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Abstract

Polarization and directionality of the Earth�s reflectances (POLDER) is a multispectral imaging radiometer–polarimeter with a

wide field-of-view, a moderate spatial resolution, and a multi-angle viewing capability. It functioned nominally aboard ADEOS1

from November 1996 to June 1997. When the satellite passes over a target, POLDER allows to observe it under up to 14 different

viewing directions and in several narrow spectral bands of the visible and near-infrared spectrum (443–910 nm). This new type of

multi-angle instruments offers new opportunity for deriving cloud parameters at global scale. The aim of this short overview paper is

to point out the main contributions of such an instrument for cloud study through its original instrumental capabilities (multi-

directionality, multipolarization, and multispectrality). This is mainly illustrated by using ADEOS 1-POLDER derived cloud

parameters which are operationally processed by CNES and are available since the beginning of 1999.

� 2003 COSPAR. Published by Elsevier Ltd. All rights reserved.
1. Introduction

As a component of the new generation of Earth-

orbiting instruments designed for Earth�s observation,

the POLDER (polarization and directionality of the
Earth�s reflectances) is a CNES (the French Space

Agency) instrument on board the Japanese Advanced

Earth Observing Satellite (ADEOS) launched in August

1996. It worked perfectly until ADEOS�s early end of

service on June 30, 1997.

The POLDER levels 2 and 3 products routinely

processed by CNES are split into three processing lines:

‘‘Earth radiation budget, water vapor and clouds’’
(hereafter ‘‘ERB & clouds’’), ‘‘Ocean color and aerosols

over ocean’’, ‘‘Land surfaces and aerosols over land’’.

An overview of algorithms and products of the ‘‘ERB &
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clouds’’ line is presented in Buriez et al. (1997). First

analysis of POLDER data and validation activity are

presented in Parol et al. (1999). The aim of this overview

paper is to point out the main contributions of POL-

DER for cloud studies at global scale and to demon-
strate how POLDER�s unique instrument capabilities

(multidirectionality, multipolarization, and multispec-

trality) can be used to gain new insights on clouds and

the Earth�s radiation budget. This new type of multi-

angle instrument offers new opportunity for deriving

cloud parameters at global scale. This is mainly illus-

trated by using ADEOS 1-POLDER derived cloud pa-

rameters which are operationally processed by CNES
and are available since the beginning of 1999.

Without a doubt, the most original characteristics of

POLDER is its ability to measure the polarized

component of the Earth-atmosphere reflected light.

However, as illustrated here, it clearly appears

that multi-angle capability is necessary for taking ad-

vantage of polarization. For instance, polarization and
ved.

mail to: frederic.parol@univ-lille1.fr


F. Parol et al. / Advances in Space Research 33 (2004) 1080–1088 1081
multi-directionality allow for determining cloud ther-

modynamic phase, which is an important cloud pa-

rameter for climate models.

The multi-directional capability of POLDER allows

for checking schemes of cloud optical thickness and

albedo retrieval. Those cloud properties can be de-
rived from usual bidirectional reflectance measure-

ments. However, this needs some assumptions both on

cloud microphysics and on cloud morphology and

spatial distribution. While it is always possible to find

a cloud model that satisfies one single directional

observation of a given cloud target, it is not so easy

to fulfill the complete set of ten or more observations

provided by multidirectional instruments. Conse-
quently, it is shown that POLDER not only allows for

determining cloud optical thickness under some hy-

potheses, but it also enables us to test the validity of

these hypotheses.

Finally, we present recent results of derivation of top-

of-the-atmosphere ERB from POLDER. These results

are compared to the ERBE (Barkstrom et al., 1989),

ScaRaB (Scanner for Radiation Budget) (Kandel et al.,
1998) and CERES (Wielicki et al., 1996) records.
2. The polder instrument and data

The first POLDER instrument flew on ADEOS be-

tween August 1996 and June 1997. POLDER is a mul-

tispectral imaging radiometer–polarimeter composed of
a two-dimensional charged coupled device (CCD) de-

tector array, wide field of view (�2400 km) telecentric

optics and a rotating wheel carrying spectral and po-

larized filters. The dimension of the CCD detector array

(242� 274 detectors) provides a moderate spatial reso-

lution (�6 km), and a multi-angle viewing capability.

