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ABSTRACT/RESUME

Cloud amount and cloud properties are key paramseter
of the climate system. They need to be adequately
monitored. A promising way of improving cloud
property retrievalis the combined use of new ensemble
of data based on different measurement technidues.
the present study we focus on the comparison afdclo
pressure distributions derived from four types of
measurements: (1) the SEVIRI passive infrared
measurements provided by the SAFNWC (Satellite
Application Facility in support to NoWCasting ),)(2
spectral polarization measurements, and (3) akisarpt

POLDER radiometer launched on ADEQOS-2 in
December 2002 presents the particularity of having
multispectral (8 solar spectral bands), multi-piakztion
and multi-directional (up to 14 different viewinggles)
capabilities [1]. An overview of algorithms and
products of the "Earth Radiation Budget, water vapo
and clouds" line (hereafter "ERB & clouds") applied
POLDER data is presented in [2], [3] and [4].
POLDER?2 "ERB & clouds” products are available from
April 2003 to October 2003, the end of service foé t
ADEQOS-2 platform. Six days in June 2003 were
selected for comparison to preliminary SEVIRI outpu
data of the SAFNWC (Satellite Application Facility

measurements in the oxygene A-band from the passive support to NoW Casting) cloud algorithm [5],[6]. On

radiometer POLDER?2 (POLarization and Directionality
of the Earth's Reflectances) on board the ADEOS2
platform and (4) measurements from the space lidar
GLAS (Geoscience Laser Altimeter System) on board
the ICESAT platform. The October 2003 period is
selected as both data from POLDER2 and GLAS are
available at this period. The SAFNWC SEVIRI cloud
top pressure, the POLDER Rayleigh cloud top pressur
and the POLDER Oxygene cloud pressure distributions
show the same global features and differences than
those observed in a first SEVIRI/POLDER comparison
for severals days in June 2003. However, compared t
the June 2003 results, for the October 2003 peltd,
cloud top pressure in the new version 1.2 of the
SAFNWC SEVIRI products are closer to the POLDER
Oxygene pressure. For high thick clouds, the SEVIRI
and Rayleigh pressure are close. The more striking
results of the preliminary comparison of the SEVIRI
and space lidar GLAS cloud top pressure is that the
cloud pressure distribution shapes are very sinailear
ocean as well as over land. As part of the A-train
satellite constellation, PARASOL/POLDER has been
launched in December 2004, the CALIPSO lidar amed th
CLOUDSAT radar have joined PARASOL and the A-
Train in May 2006. Study of the relation betweeoud
properties observed from SEVIRI, POLDER and active
measurements will be continued in this frame.

1. INTRODUCTION

Cloud amount and cloud properties are key parameter
of the climate system. They need to be adequatly
monitored. Among the new generation of Earth-onliti
instruments designed for Earth's observation, the
SEVIRI radiometer onboard Meteosat-8 provides high
quality data with 3 km spatial resolution, 15 mn
temporal sampling and 12 narrow spectral bands; the

the other hand, a cloud classification based on a
dynamical clustering method [7] was applied as an
alternative method to SEVIRI radiance data provibed

the Centre de Météorologie Spatiale (CMS) in Lannio
(France). POLDER and SEVIRI cloud amount were
compared and SEVIRI cloud type and cloud top
pressure were checked against cloud pressure and
thermodynamic phase retrieved from POLDER. Results
of these comparisons were presented in [8].

In the present study we focus on the validity afud
pressures derived from SEVIRI by the SAFNWC team.
The October 2003 period is selected as data fran th
GLAS space lidar are also available at this period
[9],[10]. Cloud top height and cloud layer struetsir
provided by GLAS are used to help understanding the
differences observed between the SEVIRI cloud
pressures and the POLDER ones [8]. Section 2 piesen
a short description of the cloud parameters (pressad
cloud type) compared in this study. In section 3,
SEVIRI cloud top pressure are checked against cloud
pressure and thermodynamic phase retrieved from
POLDER; quantitative comparison with results
discussed in [8] but for June 2003 is presented A%
measurements, available for October 2003 but not
coincident with POLDER overpass times, are compared
to the SEVIRI cloud top pressure and cloud type in
section 4. Conclusions and perspectives are given i
section 5.

