
INTRODUCTION

The DAISEX campaign, involved simultaneous
data acquisitions using three different airborne

imaging spectrometers over test sites in southeast
Spain (Barrax) and the Upper Rhine valley
(Colmar, France, and Hartheim, Germany) (ESA,
2001a). The main scientific objectives of DAISEX,
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ABSTRACT

This paper presents an algorithm to correct the
effects of the atmosphere of POLDER hyperspectral
and multiangular reflectance, paying particular
emphasis to the aerosol effect. The data were
acquired during the European Space Agency cam-
paign DAISEX-99. The algorithm is based on the
inversion of measured reflectance in two steps. First,
we invert the POLDER reflectances to determine the
three parameters of a bidirectional reflectance distrib-
ution function (BRDF) of the surface. These values
are the first guess of the surface parameters for the
second step. In the second step, we invert again the
reflectance to obtain three surface parameters and
four aerosol variables, in rural sites, and five vari-
ables in the rest. The aerosol variables are the particle
density of the basic aerosol components: water-insol-
uble, water soluble and soot particles, sea-salt in
accumulation mode and sea-salt in coarse mode.
Thus, the algorithm output is the content of some
aerosol basic components and the BRDF parameters
of the surface. Applying the Mie scattering theory we
have obtained the aerosol optical depth (AOD) of the
retrieved aerosols and compared it with the values
obtained from ground-based solar irradiance extinc-
tion measurements. The available information about
the aerosols coming from airmass backtrajectories
and isobaric maps provides a boundary condition for
the inversion. Using this information we show that
the AOD values are closer to the measured values and
thus the performance of the algorithm is betterl.

KEY WORDS: atmospheric correction; aerosols;
aerosol optical depth; POLDER; DAISEX; hypers-
pectral; multiangular.

RESUMEN

Este artículo presenta un algoritmo para corregir
los efectos de la atmósfera de la reflectividad mul-
tiangular e hiperespectral de POLDER, prestando
especial atención al efecto de los aerosoles. Los datos
fueron adquiridos durante la campaña DAISEX-99 de
la Agencia Espacial Europea. El algoritmo está basa-
do en la inversión de la reflectividad medida en dos
pasos. Primero, se invierte la reflectividad de POL-
DER para determinar los tres parámetros de la fun-
ción de distribución de la reflectividad bidireccional
de la superficie (BRDF). Estos valores son los datos
de entrada de la superficie para el segundo paso. En
este segundo paso, invertimos de nuevo la reflectivi-
dad para obtener tres parámetros de la superficie y
cuatro parámetros de los aerosoles para localidades
rurales y cinco en el resto. Los parámetros de los
aerosoles son la densidad de partículas de los compo-
nentes básicos de los aerosoles: insoluble en agua,
soluble en agua, hollín, sales marina es modo de acu-
mulación y sales marinas en modo grueso. Por tanto,
la salida del algoritmo es el contenido de varios com-
ponentes básicos y los parámetros del modelo de
BRDF. Aplicando la teoría de dispersión de Mie
hemos obtenido el espesor óptico de los aerosoles
(AOD) y comparado el resultado con los valores
determinados a partir de medidas de extinción de la
radiación solar a nivel del suelo. Se ha obtenido como
condición de contorno para la inversión la informa-
ción disponible sobre los aerosoles obtenida a partir
de las retrotrayectorias de las masas de aire.
Utilizando esta información mostramos que los valo-
res del AOD están más próximos a la medida y que
por tanto el funcionamiento del algoritmo es mejor.