When the ADEOS satellite passes over a target, up to 14

different images are acquired in several narrow spectral
bands of the visible and near-infrared spectrum (443–

910 nm). Full azimutal angle coverage for viewing zenith

angles up to �60� is obtained by composing several days

of POLDER measurements. In this paper, POLDER

level-2 ‘‘ERB & clouds’’ products (Buriez et al., 1997)

are considered. They provide cloud properties (cloud

fraction, optical depth, pressure, phase, etc.) and radi-

ances in all viewing directions averaged over �56�
56 km2 ‘‘super-pixel’’ regions (�9� 9 full-resolution

6� 6 km2 POLDER pixels).
3. The multi-polarization capability of POLDER

The most original characteristics of POLDER is its

ability to measure the polarized component of the
Earth-atmosphere reflected light. It allows for deter-

mining two important cloud parameters, namely the
cloud thermodynamic phase and the Rayleigh cloud

pressure (this later parameter is not discussed here; for

details see Goloub et al., 1994; Parol et al., 1999).

Theoretical as well as experimental studies have

shown that polarized signatures of water droplets and

ice particles are quite different (Goloub et al., 1994;
Sauvage et al., 1999; Chepfer et al., 1999). Considering a

cloudy system observed from satellite, the polarized

component of the upward radiance is mainly formed in

the upper cloud layer. Around 80% of the single-scat-

tered radiation reflected by the cloud arises from the

upper hundred meters of the layer. Thus, the polariza-

tion features mainly governed by single scattering are

preserved in the polarized reflectance. For optical
thickness large enough, the polarized reflectance roughly

varies as the cloud polarized phase function, which de-

pends on cloud microphysics properties (shape/size) and

refractive index.

Figs. 1(a)–(b) present respectively, theoretical simu-

lations and observations of the main polarization fea-

tures for the scattering angle range sampled by

POLDER. The light scattered by cloud water droplets
exhibits a strong maximum about 140� from the in-

coming direction. This peak, the so-called primary

rainbow, is highly polarized which makes it easily de-

tectable. The maximum and the width of the peak de-

pend on the droplet size distribution (Goloub et al.,

1994). Another noticeable property is the zero polari-

zation for scattering angles between 75� and 120� ac-

cording to droplet size distribution. Finally, for narrow
droplet size distributions, several supernumary bows

appear beyond 150� (Goloub et al., 1997). On the con-

trary, for broad size distributions, the phase function

maxima and minima are smoothed out. If the droplet

size distribution is relatively narrow, Br�eon and Goloub

(1998) have shown that the supernumary bows can be

used to infer the effective radius of liquid water droplets.

However, their method only probes a cloud layer of
optical thickness less than about 1 located at the cloud

top. As illustrated in Fig. 2, applying their inversion

method to the full ADEOS 1-POLDER dataset provides

global maps of cloud top droplet effective radius esti-

mate (Br�eon and Colzy, 2000).

Unlike water clouds, cirrus clouds are mainly com-

posed of ice crystals with extremely large variabilities in

shape and size (Krupp, 1991; Miloshevich and Heyms-
field, 1997). Diversity and complexity of ice crystal

shape and size depend on temperature and humidity in

cloud. For scattering angles sampled by POLDER, ra-

diative transfer computations performed for randomly

oriented ice particles (Fig. 1(a)) and observations

(Fig. 1(b)) show different important features: (i) a gen-

erally positive polarization (vibration perpendicular to

the scattering plane), (ii) a decreasing of the polarization
for increasing scattering angles (i.e., negative slope), (iii)

a neutral point around 160�.



Fig. 1. Polarized reflectance at 865 nm as a function of scattering angle. (a) Corresponds to simulation in the solar principal plane with different ice

crystal shapes and one liquid water droplet model (red dashed line) for an optical thickness of 2. Green dots correspond to polycrystals randomly

oriented in space (Macke et al., 1996). The other curves correspond to hexagonal particles with different aspect ratio Q ¼ L=2R, where L and R are the

length and the radius of the particle, respectively. (b) An example of polarized reflectance measured by ADEOS 1-POLDER over cirrus clouds (in

blue) and over liquid water clouds (in red). Polarization signatures of liquid and ice clouds display significantly different features that allow for simple

and direct cloud thermodynamic phase discrimination.