2. BRIEF DESCRIPTION OF THE CLOUD
PROPERTY RETRIEVALS.

2.1 The SAFWC SEVIRI cloud type and cloud top
pressure retrievals



Presently, the SAFNWC provides cloud mask, cloud
type and cloud top temperature/pressure/height maps
by using the multi-spectral capabilities of the SEV
radiometer [11][6]. In the future, cloud top phase maps
will be added to the cloud products. The first stag

the SAFNWC cloud product derivation is the sorting
between cloud free and cloud contaminated pixéls. |

phases [4],[14]. Indeed, theoretical as well as
experimental studies have shown that polarized
signatures of water droplets and ice particlescarite
different. The last version of the algorithm hasibe
applied to the data used in this study. Comparettheo
version of the algorithm used for the June 2003 dat
[8], this improved version uses more strict comdifi in

based on a serie of sequential threshold tests. The particular on the range of scattering angle reguie

process is stopped if one test is successful. @stethat
allows the cloud detection is stored and a qudlity is
computed.

The main interest of the cloud type product devetbp
within the SAFNWC framework is to provide a detdile
cloud analysis to support nowcasting applications.
Using spectral and textural features, cloudy pias
classified first in two sets: (1) fractionnal andgin
semitransparent cloud, (2) low, medium and highkthi
The separation between fractionnal, high
semitransparent cloud and high semitransparentdclou
over low or medium cloud is performed using spéctra
features. For thick cloud, the separation in vesw |
cloud, low cloud, medium cloud, high cloud and very
high cloud is performed using Numerical Weather
Prediction (NWP) forecast temperature.

The cloud top pressure is retrieved from the 1008 p
brightness temperature for low, medium and thick
clouds. For high thin clouds, a correction for semi
transparency is applied using two infrared chanrels
window (10.8 um) channel and a sounding (13.4 um,
7.3 um or 6.2 um) one. For fractional clouds, the t
pressure is not estimated.

The first set of data (June 2003) provided by tihSC
and used in the first comparison of SEVIRI and
POLDER [8] was from the product version 1.0 [11].
The product version of the data set coincident used
this study is 1.2 [12]. The major change between th
two versions relates the estimation of the low dlou
pressure in case of thermal inversion in the NWP
forecast air temperature vertical profile at lowde
This change tends to place the cloud top leveleun
the low level inversion, e.g. at a lower pressueel.
Results of a comparison of the cloud top pressure
product version 1.2 with radio-sounding data anthwi
ground based radar and lidar data are given in [13]

2.2 The POLDER cloud property retrievals

The POLDER cloud amount is determined by applying
first a cloud detection algorithm to each full-riegimn
pixel (6.2 km x 6.2 km) and for every viewing ditien.
Then the cloud cover is computed at the super-pixel
scale (3 x 3 pixels) and a quality index is defirfiexin
concurrent responses to the different tests. SEE]2
for a complete description of this algorithm.

For cloudy super-pixels, an algorithm for remotely
determining the cloud-top thermodynamic phase is
applied. The algorithm utilizes near-infrared paed
reflectance over a large range of scattering angles
order to discriminate between ice and liquid water

estimate the phase. If this conditions are not raet,
cloud phase is attributed from a rough estimatibthe
pressure. A quality index is attached to the clphdse
product.

For cloudy super pixels with optical thickness ab&y

two different methods were developed to retrievaudl
pressure. The first one is derived from absorption
measurements in the oxygen A-band and the secand on
is derived from spectral polarization measuremerits.
derivation of the “Oxygen pressureypPis based on a
differential absorption technique using the radémc
measured in the POLDER narrowband and wideband
channels centred on the oxygen A-band. [15] have
shown that B, is found to be close to the mean pressure
of clouds when compared to ARM/MMCR cloud
boundary pressures. Another retrieved cloud presisur
the so-called “Rayleigh cloud pressure’r, derived
from polarization measurements at 443 nm [3]. As th
wavelength, the polarized reflectance is mainlyatesd

to the atmospheric molecular optical thickness abov
the observed cloud, at least for scattering anmgleging
from 80° to 120° and outside the sunglint direction
That pressure is thiexpected to be close to the cloud
top pressure.

2.3.The GLAS cloud layer retrieval

The spaceborne lidar measurements are made uraler th
track of the satellite using two channels, one aijpey at
532nm and the other at 1064nm. The swath is very
narrow. The laser pulse rate of 40Hz, yields valtic
profiles at approximately 172m spacing along a mjive
orbit track with a vertical resolution of 76.8m.ist of the
GLAS data products is given in [1Q[6]. The cloud
layer boundaries (GLA09) are determined from the
calibrated, attenuated backscatter cross sect®in&q7).

