
1 Introduction

The exploitation of satellite imagery for Earth remote sensing has steadily
increased in sophistication since the first Earth-observing satellite was
launched in 1960. The technological advances in sensors, telecommunications,
and ground processing systems resulted in a large increase of satellite data
collection due to finer spatial resolution, greater spectral sampling, and the
number of Earth-observing missions. As shown in Figs. 1 and 2, for instance,
the Committee on Earth Observation Satellites (CEOS) has tallied the consid-
erable increase of land-products missions between 1998 and 2030. Table 1
lists the number of concurrent missions for the albedo and reflectance essential
climate variable and for the vegetation essential climate variable for each
six-year period between 1998 and 2021. The albedo and reflectance missions
jumped from five concurrent missions in the 1998–2003 period to 45 missions
in the period from 2016–2021, whereas the vegetation missions increased from
six missions in the 1998–2003 period to 60 for the period of 2016–2021.

With increasing volumes of satellite observations came increasingly
sophisticated algorithms to determine the properties of the atmosphere and
underlying surfaces. The exploitation (or processing) of satellite data can then
be viewed as implementing the inverse problem of inferring atmospheric and
surface characteristics from the satellite measurements of outgoing electromag-
netic radiation. The challenges in solving inverse problems of this kind, even
in an approximate sense, are largely governed by the type of data collected.
The collection of top of the atmosphere (TOA) data depends on the satellite
orbit, e.g., low Earth orbit (LEO), versus geostationary orbit. It also depends
on whether the instruments collect polarized or unpolarized electromagnetic
radiation and whether single or multiple lines of sight are collected
concurrently.

The majority of instruments currently used for remote sensing of atmospheric
and surface properties are flown in LEO and collect unpolarized radiation along a
single line of sight (LOS). These include, for instance, the advanced very-high-
resolution radiometer (AVHRR),2 the moderate-resolution imaging spectroradi-
ometer (MODIS),3 the medium-resolution imaging spectrometer (MERIS),4 and
the visible/infrared imager and radiometer suite (VIIRS)5 instruments. These mis-
sions generate kilometer-scale land products. The United States Geological
Survey (USGS) Landsat mission6 and European Space Agency (ESA) Sentinel-2
mission7 produce higher-resolution land products on the scale of tens of meters.
The multi-angle imaging spectroradiometer (MISR)8 instrument and the advanced
along-track scanning radiometer (AATR)9 are examples of multi-view instruments
collecting unpolarized radiation, and the polarization and directionality of the
Earth reflectance (POLDER)10 is an example of a multi-view instrument that col-
lects polarized radiation.
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Figure 1 Albedo and reflectance missions currently flown or approved between 1998 and
2030 according to the CEOS database.1

Sei: Atmospheric Correction of Moderate- and High-Resolution Satellite Imagery2



Figure 2 Vegetation missions currently flown or approved between 1998 and 2030 accord-
ing to the CEOS database.1
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This Spotlight focuses on algorithms that process unpolarized radiation mea-
surements from single-view radiometers collecting radiation in the solar spectrum
(0.4 to 4.0 μm). The atmosphere is assumed to be plane parallel, which means that
atmospheric properties only vary with height. The surface properties, however,
are free to vary from point to point in two dimensions but are assumed to reflect
radiation isotropically so that surfaces at the bottom of the atmosphere are
assumed to be Lambertian.

Following Section 1, Section 2 is devoted to the derivation of the exact solu-
tion of the radiative transfer equation for a scattering atmosphere in the solar spec-
trum. It also establishes the connection between various formulations used in
operational atmospheric correction algorithms and the exact solution. The goal
of this section is to point out the approximations used by the algorithms and
understand their limitations. Section 2 will be beneficial to readers interested in
the rigorous derivations of algorithms from first principles. For readers less
inclined to follow the mathematical derivations, the approximate formulas derived
in this section and used throughout this Spotlight can be taken as the basis for
algorithm development.

Section 3 is focused on the standard atmospheric correction algorithms
based on the uniform Lambertian surface approximation. Various methods for
the estimation of the atmospheric aerosol content over land are described in this
section as a precursor to applying atmospheric correction algorithms. The
impact of atmospheric gaseous absorption in window channels is also
considered.

Section 4 describes the shortcomings of the standard atmospheric correction
algorithms for moderate- and high-resolution sensors and focuses on adjacency
effects. The general formulation and correction of these effects is introduced and
analyzed. A computationally efficient method for the correction of adjacency
effects is demonstrated on Landsat scenes.

Section 5 provides examples of the exploitation of atmospherically
corrected data in terms of gridded land products, which allow trending over
time. Section 6 presents the conclusions and suggests some directions for future
work.

Table 1 Number of land-products missions from the CEOS database.1

Six-year period
Number of albedo

missions Six-year period
Number of vegetation

missions

1998 to 2003 5 1998 to 2003 6

2004 to 2009 14 2004 to 2009 18

2010 to 2015 32 2010 to 2015 37

2016 to 2021 45 2016 to 2021 60
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