Fig. 2. Seasonal composite of droplet effective radius of liquid water clouds for the March 97–May 97 period at 2.5� resolution. The effective radius
values vary from 5 to 14 lm from dark violet to red. This map clearly highlights the land/ocean contrast with droplets smaller over continents than

over oceans. (Adapted from Br�eon and Colzy, 2000.)

Fig. 3. Cloud cover distribution as a function of cloud temperature. Cloud phase and pressure are derived from POLDER polarization measure-

ments. Temperature is then derived from pressure by using meteorological profile. (Adapted from Doutriaux-Boucher et al., 2002.)
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Accounting for these different angular behaviors, the

ADEOS 1-POLDER operational algorithm derives the

cloud thermodynamic phase. Studies involving global

database such as ISCCP (International Cloud Clima-

tology Project) data (Rossow and Schiffer, 1999) and

ground-based active remote sensors at the Atmospheric
Radiation Measurements Southern Great Plains (ARM-

SGP) site (Clothiaux et al., 2000) have shown the high

quality of the POLDER phase recognition scheme (Ri-

edi et al., 2000, 2001). Comparison undertaken with

Lidar network data is also very informative (Chepfer

et al., 2000).

The ‘‘ERB & clouds’’ derived cloud parameters can be

very informative for testing some cloud parameteriza-
tions involved in climate models. For instance, cloud

phase is a very important parameter for cloud study and

it needs to be properly parameterized in both climate and

mesoscale models. In some of them, the liquid/solid cloud

fraction in a grid mesh is defined as a very crude function

of the temperature. As illustrated in Fig. 3, combination

of temperature profiles and POLDER cloud phase results

allows for testing such parameterizations.
4. The multi-directionality capability of POLDER

In Section 3, it clearly appears that the multi-angle

capability is necessary for taking advantage of polari-

zation. In addition, the multi-directionality of POLDER

is also useful for deriving cloud properties. This multi-
directional capability is used in the cloud detection al-

gorithm of the ‘‘ERB & clouds’’ line (Buriez et al., 1997;

S�eze et al., 1999). A series of sequential tests are applied

to each pixel and for every viewing direction. As an

example, over ocean a simple reflectance threshold test

can always be applied since a POLDER pixel can be

observed with angular configuration outside the sunlight

region.
More interestingly, the multi-directional capability of

POLDER allows for checking schemes of cloud optical

thickness retrieval. Cloud optical thickness is directly

related to the ice/liquid water content and is thus a key

parameter in cloud modeling. It can be derived from

bidirectional reflectance measurements. However, some

assumptions about cloud microphysics, cloud mor-

phology and the spatial distribution of clouds are nee-
ded in order to infer cloud optical thickness from

satellite measurements. Cloud fields are commonly

viewed as a single and homogeneous plane–parallel layer

composed of prescribed particles despite possibly large

effects due to both cloud heterogeneities (Loeb and

Coakley, 1998) and different particles (Mishchenko

et al., 1996). Unlike the usual scanner radiometers,

POLDER provides up to 14 quasi-simultaneous reflec-
tance measurements of a geographical target. While it is

always possible to find a cloud model that satisfies one
single bidirectional observation of a given target, it is

not so easy to fulfill the complete set of 14 observations.

Consequently, POLDER not only allows determining

cloud optical thickness under some hypotheses, but it

also enables us to test the validity of these hypotheses.