PALABRAS CLAVE: corrección atmosférica; aero-
soles; espesor óptico de aerosoles; POLDER; DAI-
SEX; hiperespectral; multiangular.
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funded by the European Space Agency (ESA),
were to demonstrate the retrieval of geo/biophysi-
cal variables from imaging spectrometer data.
Target variables included surface temperature, leaf
area index, canopy biomass, leaf water content,
canopy height, canopy structure, and soil properties
(Berger et al., 2001). To retrieve such variables it is
vital to obtain accurately surface reflectance. The
objective of the atmospheric correction is to
retrieve surface reflectance from remotely sensed
imagery by removing atmospheric effects.
Currently, atmospheric aerosols are the main cause
of uncertainty in atmospheric correction methods.
Season and location are only partial predictors of
aerosol optical properties, because aerosol size, for
instance, can vary significantly from day-to-day at
a single location (Holben et al., 1996; Remer et al.,
1998). Such day-to-day variation stems from mete-
orological variability rather than direct changes in
the strength of aerosol sources. Aerosol optical
properties are particularly dependent on the air
mass residence times and the duration of stagnant
conditions (Remer et al., 1999). In order to obtain
the maximum amount of information from satellite
measurements, a major effort in atmospheric cor-
rection is underway for retrieval of atmospheric
aerosols parameters that will facilitate atmospheric
corrections (Kaufman and Tanré, 1996; Kaufman et
al., 1997; Santer et al., 1997).

The DAISEX campaigns involved the use of
DAIS-7915 and HyMapTM imaging spectrometers
operating simultaneously from the same aircraft
(DLR Dornier 228). In addition, the French ARAT
aircraft flew over the site during the 1999 campaign
with two instruments onboard, the LEANDRE
Atmospheric Lidar and the POLDER imaging
radiometer. The campaign took place during the
summers of 1998, 1999 and 2000 in Barrax (Spain)
and Colmar (France). Both DAIS/HyMap and
POLDER flights provided a valuable database of
hyperspectral and multiangular data. In addition,
several instruments were deployed at ground level
to validate the retrieval of geo/biophysical vari-
ables (Berger et al., 2001). At the same time a spec-
troradiometer LI-COR 1800 was used to measure
the direct spectral irradiance at the ground level,
which was used to obtain the aerosol optical depth
(hereafter AOD). In a first step, the acquired hyper-
spectral and multiangular data were used by apply-
ing an atmospheric correction algorithm that con-
sidered a Lambertian surface and a simple
approach for the aerosols (ESA, 2001a). This paper

intends to improve the analysis of the data by pre-
senting a new algorithm specifically developed to
correct atmospherically hyperspectral and multian-
gular data, which considers a non-Lambertian sur-
face and a more accurate treatment of the aerosols.
The algorithm output was compared with the
retrieved AOD.

THE ATMOSPHERIC CORRECTION
ALGORITHM

LLand surface and atmosphere are coupled to
each other over a variety of time scales through the
exchanges of water, energy and carbon. One of the
main consequences of this coupling is that the mea-
surement of the light reflected by the land surface is
affected by the multiple scattering and absorption
by the atmospheric components. To remove the con-
tribution due to the scattering of the atmosphere the
usual procedure is to consider that the atmosphere
can be described by using standard conditions, par-
ticularly regarding to the aerosols (ESA, 2001a).
These atmospheric standard conditions are included
in a radiative transfer code that solves the Radiative
Transfer Equation (RTE) following an inversion
procedure. This procedure consists in modifying the
atmospheric parameters in order to reproduce the
measured reflectance, either solving each time the
RTE or building a look-up table. This approach
might lead to errors when the atmosphere is partic-
ularly unstable or when the aerosols are a mixture of
different types of aerosols, which is often the case
(Pedrós, 2001). On the other hand, the surface is
often considered lambertian in order to simplify the
approach (ESA, 2001a), which is limiting.

Several techniques can be applied in inverse
problems, for instance neural networks. Neural net-
works are capable of approximating non-linear
inverse functions and of processing efficiently
large amounts of data. Jamet et al. (2004) used it to
retrieve aerosol optical properties from SeaWiFS
images and Schroeder et al. (2002) developed an
algorithm to correct MERIS data. The neural net-
works are trained using radiative transfer computa-
tions for very different atmospheric conditions.
This tries to overcome the ill-posed problem by
building a database with very different situations. 

