated from the intensification stage to the 
weakening stage (10 -14 October 2013). Initially large difference 
between control run cyclone track and IMD reported best track 
is observed. Similar features are noticed in the outgoing long 
wave radiation and while comparing with independent GPS 
Radio Occultation and radiosonde profiles. These differences 
reduced drastically after the data assimilation. After getting 
confidence on the assimilated outputs, they are used to identify 
the dominant GW characteristics. Filtered vertical velocity 
perturbations showed clear downward phase propagation 
(0.05-0.07ms?1) in the upper troposphere (UT) and lower 
stratosphere (LS) at different latitude/longitude positions away 
from the centre of TC revealing an upward energy propagation 
of cyclone generated GWs. Interestingly, GW activity increases 
in the UTLS region during the landfall of TC. High frequency 
GWs with period of 2-3h and with vertical and horizontal 
wave lengths of 4-6.5 km and 80-240 km, respectively, were 
observed during the VSCS ‘Phailin’. 

9882-57, Session PThM1

Thermodynamical and cloud 
microphysical response during the 
transition from southwest to northeast 
monsoon
Sathy Nair, E. A. Resmi, Gayatri Kulkarni, Indian Institute 
of Tropical Meteorology (India); Neelam Malap, India 
Meteorological Dept. (India); Sachin Patade, Thara V. 
Prabhakaran, Indian Institute of Tropical Meteorology 
(India)

The thermodynamical and microphysical response during 
the transition from southwest to northeast monsoon season 
is studied. Unique mixed phase cloud observations from the 
Cloud Aerosol Interaction and Precipitation Enhancement 
Experiment (CAIPEEX) and ground based observations 
from Integrated Ground Observation Campaign (IGOC), high 
resolution (3 km) mesoscale forecasts with the nested Weather 
Research and Forecasting (WRF) model are used in the study. 
Convective available potential energy (CAPE), liquid water path 
(LWP) and precipitable water (PW) increased 3 days before of 
the onset and further enhanced with the onset of the northeast 
monsoon. A systematic decrease in Lifting Condensation 
Level (LCL) height and increase in midlevel moisture before 
and during the onset period are observed, which resulted in 
increase in moist static energy in the midlayer for supporting 
deeper convection during the onset. Cloud microphysical 
response is noted with the mixed phase cloud observations of 
liquid water and ice water content. Model has simulated the 
mixed phase clouds in area of detailed observations. Major 
cloud microphysical changes observed are (a) shallow warm 
clouds before the onset, (b) elevated supercooled liquid water 
content at the tops of clouds and (c) low ice water content 
during the onset period compared to subsequent periods after 
the onset with more ice water content. 

9882-58, Session PThM1

Scattering phase function for particulates 
in water: modeling and validation
Sanjay K. Sahu, Palanisamy Shanmugam, Indian Institute 
of Technology Madras (India)

Scattering phase function plays a crucial role in studies and 
calculations based on radiative transfer in water as well as 
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atmosphere. A model based on Mie theory is developed for 
estimating the particulates-in-water scattering phase function 
for forward angles (0.1? - 90?). Particle Size Distribution (PSD) 
slope (?) and bulk refractive index (n) are the key inputs for this 
model. The PSD slope can be estimated from the attenuation 
spectrum measured directly in-situ and the bulk refractive 
index can be calculated by an inversion model using measured 
backscattering ratio (Bp) and PSD slope. The attenuation 
spectrum and backscattering ratio can be easily measured 
in-situ using commercially available instruments in real time. 
The entire range of forward angles is divided in to two ranges 
and phase function is modeled separately in the ranges 0.1? 
- 5? and 5? - 90?, from the numerically calculated Volume 
Scattering Function (VSF) values using Mie theory. This division 
boundary is decided by looking at the fact that the scattering 
phase functions for different oceanic conditions have a change 
in slope at nearly 5?. The performance of the present model 
is then evaluated by comparing with some existing empirical 
and analytical models as well as with some measured phase 
functions. The proposed phase function model improves upon 
the existing models, and will have important applications in 
remote sensing and underwater studies. 

9882-59, Session PThM1

A review of recent evaluation of satellite 
estimates sea surface salinity in the 
tropical Indian Ocean
Imranali M. Momin, Ashis K. Mitra, Debasis K. Mahapatra, 
E. N. Rajagopal, National Ctr. for Medium Range 
Weather Forecasting (India)

Aquarius is mission that aims to measure Sea surface salinity 
(SSS) from the space in order to provide the global salinity 
for climate studies. Accurate estimation of SSS is useful for 
the hydrological cycle, oceanographic processes, and climate. 
Recently the new version (V4) of Aquarius data releases with 
the improving the quality of the data and achieving the mission 
accuracy requirement globally on monthly scale. This paper 
highlight the results of recently release Aquarius V4, and 
version 3 (V3) data with Argo observations on monthly time 
scale from 2012-2014 periods. The spatial distribution of mean 
SSS shows that both products capture the SSS variation very 
well. The Aquarius V4 SSS showed minor improvement over 
the Aquarius V3 SSS with less root mean square error over the 
central & eastern equatorial Indian Ocean (EEIO) & part of Bay 
of Bengal (BOB). The frequency distribution is also improved 
in Aquarius V4 compare to Aquarius V3 average over the 
different regions. However, both the versions overestimates/
underestimates the frequency of low/high salinity values.

9882-60, Session PThM1

Height of warm core in very severe 
cyclonic storm: INSAT-3D perspective
S. Indira Rani, V. S. Prasad, E. N. Rajagopal, National Ctr. 
for Medium Range Weather Forecasting (India); Swati 
Basu, Ministry of Earth Sciences (India)

 Warm core is the characteristic that distinguishes tropical 
cyclones from its extra tropical counter parts, where the centre 
of the cyclone is warmer than its environment. Two of the most 
common variables used to characterize the warm core are its 
strength and height. The strength is given by the magnitude of 
maximum perturbation temperature and the height is the level 
where the maximum perturbation temperature occurs. INSAT-
3D, India’s advanced weather satellite, is the first geostationary 
sounder over India and the surrounding Oceanic regions. 
INSAT-3D has 18 channel sounder with a resolution of 10 km to 
profile the atmospheric temperature and humidity. Brightness 
Temperatures (BTs) from INSAT-3D sounder channels are used 
to analyze the warm core structure of Tropical cyclones over 
the North Indian Ocean. Only when the system becomes very 

severe cyclonic system (VSCS), when the eye of the cyclone is 
clearer, the sounder channel BTs showed multiple maxima, with 
strong primary maximum in the middle level (600 -500 mb) 
and the secondary maximum in the upper level (300 -250 mb), 
unlike the conventional belief suggested warm core existence 
at 250 mb. Due to the high resolution of (10 km) INSAT-3D 
sounder channels, compared to the Micro wave channels 
(AMSU-A of 50 km resolution), the warm core structure below 
10 km of the atmosphere is well resolved. 

9882-61, Session PThM1

Microphysical characteristics of cirrus 
clouds: observations and model 
simulations
Jaya Rao Yeddu, Ramesh Vellore, Govindan Pandithurai, 
Indian Institute of Tropical Meteorology (India)

Cirrus clouds in the UT/LS region consisting of primarily 
ice crystals and affect the radiation budget of the Earth-
Atmosphere system through (a) scattering and reflecting 
shortwave radiation and (b) absorption and re-emission of 
terrestrial infrared radiation. The radiative impact of these 
clouds on climate has been remaining a challenging problem 
for the last few decades due to uncertainty in the net effect of 
these clouds on the radiation budget, which is mainly due to 
the complexity of micro physics. 
Observed estimates of high clouds are rather sparse to 
ascertain the long-term variability of cloud cover, cloud 
height, and cloud composition as well as for the assessments 
on the impact of their changes in terms of temperature and 
precipitation perturbations. Through the use of ground-
based LIDAR observations and high-resolution numerical 
model simulations, this study envisages a basic analysis of the 
characteristics of cirrus microphysical parameters and also 
to provide regional-scale insights into the ice crystal size and 
shape distributions and cloud thickness. 
In the present study Lidar measurements primarily at IITM, 
Pune coupled with high resolution model simulations are 
used to understand the microphysical characteristics of cirrus 
clouds.

9882-62, Session PThM1

Particle size distribution properties in 
mixed-phase monsoon clouds from in-
situ measurements during CAIPEEX
Sachin Patade, Thara V. Prabhakaran, Indian Institute of 
Tropical Meteorology (India); Duncan Axisa, National 
Ctr. for Atmospheric Research (United States); Gayatri 
Kulkarni, Indian Institute of Tropical Meteorology (India); 
Andrew J. Heymsfield, National Ctr. for Atmospheric 
Research (United States)

Accurate retrievals of cloud properties from satellite require 
accurate estimation of ice particle size distribution (PSD). 
In current study comprehensive analysis of ice particle size 
distributions measured in situ with aircraft instrumentation 
during the Cloud Aerosol Interaction and Precipitation 
Enhancement Experiment (CAIPEEX) is presented. In situ 
airborne observations in the developing stage of continental 
convective clouds during premonsoon (PRE), transition, and 
monsoon (MON) period at temperatures from 25 to À22°C 
are used in the study. The PRE clouds have narrow drop size 
and particle size distributions compared to monsoon clouds 
and showed less development of size spectra with decrease 
in temperature. Overall, the PRE cases had much lower values 
of particle number concentrations and ice water content 
compared to MON cases, indicating large differences in the ice 
initiation and growth processes between these cloud regimes. 
This study provided compelling evidence that in addition to 
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dynamics, aerosol and moisture are important for modulating 
ice microphysical processes in PRE and MON clouds through 
impacts on cloud drop size distribution. Significant differences 
are observed in the relationship of the slope and intercept 
parameters of the fitted particle size distributions (PSDs) 
with temperature in PRE and MON clouds. The intercept 
values are higher in MON clouds than PRE for exponential 
distribution which can be attributed to higher cloud particle 
number concentrations and ice water content in MON clouds. 
The PRE clouds tended to have larger values of dispersion of 
gamma size distributions than MON clouds, signifying narrower 
spectra. The relationships between various PSDs parameters 
are presented and can be applicable for the bulk microphysical 
models used for studying the monsoon precipitation processes.

