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First Results of the POLDER “Earth Radiation
Budget and Clouds” Operational Algorithm

Frederic Parol, Jean-Claude Buriez, Claudine Vanbauce, Pierre Couvert,
Genevieve Séze, Philippe Goloub, and Sylvain Cheinet

Abstract— The POLDER instrument is devoted to global difficulty of GCM's to correctly account for cloud-radiation-

observations of the solar radiation reflected by the earth- climate interactions [8], [9], [36]. Indeed, cloud-radiation

atmosphere system. Algorithms of the “Earth Radiation Budget ;nieractions are really complex and depend on numerous
and Clouds processing line implemented at the. French Space hvsical parameters such as the cloud macrophvsical and
Center are applied to ADEOS-POLDER data. First results on phy p phy

derived cloud properties are presented from POLDER level 2 Mmicrophysical characteristics but also the atmospheric and
data of 10 November 1996 and level 3 products of June 1997. terrestrial environment. Consequently, GCM’s need realistic
A good correlation is observed between the POLDER cloud representation of clouds and their effects on radiation balance

detection algorithm and the Dynamical Clustering Method ; : :
applied to METEOSAT data. The multidirectional capability at global scale as well as at regional scale. It is essential to

of POLDER appears useful to check schemes of cloud optical COrrectly s.imulate the present forcing of cloud_s on radiation
thickness retrieval. As expected, a water droplet model is suitable but especially to model what the future forcing of clouds
for liquid water clouds and inadequate for ice clouds. That will be. Global observations of cloud properties and global

indirectly validates our algorithm of cloud phase recognition. An - measurements of the effects of clouds on radiation are essential
apparent pressure is derived from Q-absorption measurements to achieve this objective

and a Rayleigh cloud pressure from polarization observations. . .
For overcast conditions, the apparent pressure is larger (by ~ 1N€ most comprehensive way to obtain global cloud ob-

more than 100 hPa) than the Rayleigh pressure chiefly due to Servations is by means of satellite-based measurements, even
the photon penetration effect. For partly cloudy conditions, it if field experiments and ground-based measurements remain
Cagrzﬁr#?;ger Ogg’vrﬁa:ﬁ;gﬁspegg'tcv%gg tg%i‘ggge ;erﬂje‘:tl'g"éyép essential to support the satellite observations. Satellites can
monthly mergn procFi)ucts outline some differences resulting in directly observe not only t_he spatial and temporgl \{ariabilities
part from the original characteristics of POLDER. of clouds [33] but also their effects on earth’s radiation budget
(ERB) at the top of the atmosphere [30], [20]. Since the first
satellite images were used [1], satellite observations of clouds
and satellite derivation of cloud properties have been widely

|. INTRODUCTION developed and investigated (see [32] for an almost exhaustive

UMAN activities are increasing the atmospheric corftistorical summary of cloud algorithms).
H centrations of both greenhouse gases and anthropogenit ©LDER (POLarization and Directionality of the Earth's
aerosols, which tend, respectively, to warm and to cool tfgeflectances) is a component of a series of new sensors that
earth-atmosphere system [22], [11]. Global climate modeR@y Provide key information for improving our knowledge
(GCM’s) endeavor to project what the future has in store f@f clouds, radiation, and climate interactions. POLDER is
the earth, but the large range of possible scenarios maiflycNES (the French Space Agency) instrument which was
comes from the little understood in the climate sensitiyN board the Japanese ADEOS (ADvanced Earth Observing
ity to such perturbations [22]. A major uncertainty in theatellite) polar orbiting platform, successfully Iaunched_ in
determination of this sensitivity is the misunderstanding #fugust 1996. In November 1996, POLDER entered into

the feedbacks associated with cloudiness changes and itheominal acquisition phase and functioned perfectly until
ADEOS early end of service in June 1997. POLDER is

Manuscript (;egei(\éed /;pril 2, 1998; revised _NO(\:/ember 18, 1998. This V(\j/oré multispectral imaging radiometer-polarimeter designed to
was supported by CNES, European Economic Community, Région Nord-P . i . g
De Calais, and Rfecture du Nord through EFRO. Meteorological data havgﬁ%vIde global and repetitive observations of the solar radiation

been provided by Mio-France. METEOSAT data have been providedieflected by the earth-atmosphere system [13]. The instrument

by the Centre de WKieorologie Spatiale in Lannion. Currently updatedconcept is based on a wide field of ViGWJZZOO km) tele-
information about POLDER project is available from http://polder@www- . . . . :
projet.cnes. fr:8060. centric optics, a rotating wheel carrying spectral filters and
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level 2 and 3 products are split into three processing lines
which are the “ERB, water vapor, and clouds” (hereafter noted
as “ERB & clouds”), the “Ocean color and aerosols over the
ocean,” and the “Land surfaces and aerosols over land” lines
For different reasons put forward in [7], all of the results of the
“ERB & clouds” processing line are averaged at the “super-
pixel” scale that typically corresponds to ¢0 9) pixels. The
spatial resolution of the super-pixel (0.5 0.5° at the equator,
i.e., ~50 km x 50 km) appears suitable both for comparison
with ISCCP (International Satellite Cloud Climatology Project,
[33]) products and for use in connection with ERB instruments
like ScaRaB (Scanner for the Earth Radiation Budget) [23] anc
CERES (Cloud and the Earth’s Radiant Energy System) [45].