We propose here a simple procedure to invert
based on the minimization of a merit function in
two steps. A flow diagram of the inversion is shown
in Fig. 1.

Número 26 - Diciembre 2006 67



R. Pedrós, J.A. Martínez-Lozano, J. Moreno, M.P. Utrillas, J.L. Gómez-Amo

68 Número 26 - Diciembre 2006

Step 1

First, we select a set of pixels from an image
where we can identify the type of surface. The sur-
face can be identified if the spatial resolution is
suitable to apply pattern recognition techniques, for
example. A spatial resolution of 50x50 m would be

sufficient (ESA, 2001b). For these pixels we
retrieve the three parameters of the bidirectional
reflectance distribution function (BRDF) model of
Rahman-Pinty-Verstraete (RPV) (Rahman et al.,
1993), assuming a standard atmosphere: mid-lati-
tude summer atmosphere, rural aerosols with visi-
bility 23 km. In the RPV model the surface is
described using three parameters (?0, g, and k) for
each wavelength. The parameter ?0 characterizes
the reflectance of the surface cover, the parameter g
is the Henyey-Greenstein asymmetry factor, rang-
ing from -1 to +1, and k indicates the level of
anisotropy of the surface. The retrieved RPV values
will probably not be correct but if we have identi-
fied the type of surface, we can check if they are
reasonable. These values will be used as boundary
conditions for the surface in step 2.

The PRV parameters are retrieved by minimizing
the merit function F, 

(1)

were RPOL are the POLDER reflectances, RMOD the
modeled reflectances using MODTRAN4 radiative
transfer code (Air Force Research Lab, 1999), and

P is a penalty term, which is added to the merit
function when the inverted parameters take incon-
gruous values. To minimize F we have applied the
Nelder-Mead Simplex optimization algorithm that
consists in moving across the called Weighted Sum
of Squares (WSS) surface to reach the global min-
imum without knowing ahead of time the shape of
this WSS surface. If the model has m parameters,
the WWS will be represented as an m-dimension
surface. The method constructs a simplex, a shape
with m+1 points, where m is the number of para-
meters by using a starting point or first guess val-
ues. The program calculates the WSS at each point
of the simplex on the WSS surface. The simplex
moves over the WSS surface and contracts around
the global minimum, i.e. the solution. We have cho-
sen this numerical method because it shows great
stability and converges quickly.

Step 2

We carry out another minimization of the merit
function, this time using M+3 model parameters:
three parameters to describe the RPV model of the
surface and number M parameters to describe more
accurately the aerosol type and content. The first
guess of the RPV values are the outcome of the first
step, and we have to determine what is the number
M of aerosol parameters required and what would
be a first guess of them.

In order to describe accurately the aerosols, we
have used the OPAC database (Hess et al., 1998).
The OPAC database considers 10 different types of
aerosols or basic components: water-insoluble,
water-soluble, soot, sea salt in accumulation mode,
sea salt in coarse mode, mineral in nuclei mode,
mineral in accumulation mode, mineral in coarse
model, mineral-transported and sulfate. The water-
insoluble are mostly soil particles with a certain
amount of organic material. The water-soluble
aerosols consist in various kinds of sulfates,
nitrates and other organic substances. These sul-
fates are often used to describe anthropogenic
aerosols. The soot aerosols represent absorbing
black carbon. Sea-salt particles consist in the vari-
ous kinds of salt contained in sea-water. Two sea-
salt models are considered to allow for a different
wind-speed-dependent increase of particle number
for particles of different size. Mineral aerosols are
used to represent the desert dust, a mixture of
quartz and clay minerals, and it’s modeled with
three modes to allow to consider increasing relative

Figura 1. Flow diagram of the algorithm.