9882-63, Session PThM1

Impact of AWiFS-derived land-use land-
cover on simulation of heavy rainfall
Srinivasarao Karri, Biswadip Gharai, S. V. S. Sai Krishna, 
P. V. N. Rao, National Remote Sensing Ctr. (India)

Land use/land cover (LU/LC) changes are considered to be one 
of the most important factors affecting regional climate and are 
thus an area of public concern. The land surface plays a crucial 
role in boundary layer evolution and precipitation patterns 
thereby establishing the need for LU/LC inputs as a critical 
part of modelling systems. Inaccurate LU/LC information often 
leads to very large errors in surface energy fluxes thus leading 
to errors in boundary layer states. We have investigated an 
incident of heavy rainfall during August 2015 over West Bengal, 
India using Weather Research and Forecast (WRF) model 
by incorporating different LU/LC datasets, IRS P6 Advanced 
Wide Field Sensor (AWiFS) LU/LC data for 2012-13 and the 
default Moderate Resolution Imaging Spectro-radiometer 
(MODIS) derived USGS LU/LC data for 2001. The default LU/
LC data which is derived using a supervised classification 
method that relies on both a global site data base and spectral 
information collected by the MODIS at 1km resolution, suffers 
from two kinds of errors, namely, (1) use of past satellite data 
(2) misclassification of LU/LC. The alternate LU/LC dataset 
prepared from the AWiFS sensor at 56m resolution following 
a multi-temporal approach covering the three unique crop 
seasons of Kharif, Rabi and Zaid, addresses the spatial and 
temporal variability in cropping pattern and other land cover 
classes. Both the LU/LC datasets with spatial resolution of 30 
seconds have been utilized towards investigating the effect 
of LU/LC and model response in simulation of heavy rainfall 
associated with land fall of monsoon depression over West 
Bengal. In the present study, we have made a comparative 
assessment between AWiFS derived LU/LC and USGS LU/LC 
by incorporating these datasets as one of the lower boundary 
conditions over Indian region in WRF model version 3.5.1 to 
simulate the rainfall event at 10km resolution. The results of the 
study suggested influence of LU/LC in occurrence of heavy 
rainfall with WRF model using AWiFS LU/LC showing more 
realistic simulation as AWiFS LU/LC is more up-to-date and 
features recent changes in LU/LC over India. 

9882-64, Session PThM1

Effects of agriculture crop residue 
burning on aerosol properties and long-
range transport over northern India: a 
study using satellite data and model 
simulations
K. Vijayakumar, P. D. Safai, Indian Institute of Tropical 
Meteorology (India); Panuganti C. S. Devara, Amity Univ. 
Haryana (India)

Agriculture crop residue burning in tropics is an important 
source of the global atmospheric aerosols and monitoring their 

long range transport is an important element in climate change 
studies. In this paper, we study the effects of agriculture 
crop residue burning on aerosol properties and long-range 
transport over northern India during a smoke event that 
occurred between 09 and 17 November 2013, with the help of 
satellite measurements and model simulation data. Satellite 
data observations on aerosol properties suggested transport 
of particles from agriculture crop residue burning in Indo-
Gangetic Plains (IGP) over large regions. Additionally, ECMWF 
winds at 850 hPa have been used to trace the source, path and 
spatial extent of smoke events. Most of the smoke aerosols, 
during the study period, travel from west-to-east pathway from 
source-to-sink region. Furthermore, aerosol vertical profiles 
from CALIPSO show a layer of thick smoke extending from 
surface to an altitude of about 3 km. Smoke aerosols emitted 
from biomass burning activity from Punjab have been found to 
be a major contributor to the deterioration of local air quality 
over the NE Indian region due to their long range transport.

9882-65, Session PThM1

Forecasting of monsoon heavy rains: 
challenges in NWP
Kuldeep Sharma, Raghavendra Ashrit, Gopal Iyengar, 
National Ctr. for Medium Range Weather Forecasting 
(India); Rajeev Bhatla, Banaras Hindu Univ.,Varanasi 
(India); E. N. Rajagopal, National Ctr. for Medium Range 
Weather Forecasting (India)

Last decade has seen a tremendous improvement in the 
forecasting skill of numerical weather prediction (NWP) 
models. This is attributed to increased sophistication in NWP 
models, which resolve complex physical processes, advanced 
data assimilation , increased grid resolution and satellite 
observations. However, prediction of heavy rains is still a 
challenge since the models exhibit large error in amounts as 
well as spatial and temporal distribution. Two state-of-art NWP 
models have been investigated over the Indian monsoon region 
to assess their ability in predicting the heavy rainfall events. 
The unified model operational at National Center for Medium 
Range Weather Forecasting (NCUM) and the unified model 
operational at the Australian Bureau of Meteorology (Australian 
Community Climate and Earth-System Simulator – Global 
(ACCESS-G)) are used in this study. The recent (JJAS 2015) 
Indian monsoon season witnessed 6 depressions and 2 cyclonic 
storms which resulted in heavy rains and flooding. Traditional 
verification metrics like Equitable Threat Score (ETS) and HK 
Score etc., continue to highlight the inconsistent skill in the 
forecasting capability of the models when it comes to heavy 
rain events. This is further confirmed using scores such as 
Extreme dependency score (EDS), as Systematic Extreme 
dependency score (SEDI) and Extremal dependency score 
(EDI).

9882-67, Session PThM1

Analysis and evaluation of Observing 
System Simulation Experiments (OSSEs) 
forecast data for Indian summer 
monsoon
Medha Deshpande, Parthasarathi Mukhopadhyay, 
Indian Institute of Tropical Meteorology (India); 
Michiko Masutani, Zaizhong Ma, National Oceanic and 
Atmospheric Administration (United States); Lars 
Riishojgaard, Joint Ctr. for Satellite Data Assimilation 
(United States); R. Michael Hardesty, National Oceanic 
and Atmospheric Administration (United States); 
George D. Emmitt, Simpson Weather Associates, Inc. 
(United States); Ramesh K. Kakar, NASA Headquarters 
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(United States); B. N. Goswami, Indian Institute of 
Science Education and Research Pune (India)

In this paper impact of DWL (Doppler Wind LIDAR) over Indian 
Summer Monsoon (ISM) region is studied using Observation 
Simulation System Experiment (OSSE) with DWL onboard 
International Space Station, assimilated in the initial condition. 
Parameters like mean wind, specific humidity etc. are compared 
with Nature Run. The DWL simulates stronger zonal wind than 
CTRL (Control Run) and is comparable with Nature Run. The 
inclusion of DWL in the assimilation has impact at 850 and 500 
hPa level but hardly has any effect at 200 hPa level. The impact 
of DWL on cloud cover at three levels is less significant. The 
forecast is evaluated in terms of RMSE and Pattern Correlation 
over a large ISM region and also over the sub-regions like 
Arabian Sea, Bay of Bengal and Central India. To visualize the 
impact of DWL data on forecast we compute the differences 
of the root mean squared errors (RMSE) of the forecast fields 
of the CTRL and DWL experiments verified against respective 
analysis experiments. There is both positive and negative 
impact of DWL at all levels. The impact on zonal wind increases 
with decreasing pressure whereas impact on specific humidity 
decreases with decreasing pressure. 
Overall there is an indication that the large scale monsoon 
flow and parameters such as humidity, cloud etc. can show 
improvement in forecast through the use of DWL data. 
Presently the impact is marginal which could be attributed to 
lesser spatial density of DWL data but it shows a promise that 
with the improved coverage or with higher spatial density of 
DWL, the low level wind field and its associated shear could be 
better resolved in the initial condition which could be helpful in 
improving the convectively coupled system like monsoon. 

9882-68, Session PThM1

Vertical distribution of aerosols over the 
east coast of India
Kala K. Nair, S. K. Satheesh, Indian Institute of Science 
(India); Sunilkumar K., Hindustan Univ. (India); S. K. 
Satheesh, Indian Institute of Science (India)

The radiative impact of aerosols critically depend on its 
vertical distribution by altering vertical thermal structure of 
the atmosphere and may have consequent effects on clouds. 
A micro pulse Lidar (MPL) was operated to measure vertical 
profiles of the aerosols close to the east coast of India near 
Chennai. Measurements were carried out from October 2011 to 
September 2012. Except for winter, other seasons witnessed 
considerable amount of aerosol extinction coefficient values 
above 2.5 km. During winter, most of aerosols were confined 
below 1 km. Aerosol loading was maximum during April-May 
period. Comparison of vertical profiles obtained from CALIPSO 
(532 nm within a 3°x3° grid box around the site) showed a 
good agreement with ground based MPL measurements. 