The “ERB & clouds” thematic interest takes advantage
of the multispectral, multidirectional, and multipolarization
capabilities of POLDER to derive useful information on clouds #
and their effects on short-wave radiation [7]. This paper deals g
with one of the main goals of the “ERB & clouds” line whichis &
the derivation of cloud properties, such as cloud amount, clouc %
optical thickness, cloud pressure, and cloud thermodynamic 4
phase at global scale. The atmospheric water vapor content | y
presented in a companion paper in this issue [43]. Similarly to *
many “cloud algorithms” [32], the “ERB & clouds” processing _
line uses two basic steps: the cloud detection phase and tr
cloud properties derivation phase. The first step is crucial since
it controls further processing and it has a major impact on
determining other products. Particular attention is therefore
given to the cloud detection algorithm of the “ERB & clouds”
line; it is a threshold method employing several sequential
tests for the presence of clouds. The adjustments of the
different tests involved in the algorithm are presented in the
next section. The so-derived POLDER pixel identification is
compared to a cloud classification applied to METEOSAT
data and k?ased 0r1 the Dynamical Clustering Method [37I—J!g 1. Image constructed from 670 nm reflectance measured by POLDER
The following sections present the others cloud propertias November 10, 1996 along three ADEOS paths (orbit numbers 3107—-3109)
cloud optical thickness, cloud pressure, and cloud phaseer the Atlantic Ocean. Clouds appear as light shades against a darker ocean
respectively. The original contribution of POLDER regarding" 'a"d Packground.
these products is emphasized. The discussions are supported
by the analysis of POLDER data acquired on November 1rought to the algorithm. First, this section briefly covers the
1996, especially along three ADEQOS orbits over the Atlantiifferent threshold tests used in the algorithm and presents the
Ocean (orbit numbers 3107-3109), i.e., in the METEOSAMethodology used to adjust the different threshold values. This
field of view (see Fig. 1). At the end of a validation periodonsists mainly in analyzing the coherence of results from the
foreseen in July 1998, the complete set of POLDER data wilarious tests involved in the algorithm. The validation of the
be processed by CNES and level 2 and 3 products will be mazleud identification is emphasized through comparison with
available to the scientific community. For the moment, the onthie results of the Dynamical Clustering Method applied to
available monthly synthesis of the “ERB & clouds” line is foMETEOSAT satellite observation [37].
June 1997. Section VI presents the global monthly means ofThe cloud detection algorithm of the “ERB & clouds” line is
POLDER-derived cloud properties and compares them to thminly based on a series of sequential threshold tests applied to
ISCCP products. Finally, Section VII summarizes the resuléach individual pixel (6.2 km) and for every viewing direction.
and concludes. Some of these tests use the spectral reflectance defined as

Ry = wLy/(cosb,Ey), where Ly is the measured spectral
radiancef, is the solar zenith angle, arfd, is the spectrally

[l. CLouD AMOUNT: THE CLOUD DETECTION ALGORITHM  averaged solar irradiance at the top of the atmosphere. Four

The physical principles of the POLDER cloud detectiofests aim at detecting clouds, and a pixel is declared cloudy
algorithm are extensively developed in [7]. They were bas#&¢en one of these tests proves positive.
on the analysis of measurements performed by the airbornel) An “apparent” pressuré’,,;, is derived from the ratio
simulator of POLDER. Since then, POLDER has flown aboard  of reflectance measured in the channels centered at
ADEQOS, and some adjustments and improvements have been 763 and 765 nm (see Section 1V). The pixel is labeled




PAROL et al.: “EARTH RADIATION BUDGET AND CLOUDS” OPERATIONAL ALGORITHM 1599

cloudy if P,,p i1s markedly lower than the sea-surface If a POLDER pixel does not satisfy at least one of the

pressurepf. f.ce- The threshold applied t&...r.cc — SiX tests described above, it remains unclassified for a given
P, depends on the ratio between the molecular amiewing direction. However, if this pixel is labeled as clear
the total reflectance at 765 nmR,,,.1/R* [42]. (or cloudy) in some viewing directions and undetermined in

2) A pixel is declared cloudy if the measured reflectance all the other ones, then it is labeled as clear (or cloudy) for
wavelength, Ry (A = 865 nm over ocean andl = 443  all the directions. If the pixel remains undetermined, it is then
nm over land) is significantly larger than its clear-skyelabeled as clear or cloudy depending on the classification
estimate R§***. Over ocean, a large threshold valu®f the neighboring pixels and the spatial variability 8.
(15%) is chosen in order to avoid classifying aerosolfterwards, when all of the elementary pixels are identified as
as clouds. The same value is chosen over land, but #leud-free or cloudy, the cloud cover is computed at the super-
spatial variability is taken into account. pixel scale £9 x 9 pixels), direction by direction. An example

3) For scattering angles less than 14@he molecular of so-derived global distribution of the monthly mean cloud
optical thicknessrys of the atmospheric layer abovecover retrieved from ADEOS/POLDER data is presented in
the observed surface (cloud or sea-surface) is direcfhgction VI.
derived from the polarized reflectance at 443 nm. It is A first validation of the POLDER cloud identification al-
compared to the total molecular optical thickness of tH@orithm goes through a comparison with the results of the

atmosphereii%ar. If the Tzlek%ar_7443 difference is above Dynamical Clustering Method [37] applied to METEOSAT

threshold, the pixel is rejected as cloud contaminated. @iata acquired every 30 min between 7 and 14 UTC from
[7] the threshold was set to a constant value. In the n€kctober 30 to November 10, 1996. The spatial resolution
version of the algorithm, it varies as a linear function off the METEOSAT data is 5 km at nadir. The Dynamical
the air-mass factor. Clustering Method uses two spectral parameters, the infrared
4) The polarized radiance at 865 nm presents different fe22d Visible radiances and two structural parameters, the local
tures for clear-sky and for cloud conditions specificallpPatial standard deviation of the visible and infrared radiances
in the rainbow direction (see Section V). A pixel is(computed for 3x 3 neighboring pixels). These data are
identified as cloud-contaminated if the actual polarizeRfocessed following [29] for five latitudinal regions over ocean

radiance is outside the expected range for clear-s d SiX regions over Iand. The I’esult iS a set Of C|0ud type

