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In earth observation, the atmospheric particles contaminate severely, through absorption and scattering, the reﬂected electromagnetic signal from the earth surface. It will be greatly beneﬁcial for land
surface characterization if we can remove these atmospheric eﬀects from imagery and retrieve surface
reﬂectance that characterizes the surface properties with the purpose of atmospheric correction. Giving
the geometric parameters of the studied image and assessing the parameters describing the state of the
atmosphere, it is possible to evaluate the atmospheric reﬂectance, and upward and downward transmittances which take part in the garbling data obtained from the image. To that end, an atmospheric
correction algorithm for high spectral resolution data over land surfaces has been developed. It is
designed to obtain the main atmospheric parameters needed in the image correction and the interpretation of optical observations. It also estimates the optical characteristics of the Earth-observation imagery
(LANDSAT and SPOT). The physics underlying the problem of solar radiation propagations that takes
into account multiple scattering and sphericity of the atmosphere has been treated using Monte Carlo
techniques.

1. Introduction
Radiometers on satellites measure the radiance
reﬂected by earth and atmosphere. The simple calibration of the sensor, in radiance or reﬂectance, does
not provide information on surface that is directly
accessible but a composite signal which depends
on atmospheric conditions (gas absorption, molecules
and aerosols scattering) during measurements. The
need of atmospheric correction is obvious. That
is extracting, from the composite signal, information that depends only on the ground’s surface being studied. As atmospheric eﬀects become
more quantitative, the retrieval of accurate surface
reﬂectances becomes increasingly important. For
instance, estimation of quantified surface properties

is based on surface reﬂectance. LANDSAT and
SPOT satellites are invaluable resources for monitoring global change. Then, the atmospheric correction is essential to adjust surface reﬂectance and
calculate ground properties.
There is a relatively long history of the quantitative atmospheric correction of remote sensing
imagery (Liang 2004). All methods reported in
the literature can be roughly classiﬁed in three
deﬁnite groups (Bonn et al. 2001): the methods
based on the invariants whose principle is to suppose the existence, in the study zone, of surfaces which conserve their radiometric properties
(deep water, roofs of buildings, etc.). Any change
observed is, therefore, due to the atmospheric conditions. These methods require the identiﬁcation of
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a dark object (lakes, shades, etc.) within the image,
estimation of the signal level over that object, and
subtraction of that level from every pixel in the
image (Ahern et al. 1977; Chavez 1989). The most
used approaches are: Invariant-Object Method of
Hall et al. (1991), Histogram Matching Method of
Richter (1996), Dark-Object Method developed by
Kaufman and Sendra (1988) and Contrast Reduction Methods of Tanre et al. (1988). The major
weaknesses in this approach are in identifying a
suitable object in a given scene, and once one is
located, is the assumption of zero reﬂectance for
that object (Teillet and Fedosejevs 1995). Also, the
atmospheric correction can be conceded by simultaneous ground measurements, which makes it
possible to ﬁnd a direct relation between the digital accounts and the pixel radiance. This method
is used in the update of satellite calibration curves.
To allow a better statistical approach, this method
requires a site where surface is most homogeneous
and suﬃciently large, which is not always obvious
(Bonn et al. 2001).
A robust approach to the problem is to estimate
atmospheric parameters of the image. The parameters can then be reﬁned with any available ancillary
measurements and iterative runs of an atmospheric
modelling program to achieve consistency between
the atmospheric parameters and the image data
(Schowengerdt 2007). Estimation of atmospheric
parameters from imagery itself is a diﬃcult and
challenging step, since atmospheric eﬀects include
molecular and aerosol scattering and absorption
by gases. Molecular scattering and absorption are
relatively easy to correct because of the stable concentrations of these elements over both time and
space. The most diﬃcult task is to estimate the
spatial distributions of aerosols and water vapour
directly from imagery (Liang 2004).
To retrieve surface reﬂectance, the eﬀort must be
focused on estimating the upward and downward
atmospheric path radiance. One begins by calculating, from the image studied, the solar and observation geometric parameters. Then an atmospheric
model is speciﬁed, that is the pressure and temperature proﬁles, and aerosol concentration and size.
The calculation of extinction and scattering coeﬃcients of atmosphere constituents (aerosols and
molecules) is carried out. Then the probability
of interaction for each constituent is determined.
Once the geometrical and atmospheric parameters are calculated, the transport of the photons
can be simulated inside the atmosphere using
SART code (Spherical Atmosphere Radiation
Transfer) (Hadjit 2007). Aerosols and molecules
phase functions govern the scattering interactions
between photons and atmospheric constituents.
The complexity and speciﬁcity of the problem
being solved, impose the use of techniques based