9882-69, Session PThM1

Estimation of rain-water content from 
simultaneous measurement of x-band 
radar, micro-rain radar, and disdrometer
Subrata K. Das, Sachin M. Deshpande, Kaustav 
Chakravarty, M. C. R. Kalapureddy, Indian Institute of 
Tropical Meteorology (India)

A High Altitude Cloud Physics Laboratory (HACPL) has been 
setup at Mahabaleshwar (17.92ºN, 73.6ºE, ~1.4 km AMSL), India 
with an aim to examine the dynamics and microphysics of 
monsoon precipitating clouds over the Western Ghats. Several 
ground-based and profiling instruments such as Polarimetric 
X-band radar, Micro-rain radar and disdrometer have been 
deployed at HACPL. Rain-water content (W) measurements are 
sparse over the Indian subcontinent. The accurate value of W is 

crucial in the initialization and validation of numerical models. 
In this work, an empirical relationship between reflectivity 
(Z) and rain-water content (W) has been derived using the 
disdrometer data. The disdrometer derived Z-W empirical 
relationship has been used to estimate the W from the X-band 
radar reflectivity measurements. The X-band estimated W 
compared well with the Micro-rain radar derived W. The 
advantage of having X-band radar polarimetric measurements 
has also been used in estimating W. The X-band radar has 
been operated in off-zenith mode using a variety of range-
height indicator (RHI) and plane-position indicator (PPI) scan 
strategies and thus can used to derive the spatial and temporal 
distribution of W. Details will be presented.

9882-70, Session PThM1

Water vapor transport from the Indian 
monsoon region: the phenomenon of 
atmospheric river
Sree Raghav, G. Mrudula, CSIR-National Aerospace Labs. 
(India)

An Atmospheric/Tropospheric River (AR/TR) is a relatively 
narrow corridor of concentrated moisture and horizontal 
transport occurring in the lower atmosphere. They transport 
moisture from tropical regions towards the poles across the 
mid latitudes. Research of Atmospheric River over the Indian 
Monsoon region is not reported in literature . In this paper 
an attempt is made to examine the existence of AR in Indian 
Ocean and surrounding region. Meteorological parameters 
such as precipitable water, rainfall, air temperature and wind 
have been analyzed for the same. Analysis shows that a clear 
evidence of the presence of Atmospheric River during the 
pre-monsoon and monsoon period. It is seen that there are 
variations in the origin, orientation, duration and also the 
formation of the river according to the vapor content in the 
Indian Ocean. During Elnino phase there is a pronounced 
transport of moisture through an Atmospheric River and also 
an high intensity transport occurs during monsoon period 
(JJA), even if moisture prevails over Indian monsoon region 
during other seasons also. Detailed results and extension to 
model forecasts will be presented in the paper.

9882-71, Session PThM2

Mesoscale gravity waves in Komen 
cyclonic storm
Devajyoti Dutta, Ministry of Earth Sciences (India); K. 
A. Jyothi, D. Preveen Kumar, National Ctr. for Medium 
Range Weather Forecasting (India)

Atmospheric gravity waves are generated in the troposphere. 
The main sources of tropospheric gravity waves are orography 
and other non- orographic sources like thunderstorms, 
boundary-layer convection, frontal systems, and jet streams. 
Simulations study with the UM (Unified Model) is performed 
to study the characteristics and the mechanisms of mesoscale 
gravity waves during Komen cyclonic storm. Idealized 
experiments are done to investigate the role of moist processes 
and baroclinicity in the generation and propagation of 
mesoscale gravity waves. The results of the experiments shall 
be presented. 

9882-72, Session PThM2

Localised spherical harmonics: cross 
fertilization of ideas across NWP and 
satellite geodesy
Janakiraman S., Ctr. for Development of Advanced 
Computing (India)
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Spherical harmonics are the global basis functions used in 
the numerical discretization of global atmospheric flows. 
Though they have been widely used in the global atmospheric 
flows, their application in the variable resolution modelling 
framework is non-trivial. Therefore, its usage there has been 
limited. The pioneering work of Schmidt (1977) created variable 
resolution modeling framework to obtain a regional focus 
within the global domain. Schmidt’s approach used a conformal 
transformation to create transformed spherical harmonics. 
The variable resolution global spectral method is numerical 
discretization method in which the resolution is focussed over 
a given region, spatially localized spherical harmonics are used. 
The development of spatially localized spherical harmonics 
evolved along different paths in atmosphere modelling and 
signal processing. In the atmosphere modelling, the conformal 
transformation approach is used. This approach was pioneered 
by F. Schmidt. But in the signal processing domain, this 
approach was developed by D. Slepian of Bell Labs (Slepian, 
1978) . Subsequently, this Slepian approach was extended 
to the spherical harmonics(Albertella et al., 1999; Simons et 
al., 2006). The approach was applied to solve the polar gap 
problem in the satellite geodesy applications Wieczorek and 
Simons (2005). 
The two distinct approaches for creating localised spherical 
harmonics are
1. Conformal transformation approach. This is the approach 
used in atmosphere modeling to create variable resolution 
spherical harmonics. The standard spherical harmonics are 
transformed through a conformal mapping of the sphere, and 
they resolve in an inhomogeneous manner. This approach is 
pioneered by Schmidt (1977) for variable resolution spectral 
atmospheric modelling. Schmidt’s framework is extended 
further to include variable resolution geometries that produce 
finer resolution over the tropics by Janakiraman et al. (2012).
2. Slepian function approach. The work of Slepian (1983) 
provides details of the Slepian procedure. Originally this 
approach was pioneered by Slepian to generate spatially 
localized Fourier functions for application to signal processing 
problems on the real line. The Slepian basis functions are 
derived by applying variational procedure to the eigen-analysis 
of the standard basis functions. Geophysicists extended the 
Slepian approach to spherical harmonics basis functions in 
order to tackle polar gap problem arising in Satellite geodesy 
applications. 
It is suggested that the spatially localised spherical harmonics 
created by Janakiraman et al. (2012) can be applied to the 
problem posed by Albertella et al. (1999) and Simons et al. 
(2006). A new synergy of these two distinct approaches will be 
explored in the presentation.

9882-73, Session PThM2

Aerosol effects on cloud microphysical 
properties of deep clouds over Indian 
region: a case study on convective 
invigoration
Gayatri Kulkarni, Sachin Patade, Thara V. Prabhakaran, 
Indian Institute of Tropical Meteorology (India)

This study is carried out for a three dimensional regional 
scale simulation of a deep convective case using the weather 
research forecast (WRFV3.6.1) model coupled with spectral bin 
microphysics. Results from the innermost domain with 3 km 
resolution for both bulk and bin microphysics are presented 
in this study. A case study over peninsular India in October 
2011 was simulated with different initial cloud condensation 
nuclei (CCN) conditions (100, 1000 and 3000 cm-3) to study 
the effect of aerosol on cloud microphysics and dynamics. The 
results from the model were compared with the satellite and 
aircraft data. Cloud microphysical properties like liquid water 
content, ice water content and effective radius were compared 
with the aircraft measurements. It was observed that Bin 
microphysics compared better than bulk microphysics with the 
observations.

Changes in initial CCN had profound impact on the intensity 
and spatial distribution of the clouds. In order to study 
the simulated cloud structure, domain averaged profiles 
of mixing ratios and number concentrations of the various 
hydrometeors have been examined. It was observed that under 
more polluted environment cloud water and ice content was 
significantly increased. However the decrease in mean drop 
radius was observed. This enhanced the diffusional growth of 
ice hydrometeors which contributed to increased precipitation 
at the surface. Graupel mass was increased significantly in 
polluted conditions. Aerosol effects on cloud microphysics as 
well as dynamics were observed.

9882-74, Session PThM2

Possible development mechanisms 
of pre-monsoon thunderstorms over 
Northeast and East India
Sunanda Narayanan, Gokul Vishwanathan, G. Mrudula, 
CSIR-National Aerospace Labs. (India)

Thunderstorms are mesoscale convective systems of 
towering cumulonimbus clouds of high vertical and horizontal 
extent lasting from a few minutes to several hours. Pre-
monsoon thundershowers over the past 10 years have been 
analysed to understand the organisation , horizontal and 
vertical development and dissipation of such severe events. 
Kalbaisakhi’s/ Norwester’s over North East and East India 
is given preference in this study, while some of the other 
extreme events are also analysed due to their severity. The 
meteorological parameters like horizontal and vertical wind, 
precipitable water etc., and derived variables such as Severe 
Weather Threat (SWEAT) index, Convective Available Potential 
Energy (CAPE), Convective Inhibition Energy(CINE) of the 
identified cases are analysed using observations from NCEP 
and IMD. Satellite observations from IMD and TRMM are also 
used to analyse the development and moisture flow of such 
systems.The analysis shows that some of the parameters 
display a clear signature of developing thunderstorms. It is also 
seen that cloud parameters such as convective precipitation 
rate and convective cloud cover from NCEP FNL didn’t show 
much variation during the development of storms,which 
may be attributed to the limitation of spatial and temporal 
resolution. The parameters which showed indications of a 
developing thunderstorm were studied in detail inorder to 
understand the possible mechanisms behind the development 
and organisation of thunderstorm cells. The details of these 
analysesalong-with different model forecast analyses will be 
presented. Preliminary work done towards the development of 
a severity index using the parameters discussed above also will 
be presented. 