the scattering angle. 30-November 10, 1996 period. From this set, any ADEOS-
POLDER path in the METEOSAT field of view can be
; : imulated with a time lag oft15 min.
If all of_the previous tegts prove negapve, two more tests a?g?_he POLDER and METEOSAT cloud covers are compared
added in order to identify the clear pixels. .
. ) for the three ADEOS paths (orbit numbers 3107-3109) on
5) A pixel that has n1°t been declared cloudy is labelgd, emper 10 (Fig. 1). The proportion of clear (overcast)
as clear if&y — R (A = 865 nm over ocean and ;o5 js 289 (49%) in the METEOSAT classification and
)‘_: 443 nm over land) is small enough_<Q_%). 34% (53%) in the POLDER one. The smaller clear pixel
6) Finally, a pixel is expected to be clear if its reflectancfe centage in the METEOSAT classification is compensated
gxhlblts a large spectral _vanabﬂny. Practically, foIIow—by a larger percentage of partially covered pixels (small
ing [5] the Rsss/Raas ratio was found to be a bettery o ,jus cloud edges, very thin cirrus) than in the POLDER
indicator than thefiss; /Rero ratio initially considered o, classification. Note that “partly” does not have the same
in [7]. Over ocean, a pixel is declared as cloud-free {f,o3ning for METEOSAT and POLDER pixels. In the former,
the Ry / Rags ratio is less than 0.4. Over land surfacey js ysed for METEOSAT pixels that are expected to be
this ratio has to be more than 1.2. partly covered by clouds. In the latter, it is used for POLDER
The different thresholds presented above have been adjugib@ls that are labeled as cloudy for some viewing directions
according to the following philosophy. When adjusting thand clear for the others. The co-occurrence matrix obtained
four first tests, the reflectance threshold té&st— R <2% from the pixel-to-pixel comparison of the two classifications
is considered as a reference test. Indeed, all the pixels t{TRible 1) shows that 76% of the pixels belong to the same
satisfy this test for all the viewing directions are expected to lpgass and only 1.7% belong to opposite classes (clear/overcast
clear. Consequently, the reflectance threshold test is used ag@overcast/clear). The percentage of pixels declared clear by
indicator of the relevance of the different “cloud” thresholdsPOLDER but declared cloud-contaminated by METEOSAT
At this stage, the philosophy of the cloud detection algorithii®%) is larger than the opposite case (3%). Only 13% of
is to adjust the “cloud” thresholds in order to make sure th#iese anomalous pixels are overcast in the first case, and
all the four tests prove negative when the pixel is clear. Whan% in the second case. Tables Il and Ill, respectively, give
detecting the cloud-free pixels, a similar approach is adopteble distribution of the METEOSAT cloud types for each of
Pixels are expected to be “cloudy” if the reflectance threshalde three POLDER classes and the distribution of the three
test, Ry — R§™ > 15%, is satisfied whatever the direction ofPOLDER classes for each of the METEOSAT cloud types.
view. The spectral variability thresholds are thus adjusted ihe overcast cloud types (low, middle, multilayer, cirrus, high
such a way that practically no cloudy pixel is declared as cledhick clouds) have at least 85% of their pixels belonging to
lllustration of this methodology can be found in [38]. the overcast class in the POLDER classification and less than
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TABLE | been set up to avoid the inclusion of “false clouds” such as
Co-OCCURRENCEMATRIX OBTAINED FROM THE PIXEL -TO-PIXEL Saharan dust. When the apparent pressure threshold and/or
ComPARISON OF METEOSAT AND POLDER DENTIFICATION .

FOR THE 3 POLDER-ADEOS RiHs of FiG. 1 the reflectance threshold is decreased, the percentage of clear
POLDER pixels declared clear by METEOSAT increases, but
the percentage of clear METEOSAT pixels declared cloudy by
MIETEOSAT Clear Partly  Overcast POLDER increases, too. This comparison appears encouraging
though there are some discrepancies especially for the partly
cloudy and the thin cloud cases.

One has to keep in mind that the aim of the “ERB &
clouds” processing line is to derive cloud properties and not to
Partly 7.9% 6.0% 8.0% detect surface parameters. Consequently, the cloud detection
algorithm is very different from a cloud-clearing algorithm.
The previous discussion highlights that broken cloudiness as
well as thin cloud cover are sometimes classified as clear by
the POLDER pixel identification scheme. In fact, one verifies

TABLE I that the different thresholds of the POLDER algorithm have
DiSTRIBUTION OF THEMETEOSAT QLoup Trees INEACHOF THETHREE been adjusted in such a manner that questionable cloud cases
as well as thick aerosol layers are rejected as clear. Generally

POLDER

Clear 25.1%

)
n
e
¥
2

Overcast 1.2% 3.9% 44.3%

zllf"f(;:v);ﬁ ! 7 POLDER classes speaking, it seemed to the authors that it was preferable not
’ Clear Paclly Overcast to allocate to an entire POLDER pixel some mean cloud
28.19% clear 89% 9% 2% properties corresponding only to a small fraction of the pixel.
9.6% nearly clear 46% 289% 26% However, this philosophy may have some impact on the final
results, as illustrated in Section VI.
7.0% thin edges 40% 38% 22%
5.9% partly cloudy 12% 21% 68%

I1l. CLouD OPTICAL THICKNESS

Cloud optical thickness is directly related to the ice/water
7.4% middle clouds 3 0% 9% content and is thus a key parameter in cloud modeling. It can
be derived from bidirectional reflectance measurements. How-
ever, this needs some assumptions both on cloud microphysics
+.2% thin cirrus clouds 1% 329 57% and on cloud morphology and spatial distribution. Cloud fields
are commonly viewed as a single and homogeneous plane-
parallel layer composed of prescribed particles despite possibly
1'1.3% high thick clouds 0% 0% 100% large effects due to both cloud heterogeneities (e.g., [25],
[10]) and different particles [28]. Unlike the usual scanner
radiometers, POLDER provides up to 14 quasi-simultaneous
reflectance measurements of a geographical target. While it is
3% of them are classified as clear. An exception is the thatways possible to find a cloud model that satisfies one single
cirrus class. For the partly cloudy types, the percentage Htlirectional observation of a given target, it is not so easy
clear POLDER pixels decreases as the subpixel cloud coverfulfill the complete set of 14 observations. Consequently,
is expected to increase. Study of the spatial neighboring BOLDER not only allows the determination of cloud optical
these partially covered METEOSAT pixels shows that whethickness under some hypotheses, but it also enables us to test
they are declared clear by POLDER, the percentage of clehe validity of these hypotheses.
METEOSAT pixels in the neighboring is larger than in the A cloud water droplet model is used in our algorithm that
other cases. operationally derives cloud optical thickness from ADEOS-
The cloud cover derived from POLDER compares welPOLDER data [7]. The cloudy pixels are assumed fully
with the METEOSAT cloud classification on an instantaneousvered by a plane-parallel layer composed of liquid water
basis and at the pixel scale. The percentage of full agreemdrdplets with an effective radius of 10m and an effective
between POLDER and METEOSAT (76%) is close to the 81%ariance of 0.15 [18]. In these conditions, the optical thickness
which is found by comparing the METEOSAT classificatiolis the only cloud property that is allowed to vary. This model
with itself by introducing a shift of one pixel. However, in thisis similar to the one used in the first ISCCP analysis [33]. The
last case, only 0.2% of the pixels are classified in oppositecertainties due to the use of this model have been discussed
categories against 1.7% in the POLDER-METEOSAT conin [32].
parison. This discrepancy between POLDER and METEOSAT An example of global distribution of the monthly mean
classifications comes from the differences both in the obserweud optical thickness retrieved from ADEOS-POLDER data
tions and the algorithms. The METEOSAT algorithm is veris presented in Section VI. The purpose here is to illustrate
sensitive to a very small spatial variability of radiance valuahe ability to test the cloud model used. To do that, for the
close to surface ones. In the POLDER scheme, thresholds haleidy situations observed over ocean during three ADEOS

9.2% low clouds 2% 3% 96%

5.8%  multi-layers 3% 13% 85%:

11.5% cirrus clouds 2% 10% 89%
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TABLE 1lI
DisTrIBUTION OF THE THREE POLDER QAssEs IN EAcH oF THE METEOSAT Q.oubp TYPES FOR THETHREE POLDER-ADEQOS RTHs oF FiG. 1