amount of large particles for increasing turbidity.
Mineral transported are used to describe desert dust
that is transported over long distances. The sulfate
aerosols (75% of H2SO4) are used to describe the
amount of sulfate found in the Antarctic aerosols
and to represent the stratospheric background.
OPAC include 10 pre-defined aerosol models by
taken up to five basic components and their corre-
sponding particle densities: continental clean, con-
tinental average, continental polluted, urban, desert,
maritime clean, maritime polluted, maritime tropi-
cal, Arctic and Antarctic. We notice that excluding
desert aerosols, Arctic and Antarctic, the aerosol
models only require five components: water-insol-
uble, water-soluble, soot, sea-salt in accumulation
mode and sea-salt in coarse mode. Arctic and
Antarctic aerosols are obviously discarded in our
measurement area, as well as desert aerosols,
because there wasn’t any Saharan dust intrusion
during the days of the POLDER flights (Pedrós et
al., 2003). OPAC enables the user to create his own
aerosol model by choosing up to five basic aerosol
components and its particle densities, assuming that
the aerosols are spherical particles in an external
mixture, i.e. particles from different sources remain
separated. Therefore, the number M of parameters
to describe the aerosols is five, that corresponds to
the particle density of the basic aerosol components
water-insoluble, water-soluble, soot, sea-salt in
accumulation mode and sea-salt in coarse mode.
We will minimize the merit function in Eq. 1, but
now RMOD depends on 8 parameters.

The remaining question is what the first guess
values for the aerosols are. We could take the
aerosol components and its particle densities from
any of the pre-defined models. However, to avoid a
possible biased first guess that could influence the
results, we have considered a mixture between the
OPAC pre-defined models continental, maritime
and urban, a kind of average aerosols. The OPAC
database contains an implementation of the Mie
scattering that allows the calculation of the AOD,
the phase function, the asymmetry factor, the scat-
tering and the absorption coefficients. These calcu-
lated aerosol parameters have been introduced in
MODTRAN4, to obtain an accurate description of
the aerosols in the radiative transfer calculations.
The MODTRAN4 options used were: User-defined
scattering phase functions (cards 3B1, 3B2 and
3C1-3C6) and User-defined aerosol parameters
(2D2). For a more accurate description of the mul-
tiple scattering, a number of 16 streams were con-

sidered, though it increased remarkably the calcula-
tion time.

The result of this eight-parameter inversion
allows obtaining the three parameters of the surface
and the five parameters of the aerosols, at the same
time. The aerosol parameters that correspond to
selected pixels can be used to correct atmospheri-
cally the image as we can reasonably assume that
the atmosphere is constant for the whole image.

MATERIAL AND METHODS

We have applied the algorithm to a case study:
the ARAT flight over Barrax at 12:00 GMT on 3
June 1999. During this flight, POLDER data were
acquired in nine channels (0.443, 0.500, 0.550,
0.590, 0.670, 0.700, 0.720, 0.800, 0.864 ?m) for 7
or 9 observation angles (azimuth observation, in
addition to 3 or 4 symmetric angles up to about 45
degrees from the vertical). More details about
POLDER instrument can be found in Deschamps et
al. (1994). We have compared the algorithm output
for the aerosols with the aerosol properties retrieved
from the measurements carried out with the spec-
troradiometer LI-COR 1800. Due to the availabili-
ty of instrumentation during the campaign we can
only retrieve the AOD. The AOD is a good indica-
tor of the aerosol burden and its spectral distribu-
tion, though so far it didn’t allow a description of
the aerosol composition (Pedrós et al., 2003).
Therefore we have restricted the comparison to
AOD because it represents well the aerosol burden
and we are going to obtain information about the
aerosol composition. 