A cloud water droplet model is used in the algorithm
that operationally derived cloud optical thickness from

ADEOS 1-POLDER data. The cloudy pixels are as-

sumed fully covered by a plane–parallel layer composed

of liquid water droplets with an effective radius of 10 lm
and an effective variance of 0.15. In these conditions, the

optical thickness is the only cloud property that is al-

lowed to vary. The purpose here is to illustrate the

ability to test the cloud model used. To do that, for the
cloudy situations observed over ocean during three

ADEOS overpasses, the N (<14) ‘‘directional’’ values of

cloud optical thickness are used. Since the retrieval is

based on the standard cloud droplet model, these N
values are expected to be close to one other in the case of

liquid water clouds and dispersed in the case of ice

clouds. The thermodynamic phase is identified for the

cloudy pixels as noted in Section 3. We thus select the
super-pixels (composed of 9� 9 POLDER pixels) for

which the phase is found liquid and the super-pixels for

which the phase is ice whatever the pixel. For every

super-pixel observed from at least seven directions, we

calculate the difference between each of the ‘‘direction-

al’’ values of optical thickness and their mean value.

More precisely, we use a representation, introduced in

the ISCCP (Rossow and Schiffer, 1991) scheme, that is
equivalent in radiative energy amount. Indeed, the var-

iability of the cloud properties we are interested in, is

important according to their contribution to the ERB.

Practically, the calculated parameter is the cloud

spherical (or diffuse) albedo defined for a plane–parallel

cloud layer over a black surface with no atmosphere. It

is obtained by integrating the reflectance over all view-

ing zenith, solar zenith and relative azimuth angles.
Therefore it is a one-to-one function of the optical

thickness for a given microphysical model.

The difference between the directional and the direc-

tionally-averaged cloud spherical albedo is reported as a

function of scattering angle for the super-pixels classified

as liquid water clouds in Fig. 4(a). On average, the liquid

water clouds appear well represented by the standard

droplet model (effective radius of 10 lm). Ideally, the
spherical albedo difference should be zero. It is typically

0.014 (the mean relative albedo difference is 2.8%). It

remains close to zero for the scattering angles larger

than 90�. The values of scattering angle around 80�
correspond to large solar zenith angles in the forward

direction, which may induce a serious weakness of the

plane–parallel approximation as already noted from

AVRRR (advanced very high resolution radiometer)
observations (Loeb and Coakley, 1998). We will come

back to this point later.



Fig. 4. Difference between the directional and the directionally aver-

aged cloud spherical albedo as a function of scattering angle, (a) for

liquid water clouds and (b) for ice clouds. These cloud spherical albedo

values are derived from POLDER reflectance measurements at 670 nm

by using the standard droplet model (effective radius of 10 lm). Results

correspond to overcast conditions over ocean for November 10, 1996.

The rainbow color scale represents the density of the measurements,

from low density (in blue) to high density (in red). (Adapted from

Doutriaux-Boucher et al., 2000.)

Fig. 5. Difference between the directional and the directionally-aver-

aged cloud spherical albedo as a function of scattering angle for ice

clouds. These cloud spherical albedo values are derived from POL-

DER reflectance measurements at 670 nm, (a) by using the PHM

model and (b) by using the IHMmodel. The two models correspond to

the same hexagonal ice crystal with an aspect ratio L=2R ¼ 220 lm/44

lm but without and with air bubble inclusions, respectively. Results

correspond to overcast ice clouds observed on November 10, 1996. The

rainbow color scale represents the density of the measurements, from

low density (in blue) to high density (in red). (Adapted from C.-Lab-

onnote et al., 2000.)

1084 F. Parol et al. / Advances in Space Research 33 (2004) 1080–1088
4.1. Multidirectional observations over ice clouds

The cloud spherical albedo difference calculated for

the super-pixels classified as ice clouds is reported in

Fig. 4(b). As expected, it clearly appears that the liquid

water droplet model is not suitable for ice clouds. The

difference of retrieved spherical albedo is typically 0.045

(10% in relative difference), that is three times larger

than in the case of liquid water clouds. It often reaches

values as large as �0.1. The minimum observed near
140� is related to the peak of the phase function of the

water droplet model in the rainbow direction. It clearly

appears that a smoother phase function would give a

better agreement in the treatment of ice clouds.