METEOSAT cloud types

POLDER Clear Nearly  Thin - Partly  Low  Middle Muli-  Thin  Circus High

classes clear  edges  cloudy clouds  clouds  layers  cirrus clouds  Thick

34.2% Clear 73% 13% S% 2% 0% 1% 0% % J < o1

13.0% Partly 19% 21% 20% 9% 2% 44 0% 10% 8% 00

52.8% Overcast 1% 5% 3% 8 17% 13% V9% 5%: 19% 215

L e e e L e o overpasses (orbit numbers 3107-3109), we make use of the
N(< 14) “directional” values of cloud optical thickness, given

in the “ERB & clouds” products. Since the retrieval is based on
the standard cloud droplet model, the€evalues are expected

to be close to one another in the case of liquid water clouds
and dispersed in the case of ice clouds. By another way,
for each cloudy pixel the thermodynamic phase is identified
following the method described in Section V. We thus select
the super-pixels only composed of pixels for which the phase
] is found liquid and the super-pixels for which the phase is
] ice whatever the pixel. For every superpixel observed under
at least seven directions, we calculate the difference between
each of the “directional” values of optical thickness and their
T L U P SR R O mean value. More precisely, we make use of a representa-
100 120 140 160 180 tion, introduced in the ISCCP scheme, that is equivalent in
Scattering angle (deg) radiative energy amount. Indeed, the variability of the cloud
properties we are interested in is important according to their
contribution to the earth radiation budget. Additionally, as
the basic measurements are radiances, the precision of the
T calculated differences is more easily interpretable in energy
rather than in optical thickness. Practically, the calculated
parameter is the cloud spherical albedo (over a black surface)
which is a one-to-one function of the optical thickness (see
[34, Fig. 3.13)).

These cloud spherical albedo differences are reported as
a function of scattering angle for the selected liquid water
clouds in Fig. 2(a). On average, the liquid water clouds appear
well represented by the standard droplet model. The absolute
difference of retrieved spherical albedo is typically 0.01. Only
\ about ten superpixels, located near a depression off Iceland,
] notably depart from this good behavior; the large spherical
] albedo differences are certainly due to shortcomings in the

0.2
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Spherical albedo difference
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Spherical albedo difference
()

T T T T

0.2
N T T S SO SN cloud phase detection for these ambiguous multilayered cloud

60 80 100 120 140 160 180  systems. The spherical albedo difference averaged over the
Scattering angle (deg) 2278 superpixels classified as liquid water clouds remains

) very close to zero for all the scattering angles larger than
90°. The values of scattering angle around® 8®rrespond
Fig. 2. Differences between the “directional” values of cloud sphericdD large values of the solar and/or the viewing zenith angle,
albedo and their mean value as a function of scattering angle for (a) liqyighich may induce a serious weakness of the plane-parallel
water clouds and (b) ice clouds. The wavelength is 670 nm. The line . .
roximation [25]. However, note that the abrupt decrease

corresponds to the average difference. POLDER data corresponds to ADEYYP - .
orbits 3107-3109. of the spherical albedo difference near @orresponds to the
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ambiguous cases mentioned above and must not be considenegtlying a perfect reflector located at presskyg,,. Because
as representative of the liquid water clouds. all scattering effects are neglectef,,,, is not the cloud top
The spherical albedo differences calculated for the sup@ressure; it is somewhat of a mean pressure, between the
pixels classified as ice clouds are reported in Fig. 2(b). A®ttom and the top of a single cloud or of a multilayered
expected, it clearly appears that the liquid water droplet modgbud system. This difference betwegl,, and the cloud top
is not suitable for ice clouds. The difference of retrievedressure can be amplified when the ground influence is not
spherical albedo often reaches values as large-@4. The negligible. A correction for this effect, proposed in [7], is yet
value of the spherical albedo difference averaged over the 1187e validated and is not considered here.
superpixels varies by 0.12 when the scattering angle variesAnother retrieved cloud pressure is the so-called “Rayleigh
from 100" to about 140. The minimum observed near 14 cloud pressure,’Pg,,, derived from polarization measure-
related to the peak of the phase function of the water dropleents at 443 nm. At this wavelength, the polarized reflectance
model in the rainbow direction. A smoother phase functiois mainly related to the atmospheric molecular optical thick-
would give a better agreement in the treatment of ice cloudsess above the observed cloud, at least for scattering angles
However, the standard water droplet model which is usednging from 80 and 120 and outside the sunglint direction.
in the POLDER operational algorithm—a cloud droplet raA correction is introduced to remove the small contamination
dius of 10 um—is in good agreement with mean valuedy the cloud layer itself as explained in [7]. The pressbg,
retrieved from near-infrared radiance observations over lovg-then directly proportional to the retrieved molecular optical
level clouds: about 11-12m in maritime clouds and 8-9 thickness. That pressure is thus expected to be close to the
p#m in continentals clouds [17]. On the opposite, many studiefoud top pressure, at least when the whole signal comes from
have shown that the single-scattering properties of ice clotite molecules situated above the cloud, that needs overcast
particles differ substantially from those of liquid water spheraesnditions.
(see [28] and references therein). For that reason, an ice fractatig. 3 compares the Rayleigh cloud pressure to that derived
polycrystal model, which is expected to be representative ®6m O, absorption for the clouds observed during the three
irregularly shaped and randomly oriented ice particles, waelected ADEOS overpasses. As expectBg,, is almost
introduced in the treatment of cold clouds in the recent ISCGlRwvays larger thanPgr,, for overcast conditions [Fig. 3(a),
re-analysis [34]. On the other hand, the analysis of airbor(ig)]. The mean difference is 140 hPa for the 2776 oceanic
POLDER data acquired during the EUCREX'94 (Europeasuperpixels and 209 hPa for the 219 continental ones. A
Cloud and Radiation Experiment) campaign confirmed that teemparable difference was observed for optically thick clouds
standard water droplet model is suitable for stratocumulus abétween P,,, and the cloud top pressure derived from the
the ice polycrystal model is more adequate for cirrus cloudgightness temperature measured in thepfr-channel of
[14]. METEOSAT [42]. These differences are thought to be chiefly
Thus, the POLDER bidirectional reflectance measuremefige to the photon penetration effect that strongly affects the
appear useful to check the schemes of cloud optical thicknesgieval of the pressure from JOabsorption measurements.
retrieval. In the near future, different cloud particle models witthis effect is known to be more negligible as the volume
be investigated in order to minimize the angular variability ofcattering coefficient is larger [46]. That is the case of maritime
the cloud spherical albedo. stratocumulus clouds for whicR,,, is much closer taPg,,
[see the range 900-1000 hPa in Fig. 3(a)].
The comparison betweels,,, and Pr., appears more
IV. CLOUD PRESSURE complex for the partly cloudy superpixels [Fig. 3(c) and (d)].
Together with cloud optical thickness, one of the modthe differencel’,,, — Pr., remains positive over land but is
important cloud properties with respect to global climateery often negative over ocean. The mean difference is 225
changes is cloud height. Several techniques for deriving clobBa for the 711 continental superpixels bu#2 hPa for the
altitude from satellite have already been developed, gen8&d62 oceanic ones. When the cloud cover tends toward zero,
ally using radiances in the 1am CO, band (e.g., [40], the retrieved pressures do not tend necessarily to the surface
[27]) or in the atmospheric windows (e.g., [31], [26]). Twopressure Fayrace- The Rayleigh pressure tends #.race
different methods were developed to retrieve cloud pressumely if there is no additional polarization by the surface. The
from ADEOS-POLDER data [7]. Here we present the firsipparent pressure tends F.race ONly if all of the reflected
comparison between these two cloud pressures, respectiviijit comes from the surface. Practicallf.,, is close to
derived from absorption measurements in the oxygen A-baftl,.race fOr highly reflecting surfaces but can be as weak as
and from spectral polarization measurements. 500 hPa for dark surfaces such as the ocean outside the region
The algorithm of derivation of the “apparent pressufg),,, of the solar specular reflection [42]. Therefore, for partly
is extensively described in [7]. It is based on a differentia@loudy pixels, Pr,y is generally larger than the actual cloud
absorption technique using the radiances measured in tbp pressure and,,, is weaker or larger than the cloud mean
POLDER narrow-band and wide-band channels centered mressure depending on whether the surface is dark or bright.
the oxygen A-band. In this algorithmf,;,, is calculated That explains thaP.,;,, — Pray iS generally positive for partly
both for clear and for cloudy conditions (cf., Section Il; seeloudy superpixels over land [Fig. 3(d)] but is now negative
also [42]). Here we consider only the cloudy conditions. Theow positive over ocean depending on the relative contribution
atmosphere is assumed to behave as a pure absorbing meditithe cloud in the observed reflectance [Fig. 3(c)].
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Fig. 3. Apparent cloud pressure derived from @bsorption versus Rayleigh cloud pressure derived from polarization at 443 nm, for overcast conditions
over (a) ocean and (b) land and for partly cloudy conditions over (c) ocean and (d) land. POLDER data correspond to ADEQOS orbits 3107-3109.