9882-75, Session PThM2

Physical and biological interaction of 
mesoscale eddies on primary production 
over Bay of Bengal
Balaguru B., S. S. Ramakrishnan, Anna Univ., Chennai 
(India)

Satellite derived physical and biological parameters such 
as chlrophyll concentration, sea surface anomaly and net 
primary production were employed to study the physical and 
biological interaction in Bay of Bengal from 2003 to 2013. 
The relationship between chlorophyll concentration and sea 
level anomaly statistically shows two different correlation 
such as positive and negative. Throughout the study period 
wherever the positive sea level anomaly dominates than 
negative sea level anomaly the chlorophyll concentration is 
positively correlated with sea level anomaly. Likewise wherever 
negative sea level anomaly dominates than positive sea level 
anomaly chlorophyll concentration is negatively related to 
sea level anomaly. The evaluated study contributes a useful 
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detail to understand the mechanism mediates the variability of 
chlorphyll concentration regions with dynamic eddy field.

9882-76, Session PThM2

Convective cloud characteristics over 
the Western Ghats in India using X-band 
Doppler radar observations
Utsav Bhowmik, Sachin M. Deshpande, Subrata Kumar 
Das, Govindan Pandithurai, Indian Institute of Tropical 
Meteorology (India)

The Indian Institute of Tropical Meteorology (IITM) has 
deployed an X-band Doppler radar at Mandhardev (18.51°N, 
73.85°E, MSL 1297 m), located in the Western Ghats (WGs) 
of India. In this study, high resolution radar data collected 
during the south-west monsoon season (June-September 
2014) have been used to examine the ensemble properties of 
convective population and diurnal cycle over the WGs region 
around Mandhardev. The convective cell (or storm) is identified 
as three-dimensional region in space which satisfies various 
thresholds such as minimum reflectivity (35 dBZ), volume (15 
km3) and duration etc. The total number of 4,200 storms have 
identified and tracked during their life cycle.
The spatial distribution of storm initiation location showed 
a distinct pattern wherein a cluster (disperse) of cells in the 
windward (leeward) sides of the WGs is seen. Based on echo 
top heights, cells are classified into cumulus, congestus and 
deep convection types. In the diurnal cycle, a maximum in the 
congestus occurrence at 1430 hrs is followed by a peak in the 
deep convection at 1530 hrs. Generally, frequency distribution 
of convective cell properties such as the areas, heights, 
and durations exhibited truncated lognormal distributions. 
The mean durations of convective storm (~ 50 min) in WGs 
region are smaller when compared with other tropical land 
and oceanic regions. The reanalysis and radiosonde data sets 
are used to see how large-scale conditions may alter basic 
characteristics of convective cloud population. The efforts are 
underway to generate a gridded climatology of convective 
storms by using multiyear X-band radar data.

9882-77, Session PThM2

Cyclone Komen -- the ununsual cyclone 
during monsoon 2015: an analysis
Sujithlal S. P., G. Mrudula, CSIR-National Aerospace Labs. 
(India)

Tropical Cyclones are the most disastrous yet fascinating 
phenomena on the earth. Formation of tropical cyclones over 
Bay of Bengal (BoB) generally occurs during pre-monsoon 
and post-monsoon seasons. Past observations show that 
formation of cyclones over BoB is very rare during monsoon 
(only 4 cyclones were reported since 1982). In this study we 
report the characteristics of cyclone Komen which developed 
over BoB during July 25-August 2, 2015. Analyses of wind, 
pressure, temperature, humidity at different atmospheric levels 
have been done to understand the controlling mechanism of 
cyclone Komen. It is seen that one of the controlling/steering 
mechanism of cyclone Komen is the land depression which 
formed over Rajasthan and nearby regions during the same 
period (July 25-29). A see-saw effect between the cyclonic 
storm and the land depression is seen in the intensification 
and movement of both systems. Moisture and momentum/
energy transport between two systems is also studied. 
Analysis of vertical cross sections indicated that the wind 
circulations associated with the cyclone are extending upto mid 
troposphere. An intrusion of upper atmospheric wind to the 
lower levels is seen during the stagnant period of cyclone over 
BoB. CFS model forecasts for these systems are also analysed. 
These results and further qualitative and quantitative analyses 
will be presented in detail at the conference. 

9882-78, Session PThM2

Seasonal dynamics of the coastal 
circulation on the northwestern 
continental shelf of India
Swapna Mulukutla, Shashank K. Mishra, Shiva Shankar 
Manche, Rabindra K. Nayak, Vinay K. Dadhwal, National 
Remote Sensing Ctr. (India) and Indian Space Research 
Organisation (India)

A 3D circulation model based on POM OGCM is configured 
for the GOK (Gulf of Khambhat) and its surroundings to 
study circulation patterns during different seasons of a year. 
The model is driven by tides, fluxes of heat, momentum, and 
freshwater at air-sea interface as well as at the lateral open 
boundaries. The air-sea fluxes were used here based on satellite 
and atmospheric re-analysis products and lateral boundary 
fluxes are based on ocean re-analysis products and FES 
global tidal model. The model solutions in the form of ocean 
currents, temperature, salinity, and sea level were analyzed for 
characterizing the circulation pattern for different seasons. 
We used harmonic analysis to compute tide and non-tidal 
components from the model solutions to understand baroclinic 
circulation in the region. The sea level from the tide-gauge and 
SARAL-ALTIKa, sea surface temperature from MODIS/AVHRR 
and currents based on coastal RADAR were used to assess the 
validity of the model solutions. The circulation patterns in this 
region are mostly barotropic during the spring and autumn 
seasons. During the monsoon season, the circulation has 
significant contribution from the baroclinic components. It is 
revealed that riverine fluxes of fresh water play significant role 
on modulating circulation pattern during monsoon season.

9882-79, Session PThM2

Effect of el-nino on Southwest Monsoon 
2015
Vidhulakshmi K. U., G. Mrudula, CSIR-National Aerospace 
Labs. (India)

Indian Summer Monsoon Rainfall (ISMR) of 2015 showed 
a deficit of 14% in the seasonal rainfall. Many researchers 
connected this deficit to the El-Nino which developed in late 
May. The relation between El-Nino Southern Oscillation (ENSO) 
and ISMR has been reported by various research groups across 
the world since decades. In this study an analysis of major 
ENSO events and its influence on ISMR during the period 
1975 till present have been carried out. The behaviour of ISMR 
during the previous El-Nino/La-Nina years has been compared 
with that of 2015. For this monthly Sea Surface Temperature 
(SST) anomalies of different regions and different months have 
been correlated with ISMR. Preliminary analysis shows the 
effects of El-Nino on ISMR of 2015 started mainly from July. 
This is attributed to MJO by many scientists. Analysis of spatial 
and temporal correlations of SST of various Nino regions with 
the ISMR and of MJO will also be presented in detail. 

9882-80, Session PThM2

Seasonal dynamics of circulation in 
Hooghly Estuary and its adjacent coastal 
oceans
Shashank K. Mishra, Swapna Mulukutla, Shiva Shankar 
Manche, Rabindra K. Nayak, Vinay K. Dadhwal, National 
Remote Sensing Ctr. (India)

Hooghly is one of the major estuaries in Ganges, the largest 
and longest river in the Indian subcontinent. The Hooghly 
estuary is a coastal plain estuary lying approximately between 
21-23 N and 87-89 0E. We used a terrain following ocean 
model to study tide driven residual circulations, seasonal mean 
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flow patterns and its energetics in the Hooghly estuary and 
adjacent coastal oceans. The model is driven by tidal levels 
at open ocean end and winds at the air-sea interface.The 
sources of forcing fields for tides were from FES2012, winds 
from OSCAT. Harmonic analysis is carried out to compute the 
tidal and non-tidal components of currents and sea level from 
the model solutions. The de-tidal components were averaged 
for the entire period of simulation to describe residual and 
mean-seasonal circulations in the regions.We used tide-gauge, 
SARAL-ALTIKA along track sea level measurements to evaluate 
model solutions. Satellite measured Chla were used along with 
simulated currents to describe important features of the mean 
flow patterns in the region.

9882-81, Session PThM2

Estimating root mean square errors 
in INSAT-3D retrieved temperature 
and moisture sounding using triple 
collocation method
Tarkeshwar Singh, Indian Institute of Technology Delhi 
(India); Rashmi Mittal, IBM Research - India (India); 
Harish C. Upadhyaya, Om P. Sharma, Indian Institute of 
Technology Delhi (India)

The accurate knowledge of atmospheric temperature and 
water vapor is required to improve the skill of numerical 
weather prediction (NWP). Satellite measured infrared 
radiances and the retrieved products are combined with model 
outputs to obtain a better estimate of true state of atmosphere, 
using data assimilation. To assimilate retrieved atmospheric 
profiles, e.g. temperature and humidity, from satellite-measured 
radiances, it is essential to estimate the root mean square error 
(RMSE) in retrieved product. RMSE depends on accuracy of 
remotely sensed observations, first guess profiles, prescribed 
atmospheric transmittance function, algorithm used for cloud 
clearing, and inversion algorithm. 
INSAT-3D is a geostationary satellite launched by India on 26 
July 2013 to obtain high spatio-temporal resolution data over 
the Indian monsoon region. It has a 19-channel (18 channels 
are IR and 1 channel is visible) sounder along with other 
instruments, which are providing continuous observation over 
the Indian region. Our ultimate goal is to assimilate INSAT-3D 
retrieved temperature and humidity profile data into a global 
atmospheric model. Here, we take a step in this direction 
by estimating the RMSE in INSAT-3D profiles using triple 
collocation method, which can further lead to the observation 
error variances needed for data assimilation.
The triple collocation method is a powerful statistical tool, 
which is widely used to characterize systematic biases and 
random error in-situ measurements, satellite observations 
and model fields. It uses a set of three linearly related data 
sources with independent error structure. This study uses 
LMDZ atmospheric model output, AIRS sounder retrieved data 
and Radiosonde in-situ measurements (ROBS) and INSAT-3D 
data spanning a period of 9 months from Jan to Sep 2015. Two 
triplet using INSAT-3D, AIRS and LMDZ and INSAT-3D, AIRS 
and ROBS have been formed and each triplet is collocated 
in both time and space. In this study the profile error of 
temperature and humidity from INSAT-3D is compared with 
those of LMDZ, AIRS and Radiosonde in-situ measurements. 
Along with error estimation of INSAT-3D retrieved product, this 
study will also provide insights on quality of data for different 
surface category and identify where improvement might be 
made in retrieval algorithm for better retrieval of temperature 
and moisture profiles.