Many studies have shown that the single-scattering

properties of ice cloud particles differ substantially from

those of liquid water spheres (see Mishchenko et al.,

1996 and references therein). For that reason, an ice
fractal polycrystal model (Macke et al., 1996), which is

expected to be representative of irregularly shaped and

randomly oriented ice particles, was introduced in the

treatment of cold clouds in the ISCCP re-analysis

(Rossow and Schiffer, 1999). Re-analysis of ADEOS1-

POLDER data confirmed that some ice crystal models

are more adequate for cirrus clouds because they mini-
mize the angular variability of the cloud spherical al-

bedo (Doutriaux-Boucher et al., 2000; C.-Labonnote

et al., 2000). For overcast situations over ocean, the

cloud spherical albedo RMS difference is 0.031 (6.5%)

with the polycrystal model (instead of 0.045 (10%) with

the droplet model). However better results are obtained
by using an inhomogeneous hexagonal monocrystal

(IHM) model, which gives a cloud spherical albedo

RMS difference of only 0.016 (mean relative difference

of 3.3%). The IHM model corresponds to randomly

oriented hexagonal ice crystals containing spherical air

bubbles. Air bubble inclusion appears very often inside

cirrus ice particles due to a rapid growing of crystals.

This model follows some in situ measurements per-
formed from ice replicator and microphotographic ob-

servations (Strauss et al., 1997). The IHM model gives

results that notably differs from those obtained with a

pure hexagonal monocrystal (PHM) model, i.e., without

air bubbles, as reported in Fig. 5. The PHM model gives



Fig. 6. Comparison between the ADEOS 1-POLDER observations of

polarized radiance at 865 nm and the two ice crystal models of Fig. 4

Results correspond to overcast ice clouds over ocean. The rainbow

color scale represents the density of the measurements, from low

density (in blue) to high density (in red). The small circles correspond

to simulations. (Adapted from C.-Labonnote et al., 2001.)

Fig. 7. Difference between the directional values of cloud spherical albe

derived from ADEOS 1-POLDER observations at 670 nm in the case

homogeneous cloud droplet model with an effective radius of 10 lm.

correspond to the inhomogeneous cloud model. In both cases, the fu

2001.)
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a cloud spherical albedo RMS difference of 0.029 and a

mean relative difference almost twice larger than the

IHM model. Note that this clear superiority of the IHM

model is also observed in the polarization measurements

as reported in Fig. 6. This model has been retained for

the operational processing of the ADEOS 2-POLDER
data (launched in December 2002).
4.2. Multidirectional observations over liquid water clouds

Now let us come back to the liquid water clouds.

They are rather well represented by the standard droplet

model as already shown in Fig. 4(a). However, signifi-

cant differences between model and observations appear
in the rainbow direction (H � 140�) and for the smallest

observable values of scattering angle (H < 90�). To go

further, we examine the difference SðHÞ � Sð120�Þ be-

tween the directional value of cloud spherical albedo in

the H-direction and its value at the reference scattering

angle of 120�. This difference averaged over a lot of

observations sampled throughout the eight months of

available ADEOS 1-POLDER data is reported in Fig. 7.
The difference SðHÞ � Sð120�Þ is consistent with the

difference between SðHÞ and the directionally averaged

value reported in Fig. 4(a).

Cloud spherical albedos retrieved with the standard

droplet model are too small in the rainbow direction.

That suggest that the cloud particle size is too large in

the model. The cloud spherical albedo difference

SðHÞ � Sð120�Þ retrieved by using a cloud particle
distribution with an effective radius of 5 lm (instead of
the reference value at 120� as a function of scattering angle. Results are

rcast liquid water clouds over ocean. The thin lines corresponds to the

left, the thick lines correspond to the 5 lm model. On the right, they

correspond to precise mean differences. (Adapted from Buriez et al.,
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10 lm) is reported in Fig. 7(a). As expected, the 5-lm
model is more suitable than the 10-lm model for scat-

tering angles very close to 140�. However, it is hardly

more convenient for small scattering angles and quite

less adequate for scattering angles beyond 150�. Practi-
cally, any realistic microphysics of liquid water cloud is
insufficient to explain the decrease of the retrieved cloud

spherical albedo in the forward direction (H < 90�).
Spatial variations in cloud optical thickness can also

have a large impact on cloud property retrievals. The

cloud spherical difference SðHÞ � Sð120�Þ retrieved by

using a horizontally inhomogeneous cloud model is re-

ported in Fig. 7(b). To do that, we use the gamma in-

dependent pixel approximation of Barker et al. (1996)
with a standard deviation of the cloud optical distribu-