on analogue Monte Carlo. The path of a photon is
constructed as follows:
An emitted photon at the top of the atmosphere
is followed until its extinction. Between these two
events, a number of diﬀusions can happen. Scattering changes the photon direction which is sampled
from the phase functions. The history is terminated
when absorption takes place.
Satellite images of diﬀerent regions were used to
implement the code SART which is designed to
obtain the main atmospheric parameters needed in
the correction such as the atmospheric reﬂectance,
and the upward and downward transmittances. To
conﬁrm SART results, a comparative study with 6S
code was performed separately for molecular and
aerosol atmospheres for various geometrical and
atmospheric conditions. In addition, a comparison
was made between the measured reﬂectances and
calculated surface reﬂectances for diﬀerent selected
areas. To complete this study an image of the
diﬀerence has been added for each study case in
order to show the eﬀect of image correction.

2. Atmospheric model
The atmospheric model and the physics related
to the eﬀects of the atmosphere have been assembled and converted into a photon transport code,
namely the SART code which can track each generated photon. The use of Monte Carlo sampling
techniques allows the determination of a number
of parameters, mainly:
• The atmospheric reﬂectance, ρatm , which is a
measure of the parasite signal. It can be evaluated by counting the number of scattered photons
in the atmosphere;
• The downward transmittance, Ttot ↓, that is the
number of photons transmitted to the ground’s
surface;
• The upward transmittance, Ttot ↑, that is the
number of photons arriving at the ground’s surface and deﬂected towards the sensor.
It is clear that atmospheric eﬀects are the result of
two processes: absorption and scattering exerted,
simultaneously, by the two major components of
the atmosphere namely gases and aerosols.
Absorption by gas molecules or aerosols results
in the disappearance of photons and corresponds to
the transformation of their energy into heat, hence
a decrease in their number and a weakening of the
measured signal.
The model goes thorough two major steps: the
geometric and atmospheric parameter estimation
and the surface reﬂectance retrieval.

Atmospheric correction of Earth-observation images
2.1 Geometric and atmospheric parameters
The geometrical parameters introduced in the model
are calculated from data related to the remote
sensing image being studied. The date, time of
acquisition, line and column numbers of the pixel
in the image enable us to calculate the zenith and
azimuth angles of observation, as well as the solar
angles θs and ϕs (Vermote et al. 1997; Chami et al.
2001; Capderou 2005).
In the solar spectrum (0.2–4 μm), the principal
atmospheric gases responsible for absorption are:
Oxygen (O2 ), Ozone (O3 ), water vapour (H2 O) and
Carbon dioxide (CO2 ). Absorption by aerosols of
anthropogenic origin, such as carbon soot, is higher
than the most aerosols of natural origin (liquids,
dust) but is generally lower than absorption by
gases.
Rayleigh scattering, which is speciﬁed by the
Rayleigh phase function, describes the scattering
by gas molecules whose dimensions are very small
compared to the photon wavelength. However,
scattering by aerosol particles whose sizes are comparable to that of the wavelength is considered
to be anisotropic according to Mie theory. The
eﬀect of interacting particles or molecules is measured by the attenuation (scattering or extinction)
coeﬃcients.
In our calculations, the extinction coeﬃcient
ke (z) was approximated by a step function. The
total atmosphere layer of 100 km was divided into
33 sublayers or spheres with diﬀerent step sizes.
Each layer is deﬁned by its temperature, pressure
and a model that deﬁnes aerosol types and concentrations. SART use atmospheric data ﬁle representing the pressure and the temperature as a function
of altitude for a standard atmosphere (USSTD76)
(Thomas and Stamnes 1999).
Based on this, it is possible to calculate, for each
layer, the corresponding attenuation coeﬃcient as
a function of the altitude z, given the attenuation coeﬃcients of aerosols (katt, a ) and molecules
(katt, m )
katt (λ, z) = katt, a (λ, z) + katt, m (λ, z) .
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scaling factor (Ha = 2 km), and s(0) the extinction
coeﬃcient at surface related to the surface meteorological range V via the Koschmieder formula
(Koschmieder 1924; Gueymard and Kambezidis
1997; Carr 2005).
s (0) =

3.916
− 0.01159
V

(3)

V is deﬁned as V = 1.306 VIS, where VIS is the
visibility given from the weather data.
Figure 1 shows the plots of aerosol extinction and
scattering coeﬃcients as a function of the wavelength, calculated by SART and 6S codes. Scattering and extinction coeﬃcients vary inversely with
the wavelength.