9882-82, Session PThM2

Onset of Indian Summer Monsoon: a 
retrospective analysis
Sruthi S., G. Mrudula, CSIR-National Aerospace Labs. 

(India)

The monsoon onset over Kerala is considered as the beginning 
of rain fall over India and it is the end of hot summer. Different 
criteria have been used to define the monsoon onset over 
Kerala, with the one given by India Meteorological Department 
taken as the standard criteria. The analysis of the past 20 years 
of observations shows that the variables during the monsoon 
onset doesn’t behave in the same way always. The purpose of 
this paper is to analyse the monsoon onset phases and to find 
possible reasons behind the variable nature of the monsoon 
onset. Different meteorological parameters like precipitation, 
outgoing long wave radiation (OLR), winds, air temperature, 
specific humidity at different levels are analysed for the same. 
Research have been done on various distinct features of 
monsoon such as Low Level Jet (LLJ), Tropical Easterly Jet 
(TEJ), monsoon trough, depressions etc., during the onset 
phase. The analysis showed that in some years the strength 
of LLJ is lesser compared to the normal years. It is also seen 
that in some years the wind flow pattern is different from that 
observed during a standard onset year. The results of these 
analyses will be presented in detail in the paper. The results 
of the analyses towards development of a modified criteria 
for onset and advance of monsoon taking into account of the 
systems forming in the north Indian ocean and west pacific 
ocean also will be discussed. 

9882-83, Session PThM2

Precipitation susceptibility estimates 
over Indian region using ground and 
satellite remote sensing systems
Govindan Pandithurai, P. P. Leena, Anilkumar V., 
Sravanthi M., Indian Institute of Tropical Meteorology 
(India)

Atmospheric aerosols directly affect the radiation balance by 
scattering and absorption of solar radiation and indirectly by 
altering cloud microphysics and precipitation efficiency. There 
were several observational and modelling studies showing 
the suppression of warm rain initiation or enhanced cloud 
depth for precipitation initiation. Precipitation susceptibility 
is a quantitative measure to relate change in precipitation 
rate to a perturbation in aerosol or cloud droplet number 
concentration. Surface and satellite observed rain intensity and 
aerosol/cloud droplet number concentration were utilized to 
estimate the precipitation susceptibility. Such estimates were 
made for different cloud liquid water paths. Surface in-situ 
and remote sensing measurements from high-altitude cloud 
physics laboratory at Mahabaleshwar were utilized in this study. 
Liquid water content as observed from a cloud combination 
probe (CCP) and liquid water path retrieved from a microwave 
radiometric profiler were utilized. MODIS satellite data for cloud 
properties and TRMM-derived rain intensity data sets were also 
used to estimate the precipitation susceptibility over HACPL 
region for validation. Precipitation susceptibility estimates 
made over different regions will be presented. 

9882-84, Session PThM2

The teleconnection between Southern 
Annular Mode and Indian Summer 
Monsoon
Suchithra Sundaram, Sathyabama Univ. (India)

It is well known that Indian summer monsoon (ISM) which 
occurs every year during June-September critically affects the 
agriculture and economy of the country. It has to be noted 
that the interannual variations of the ISM, not only affects India 
but has remote impact on many parts of the world through 
the teleconnection mechanisms. Though many studies has 
been taken place on the impact of ElNino Southern Oscillation, 
Indian Ocean Dipole and North Atlantic Oscillations etc on ISM, 
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very few studies has examined the influence of phenomenon 
associated with mid-high latitudes of Southern Hemisphere 
(SH) on ISM. Southern Annular Mode (SAM) is a low frequency 
oscillation in the SH which has control over the north–south 
movement of the westerly wind belt that circles Antarctica 
and effects the wind over the middle to higher latitudes of 
the SH. Hence it is important to understand whether the SAM 
can impact the ISM through atmospheric teleconnections. 
As a preliminary study, the analysis of NCEP Reanalysis data 
(1950-2010), which includes the upper level parameters like 
velocity potential, geopotential height shows that the presence 
of positive SAM affects the Southern Ocean high (Mascarene 
High) which is closely associated monsoon circulation during 
Boreal summer. The strength of the Mascarene high affects the 
subtropical low level jet, the strength of which is a key factor 
which brings moist air from the cold Indian Ocean to Indian 
subcontinent during ISM. The reanalysis data results are verified 
using CMIP5 model output data, which also gives similar 
results.

9882-86, Session PThM2

Effect of large-scale vertical motions on 
SST-cloud relationships observed over 
tropical Indian Ocean
Ravi Kiran Varaha, National Atmospheric Research 
Lab. (India); Madhavan Nair Rajeevan, Indian Institue 
of Tropical Meteorology (India); Harish S. Gadhavi, 
T. Narayana Rao, Achuthan Jayaraman, National 
Atmospheric Research Lab. (India)

Clouds play a key in regulating hydrological cycle, modifying 
Earth’s radiation budget and in determining large scale 
atmospheric circulations. The cloud properties over the 
Oceanic regions are found to be a non-linear function of 
sea surface temperature (SST). This is attributed to the 
influence of thermo dynamical (lower tropospheric stability, 
surface divergence, tropopause layer thickness etc.,) and 
dynamical (large scale rising and sinking motions) parameters. 
Understanding on the life cycle of clouds in the presence of 
these parameters is crucial for the weather and climate model 
improvement. In this study, the vertical structure of cloud 
liquid/ice water content derived from CloudSat is sorted 
into SST bins of 0.5oC. This approach is known as regime-
sorting technique found to be an ideal method in determining 
dominant parameter among dynamical and thermo-dynamical 
components. The study is aimed to understand effect of 
large scale rising/sinking motions on SST-Cloud links over the 
tropical Indian Ocean (10oS-20oN; 50oE-100oE) and tropical 
Pacific Ocean (10oS-20oN; 100oE-150oE). The two Oceanic 
regions are selected mainly due to distinct spatial distribution 
in SST. The vertical velocity at 850 hPa is used as a proxy for 
large scale vertical motion. Further the SST-Cloud variations 
are analysed by stratifying the large scale motions in to two 
categories. Vertical structure of cloud liquid/ice water plotted 
as function of SST showed two distinct variations in cloud 
liquid/ice water content profile with SST. At high SST (29-
29.50C) and low level (<3km), the cloud liquid water content 
is relatively high over the tropical Indian Ocean. However, the 
inverse relation is observed at middle level (>3km) and 27-28 
0C SST range over the tropical Pacific Ocean. The possible 
reasons for the above variations will be discussed. 

9882-87, Session PThM2

An automated fog monitoring system 
for the Indo-Gangetic Plains based on 
multispectral satellite measurements
Dinesh Patil, Ritesh Gautam, Sarwar Rizvi, Reema 
Chourey, Manoj Singh, Indian Institute of Technology 
Bombay (India)

Fog is a meteorological phenomenon that causes reduction 
in regional visibility and affects the air quality, thus leading 
to various societal and economic implications, especially 
disrupting air and rail transportation. The persistent and 
widespread winter fog over the Indo-Gangetic Plains impacts 
the entire IGP region, as frequently observed in satellite 
imagery. The IGP is a densely populated region in south Asia, 
inhabiting about 1/6th of the world’s population, with a strong 
upward pollution trend. In this study, we have used multi-
spectral radiances and aerosol/cloud retrievals from Terra/
Aqua MODIS data for developing an automated web-based 
fog monitoring system over the IGP. Using our previous and 
existing methodologies, and ongoing algorithm development 
for the detection of fog and retrieval of associated 
microphysical properties (e.g. fog droplet effective radius), we 
characterize the widespread fog detection during both daytime 
and nighttime. Specifically, for the night time fog detection, 
the algorithm employs a satellite-based bi-spectral brightness 
temperature difference technique between two spectral 
channels: MODIS band-22 (3.9µm) and band-31 (10.75µm). 
Further, we are extending our algorithm development to 
geostationary satellites such as INSAT and Meteosat, for 
providing continuous monitoring of the spatial-temporal 
variation of fog. We anticipate that the ongoing and future 
development of a fog monitoring system would be of great 
assistance to air, rail and vehicular transportation management, 
as well as for dissemination of fog information to government 
agencies and general public.