V. CLOUD THERMODYNAMIC PHASE function, which depends on cloud microphysics properties
(shape/size) and refractive index.

An improved algorithm for remotely determining the cloud
rAn most cases, cloud water droplets are expected to have

top thermodynamic phase is described hereafter. The algorith ticle effecti di ing bet & and 15
utilizes near-infrared polarized reflectance over a large ran article efiective radius ranging betweeium an pm.

of scattering angles in order to discriminate between ice and; 4(a) and .(b) presents, re§pectlvgly, 'Fheorencal simulations
L . ) a%nfj observations of the main polarization features for scat-
liquid water phases. Indeed, theoretical as well as experime

. . . r}earmg angles that can be observed by POLDER. The light
stud|.es havg shown thaF polgnzed signatures of water drOplgglttering by cloud water droplets exhibits a strong maximum
and ice particles are quite different [15], [16], [6], [35], [12]'about 140 from the incoming direction. This peak, the so-

Co_nS|der|ng a cloudy system obseryed frgm sgtelllte, tr&%\lled primary rainbow, is highly polarized which makes it
polarized component of the upward radiance is mainly formee%S"y detectable. The maximum and the width of the peak
in the upper cloud layer [15]. Around 80% of the singleyre dependent on the droplet size distribution [15]. Another
scattered radiation reflected by the cloud arises from the uppgficeable property is the neutral point, which is located
hundred meters of the layer. In studying cloud polarization, tgatwveen 75 and 120 according to droplet size. For narrow
physical interesting quantity is the polarized reflectafid®\, sjze distributions, several supernumary bows appear [16]. On
which is less sensitive to multiple scattering effects than thige contrary, if the size distribution is relatively broad, no
total reflectance [19]. Thus, the polarization features, maindyipernumary bow appears. In some cases these properties are
governed by single scattering, are preservedi,. used to retrieve the effective radius of liquid water droplets

For a large enough optical thicknegs> 1), the polarized [4]. The last polarization feature that can be observed is the
reflectanceP R, roughly varies as the cloud polarized phasglory, which is centered on the backscattering peak (scattering
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. angles (i.e. negative slope), and iii) a neutral point around
160°.

] Since [7], preliminary analysis of polarized reflectances
g acquired by ADEOS-POLDER has highlighted a possible new
T way to recognize the cloud thermodynamic phase. The present
] operational algorithm is described hereafter. Two specific
s angular ranges are considered. For scattering angles smaller
] than 110, the direction of the polarization plane with respect
to the scattering plane is predominately’ §positive polarized

R component and negative slope) for ice clouds ahthegative
polarization and positive slope) for liquid water clouds. For
RN T A larger scattering angles (around ®}Qhe two cloud types

0 / V BT positively polarize the radiation, but the polarized reflectance

0.08 T T — T T
----- ice particles (polycristals)

— water droplets

0.04

Polarized Reflectance at 865 nm

is ten times higher for liquid water clouds than for ice
clouds. The POLDER angular coverage in term of available
80 100 120 1a0 160 180 scattering angles depends on the latitude and the season. The
Scattering Angle (dg) most complete POLDER angular sampling can give access to
these two angular ranges. In some cases, one or both angular
@ domains can be not sampled. The phase detection is based on
0.12 ——— : —— tests performed in the two scattering angle domains at 865 nm.
[ At this wavelength, the molecular contribution is rather weak
and is corrected for by using the Rayleigh cloud top pressure
(see Section IV).