Figure 1. Extinction and scattering coeﬃcients of aerosols
as a function of wavelength.

(1)

Aerosol attenuation coeﬃcients depend on the photon wavelength λ and altitude z, that is expressed
by the following relation (Carr 2005):
katt, a (λ, z) = s (z) · katt, a (λ)

(2)

katt, a (λ) is a scattering or extinction coeﬃcient
that depends on the wavelength according to Mie
theory (Kondratyev 1969; Shettle and Fenn 1979;
Hinds 1998; Kokhanovsky 2008), s(z) is a scaling factor corresponding to extinction coeﬃcient
at λ = 550 nm and according to altitude: s(z) =
k 550 (z) = s(0) · exp(−z/Ha ) where Ha is aerosol

Figure 2. Scattering coeﬃcient of molecules as a function of
altitude.
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Molecular scattering coeﬃcient is approximated
by the following expression:
ks, m (z) = σs · Nr (z) · 105

(4)

σs is the scattering cross section (Rees 2001;
Liou 2002) and Nr (z) the molecular concentration
(cm−3 ) according to the pressure P , the temperature T and the molecular density Ns(z = 0) =
2.54143 1019 (Vermote et al. 1997).
Nr (z) = Ns

P (z) 273.15
.
1013.25 T (z)

Since the scattering coeﬃcients of molecules vary
inversely with the altitude and the wavelength,
they are negligible for the upper layers of the
atmosphere because of the low concentration of
atmospheric gases (ﬁgure 2).
However, the molecular extinction coeﬃcient
is calculated by taking into account the vertical

molecule distribution in the atmosphere (CESBIO
2007).





hn+1
hn
τ0
ke, m (n) =
exp −
− exp −
Δh
Hm
Hm
(5)
hn and hn+1 are lower and upper heights of layer
n, Hm is the molecular scale factor (Hm = 8 km),
Δh = hn+1 − hn and τ0 is the total optical thickness of the atmosphere calculated using the total
transmittance Ttot .
The total transmittance, dependent on the
cosine of the solar zenith angle, the wavelength and
weather data during image acquisition (pressure,
temperature and humidity), is calculated using the
modiﬁed Meteorological Radiation Model (MRM)
(Bird and Riordan 1986; Psiloglou et al. 2000;
Badescu 2008) for the region of Oran (Es-Senia:
35.38◦ N, 0.36◦ W, height = 90 m) and Mechria
(34.49◦ N, 0.62◦ E, height = 1000 m) in Algeria,

Figure 3. Transmittance as a function of wavelength.
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Quebec (53.67◦ N, 66.86◦ W, height = 600 m)
in Canada and Railroad Valley Playa (38.50◦ N,
115.69◦ W, height = 1435 m) in Nevada (USA).
The total transmittance is deﬁned as the product
of Rayleigh transmittance.
Tr = exp{−mr / [λ4 (115.6406 − 1.335 / λ2 )]},
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aerosol transmittance,
Ta = exp(−ma β λ−1.3 ),
water vapour transmittance,
Tw = exp[−0.2385 aw (λ) uw mw
/ (1 + 20.07 aw (λ) uw mw )0.45 ],
mixed gas transmittance,
Tmg = exp[−1.41 amg (λ) mmg
/ (1 + 118.93 amg (λ) mmg )0.45 ]

Figure 5. Surface reﬂectance calculated by SART according to top of atmosphere reﬂectance (TOA) for a molecular
atmosphere.

Figure 4. SART code diagram.

Table 1. Example of SART input and output parameters.
Input data
Image information: Satellite, image size
Geometric parameters (θv , ϕv , θs , ϕs ): acquisition date
and time, numbers of line and column
Atmospheric parameters: temperature, pressure, humidity,
view point altitude, visibility
Spectral condition: wavelength
Output parameters
Total transmittance, total optical depth, spherical albedo,
atmospheric reﬂectance and absorption, upward
and downward atmospheric transmittance

Figure 6. Relative error in absolute value between
reﬂectances calculated by 6S and SART codes (molecular
atmosphere).
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and ozone transmittance,
To = exp (−ao (λ) uo mo ) ,
where ma , mo and mw are the aerosol, the ozone
and the water vapour optical masses respectively
(Gueymard and Kambezidis 1997), mr and mmg
are the pressure corrected airmasses of Rayleigh
and mixed gas (Iqbal 1983), uo and uw are,
in that order, the ozone amount and the precipitable water in vertical path (Leckner 1978; Van
Heuklon 1979; Koussa et al. 2006; Badescu 2008),
β is the Angstrom coeﬃcient and ao , aw and amg
are the spectral absorption coeﬃcients of ozone,
water vapour and mixed gas (Gueymard 1995).
Figure 3 shows Rayleigh (Tr ), Ozone (To ), water
vapour (Tw ), gas mixture (Tmg ), aerosol (Ta ) and
total (Ttot ) transmittances calculated according to
the wavelength for Oran region. In the visible and
near-infrared, atmosphere is practically transparent to electromagnetic radiation except for few
absorption bands (1.2 and 2.7 μm) due to gas and
water vapour absorption.