9882-88, Session PThM2

The spatio-temporal structures and role 
of low- and high-frequency intraseasonal 
modes in Indian summer monsoon 
rainfall observed in TRMM data
Nirupam Karmakar, Arindam Chakraborty, Ravi S. 
Nanjundiah, Indian Institute of Science (India)

This study uses precipitation estimates from the Tropical 
Rainfall Measuring Mission to estimate the intensity and 
examine the spatiotemporal patterns in the modes found in 
intraseasonal timescale over the Indian monsoon region during 
boreal summer. Here, using multichannel singular spectrum 
analysis, two dominant modes of oscillations are found in the 
intraseasonal timescale with periodicity of 10--20-days and 
20--60-days, respectively, with the later strongly modulated by 
sea surface temperature. 20--60-days mode shows northward 
propagation from the equatorial Indian Ocean linked with the 
eastward propagating modes of convective systems over the 
tropics. 10--20-days mode shows very complex structure with 
a northwestward propagating anomaly pattern emanating from 
the Indonesian coast moving towards central India. This pattern 
is found to be interacting with a structure emerging from 
higher latitudes propagating southwards, the development 
of which is possibly attributed to the easterly vertical shear. 
The two intraseasonal modes contribute comparable amount 
to the total rainfall variability. The intensity of the 20--60-
days (10--20-days) mode show significantly strong inverse 
(direct) relationship with all-India June--September rainfall 
and both the modes exhibit profound variability in their 
intensity in interannual scale. This study also establishes that 
the probability of getting good amount of rainfall (no rainfall) 
over central India increases significantly if the two intraseasonal 
modes exhibit positive (negative) anomalies over the region. 
This study points towards the fact that the knowledge of ISO 
phases can increase the skill in the probabilistic forecasting of 
rainfall over India.
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9882-89, Session PThM2

Relation between tropical cyclone heat 
potential and cyclone intensity in the 
North Indian Ocean
Babita Jangir, D. Swain, Indian Institute of Technology 
Bhubaneswar (India); T. V. S. Udaya Bhaskar, Indian 
National Ctr. for Ocean Information Services (India)

In most of the earlier studies on prediction of cyclone intensity 
(CI) and track, Sea Surface Temperature (SST) is used as a 
proxy for various oceanic surface and subsurface parameters 
(Ocean Heat Content, eddies and currents) influencing tropical 
cyclones (TC). However, the subsurface thermal structure 
plays a crucial role in modulating TC intensities and along with 
SST and Tropical Cyclone Heat Potential (TCHP), which is an 
estimate of Ocean Heat Content (OHC), provides the energy 
necessary for TC genesis and intensification. Our study aims 
at assessing the role of TCHP in TC intensification in the North 
Indian Ocean (NIO: 0 deg. N - 30 deg. N, 30 deg. E-120 deg. 
E), a region where TCs occur quite frequently. A total 71 TCs 
(51 in Bay of Bengal or BoB, and 20 in the Arabian Sea or AS) 
during the period 2005-2012have been analyzed in terms of 
their intensities and model estimated TCHP. Out of the total 51 
(20) cyclones in the BoB (AS), CI and TCHP are significantly 
correlated for nearly 13 (25%) cyclones in the Bay and 6 
(30%) in the AS at 90% confidence level. Amongst these, 8 
cyclones in the Bay and 6 cyclones in the AS show a negative 
correlation between CI and TCHP. Similarly, only 5 cyclones 
in the Bay and none in the AS are positively correlated. From 
the above analysis it is observed that out of the total 71 TCs 
analyzed between 2005 and 2012 in the NIO, intensity of nearly 
73% (52 nos,) of TCs do not show any significant correlation 
with TCHP. Hence, it is postulated that TCHP alone need not 
be a significant oceanographic parameter responsible for 
intensification and propagation of cyclones in the NIO. A 
detailed analysis on the above considering the dynamics and 
thermodynamics as well as lead and lag time analysis is under 
progress.

9882-93, Session PThM2

Seasonal prediction of Indian summer 
monsoon rainfall in NCEP CFSv2: 
forecast and predictability error
Samir Pokhrel, Subodh K. Saha, Ashish Dhakate, Indian 
Institute of Tropical Meteorology (India); Hasibur 
Rahman, Indian National Ctr. for Ocean Information 
Services (India); Hemantkumar S. Chaudhari, Kiran 
Salunke, Anupam Hazra, Sujith Krishna, D. R. Sikka, 
Indian Institute of Tropical Meteorology (India)

A detailed analysis of sensitivity to the initial condition for the 
simulation of the Indian summer monsoon using retrospective 
forecast by the latest version of the Climate Forecast System 
version-2 (CFSv2) is carried out. This study primarily focuses 
on the tropical region of Indian and Pacific Ocean basin, with 
special emphasis on the Indian land region. The simulated 
seasonal mean and the inter-annual standard deviations of 
rainfall, upper and lower level atmospheric circulations and 
Sea Surface Temperature (SST) tend to be more skillful as the 
lead forecast time decreases (five month lead to zero month 
lead time i.e. L5 to L0). In general spatial correlation (bias) 
increases (decreases) as forecast lead time decreases. This is 
further substantiated by their averaged value over the selected 
study regions over the Indian and Pacific Ocean basins. The 
tendency of increase (decrease) of model bias with increasing 
(decreasing) forecast lead time also indicates the dynamical 
drift of the model. Large scale lower level circulation (850 
hPa) shows enhancement of anomalous westerlies (easterlies) 
over the tropical region of the Indian Ocean (Western Pacific 
Ocean), which indicates the enhancement of model error 
with the decrease in lead time. At the upper level circulation 

(200 hPa) biases in both tropical easterly Jet and subtropical 
westerlies Jet tend to decrease as the lead time decreases. 
Despite enhancement of the prediction skill, mean SST bias 
seems to be insensitive to the initialization. All these biases 
are significant and together they make CFSv2 vulnerable to 
seasonal uncertainties in all the lead times. Overall the zeroth 
lead (L0) seems to have the best skill, however, in case of 
Indian Summer Monsoon Rainfall (ISMR), the three month 
lead forecast time (L3) has the maximum ISMR prediction 
skill. This is valid using different independent datasets, 
wherein these maximum skill scores are 0.64, 0.42 and 0.57 
with respect to the Global Precipitation Climatology Project 
(GPCP), CPC Merged Analysis of Precipitation (CMAP) and the 
India Meteorological Department (IMD) precipitation dataset 
respectively for L3. Despite significant El-Niño Southern 
Oscillation (ENSO) spring predictability barrier at L3, the ISMR 
skill score is highest at L3. Further, large scale zonal wind shear 
(Webster-Yang index) and SST over Niño3.4 region is best 
at L1 and L0. This implies that predictability aspect of ISMR 
is controlled by factors other than ENSO and Indian Ocean 
Dipole (IOD). Also, the model error (forecast error) outruns 
the error acquired by the inadequacies in the initial conditions 
(predictability error). Thus model deficiency is having more 
serious consequences as compared to the initial condition 
error for the seasonal forecast. All the model parameters show 
the increase in the predictability error as the lead decreases 
over the equatorial eastern Pacific basin and peaks at L2, then 
it further decreases. The dynamical consistency of both the 
forecast and the predictability error among all the variables 
indicates that these biases are purely systematic in nature 
and improvement of the physical processes in the CFSv2 may 
enhance the overall predictability.

9882-95, Session PThM2

Observing Simulation System Experiment 
(OSSE) of spaceborne Doppler wind lidar 
in Japan
Kozo Okamoto, Meteorological Research Institute 
(Japan); Shoken Ishii, Philippe Baron, National Institute 
of Information and Communications Technology 
(Japan); Toshiyuki Ishibashi, Taichu Y. Tanaka, 
Meteorological Research Institute (Japan); Takuji 
Kubota, Riko Oki, Japan Aerospace Exploration Agency 
(Japan); Kyoka Gamo, Fujitsu FIP Corp. (Japan)

Spaceborne Doppler Wind Lidar (DWL) can provide global 
wind profile observations, which are significant for improving 
numerical weather prediction (NWP). To assess the quantitative 
impact of DWL, we have been developing an OSSE system 
and a full-scaled lidar simulator called ISOSIM-L (Integrated 
Satellite Observation SIMulator for a spaceborne coherent 
Doppler lidar). The OSSE is based on the Sensitivity Observing 
System Experiment (SOSE) approach (Marseille et al., Tellus, 
2008). ISOSIM-L ingests a pseudo-truth atmospheric field 
created from a SOSE and aerosol field, and computes optical 
parameters and backscattering power, signal and then retrieved 
line of sight (LOS) wind speed. The aerosol field is given by 
a global aerosol model and pseudo-truth wind field. Thus, 
our OSSE system is characterized by realistic wind synthetic 
data using the end-to-end simulator and consistent wind and 
aerosol field used as input of the simulator.
As for the DWL, we assume a 2.0 ?m coherent detection 
system with two laser systems pointing at a nadir angle of 
35 degrees and orthogonal azimuthal angles of 45 and 135 
degrees. We have been implementing one-month assimilation 
experiments in the operational JMA’s global data assimilation 
system with four-dimensional variational (4D-Var) method. 
We are evaluating forecast skills when assimilating the DWL 
onboard a polar or low-inclination orbit satellite. A preliminary 
result shows that more frequent observations at low latitudes 
yields a slightly better track forecast of tropical cyclones.
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9882-33, Session 8

A mechanism for the maintenance 
of MJO using scale interactions and 
DYNAMO/satellite data sets.
Tiruvalam N. Krishnamurti, Sarvesh K. Dubey, Vinay 
Kumar, Amit Bhardwaj, Deepa Raveendranpillai, Florida 
State Univ. (United States)

The goal of this study is to address a mechanism of the MJO 
using formal scale interaction /energetics computations in the 
frequency domain. The salient question is how do clouds ( 
scales of the order of few hours and a few km) communicate 
with the MJO time scale ( roughly 40 days and 10, 000 km ). 
We utilize precipitation estimates derived from TRMM satellite 
and the ship board radar for the period of the DYNAMO 
field experiment of 2011,2012 over the Indian Ocean. These 
precipitation data sets are assimilated within a cloud resolving 
mesoscale model using physical initialization. The scale 
interaction computations contain two parts. One part examines 
in-scale energetics where the organization of convection, 
generation of available potential energy and its transformation 
to eddy kinetic energy all seem to occur on the same scales. 
The out- of- scale energy exchanges address how the MJO time 
scale receives energy from other time scales. The synoptic time 
scales ( 3 to 7 days) seems to be an important energy source 
for the maintenance of the MJO time scale.