The algorithmic principle and results are illustrated in
Fig. 5. First, examine the 670-nm reflectance image [Fig. 5(a)]
acquired over France on November 10, 1996. The size of the
selected area is about 1000 krm 1000 km. Clouds cover
a large part of the scene. Now, examine the corresponding
polarized reflectance images at 865 nm for scattering angles
around 100 [Fig. 5(b)] and for scattering angles around 140
[Fig. 5(c)]. In Fig. 5(b) black pixels correspond to negative
polarization near 100 This characterizes the “liquid” phase.
The same pixels exhibit large polarized reflectance around
140 [Fig. 5(c)]. A combination of the polarization informa-
L. & X tion in these two scattering angle domains leads to label these

80 100 120 140 160 pixels as “liquid” [Fig. 5(d)]. On the other hand, gray pixels
Scattering Angle (dg) [Fig. 5(b)] correspond to relatively high positive polarization

b) around 100 and to very small €£0.01) polarization around
_ . _ _ 140 [dark pixels in Fig. 5(c)]. The corresponding pixels are
Fig. 4. Polarized reflectance at 865 nm as a function of scattering an%lﬁbeled “ice” [Fig. 5(d)]. The processing of the POLDER

L x ice clouds
01 | e water droplets clouds

Polarized Reflectance at 865 nm

(a) corresponds to simulation in the solar principal plane for polycrystals ! .
randomly oriented in space (dashed line) and water spheres of effective rad@¥é€l 1 data thus allows the determination of cloud phase at

of 10 um (solid line). In both cases cloud optical thickness is two. The SLglobaI scale. Each cloudy “superpixel” of the level 2 POLDER
zenithal angle |s_55 (b) is an example of poIarl;ed_reerctance measurgd roduct is finally identified as “liquid,” “ice,” “mixed” or else
POLDER over cirrus cloud (crosses) and over liquid water cloud (full circlg . .
on November 10, 1996. undetermined.

angle equal to 18Q. This is a typical characteristic of water VI. MONTHLY MEAN CLOUD PROPERTIES

spBerl_(T(s [41],[' loud . loud - The level 2 POLDER “ERB & clouds” products contain
niike water clouds, cirrus clouds are mainly composeI%r each orbit the retrieved cloud property parameters (cloud

of ice crystals with extremely large variabilities in shapg, e cloud pressures, optical thickness, . . . ) with their full
and size [21]. Diversity and complexity of ice crystal shapgirectional properties and their angular averaging as nondi-
and size depend on temperature and humidity in cloud. Fe¥ctional parameters [7]. In level 3 processing, most of the
scattering angles that can be observed from space, radiafieer, coming from up to 420 orbits, are averaged on a global
transfer computations [6], [12] performed for randomly oricoverage scale to provide monthly mean climatologies and
ented hexagonal particles [Fig. 4(a)] and observations [Figadsociated temporal dispersions. For each pixel, the number of
(b)] show different important features: i) a generally positivelaily POLDER observations extend from at most one between
polarization (vibration perpendicular to the scattering planed0° N and 30 S to up to 14 close to the poles. For the June
i) a decreasing of the polarization for increasing scatteririp97 POLDER data presented here, the number of averaged
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liquid M clear sky
(©) (d)
Fig. 5. lllustration of the cloud thermodynamic phase recognition. (a) Reflectance image in the 670-nm band acquired over France on November 10,
1996. Reflectance dynamic ranges from 0-0.9. (b) Polarized reflectance at 865 nm for scattering angles cldse B@adO@ixels indicate negative
polarization (—0.04 < PR < 0). Gray levels are for positive polarization up to 0.02. (c) Same as (b), but for scattering angles neaPakdized

reflectance ranges from 0-0.07. (d) Thermodynamic phase index (black is for clear sky, light gray for liquid, and dark gray for ice). This resulting
image is a combination of information contained in (b) and (c).

observations used to construct these climatologies lies, in mbkire exactly, we reprocess the D2-level data from ISCCP-

cases and depending on cloud cover and latitude, from 15 Dp data by weighting the cloud optical thickness and cloud

to more than 150 observations. pressures by the cloud cover to obtain monthly means coherent
As quoted in Section |, “ERB & clouds” products arewith POLDER processing.

averaged at a-50 x 50 kn? scale which corresponds, except In the following, all comparisons of POLDER and ISCCP

very near the poles, to % 9 aggregates of elementarydata are restricted to the 60I-60° S latitude band because

POLDER equal area pixels. This low-resolution grid has be@h the large snow and sea-ice occurrence near the pole. Fur-

constructed in direct relationship with the equal area ISCdpermore, for all statistical studies, the POLDER observations

grid, in such a way that each ISCCP cell contains an integéive been averaged at the ISCCP cell resolution.

number of these “superpixels” (namely55, between 80N

and 80 S). A. Cloud Cover

As an example of the first available “ERB & clouds” The POLDER cloud cover for June 1997 is presented in
level 3 monthly synthesis, we present here the June 198i§. 6. All the large cloud structures associated with the main
climatology of four selected parameters (cloud cover, opticalimate processes are easily identified and their location is
thickness, @ apparent cloud pressure, and Rayleigh clougbherent with what we would expect for the month of June:
pressure) and make a first comparison to interannual means intertropical convergence zone (ITCZ) along thé MO
of ISCCP monthly mean data. For this, we have used bgtarallel, large clear-sky area over the deserts of Sahara, South-
C2 (1983-1991) [33] and D2 (1987, 1989-1993) [34] dawa/est Africa, and Australia, subtropical zones of heavy cloud
interpolated at 10:30 a.m. local time, but we will concentraver west of Peru, Angola, California, and over the northern
on the latter, as the most recent reprocessing of the archiveacific. We note, however, an abnormal overcast area around
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Fig. 6. POLDER level 3 monthly synthesis of cloud cover for June 1997. Coverage ranges from zero (black) to one (white) over a light gray background.

TABLE IV
GLoBAL MEANS oF ISCCP C&D anp POLDER Qoup Covers FOr THE D DATA SET,
MIN AND MAX GIVE THE INTERANNUAL DISPERSIONAMONG THE SIX PROCESSEDY EARS

C B} POLDER
Mean Min Mean Max Mean
All cells 0.63 0.65 0.66 0.68 0.58
Over ocean 0.68 0.68 0.70 0.72 0.63
Over land 0.30 0.56 0.58 0.61 0.48

the North Pole corresponding, as it will be confirmed later, toe extended for ocean observations and is coherent with the

a faulty cloud detection over sea ice. precautions included in the cloud detection algorithms to avoid
Crude statistics of this cloud cover (Table IV) show thaaerosol contamination (see Section II).

POLDER data underestimate the global cloud amount by 8%Finally, we have checked the coherence between POLDER

(5%) when compared with ISCCP D2 (C2) interannual medioud cover and ISCCP reprocessed climatologies at the pixel

data sets. When comparing these cloud covers at pixel scgale by looking at the cloud cover differencéC) with

we see that POLDER is always weaker over ocean, but cld3@LDER. Over ocearbCC is weaker than 0.1 for 62% of the
to the C2 data set over land. pixels while over land, this is observed for only 49% of the

A more detailed view of these statistics in terms of clouBiXels. When the tolerance threshold is seé@®C < 0.2, these
cover distribution (Fig. 7) shows that, for POLDER and |gpercentages reach 86% over ocean and 79% over land. That
CCP D2 data sets. 20% of the ceils have a cloud cov@?ows a good coherence at a global coverage scale despite the

higher than 0.8. However, 34% of POLDER cells have a cloggct that i we compare June 199,7 to a six-year interannyal
cover lower than 0.5, whereas this percentage drops to 2 S)?gpar]q ")t FI)OI_‘DER has I? daily g(ljoltaal coverage, while
for ISCCP-D2 climatology. A closer look at the POLDE climatologies use muiisensor data.