With the spectroradiometer LI-COR 1800 we
measured the direct spectral irradiance in the range
[300, 1100] nm. The instrument has a band pass of
6 nm and a step of 1 nm. The entrance optics is
Teflon dome with a collimator with a FOV of 5º.
The spectroradiometer is provided with a simple
monochromator and the sensor element is a silicon
photodiode. The instrument accuracy, relative to the
NIST standard is 3-10% depending on the wave-
length, with a value of about 5% in the visible
range. The total atmospheric optical depth, τTλ is
determined from the spectral irradiance measure-
ments at normal incidence using the Beer-Lambert
exponential law. This total optical depth can be
expressed, in the visible range, as the sum of the
optical depths related to the different atmospheric
components:

Atmospheric correction algorithm for POLDER data.Case study: DAISEX 1999 campaign
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(2)

where τRλ is the molecular scattering optical
depth (which is usually calculated using the
Rayleigh approximation), τaλ is the aerosol extinc-
tion optical depth (AOD), and τOλ τwλ and τNλ are
the optical depth due to O3, H2O and NO2 absorp-
tion respectively. Once the total atmospheric optical
depth is determined, the AOD can be obtained by
eliminating contributions due to Rayleigh scatter-
ing and to absorption by other atmospheric compo-
nents from the total transmittance. In this case,
although our spectral irradiance measurements
ranged from 300 to 1100 nm, we limited the study
of the spectral AOD to the 400-670 nm band, where
the only components showing non-negligible
absorption are ozone (Chappuis band) and NO2. In
this way, the errors introduced by all the other
atmospheric constituents in the parameterization of
the AOD are eliminated. The absorption due to NO2
has not been considered due to the rural character-
istics of the measurement site. However the correc-
tion due to ozone is necessary since the optical
depth of ozone in the Chappuis band represents, on
average, 8% of the total atmospheric optical depth.
This value depends on the wavelength, being only
4% at 500 nm.

To determine τTλ we used the values of the
extraterrestrial spectrum proposed by the
SMARTS2 model (Gueymard, 2001), smoothing
the data to the band pass of our spectroradiometer.
For the air mass, the empirical expression proposed
by Kasten and Young (1989) was used. The
Rayleigh optical depth was calculated from the
approximation of Bodahine et al. (1999). The ozone
absorption coefficients from Anderson and
Mauersberger (1992) were assumed and the total
ozone amount was retrieved from the ozone sound-
ings performed by the Spanish National
Meteorological Institute. The accuracy of this tech-
nique to retrieve AOD was proved with a compari-
son with the results obtained with the LEANDRE
Lidar that was also on the same plane than POLD-
ER (Martinez-Lozano et al., 2002).

RESULTS AND DISCUSSION

In a general case, we do not know a priori either
what kind of surfaces we have to use for the select-
ed pixels, or the number of wavelengths for the

development of the algorithm. In principle, the
algorithm should be applied to different surfaces
and for as much as possible spectral channels.
Some tests (not shown here), made us conclude that
we obtain a better result if we only use bare soil.
The reason is probably that in vegetation surfaces
some other external factors, that haven’t been con-
sidered in the variables to invert, vary the
reflectance, e.g. the inclination of the leave due to
the sun position. Regarding to the number of wave-
lengths, we have taken the nine POLDER channels,
though the algorithm is quite expensive in calcula-
tion time. The advantage of these channels is that
avoid some important absorption bands, although
MODTRAN4 includes the state-of-the-art treat-
ment of the gas absorption by using the HITRAN
database (Rothman et al., 1998). From the 7 to 10
POLDER observation angles we will use 7 as it was
the number recommended to obtain the maximum
information about the surface (ESA, 2001b).

The inverse problems are typically ill-posed,
which means that the solution is not unique. In
other words, different sets of values of the model
parameters correspond to the same values of the
observed data. Therefore, a priori we cannot know
which solution is the correct one, i.e. the one that
corresponds to reality. We suggest a possibility and
evaluated the results. We propose to use the avail-
able information to obtain a first guess of the
aerosols as closer to the reality as possible. 

The step 1 of the algorithm has been applied to
retrieve the RPV parameters for the soil pixels,
assuming that the aerosols are standard for our mea-
surement site (rural aerosols, visibility 23 km). We
apply the algorithm to invert the POLDER data.
The retrieved RPV values are in Table I. These val-
ues are probably not correct because they have
retrieved using a rough model for the aerosols.
Nevertheless, as we know that we are dealing with
bare soil, we know that they are reasonable. These
values are a boundary condition for the surface in
the inversion of step 2. Regarding to the aerosols,
we are going to compare the values when we set the
first guess values using average aerosols and when
using the available information about the aerosols.