9882-34, Session 8

Assessing the impact of remotely-sensed 
land products (LAI, GVF) and TRMM 
3-hourly precipitation in the regional 
weather modeling system
Anil Kumar, Earth System Science Interdisciplinary Ctr. 
(United States)

The interaction between the surface layer and lower 
atmospheric layers is important for weather and climate 
models. The role of land–atmosphere interactions becomes 
even more important over a warm, moist surface covered by 
different vegetation types. The impact of 8-day-averaged data 
from the Moderate Resolution Imaging Spectroradiometer 
(MODIS) sensor—namely, the 1-km leaf area index, absorbed 
photosynthetic radiation, and land-use data is investigated 
for use in the Weather Research and Forecasting (WRF) 
model for regional weather prediction. These high-resolution, 
near-real-time MODIS data are hypothesized to enhance 
the representation of land– atmosphere interactions and 
to potentially improve the WRF model forecast skill for 
temperature, surface moisture, surface fluxes, and soil 
temperature. Overall, analysis suggests that recalibration and 
improvements to both the input data and the land model help 
to improve estimation of surface and soil parameters and 
boundary layer moisture and led to improvement in simulating 
convection in the high-resolution regional model simulations.
The interaction between the surface layer and lower 
atmospheric layers is important for weather and climate 
models. The role of land–atmosphere interactions becomes 
even more important over a warm, moist surface covered by 
different vegetation types. The impact of 8-day-averaged data 
from the Moderate Resolution Imaging Spectroradiometer 
(MODIS) sensor—namely, the 1-km leaf area index, absorbed 
photosynthetic radiation, and land-use data is investigated 
for use in the Weather Research and Forecasting (WRF) 
model for regional weather prediction. These high-resolution, 
near-real-time MODIS data are hypothesized to enhance 
the representation of land– atmosphere interactions and 
to potentially improve the WRF model forecast skill for 
temperature, surface moisture, surface fluxes, and soil 
temperature. Overall, analysis suggests that recalibration and 
improvements to both the input data and the land model help 
to improve estimation of surface and soil parameters and 

boundary layer moisture and led to improvement in simulating 
convection in the high-resolution regional model simulations.
A flash flood and landslide in the Leh region of the Indus Valley 
in the Indian state of Jammu and Kashmir on 5–6 August 2010 
resulted in hundreds of deaths and great property damage. 
A coupled land surface and atmospheric model simulation 
validates this hypothesized storm scenario, with the model 
storm taking the form of a traveling mesoscale squall line with 
a leading convective line, trailing stratiform region, and midlevel 
inflow jet. In this region, the development of a mesoscale 
storm over high terrain is highly unusual, especially one in the 
form of a propagating squall line system. This unusual storm 
occurrence and behavior could serve as a warning sign in flash 
flood prediction. The offline and coupled atmosphere-land 
surface model along with remote sensed land products showed 
that the excessive runoff leading to the flood and landslide over 
Leh 2010 heavy rainfall event were favored by the occurrence 
of this unusual meteorological event coinciding temporally and 
spatially with favorable hydrologic conditions. 

9882-43, Session 8

Sensitivity of soil water in community 
atmosphere model for Indian Summer 
Monsoon (ISM)
Sukanta K. Das, Sanjib K. Deb, Chandra M. Kishtawal, 
Pradip K. Pal, Space Applications Ctr. (India) and Indian 
Space Research Organisation (India)

The study has been attempted to investigate the relationship 
between the soil-water and the Indian summer monsoon (ISM) 
precipitation through the simulation of a global climate model 
named Community Atmosphere Model (CAM3). Two sets of 
simulation have been done during monsoon season for the 
years 2009 to 2012 using the pre-monsoon (May) and the 
previous winter season (December of previous year) state of 
soil-water as the model initial conditions. The control simulation 
and four sensitivity cases assuming 25% and 50% dryer and 
wetter soil-water respectively have been considered for all the 
aforesaid four years and for both the set of experiments. It has 
been observed that the impact of upper level soil-water persist 
for 15 to 20 days of simulation during the summer monsoon; 
the middle and lower layer soil state persist for longer period 
of time due to its slow-varying nature with time. The daily 
surface temperature shows strong coupling with the upper 
layer of soil-water. When taken into comparison with the wet 
soil conditions, the dry soil state in most of the circumstances 
causes less rainfall. The Pearson correlation coefficient 
(PCC) and partial correlation technique have been implied 
to demonstrate the relationship between the daily soil-water 
columns, subsequent 30-days accumulated rainfall and past 
21-days accumulated rainfall. Strong negative correlation has 
been reported between the soil-water and subsequent 30-days 
accumulated AIR for different simulation cases with dry soil 
conditions; however, the relation weakened and turned positive 
over some parts of the region for the simulations with wet soil 
conditions.

9882-38, Session 9

Improvement of systematic bias of mean 
state and the intraseasonal variability of 
CFSv2 through superparameterization 
and revised cloud-convection-radiation 
parameterization
Parthasarathi Mukhopadhyay, R. Phani M. Krishna, 
Indian Institute of Tropical Meteorology (India); Bidyut 
B. Goswami, Univ. of Victoria (Canada); S. Abhik, 
Monash Univ. (Australia); Malay Ganai, Mata Mahakur, 
Indian Institute of Tropical Meteorology (India); Marat 
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Khairoutdinov, Stony Brook Univ. (United States); Jimy 
Dudhia, National Ctr. for Atmospheric Research (United 
States)

Inspite of significant improvement in numerical model physics, 
resolution and numerics, the general circulation models (GCMs) 
find it difficult to simulate realistic seasonal and intraseasonal 
variabilities over global tropics and particularly over Indian 
summer monsoon (ISM) region. The bias is mainly attributed 
to the improper representation of physical processes. Among 
all the processes, the cloud and convective processes appear 
to play a major role in modulating model bias. In recent 
times, NCEP CFSv2 model is being adopted under Monsoon 
Mission for dynamical monsoon forecast over Indian region. 
The analyses of climate free run of CFSv2 in two resolutions 
namely at T126 and T382, show largely similar bias in simulating 
seasonal rainfall, in capturing the intraseasonal variability at 
different scales over the global tropics and also in capturing 
tropical waves. Thus, the biases of CFSv2 indicate a deficiency 
in model’s parameterization of cloud and convective processes. 
Keeping this in background and also for the need to improve 
the model fidelity, two approaches have been adopted. Firstly, 
in the superparameterization, 32 cloud resolving models 
each with a horizontal resolution of 4 km are embedded in 
each GCM (CFSv2) grid and the conventional sub-grid scale 
convective parameterization is deactivated. This is done to 
demonstrate the role of resolving cloud processes which 
otherwise remain unresolved. The superparameterized CFSv2 
(SP-CFS) is developed on a coarser version T62. The model 
is integrated for six and half years in climate free run mode 
being initialised from 16 May 2008. The analyses reveal that 
SP-CFS simulates a significantly improved mean state as 
compared to default CFS. The systematic bias of lesser rainfall 
over Indian land mass, colder troposphere has substantially 
been improved. Most importantly the convectively coupled 
equatorial waves and the eastward propagating MJO has 
been found to be simulated with more fidelity in SP-CFS. The 
reason of such betterment in model mean state has been found 
to be due to the systematic improvement in moisture field, 
temperature profile and moist instability. The model also has 
better simulated the cloud and rainfall relation. This initiative 
demonstrates the role of cloud processes on the mean state 
of coupled GCM. As the superparameterization approach 
is computationally expensive, so in another approach, the 
conventional Simplified Arakawa Schubert (SAS) scheme is 
replaced by a revised SAS scheme (RSAS) and also the old 
and simplified cloud scheme of Zhao-Karr (1997) has been 
replaced by WSM6 in CFSV2 (hereafter CFS-CR). The primary 
objective of such modifications is to improve the distribution 
of convective rain in the model by using RSAS and the grid-
scale or the large scale non-convective rain by WSM6. The 
WSM6 computes the tendency of six class (water vapour, 
cloud water, ice, snow, graupel, rain water) hydrometeors at 
each of the model grid and contributes in the low, middle and 
high cloud fraction. By incorporating WSM6, for the first time 
in a global climate model, we are able to show a reasonable 
simulation of cloud ice and cloud liquid water distribution 
vertically and spatially as compared to Cloudsat observations. 
The CFS-CR has also showed improvement in simulating annual 
rainfall cycle and intraseasonal variability over the ISM region. 
These improvements in CFS-CR are likely to be associated 
with improvement of the convective and stratiform rainfall 
distribution in the model.
These initiatives clearly address a long standing issue 
of resolving the cloud processes in climate model and 
demonstrate that the improved cloud and convective process 
paramterizations can eventually reduce the systematic bias and 
improve the model fidelity. 