The photon trajectory in atmosphere, which is
a sequence of broken lines, can be speciﬁed by
a series of three spatial coordinates (xi , yi , zi ),
i = 1, 2, . . ., n. These coordinates determine the
site of the ith interaction between photon and
atmospheric constituents.
In order to calculate the free path length li , that
is the distance in km between two interaction sites,
it might be convenient to use a dimensionless quantity, i.e., the optical depth τi which can be randomly sampled from an exponential distribution,
then converted into a real distance using extinction
coeﬃcients (equation 6):
li
τi =

ke (z) dz.

(6)

0

Once τi is calculated, the layer index j is found by
resolving the following double inequality:
n−1

j=1

kej (li, j+1 − li, j ) < τi <

n


kej (li, j+1 − li, j ) (7)

j=1

Figure 7. Surface reﬂectance calculated by SART according to TOA reﬂectance for an aerosol atmosphere (biomass burning
model).
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where li, j is the distance from the interaction site
(xi , yi , zi ) to the boundary of the spherical layer
of index j, and kej is the total extinction coeﬃcient of layer j previously calculated. To ﬁnd li ,
equation (7) can be reformulated as follows:

li = li, n +

τi −

n−1
j=1

kj (li, j+1 − li, j )
.
kn

After a scattering event, the new photon direction is deﬁned by the scattering angle θi and the
azimuth angle ϕi . A set of two phase function is
used, depending on the type of the particle involved
in the interaction. In the case of scattering by
atmospheric molecules, the Rayleigh phase function is used (Vermote et al. 1997).

(8)
P (θi ) =

In order to determine the type of interaction, a
random number is compared to the scattering
probability ωp = ks /ke at point (xi , yi , zi ) and
a decision is taken regarding the realization of
a given interaction. In the same way, the scattering kind (by aerosols or molecules) is given
by using aerosol scattering probability deﬁned as
the rapport between aerosol scattering and total
scattering coeﬃcients.
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3 2 (1 − δ)
·
1 + cos2 (θi )
4
2+δ

(9)

where δ = 0.0279 is the depolarization factor which
takes into account the anisotropy of molecular
scattering.
In the case of scattering by aerosols, the
phase function of Henyey–Greenstein is used to
describe the diﬀusion angle (Kokhanovsky 2008).
However, the modiﬁed Henyey–Greenstein function P (θi , a, g1 , g2 ) is used in our code SART to

Figure 8. Relative error between reﬂectances calculated by 6S and SART codes for an aerosol atmosphere (biomass burning
model).
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model the maximum forward scatter and the
local maximum backscatter (used also in DART)
(Gascon 2001):
P (θi , a, g1 , g2 ) =

a (1 − g12 )
1,5

[1 + g12 − 2g1 cos (θi )]
(1 − a) (1 − g22 )
+
1,5 .
[1 + g22 − 2g2 cos (180 − θi )]
(10)

The parameter a and the asymmetry factors g1 and
g2 depend on the size distribution of aerosols and
wavelength λ. In the current version of SART, the
parameters a, g1 and g2 are constants whose numerical values are 0.95, 0.79 and 0.4, respectively. The
Monte Carlo techniques are used to sample θi and
ϕi . The scattering angle θi is given by sampling
either the aerosol or molecule phase functions using
inversion numerical process. However, the rejection
method is used to calculate cos ϕi and sin ϕi using
a uniform distribution on [0, 2π] (Marchuk and
Mikhailov 1980).