tion as large as the mean at the pixel scale. Despite the

high degree of horizontal heterogeneity of the consid-

ered model, we observe only a very weak improvement

compared to the homogeneous cloud layer model. Our

feeling is that the major deficiency is chiefly due to

subpixel-scale variations in cloud top height (i.e., cloud

bumps). A similar conclusion was obtained from theory
by Loeb and Coakley (1998), who argued that cloud top

variability is responsible for the marked angular de-

pendence in plane–parallel errors, particularly for large

solar zenith angles in the forward-scattering direction.
5. The multispectral capability of POLDER

The instrumental concept of POLDER is based on a

rotating wheel carrying spectral filters of which central

wavelengths range between 443 and 910 nm. Comparing

to previous multispectral radiometers, a novel contri-

bution of POLDER is the use of a differential absorp-

tion technique for estimating the mean cloud pressure.

An apparent pressure Papp is derived from O2-

absorption measurements at 763 nm assuming a non-
Fig. 8. Shortwave reflected flux anomaly (W m�2) for March 1997 referenc

2.5�� 2.5� gridded values. The large blue areas indicate POLDER flux low

Pacific (in red) where the convection is enhanced whereas large parts of Indo

1997–1998 ENSO warm event. (Adapted from Viollier et al., 2002.)
scattering atmosphere. Because all the scattering effects

are neglected, Vanbauce et al. (1998) have shown that the

measured difference between Papp and the cloud top

pressure derived from thermal infrared measurements is

on an average of the order of 180 hPa for optically thick

clouds. More recently, comparisons of lidar and radar
measurements from the ARM-SGP site make Papp ap-

pears closer to the mean cloud pressure than to the cloud

top pressure (Vanbauce et al., 2003). However, the dif-

ference between Papp and the cloud mean pressure can be

amplified when the ground influence is important, i.e.,

over land. This problem practically disappears using a

simple surface correction as well as an optical thickness

filter that reduces the errors in retrieval due to the cloud
semi-transparency. Even if the corrected cloud pressure

remains far away from the cloud top pressure (125 hPa

on average), it is now very close to the mean pressure

whatever the cloud type is (Vanbauce et al., 2003).

The last important point developed in this paper is

the derivation of the shortwave (SW) albedo using the

multispectral capability of the POLDER instrument. It

is of prime interest for climate study to estimate the SW
cloud forcing. This parameter is directly related to the

difference between the actual observed SW albedo and

its clear-sky estimate. In the POLDER ‘‘ERB & clouds’’

operational algorithm, the SW albedo is derived as a

function of the three spectral albedos at 443, 670 and

865 nm. It is worthy of note that, thanks to its multi-

angle observations, POLDER obtains direct informa-

tion on the anisotropy of the reflected radiation field (see
Section 4). Thus, for each scene, the spectral albedos are

computed as angle-weighting averages of the 14 different

angular values derived using the same plane–parallel

model as for the derivation of cloud optical thickness.

The SW albedo derivation takes into account the at-

mospheric absorption, in particular the solar water va-

por absorption estimated from the ratio of the

POLDER reflectances at 865 and 910 nm.
ed to the 1985–1989 ERBE monthly means. This map corresponds to

er than ERBE one. Unusual features are observed over the western

nesia are cloud-free (in blue). This corresponds to the beginning of the
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The SW albedo which is an instantaneous albedo at

the local time of observation (around 10:30 UTC for

ADEOS 1-POLDER) is generally not equivalent to the

daily average. For this reason, a diurnal interpolation

and extrapolation procedure is applied to the POLDER

result, by adjusting algorithms previously developed for
ScaRaB (Standfuss et al., 2001). The daily and monthly

means of the reflected SW fluxes at the top of the

atmosphere are then deduced. Since the ADEOS 1-

POLDER period corresponds to the beginning of the

1997–1998 ENSO warm event, the monthly maps of

POLDER SW flux reveal strong deviations in the

Tropical Pacific, as illustrated in Fig. 8. On the other

hand, on average, the POLDER 20S–20N reflected solar
flux is smaller by about 2.7 and 7 W m�2 when com-