Inversion using average aerosols

We have considered a mixture between the OPAC
pre-defined continental, maritime and urban mod-
els, a kind of average aerosols. The particle densi-
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λ (µm) ρ0 g k

0.443 0.027 -0.216 0.784
0.500 0.041 -0.217 0.731
0.550 0.056 -0.217 0.738
0.590 0.093 -0.217 0.672
0.670 0.117 -0.210 0.715
0.700 0.183 -0.202 0.593
0.720 0.278 -0.184 0.618
0.800 0.280 -0.154 0.739
0.864 0.309 -0.147 0.802

ties of the basic components appear in Table II. For
water-insoluble is 0.15 particle cm-3 that corre-
sponds to continental clean. The water-soluble
value of 1600 particle cm-3 corresponds to maritime
clean. The soot value is 2500 particle cm-3, halfway
between maritime polluted (5000 particle cm-3) and
maritime clean (0, i.e. no soot). The values for sea-
salt in accumulation mode and in coarse mode are
halfway between maritime clean and maritime pol-
luted (20 and 3.2e-3, respectively) and urban and
continental (both 0, i.e. no sea-salts). Figure 2
shows the comparison between the measured and
the algorithm output reflectances. The POLDER
reflectances are well retrieved, having a relative
mean bias deviation (RMBD) of less than 1% for
all wavelengths, except at 0.443 µm with a RMBD
around 15%, particularly due to the differences at
great view zenith angles. The explanation could be
an underestimation of the aerosol contribution in
MODTRAN4 for such conditions. Nevertheless,
the retrieved AOD underestimates the measured
one, with a RMBD of –93.4% (see Fig. 3). Table I
shows the RPV input parameters and Table III the
output ones. The input and output reflectances of
the surface (ρ0) are quite similar at all wavelengths.
The Henyey-Greenstein asymmetry factor (g)
changes particularly in the visible range between
the input and the output, but the main differences
appear in the anisotropy of the surface (k).

The output particle densities are in Table II. The
input and output particle densities of water-soluble
aerosols are very similar. On the other hand, the
algorithm retrieves almost no insoluble particles
and sea-salts but more soot particles than the input
value. The combination of only soot and water-sol-
uble particles it only appears in polluted maritime
aerosols, but always associated to sea-salt particles
(Hess et al., 1998). Thus, although the retrieved
reflectances are very close to the measurements,

the solution corresponds to unlikely existing
aerosols. This fact would explain the discrepancies
between the algorithm and the measured AOD
shown in Fig. 3.

Inversion using available information

We have used the NOAAARL HYSPLIT4 model
backtrajectories, which are easily accessible on-
line in NOAA (2004), to set the first guess of the
aerosols. More details about the HYSPLIT4 model
can be found in Draxler (1999). 

Table I. Input BRDF parameters for the RPV BRDF model
for step 2 in the inversion, resulting from step 1.

Basic component Input particle Output particle
density density

(part cm-3) (part cm-3)

water-insoluble 0.15 0.0018
water-soluble 1600 1577
soot 2500 3626
sea salt in accumulation 

mode 10 2.2e-4
sea salt in coarse mode 1.6e-3 2.0e-4

Table II. Input and output aerosol basic components and
its particle density for an average aerosol model.

λ (µm) ρ0 g k

0.443 0.0099 -0.6864 0.0470
0.500 0.0337 -0.4630 0.3597
0.550 0.0627 -0.3643 0.4475
0.590 0.1258 -0.3211 0.3665
0.670 0.1502 -0.2785 0.4787
0.700 0.2422 -0.2628 0.3779
0.720 0.4337 -0.2384 0.5838
0.800 0.3628 -0.1957 0.5772
0.864 0.3879 -0.1842 0.6738

Table III. Output RPV BRDF parameters for bare soil,
using average aerosols.