Thus, the new position of the interaction site
is deduced from the old position, the directional
angles and the free path li .
2.2 Surface reﬂectance determination
The signal arriving at the sensor (radiometric
signal) is more or less contaminated by a noise
signal which is partly due to the atmospheric scattering. As a result, the radiometric signal depends
on the surface characteristics, the incident irradiance and the atmospheric eﬀects. The relation
of Kaufman and Sendra (1988) and Fraser et al.
(1992) expresses the measured radiance LTOA as
a function of the surface reﬂectance ρs as well as
other parameters:
LTOA =

ρs Ttot ↓ Ttot ↑ E0
cos (θ) + Latm
π (1 − Sρs )

(11)

where Ttot ↑: upward atmospheric transmittance;
Ttot ↓: downward atmospheric transmittance; Latm :
atmospheric radiance; S: spherical albedo of the

Figure 9. Surface reﬂectance calculated by SART according to TOA reﬂectance for an aerosol atmosphere (urban model).
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atmosphere; and E0 : irradiance at the top of
atmosphere.
Radiances are transformed into reﬂectances ρ as
follows (Bonn et al. 2001):
ρ=

πL
cos (θ) E0

(12)

Leading to:
ρs =

ρTOA − ρatm
Ttot ↓ Ttot ↑ +S (ρTOA − ρatm )

(13)

ρTOA being the reﬂectance measured at the sensor
level, ρatm the atmospheric reﬂectance and ρs the
surface reﬂectance which is the parameter being
sought.
An adequate radiative transfer model is capable
of determining not only atmospheric reﬂectances
but also upward and downward transmittances.
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3. Results and discussions
Once the input parameters (geometric and atmospheric) and the TOA (top of atmosphere) irradiance calculated, preliminary calculations using
calibration coeﬃcients are carried out to determine the TOA reﬂectance image in the form of a
matrix of radiometric values (Chander et al. 2009).
These calculations set the stage for numerical
experiments to be conducted using SART code.
A given simulation result is always in the evaluation of: (1) the atmospheric reﬂectance and absorption, (2) the downward transmittance and (3) the
upward transmittance.
According to equation (13), the atmospheric
correction of an image consists of calculating the
surface reﬂectance, by eliminating the atmospheric
reﬂectance. Figure 4 represents the tasks accomplished at various stages of the simulation. Data
sets related to the radiative code used in our
simulations are represented in table 1. To conﬁrm

Figure 10. Relative error between reﬂectances calculated by 6S and SART codes for an aerosol atmosphere (urban model).
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Figure 11. Surface reﬂectance calculated by SART according to TOA reﬂectance for a mixed atmosphere (US standard and
urban model).

the results obtained by SART code, a comparison
was carried out with 6S code. The oﬃcial website
of 6S code (http://6s.ltdri.org) yields, online, the
correction coeﬃcients converted into reﬂectances
(Vermote et al. 1997).
The study was made for TOA reﬂectances varying from 0.1 to 0.9 under various atmospheric and
geometrical conditions and for several monochromatic wavelengths. The surface reﬂectances calculated by SART and 6S codes are compared. Three
cases are studied: the ﬁrst exploit a molecular
atmosphere for various solar angles. Figure 5 represents the SART surface reﬂectances for a standard
US atmosphere for several wavelengths λ.
The graphs show that the surface reﬂectance
increases linearly with TOA reﬂectance to reach
a limit value of 1. Also, the surface reﬂectance
increases, contrary to TOA reﬂectance, when the
wavelength increases except for λ = 1.2 μm because of
the strong absorption by gases.
The relative error εr , expressed as a percentage between SART and 6S codes is calculated
using the following formula εr = (ρSART − ρ6S ) ∗

100/ρSART . Figure 6 summarizes the results
obtained.
The relative error, in absolute value, between 6S
and SART codes does not exceed values 7%, 6%
and 5% for solar zenith angles θs = 30◦ , 60◦ and
80◦ , respectively.
In the second case, the aerosol atmosphere is considered, thus absorption by gases is ignored. The
study is realized for two models of aerosol: urban
and biomass burning and for two values of visibility 5 and 20 km. The results obtained are presented
in ﬁgures 7–10.
For a biomass burning model (ﬁgure 7), the
relation between surface and TOA reﬂectances is
almost linear. At λ = 1.2 and 0.9 μm, surface and
TOA reﬂectances are practically identical (slope of
the curves is almost equal to the unit) where the
scattering inﬂuence of aerosol is generally small. At
λ = 0.56, 0.4 and 0.7 μm, the scattering inﬂuence
increases. Moreover, the diﬀerence between surface and TOA reﬂectances changes the sign with
the increase of TOA reﬂectances. When solar zenith
angle equal to 80◦ , the Mie scattering intervenes

Atmospheric correction of Earth-observation images
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Figure 12. Relative error between reﬂectances calculated by 6S and SART codes for a mixed atmosphere (US standard and
urban model).