pared to CERES/Terra and 1985–1989 ERBE results for

a mean value of 90 W m�2 (Viollier et al., 2002). This

reasonable discrepancy (3–7%) between POLDER and

the ERB instruments may be partly due to the uncer-

tainties in the POLDER calibration and to the nar-

rowband to broadband extrapolation procedure. More

accurate comparisons using simultaneous observations
of ADEOS 2-POLDER and CERES/Terra should make

this point clearer.
6. Conclusion

This paper emphasizes the original capabilities of

POLDER for cloud parameter retrievals. As the usual
operational algorithms that furnish satellite derived

cloud parameters, the POLDER �ERB & Clouds� pro-
cessing line provides some �standard� cloud properties

like cloud fraction and cloud optical depth at global

scale. Moreover, novel cloud and atmospheric parame-

ters are also inferred from the three original character-

istics of POLDER. A cloud phase index and two cloud

pressures are currently distributed on a daily (level-2
product) and a monthly (level-3 product) basis by the

CNES in Toulouse, France.

As illustrated in this paper, the multi-polarization

capability of POLDER combined with the multi-direc-

tionality of the instrument allow for inferring the cloud

thermodynamic phase and the effective radius of liquid

water droplets at global scale. On the other hand, the

multi-directionality of POLDER allows for checking
schemes of cloud optical thickness and cloud albedo

retrieval. Usual assumptions both on cloud microphys-

ics (spherical particles) and on cloud morphology (ho-

mogeneous plane–parallel layer) have been tested. The

mean observed angular variability of cirrus reflectances

is shown to be better represented by using an IHM

model than a cloud water droplet model. Comparisons

between POLDER measurements and simulations of
cirrus cloud polarization confirm the relevance of the

IHM model.
In the �ERB & Clouds� operational algorithm, liquid

water clouds are assumed to be plane–parallel layers

composed of droplets with an effective radius of 10 lm.

However, the angular variabilities of reflectances for li-

quid water clouds show significant differences between

model and observations in the rainbow direction and
for the smallest observable values of scattering angle.

Changing the water droplet size distribution does not

lead to a significant improvement except in the rainbow

direction. On the other hand, the introduction of a high

degree of horizontal heterogeneity at the sub-pixel pixel

leads only to a weak improvement. The major deficiency

of the plane–parallel model seems to be due to cloud top

height variations which are not taken into account.
The multispectral capability of POLDER allows for

estimating the mean cloud pressure from O2-absorption

measurements at 763 nm. Comparisons with cloud

pressure derived from lidar and radar measurements

from the ARM-SGP site show a very good agreement.

The last important point developed in this paper is the

derivation of the SW flux using the multispectral capa-

bility of POLDER. It is shown that global maps of
POLDER albedo reveal strong deviations in the Trop-

ical Pacific, that correspond to the beginning of the

1997–1998 ENSO event. On the other hand, when

compared to the CERES/Terra and ERBE results, the

monthly mean of the POLDER 20S–20N reflected SW

flux is smaller by about 2.7 and 7 W m�2, respectively,

for a mean value of 90 W m�2. More accurate com-

parison using simultaneous observations of ADEOS
2-POLDER and CERES/Terra are planned in the next

months and should make this point clearer.

The 8-months POLDER cloud dataset allows to

build a cloud climatology including original property

like cloud thermodynamic phase. Preliminary compari-

sons between POLDER and ISCCP monthly mean

products (cloud cover, cloud optical thickness, and

cloud pressure) outline some differences resulting for a
part from the original characteristics (multidirectional-

ity and multipolarization) of POLDER (Parol et al.,

1999). POLDER aboard the ADEOS 2 platform will

permit to go further in this way. The ADEOS 2 satellite

has been successfully launched on December 14, 2002.

The first POLDER test image was acquired over France

on February 1, 2003 and ADEOS 2-POLDER contin-

uous data acquisition started in April 2003. Advanced
algorithms have been developed for POLDER 2 data,

from the analysis of POLDER 1 results. Comprehensive

information and preliminary results are presented on the

POLDER web site http://smsc.cnes.fr/POLDER/.
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