(respectively, ISCCP-D2) cloud covers shows that, over ocean,

22% (respectively, 30%) of the cells have a coverage high®r Cloud Optical Thickness

than 0.8, while 28% (15%) of cells have a coverage |ess;, yoh |evel 2 (with full directional properties) and level
than 0.5. Over land, these percentages become 8% (10%)3f°brocessings, spatial and angular, then temporal averag-
POLDER (ISCCP) cells with a coverage higher than 0.8 aidlys of optical thickness have been performed separately in
48% (32%) for cells with a coverage lower than 0.5. terms of linear means and energy equivalent means (see
Over land, in the 60N-60° S latitude range, the increasesection I11). Both sets of information are given in “ERB &
of cloud coverage observed between the C2 data set and thedieids” POLDER products as in ISCCP products, but we will
reprocessing is mainly due to the lower brightness temperatdishcentrate here on the latter.
threshold used to separate clear and cloudy cells [34]. WeThe POLDER energy averaged optical thickness for June
may thus presume that the POLDER underestimation of cloud97 is presented in Fig. 8. Besides the values much larger
cover over land comes from a weaker detection of thin cirrugian 15 at high latitudes which are obviously due to the large
as it is typically observed over the Saharan desert. This caflectivity of sea-ice areas detected as overcast pixels, the
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Fig. 7. Comparison of POLDER (thick solid line) and ISCCP D2 (thin solid line) cloud cover distributions (a) over ocean and (b) over land. The count
axis corresponds to the number of ISCCP equal area grid cells in 4% bins.
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Fig. 8. POLDER level 3 monthly synthesis of cloud optical thickness (energy means) for June 1997. The scale ranges from zero (black) to 15 (white)
over a light gray background.

observed optical thickness is coherent with the above-obsengedoticeable spreading of the POLDER distribution (466
cloud structures and their expected regional reflectivity chard64) toward higher optical thickness values, compared to
teristics: high mean values all along the ITCZ, over midlatitudSCCP (3.91+ 0.58). At this stage of a first comparison, we
depression areas and for frequent thick enough cirrus banksyasy think of different grounds for this discrepancy. First, I1S-
seen over the Sahara. CCP and POLDER present differences in the optical thickness
The statistical distribution of all the retrieved optical thickretrieval methods as well as in the measurements. Another
nesses between BMN and 60 S is presented in Fig. 9 alongwould be the effect of the POLDER cloud detection algorithm
with the corresponding ISCCP data. The pixel values (codéttesholds on thin cirrus and small or broken clouds at the
in equivalent energy amount) have been averaged, with closubpixel scale, compared to the ISCCP rate of detection. Since
cover weighting, at the ISCCP cell scale and then converteddptical depth averaging is only done for nonzero cloud cover,
corresponding optical thickness for presentation. We obselthe statistical effect may be far from negligible, even for
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800 —— This overall value is probably a complex statistical mixing of
two main radiative processes: photon penetration inside cloud
1 layers and transparency of thin upper layer to lower cloud
1 layers or surface reflectivity (see Section IV and [42]).

The POLDER mean “Rayleigh pressuré’r,, for June
1997, presented in Fig. 12, is expected to be closer to the
| top cloud pressure (Section V). Indeed, all the main climatic
- trends of known cloud top heights are enhanced when com-
1 pared toF,,,: geographic extension of the high-level clouds,
particularly over land, and clear higher mean values of the
cloud pressure. We note, however, an abnormal amount of
| large (900 hPa) pressure values which are currently under
4 investigation.

. . When Pg., is compared to ISCCP cloud top pressure
0 L P78 (Table V and Fig. 13) we observe a shift of 78 hPa

0 50 tical thick 10 15 toward high pressure values, whereas the general trends of the
prealinickness pressure distribution are comparable. Given the very different
) S Toimess Serocons. he oo s bovespon . e g cve physics involved in the rtreval of these two cloud
. > . essures (brightness temperature in one case and polarized
OF ISCCP equal area grid cells in 0.5 bins. visible reflectivity in the other), a detailed comparison is far
beyond the scope of this paper. However, when exploring the
energy means, and would lead toward the observed spreadiiger pressure end of the distribution (Fig. 3) at the pixel
over higher optical thickness values. Given the importance &aje, we observe that (22%) (16%) (36%) of (all)(ocean)(land)
optical thickness as a cloud characteristic, more precise studigecp p78 pixels have a cloud top pressure weaker than 450
are clearly needed, in particular with June 1997 ISCCP daipa, while the corresponding percentages drop to (5%) (4%)

600 -

400 [

nb ISCCP cells

200

when available. (7%) for Pray. As observed forP,,, one part of this lack
of high pressures is due to the POLDER misdetection of thin
C. Cloud Pressure cirrus, particularly over land; another part may be interpreted

As explained in Section IV, two different POLDER cloud@s a transparency effect of the polarization due to molecules
pressuresi,,, and Pr,y) have been defined, using two differ-underneath high rather thin cloud layers; further studies are
ent physical principles. We may thus expect to attain differeR@netheless needed to confirm such a statement.
characteristics of the usually complex cloud structures. At the present state of the validation, the comparisons

The POLDER mean “apparent” cloud pressuPg,, for presented above for three of the main cloud properties are
June 1997 is presented in Fig. 10. The abnormally high valu@gcouraging and lead to rather coherent hints regarding the
around the pole are in fact surface pressures of snow and géserved discrepancies. However, this preliminary study is
ice, as mentioned above. The main climatic trends of cloud tdfited to a single month and any conclusive statement should
heights are easily recognizable: large areas of dense low cla¥jt until the whole eight months of level 3 POLDER data
structures on subtropical west sides of main continents and &€ processed.
southern Indian Ocean, high cloud accumulation all along the
ITCZ and over high altitude continental zones. However, but
not surprisingly (see Section IV}, appears systematically
lower than the expected cloud “top” pressure. First results on the derivation of cloud properties from