by increasing the aerosol inﬂuence for λ = 0.9
and 1.2 μm. Consequently, for all wavelengths, the
diﬀerences between surface and TOA reﬂectances
increase and change sign when TOA reﬂectances
increase.
The relative error (ﬁgure 8), in absolute value,
between 6S and SART codes reach 8% for the two
values of the visibility (5 and 20 km) and for the
two solar zenith angles 30◦ and 60◦ . When θs = 80,
the relative error does not exceed 6%.
When VIS = 20 km (ﬁgure 9), the aerosol inﬂuence of the urban model is intensified for the visible
wavelengths (0.4, 0.56 and 0.7 μm). This intensity
increases with the solar zenith angle, so the surface reﬂectance converges rapidly as value 1. At
VIS = 5 km, the aerosol inﬂuence is even larger.
The surface reﬂectance increases quickly with TOA
reﬂectance for all studied wavelengths. This rise is
large as the wavelength is small and the solar zenith
angle is large.
Figure 10 shows that the maximum value of
relative error, in absolute value, is located between

Figure 13. Average relative error between reﬂectances calculated by 6S and SART codes (mol: molecular atmosphere,
bio: biomass burning aerosol atmosphere, urb: urban aerosol
model, mix: mixed atmosphere).
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4% (for θs = 80◦ and VIS = 20 km) and 7% (for
VIS = 5 km and θs = 30◦ and 80◦ ). The relative error is minimal for surface reﬂectances close
to the value 1. The last case represents the study
performed on a standard US atmosphere with
urban aerosol for two values of visibility 5 and
20 km. Figures 11 and 12 summarize the results
obtained.
Figure 11 illustrates the aerosol inﬂuence observed previously (ﬁgure 9). Moreover, the molecular
absorption eﬀect contributes to reduce the surface
reﬂectance, except for the wavelength λ = 0.9 μm
because the total transmittance is large. This
reduction is perfectly apparent for λ = 1.2 μm.
The relative error (ﬁgure 12), in absolute value,
is integrated between 6% and 7% for the solar

zenith angles θs = 30◦ and 60◦ , and reach 5% for
θs = 80◦ . For large TOA reﬂectances, the surface
reﬂectance reach 1 and the relative error between
SART and 6S codes is practically null.
Figure 13 summarizes the average relative
error, calculated over the studied wavelengths and
solar zenith angles, for the four models deﬁned
previously.
The average relative error, between SART and
6S codes, is larger for an aerosol atmosphere than
molecular and mixed atmospheres. Moreover, when
VIS = 20 km, the error is larger for biomass aerosol
model than urban model. Whereas, for VIS = 5 km
the contrary is observed. In general, the average
relative error is lower for VIS = 5 km compared to
that for VIS = 20 km.

Table 2. Acquisition dates and weather data of studied images.
Image
1
2
3
4

Satellite
LANDSAT-5(TM)
LANDSAT-5(TM)
LANDSAT-7(ETM+ )
SPOT 4

Acquisition
date

Temperature
(◦ C)

Pressure
(mb)

Humidity
(%)

Visibility
(km)

13/02/2011
01/06/1999
03/04/2011
06/09/2009

10.6
12.7
22.4
12.6

1017.7
1010.3
1020.0
1029.5

67
34
26
57

9.2
16.1
14
15.0

Figure 14. LANDSAT-5 (TM) image (left) before and (centre) after correction and image of the diﬀerence (right) (northwest of Algeria, February 13, 2011 at 10:28 h).

Figure 15. LANDSAT-5 (TM) image (left) before and (centre) after correction and image of the diﬀerence (right) (Railroad
Valley Playa, Nevada USA, June 6, 1999 at 17:59).