Figure 2. POLDER Reflectance (full line) and algorithm
reflectance (dotted line) over bare soil using average aero-
sols. Flight at 12:00GMT on 3 June 1999.
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Fig. 4 shows the HYSPLIT4 backtrajectory for
the 3 June 1999 ending at 12:00 GMT. We can see
from Fig. 4 that the airmasses come from the
Atlantic Ocean but they have swept the Iberian
Peninsula. Thus, we can reasonably consider that
the aerosols could be a mixture of continental and
maritime aerosols. Valuable information we can
use is that the study site is in a rural area. Thus we
can reduce in one parameter the inversion by
removing soot from the aerosol basic components,
as it is only present in polluted areas. 

We have also used information coming from iso-
baric maps provided by the Spanish National
Meteorological Institute (Fig. 5). We can see in Fig.
5 that the meteorological conditions are dominated
by the passing of a cold front, which is located over
the western third of the Iberian Peninsula at 12:00
GMT two days before the flight. This cold front
cleared the atmosphere due to precipitation scav-
enging of aerosols.

Therefore, the aerosols could probably be made
of water-insoluble, water-soluble, sea-salt in accu-
mulation mode and sea-salt in coarse mode parti-
cles. Due to the clear conditions, we have used the
particle densities for water-insoluble and water-sol-
uble of the continental clear OPAC model (0.15 and
2600 particles cm-3 for insoluble and soluble,
respectively), and for sea-salt particles we have
used the values that are common for maritime clean
and maritime polluted (20 and 3.2e-3 particles cm-

3 for accumulation and coarse modes, respectively).
These values are used to set the first guess of the
aerosol and are shown in Table IV.

Figure 3. Measured (full line) and algorithm retrieved (dot-
ted line) values for the aerosol optical depth using avera-
ge aerosols on 3 June 1999 at 12:00GMT.

Figure 5. Surface isobaric map at 12:00 GMT on 3 June
1999. Source: Spanish National Meteorological Institute.

Figure 4. Three-day back-trajectories computed with
HYSPLIT4 ending at 12:00 GMT on 3 June 1999.

Basic component Input particle Output particle
density density

(part cm-3) (part cm-3)

water-insoluble 0.15 0.01
water-soluble 2600 2596
sea salt in accumulation 

mode 20 19
sea salt in coarse mode 3.2e-3 3.3e-2

Table IV. Aerosol input basic components and its particle
density using the available information about the aerosols. 



The POLDER and algorithm reflectances again
are very close (compare Fig. 6 and Fig. 2) with a
RMBD less that 1%, except for 0.443 µm when is
around 15%. But in this case, the algorithm AOD is
very close to the measured AOD (see Fig. 7) with a
RMBD of 1%. The input and output particles den-
sities shown in Table IV mean that the algorithm
retrieves maritime aerosols in very clean condi-
tions. Therefore, the algorithm has retrieved only
maritime aerosols, although the first guess that was
a mixture of continental and maritime aerosols.

The output RPV variables are in Table V. One can
see that the values for ρ0, g and k are very similar
to those of Table III, using average aerosols, due to
the fact that both cases have the same first guess of
the of ρ0, g and k (Table I).

Other aerosol optical properties

Applying the Mie theory we have obtained the
extinction coefficient (Fig. 8a), the phase func-
tion (Fig. 8b), the asymmetry factor (Fig. 8c)
and the absorption coefficient (Fig. 8d). These
optical properties have been used in the user-
defined aerosol properties in MODTRAN4.
Unfortunately these properties cannot be
retrieved from the measurements acquired dur-
ing the DAISEX campaign. The retrieval of
these aerosol properties requires additional mea-
surements at several angles of the sky radiance
in the solar almucantar plane, normal to the
solar principal plane (Nakajima, 1996). These
measurements were carried out with a high pre-
cision Optronic 754-O-PMT in the measurement
site during the campaign DAISEX 2000, when
POLDER instrument was not available. The sky
radiance signal is so low that we used a tele-
scope in the entrance optics, in addition to the
instrument photomultiplier in the detection. The
analysis of the data acquired during DAISEX
2000 can be found in Pedrós (2001). The Solar
Radiation Group of Valencia has recently
acquired two photometers Cimel allowing an
automatic measurement of the sky radiance that
could be used in future ESA-funded campaigns
to validate the retrieval of optical properties
shown in Fig. 8.