9882-39, Session 9

An effort to improve track and intensity 
prediction of tropical cyclones through 
vortex initialization in NCUM global 
model
Vivek Singh, Ashish Routray, Swapan Mallick, John P. 
George, E. N. Rajagopal, National Ctr. for Medium Range 
Weather Forecasting (India)

Tropical cyclones (TCs) have strong impact on socio-economic 
conditions of the countries like India, Bangladesh and Myanmar 
owing to its awful devastating power. This brings in the need of 
precise forecasting system to predict the tracks and intensities 
of TCs accurately well in advance. However, it has been a 
great challenge for major operational meteorological centers 
over the years. Genesis of TCs over data sparse warm Tropical 
Ocean adds more difficulty to this. Weak and misplaced 
vortices at initial time are one of the prime sources of track and 
intensity errors in the Numerical Weather Prediction (NWP) 
models. Many previous studies have reported the forecast skill 
of track and intensity of TC improved due to the assimilation 
of satellite data along with vortex initialization (VI). Keeping 
this in mind, an attempt has been made to investigate the 
impact of vortex initialization for simulation of TC using UK-Met 
office global model, operational at NCMRWF (NCUM). This 
assessment is carried out by taking the case of a very severe 
cyclonic storm “Hudhud” that occurred over Bay of Bengal 
(BoB) from 8th -14th October 2014. Two numerical experiments 
viz. Vort-GTS (Assimilation of GTS observations with VI) and 
Vort-RAD (Same as Vort-GTS with assimilation of satellite 
data) are carried out. This vortex initialization study in NCUM 
model is first of its type over North Indian Ocean (NIO). The 
model simulation of TC is carried out with four different initial 
conditions through 24 hour cycles. The results indicate that 
the vortex initialization with assimilation of satellite data has a 
positive impact on the track and intensity forecast, landfall time 
and position error of the TCs.

9882-40, Session 9

The IITM Earth system model
Raghavan Krishnan, Swapna Panickal, Ayantika Dey 
Choudhury, Prajeesh A. G., Sandeep N. Setti, Ketan 
Kulkarni, Roxy Mathew Koll, Ramesh Vellore, Manmeet 
Singh, Preethi Bhaskar, Milind Mujumdar, Aditi Modi, 
Sudhir Sabade, Bhupendra Singh, Indian Institute of 
Tropical Meteorology (India)

Development of Earth System Modelling (ESM) capability is 
important for understanding and predicting long-term climate 
variability and change and for addressing scientific issues 
on detection, attribution and projection of climate change. 
The IITM-ESM has been developed recently at CCCR, IITM, 
by incorporating earth system components in the Climate 
Forecast System (CFS) coupled model and transforming the 
CFS seasonal prediction model to a long-term climate model. 
An important feature of this transformation process is the 
incorporation of a new ocean component (MOM4p1) in the 
CFS coupled model. The MOM4p1 is a comprehensive ocean 
general circulation model with interactive ecosystem and 
biogeochemical processes. The ESM1.0 (also known as the ‘IITM 
ESM’) has been successfully tested and integrated for more 
than 100 years on the High Performance Computing (HPC) 
system at IITM. Results from the ESM1.0 long run indicate 
significant improvements in the simulation of sea surface 
temperature (SST) distribution as compared to the original CFS 
model. The improvements in SST simulation in ESM1.0, which 
prominently manifest in the subtropical Pacific, Atlantic and 
Indian Oceans, are found to result from better representation 
of ocean physical processes (eg., vertical mixing, shortwave 
penetration, etc). In addition, the IITM-ESM captures important 
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features of the El Nino / Southern Oscillation (ENSO) and 
Pacific Decadal Oscillation (PDO) variability and their links 
with the Indian summer monsoon; as well as realistic features 
of the SST-chlorophyll variations in the Indian and Pacific 
Oceans. In a more recent version of the model (IITM-ESM2.0), 
we have included further improvements to obtain a radiatvely 
well-balanced global climate modeling framework, which is 
required for predicting long-term climate change. Additionally, 
radiative effects of natural and anthropogenic aerosols are 
incorporated in the IITM-ESM2.0 by specifying time-varying 
3-dimensional fields of aerosol optical properties during the 
historical period and future scenarios. The development of the 
IITM ESM is an important step towards understanding global 
and regional climate response to bio-geochemical processes 
and the mechanisms that control the ocean carbon cycle. This 
also marks a successful climate modeling development for 
contributing to the forthcoming IPCC-AR6 simulations, a first 
from India. This talk will provide preliminary results from the 
control simulations (> 100 years) using the IITM-ESM.

9882-41, Session 9

Exploring monsoonal progression 
using satellite-driven soil wetness and 
precipitation products
Nihat Cubukcu, David Bachiochi, Alan Basist, 
WeatherPredict Consulting Inc. (United States)

The Indian Monsoon, despite its renowned regularity, 
exhibits significant year to year variations. Pre-monsoonal 
conditions over continental India may have a role in the year 
to year variations. The goal in our study is to investigate 
such possibility using pre-existing surface conditions in the 
months preceding to the onset of the monsoon season along 
with precipitation during the monsoon season. In particular, 
SSMI based soil moisture and surface temperature is used in 
conjunction with CPC global gauge precipitation to identify 
the relationship between preexisting surface conditions and 
monsoon season rainfall over the past 30 years. More recent 
years has been scrutinized with new precipitation products 
such as that of NASA Global Precipitation Mission (GPM).

9882-42, Session 9

Prediction of tropical cyclones over 
North Indian Ocean using HWRF model: 
sensitivity to assimilation of ASCAT and 
ATOVS datasets
Venkata B. Dodla, Desamsetti Srinivas, K L Univ. (India); 
Hari Prasad Dasari, King Abdullah Univ. of Science 
and Technology (Saudi Arabia); Chinna Satyanarayana 
Gubbala, K L Univ. (India)

Tropical cyclone prediction, in terms of intensification and 
movement, is important for disaster management and 
mitigation. Hitherto, research studies were focused on this issue 
that lead to improvement in numerical models, initial data with 
data assimilation, physical parameterizations and application 
of ensemble prediction. Hurricane Weather Research and 
Forecasting (HWRF) model is the state-of-art model for 
cyclone prediction, developed from its generic Weather 
Research and Forecasting (WRF) model. In the present study, 
prediction of three tropical cyclones (Phailin and Viyaru in 
2013, Hudhud in 2014) that formed in the North Indian Ocean 
(NIO) with and without data assimilation using HWRF model 
has been made to assess impacts of data assimilation. HWRF 
model was designed to have nested two domains of 27 and 9 
km resolutions and without ocean component. HWRF model 
has vortex relocation procedure to correct the initial position; 
and with the ability to assimilate conventional observations, 
reconnaissance dropsonde data, Doppler Weather Radar and 
satellite observations through Gridpoint Statistical Interpolation 

(GSI) method which is hybrid ensemble variational (VAR) 
data assimilation system. In the present study, numerical 
experiments were made without and with the assimilation 
of ASCAT sea surface wind vectors, and radiances from 
ATOVS and ATMS. The model performance was assessed in 
respect to the movement and intensification to study the 
impacts of assimilation through comparison of experiments 
with and without assimilation. The results show considerable 
improvement in the track and intensity prediction with data 
assimilation.

9882-44, Session 9

Prediction of severe thunderstorms over 
Sriharikota Island by using The WRF-
ARW operational model
Paparao Gunta, Rajasekhar Meka, Pushpa Saroja Rapeti, 
Sreeshna T., Satish Dhawan Space Ctr., SHAR (India); 
Madhavan Nair Rajeevan, Indian Institute of Tropical 
Meteorology (India); S. S. V. S. Ramakrishna, Andhra 
Univ. (India)

Operational short range prediction of meso-scale 
thunderstorms for Sriharikota region (Lat-13.70, Lon-80.10) 
has been performed using two nested domains 27 & 9Km 
configuration of Weather Research & Forecasting-Advanced 
Research Weather Model (WRF- ARW V3.4).Thunderstorm is 
a Mesoscale system with spatial scale of few kilometers to a 
couple of 100 kilometers and time scale of less than an one 
hour to several hours, which can produce heavy rain, lightning, 
thunder, hail-storms, surface wind squalls and down-bursts. 
Thunderstorms are typical Mesoscale systems, resulting from 
vigorous convective activity in the atmosphere which are 
dominated by intense convection. 
Numerical study of Thunderstorms at Sriharikota and its 
neighborhood have been discussed with its antecedent 
thermodynamic stability indices and Parameters that are 
usually favorable for the development of convective clouds 
based on WRF ARW model predictions. Instability is a 
prerequisite for the occurrence of severe weather, the greater 
the instability, the greater will be the potential of thunderstorm. 
In the present study, K Index, Total totals Index (TT), 
Convective Available Potential Energy (CAPE), Convective 
Inhibition Energy (CINE), Lifted Index (LI), Precipitable Water 
(PW), etc. are the instability indices used for the short range 
prediction of thunderstorms. In this study we have made an 
attempt to estimate the skill of WRF ARW predictability and 
diagnosed three severe thunderstorms that occurred during 
the late evening to late night of 31st July, 20th September 
and 2nd October of 2015 over Sriharikota region which are 
validated with Local Electric Field Mill (EFM) network, rainfall 
observations and Chennai Doppler Weather Radar (DWR) 
products. The model predicted thermodynamic indices (CAPE, 
CINE, K Index, lifted index, total totals index and precipitable 
water) over Sriharikota which act as good indicators for severe 
thunderstorm activity.
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