Atmospheric correction of Earth-observation images
The diﬀerence between SART and 6S codes
is more reduced for molecular and mixed atmospheres than aerosol atmosphere. This diﬀerence is
primarily due to the used method (Monte Carlo for
SART and successive orders of scattering for 6S).
Nevertheless, both codes use the same equations
for molecular absorption and scattering processing, which reduces the diﬀerence between the two
codes. Contrary, the modelling of aerosol scattering
in SART, based on the Henyey–Greenstein phase
function and the Mie theory, diﬀers from that used
in 6S where the aerosol optical thickness is calculated beforehand. Consequently, the diﬀerence is
more signiﬁcant.
SART code was used to calculate the surface
reﬂectance of several areas using some acquired
images LANDSAT and SPOT on various dates.
Table 2 presents acquisition dates and weather
data of studied images.
The ﬁrst studied site is the great sabkha of
Oran in north Algeria. LANDSAT-5 (TM) image,
that covers this region, is used. Raw and corrected
images and image of the diﬀerence are shown in
ﬁgure 14.
The great sabkha of Oran, similar to an extended
lens with approximately 45 km of length and a
maximum width of 12 km, is located at 15 km of
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Oran town (3532 N, 0048 E) between two mountains: Murdjadjo in the north and Tessala in the
south. It is a closed depression with a surface of
568.70 km2 . It is formed by a thin water layer
whose level varies according to seasons. However,
the water of the sabkha is salted because it is fed
by the streams of the watershed.
Railroad Valley Playa is a dry lake with a composition dominated by clay. It is a desert site
with no vegetation and aerosol loading is typically
low. The overall size of the Playa is approximately
15 km and it is located in central Nevada (38.504 N,
115.692 W) between the towns of Ely and Tonopah.
Result images are shown in ﬁgure 15.
There are many basins of internal drainage,
known as Chotts, which ﬁll with water during winter, but dry out and become salt pans in the summer. The largest of these Chotts in Algeria is the
Chergui Chott. It is a closed depression of 8555 km2
of surface located in the western north of Algeria
(34.49 N, 0.62 E) and containing permanent and
seasonal saline, brackish, and freshwater lakes and
pools, as well as hot springs.
LANDSAT-7 (ETM+) image of north Algeria
representing Chergui Chott has been used and
corrected (ﬁgure 16). However, the primary scan
mirror of LANDSAT-7 is failed on May 31, 2003.

Figure 16. LANDSAT-7 (ETM+) image (left) before and (centre) after correction and image of the diﬀerence (right)
(Mechria, north-west of Algeria, April 3, 2011 at 10:26).

Figure 17. SPOT 4 image (left) before and (centre) after correction and image of the diﬀerence (right) (Quebec, Canada,
September 6, 2009 at 15:46).
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Thus, we correct the undersampling of scene before
atmospheric correction (ﬁgure 16).
Also, the raw and corrected SPOT images of
Quebec region in Canada are given in ﬁgure 17.
The images of the diﬀerence (ﬁgures 14–17)
illustrate the dissimilarity between the raw and
corrected images. Although the atmospheric conditions, and consequently atmospheric reﬂectance
and absorption, are the same ones for all scene, the
correction is diﬀerent because the surfaces, which
constitute the scene, are variable. Thus, surfaces
with high albedo values (playa, city, etc.) appear
darker in the image of the diﬀerence than surfaces with low albedo values (sea, vegetation, etc.).
The atmospheric correction improves image contrast. Thus, the dark pixels are darker and the

correction, in this case, is negative (clear zones in
the image of diﬀerence), and the clear pixels are
clearer and the correction is positive (dark zones in
the image of the diﬀerence). The atmosphere tends
to raise the signal resulting from dark surfaces and
decrease the signal resulting from clear surfaces.
Radiometric values (reﬂectances) for selected areas
representing the sea and the ground from raw and
corrected images are shown in ﬁgures 18–21 for the
visible and near-infrared (NIR) bands.
Each zone (ﬁgure 18) is characterized by its own
signature: the vegetation has a low reﬂectance in
the red and blue bands, a slightly larger reﬂectance

Figure 20. Reﬂectance of several areas as function as
spectral band (Chergui Chott).
Figure 18. Reﬂectance of several areas as function as
spectral band (great sabkha of Oran).

Figure 19. Reﬂectance of several areas as function as
spectral band (Railroad Valley Playa).

Figure 21. Reﬂectance of several areas as function as
spectral band (Quebec).

Atmospheric correction of Earth-observation images
in the green band and a strong reﬂectance in the
near-infrared band. The sea is characterized by a
higher reﬂectance in blue than in the red and the
near-infrared. The sabkha, in the dry zone, has
a reﬂectance which grows slightly with the wavelength because this soil is formed by clay and sand
mixture with salt deposits due to the draining of
the sabkha salted water. However, the water zone
is characterized by a weak reﬂectance reduction in
the red band and a very low reﬂectance in the near
infra-red.
The ground of playa (ﬁgure 19) is characterized by a slight increase of the reﬂectance with
the wavelength. It is spatially homogeneous with
a composition consisting of compacted clay-rich
lacustrine deposits forming a relatively smooth surface. However, the surface suﬀer from the presence
of iron absorption (Fe3+) in the visible part of
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the spectrum, characteristic of playas in this region
(Chander 2009).
The following table (table 3) illustrates a comparison between the results obtained by SART and
those measured by Thome for the acquired image of
the Railroad Valley Playa on June 1, 1999 (Thome
2001).
The relative error, in absolute value, varies
between 0.04% and 5.43%.
The chott reﬂectance (ﬁgure 20) is comparable
to that of the sabkha and playa. It increases with the
wavelength in the dry area and decreases when
the wavelength increases in the water area.
The SPOT image consists of several diﬀerent
zones. The snow zone is characterized by a strong
reﬂectance in the ﬁrst three bands of the SPOT
satellite. The vegetation reﬂectance is high in the
green and near-infrared bands and decreases in the

Table 3. A comparison with reﬂectances calculated by SART and Thome.