This is clearly confirmed by a global statistical comparisoADEOS-POLDER have been presented in this paper. The
of this retrieved pressure against ISCCP pressures (Table dfjginal contribution of POLDER has been emphasized for
For the latter, we have chosen to confront POLDER pressuessch cloud property investigated. Particular attention was
to both “adjusted cloud top pressure” (noted P78, followingiven to POLDER level 2 data of November 10, 1996 and
ISCCP D2 notation [34]) and “nonadjusted cloud top pre¢evel 3 products of June 1997.
sure” (P79). When averaged,,,, appears very close to the A first key result is a good correlation between the POLDER
uncorrected P79 pressure but significantly higher than P78cloud detection algorithm and the Dynamical Clustering

Pressure distributions over all ICCP cells (Fig. 11) furnisMethod [37] applied to METEOSAT data. Some discrepancies
further hints. First, P,,, and P78 present a very similarappear for broken cloudiness and very thin cirrus cloud cases.
shape of distribution which shows, more or less clearlf{jowever, we think that it is preferable to not allocate to an
three expected structures: the concentration of large stragmtire POLDER pixel (6.2 kmx 6.2 km) cloud properties
cumulus decks with high pressure values, thick high-leviHat correspond only to a small fraction of the pixel. This
clouds on the other end of the histogram, and a majorighoice can explain why our cloud cover appears to be weaker
of middle/multilayered cloud structures in between. Seconfypically by 0.08) than the ISCCP climatological values.
there is an overall shift of 139 hPa betwe#,,, and P78, Cloud optical thickness was derived from bidirectional
the latter being expected to be close to the top cloud pressusdflectances by using the standard water droplet model with

VIl. SUMMARY AND CONCLUSION
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Fig. 10. POLDER level 3 monthly synthesis of apparent O2 presshg,,) for June 1997. Pressure ranges from 200 hPa (white) to 1000 hPa (black).

GLOBAL MEANS AND STANDARD DEviaTions (hPa)or ISCCP P78A-Nr’§BPL7EQ \(/$E TexT) AND POLDER P,,, AND PR,y PRESSUREDISTRIBUTIONS
P78 P79 Popp Pray
All cells 565 + 131 670 + 103 704 + 108 643 + 135
Over ocean 545+ 132 660 = 105 700 £ 116 668+ 137
Over land 605 + 117 685 + 94 717 + 87 585 + 136
an effective radius of 1gum. The multidirectional capability 600 ———r—

of POLDER is demonstrated to be useful to check schemes
of cloud optical thickness retrieval. As expected, the standard
water droplet model is suitable for liquid water clouds and |
inadequate for ice clouds. This statement indirectly validates

our algorithm of cloud thermodynamic phase recognitions 00 r
since it was used to select these two types of clouds. T}fe_):
next “ERB & clouds” algorithm planned for POLDER2 on 3 300
ADEOS2 (end of 2000) should begin with the cloud phas%

200 |

detection; then the more adequate particle models should 5e
used to derive the cloud optical thickness. For this purpose,
different ice crystal models will be analyzed and validated in 100 |-
the very near future.

Two POLDER cloud pressures are derived by two different 0
ways: the Q-apparent pressure is derived from absorption 200 400 600 800 1000
measurements in the oxygen-A band, while the Rayleigh cloud Pressure (hPa)
pressure makes use of spectral pplarlzatlon Obse_rvatlons' IQUll. Comparison of’,pp, (thick solid line), ISCCP P78 pressure (thin
average, the apparent pressure is weaker (typically by ﬁad line) and P79 pressure (dotted line) distributions. The count axis
hPa) than the Rayleigh pressure. For overcast conditions, ¢ghgesponds to the number of ISCCP equal area grid cells in 20 hPa bins.
Rayleigh pressure is expected to be close to the cloud top
pressure; the Qapparent pressure is larger by more thagyailable for the period of the ADEOS-POLDER acquisition
100 hPa chiefly due to the photon penetration effect insigRovember 1996—-June 1997). Overall, the agreement is rather
the cloud layers. For partly cloudy conditions, the differencgood. Differences between POLDER and ISCCP cloud optical
between the two retrieved pressures can be now negatiMgkness and cloud pressure certainly result for a large part
now positive depending on the importance of the surfa¢gem differences in the cloud detection schemes. They also
reflectivity. result from the original characteristics of the POLDER instru-

Comparisons between POLDER and ISCCP monthly mearent, which is complementary to usual satellite radiometers.
products were performed for the month of June. However, theyThe multispectral multipolarization and multidirectional ca-
are still only preliminary since the ISCCP data are not ygiabilities of POLDER thus appear useful for cloud studies.
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Fig. 12. As in Fig. 10 for POLDER “Rayleigh” pressuféPray ).
600 —r— 11— ———— REFERENCES
[1] A. Arking, “Latitudinal distribution of cloud cover from TIROS Il
500 |- - photographs,’Science, vol. 143, pp. 569-572, 1964.
I [2] D. G. Baldwin and J. A. Coakley, Jr, “Consistency of Earth radiation
F budget experiment bidirectional models and the observed anisotropy of
w 400 | N e reflected sunlight,'J. Geophys. Res., vol. 96, pp. 5195-5207, 1991.
© [3] B. R. Barkstrom, E. F. Harrison, and R. B. Lee, “Earth radiation budget
5_) experiment. Preliminary seasonal resultSOS, vol. 71, pp. 297-305,
8 300 | 1990.
» [4] F. M. Bréon and P. Goloub, “Cloud droplet effective radius from
o spaceborne polarization measuremenGeophys. Res. Lett., vol. 25,
S 200 | pp. 1879-1992, 1998.
[5] F. M. Bréon and S. Colzy, “Cloud detection from the spaceborne
POLDER Instrument and validation against synoptic observatiahs,”
100 Appl. Meteorol., to be published.
[6] G. Brogniez, “Light scattering by finite hexagonal crystals arbitrarily
oriented in space,” ifProc. IRS 88, J. L Lenoble, J. F. Geleyn, and A.
0 : Deepak, Eds., Hampton, VA, 1988, p. 64.
200 400 600 800 1000 [7]

Pressure (hPa)

Fig. 13. As in Fig. 11 forPra, (thick solid line).

(8]

Moreover, POLDER allows observing a large sampling of th?%
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BRDF (up to 14 quasi-simultaneous radiance measureme

of any scene. Hence, it makes possible the construction [0f]
angular directional models directly correlated with the re-
trieved cloud properties. This item is important in view of they 1
high remaining uncertainty when inverting radiances to fluxes

in the Earth Radiation Budget Experiment (ERBE) projecf
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Tropical Rainfall Measuring Mission (TRMM) [39] and near
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future Earth Observing System (EOS) projects [44], this
fundamental problem is expected to be improved by combining
broadband CERES measurements [45] with the use of narro[\m—]
band moderate spatial resolution cloud imagers like Moderate
Resolution Imaging Spectrometer (MODIS) [24] and Visible

and Infrared Scanner (VIRS).
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