Figure 6. POLDER Reflectance (full line) and algorithm
reflectance (dotted line) over bare soil using the available
about the aerosols. Flight at 12:00GMT on 3 June 1999.

Figure 7. Measured (full line) and algorithm (dotted line)
aerosol optical depth using the available information about
aerosols on 3 June 1999 at 12:00GMT.

λ (µm) ρ0 g k

0.443 0.0086 -0.6569 0.0478
0.500 0.0264 -0.5036 0.3429
0.550 0.0548 -0.3783 0.5247
0.590 0.1112 -0.3493 0.4027
0.670 0.1399 -0.2976 0.5315
0.700 0.2343 -0.2778 0.3770
0.720 0.4330 -0.2529 0.5975
0.800 0.3590 -0.2239 0.5225
0.864 0.3982 -0.2096 0.6097

Table V. Output RPV BRDF parameters for bare soil,
using the available information about aerosols.
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CONCLUSIONS

In this paper we have introduced an algorithm
based on Simplex minimization to correct atmos-
pherically hyperspectral and multiangular data,
paying particular emphasis to aerosols.

The algorithm we have developed is remarkably
sensitive to the first guess values of the parameters
that are used in the inversion, so a good guess is
needed. We have related this fact to another possi-
ble solution to the ill-posed problem. The closer we
are to reality for the first guess, the more likely we
retrieve the solution.

If we intend to use the algorithm for satellite data,
the use of the AERONET network would be more
suitable, as it provides a global scale for the aerosol
properties. Nevertheless the available AERONET
information is meteorology maps that only cover
AOD at 500 nm and Angstrom Exponent. Thus, it
should be necessary further work to use AERONET
information in the algorithm.
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AOD – Aerosol Optical Depth.
ARAT – Avion de Recherche Atmosphérique et
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BRDF – Bidirectional Reflectance Distribution

Function.
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DAISEX - Digital Airborne Imaging Spectrometer

Experiment.
DLR – Deutches Zentrum für Luft- und Raumfahrt

e.V. (German Space Agency).
ESA – European Space Agency.
GMT – Greenwich Meridian Time.
HITRAN - HIgh-resolution TRANsmission molec-

ular absorption database
HyMapTM – Hyperspectral Mapping Trade Mark.
HYSPLIT4 – Hybrid Single-Particle Langrangian

Integrated Trajectory Model Version 4.
LEANDRE - Lidar Embarqué pour l’étude de l’

Atmosphère: Nuages, Dynamique, Rayonnement
et cycle de l’Eau (Airborne Lidar to study the
atmosphere: clouds, dynamics, radiation and
water cycle).

MERIS – Medium Resolution Imaging Spectrometer.
MODTRAN - MODerate spectral resolution atmos-

pheric TRANSsmittance algorithm and computer
model.

NOAA – National Oceanic and Atmospheric
Administration.

OPAC – Optical Properties of Aerosols and Clouds.
POLDER - POLarization and Directionality of the

Earth’s Reflectances.
RPV - Rahman-Pinty-Verstraete.
RMBD  - Relative Mean Bias Deviation . 
RTE – Radiative Transfer Equation.
SeaWiFS - Sea-viewing Wide Field of view Sensor.
SMARTS2 – Simple Model of the Atmosphere

Radiative Transfer of Sunshine Version 2.
WSS - Weighted Sum of Squares. 