SART reﬂectance
Surface reﬂectance
Relative error (%)

Band 1

Band 2

Band 3

Band 4

0.6754
0.253
5.4375

0.3397
0.332
2.2828

0.3651
0.365
0.0399

0.3939
0.393
0.25

Figure 22. Histograms of image 1 (band 1, 2, 3 and 4).
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red band. The black zones of the image represent
the rivers characterized by a decreasing reﬂectance
with the wavelength (ﬁgure 21). Finally, for example and to visualize the diﬀerences between raw and
corrected images, histograms for diﬀerent bands of
LANDSAT-5 image of Oran region were plotted in
ﬁgure 22.
After correction, the histograms of the four
bands become more extended, which means that
the images are contrasted. The blue band histogram (B1) is composed of a large peak in the
interval [0.05, 0.1] which represents the vegetation
and the sea and a second smaller peak representing
the salt lake of Oran.
On the other hand, the histograms of the green
and red bands (B2 and B3) are tri-modal. The
radiometric distribution of the values represents
three spaced population: sea, characterized by
peaks of values 0.05 in the green and 0.02 in
the red, the vegetation represented by the interval
[0.1, 0.2] in the green band and [0.05, 0.25] in the
red band and the salt lake and its environs whose
reﬂectance exceeds value 0.25 in the green and red
bands.
The histogram of the near-infrared band (B4)
is bimodal, the two modes, representing the sea
and the vegetation, are perfectly distinct. The salt
lake is represented by short frequencies corresponding to the pixel numbers whose reﬂectances vary
between 0.05 and 0.25.

4. Conclusion
In this study, a new atmospheric correction code for
remote sensing images has been developed, where
a radiative transfer model adapted for the spherical atmosphere has been implemented and whose
fundamental basis lies on the estimation of geometric and atmospheric parameters namely the extinction and scattering coeﬃcients of aerosols and
molecules. The molecular coeﬃcients are sought
once the atmospheric temperature and pressure
proﬁles are deﬁned. However, the aerosol coeﬃcients are obtained by resolving Mie equation. This
will set the stage for a comprehensive characterization of the atmospheric state prior to the image
acquisition on one hand. On the other hand, the
tracking of each generated photon is done by using
Rayleigh and Henyey–Greenstein phase functions
to sample scattering angles, besides that, use is
made of extinction coeﬃcients to determine simple diﬀusion albedo and scattering probability for
aerosols. SART uses simplest algorithms of the
Monte Carlo method (rejection method, numerical
inversion, discrete variables generation) based on
the random sampling, which is an advantage when
we do not have much information of the studied

medium. Thus, for the atmosphere, the Monte
Carlo method makes it possible to simulate, arbitrarily, the optical thickness (representing absorption and scattering) for each photon between two
interactions that allows to treat simultaneously
the absorption and scattering processes. Moreover,
Monte Carlo method permits to simulate photon
interaction with the atmosphere components and,
as a result, to build a trajectory for each photon (downward and upward ways) in an acceptable computing time (18 s for 1,000,000 of photons
generated for all the studied scene).
A comparative study related to the surface
reﬂectance was conducted using SART and 6S
codes, where a slight discrepancy was observed
for the three studied cases. This diﬀerence can be
explained by the fact that diﬀerent methods are
being used by the two codes, namely Monte Carlo
for SART code and successive orders of scattering for the 6S code. Moreover, the methods used
to calculate the input parameters (geometric and
atmospheric) are diﬀerent too.
To put to test this model, the atmospheric
correction SART code was used to implement
four images of three satellites: LANDSAT-5,
LANDSAT-7 and SPOT. Images of the diﬀerence
show a signiﬁcant change even though it is not visible at ﬁrst glance. These changes were conﬁrmed by
raw and corrected reﬂectance curves for diﬀerent
sites in each image.
As a ﬁnal remark we can say that this study
was, as a ﬁnal remark, limited to the atmospheric
eﬀect on remote sensing images and will be complemented by a study that takes into account ground
and environment eﬀects leading to a realistic image
correction.
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