For the cloud to be detected, the attenuated battksc
cross section must be larger than a given thresholthe
signal-to-noise ratio reachable for a given horiabn
vertical resolution. During the October 2003 period, the
532 nm channel was more sensitive and has beenased
determine cloud layers.

Cloud top heights from 532 nm are determined at fou
different sampling rates (horizontal resolution) thre
following order: 4 s, 1 s, 0.2 s, and 0.25 s [16]a
cloud layer height is found at 4 s time intervaen a
search is performed at 1 s and so on down to the
smallest time interval. In the present study, rssat 1s
time interval (about 7 km horizontal resolution)vha
been used.

Another useful parameter given in the GLA09 product
is the presence or absence of a surface echo. This



parameter allows to separate scenes completelyexve
by opaque clouds from scenes covered by thin dedoro
cloud layers. In the GLAO9 product, not only the
heights but also the pressure levels at top and bés
detected cloud layers are given.

2.4 Selected data set

POLDER2 “ERB & Clouds” products are available for
the April to October 2003 period. The initial orbdr

full operation of the GLAS instrument began on
September 28, 2003 until November 18, 2003. For 86
GLAS orbits and 65 POLDER orbits distributed ovér 1
days in September-October 2003, (although the SEVIR
calibration was not final) the SAFNWC provided the
SEVIRI radiance fields and its cloud products
coincident in time with the GLAS or the POLDER
overpasses. For GLAS, the time of the
descending/ascending node is 7:30/19:30 and for
POLDER, the time of the descending node is 10:30.
Thanks to the 15' repeat cycle of Meteosat-8/SEVIRI
the time-lag is at the most of 7.5' between the IREV
and GLAS or the SEVIRI and POLDER coincident data
sets.

POLDER “ERB & Clouds” products (final product at.38
km x 18.5 km resolution) and the 1s. GLAS cloucelay
product (7.5km horizontal resolution) have been
projected on the SEVIRI grid (3.3 km x 3.3 km absu
satellite point).

3. POLDER AND SEVIRI CLOUD PRESSURES
IN OCTOBER 2003

Figure 1 displays the SAFNWC cloud top pressurg.(Fi
la), the POLDER Rayleigh cloud top pressure (Fig, 1
the POLDER Oxygen cloud pressure (Fig. 1c)and the
POLDER cloud phase (Fig. 1d) retrieved for the
October 20, 2003. The three cloud pressure mapsnar
agreement with what has been presented in ourquevi
paper on the comparison of SEVIRI and POLDER
cloud properties [8]. The main characteristicshaf two
cloud top pressure maps (SEVIRI and POLDER
Rayleigh pressure) are coherent with that fountha
analysis of the SEVIRI cloud type maps (not shown)
and POLDER cloud phase maps. As expected, the
POLDER oxygen cloud pressure is on average higher
than the cloud top pressures (see for example the
stratocumulus cloud deck in the south part of the
Atlantic ocean). If the main characteristics of tino
cloud top pressure maps are coherent, some diffier®n
are however observed between them (see fig 1.a and
figl.b). Pressure of low clouds is higher in thev8&
results than in the Rayleigh map. Some very low
pressure values (high clouds) appear in the Rdyleig
map.

The distributions and average values of the 3 ckoyd
pressures over ocean and over land are reported in
Figure 2 and table 1. The shapes of these disiwitsit
obtained for 15 days in October 2003 are similar to
those obtained for the 6 days of June 2003 already
discussed in [8]. However, over ocean, the higlssre

peak of the SEVIRI distribution is shifted towards
higher pressure value while the high pressure méak
the Rayleigh distribution is shifted towards lower
pressure value. Both over ocean and over land, leery
Rayleigh pressure values are observed in Octobiyr; t
is not the case in the SEVIRI cloud pressure
distribution.

I
0 100 200 300 400 500 600 7@DO 900hPa

liquid ice mixed undeténed clear

Figure 1: a) SEVIRI and (b) POLDER Rayleigh
cloud top pressure, (c) POLDER Oxygene clou
pressure, (d) POLDER cloud phase, for the 20
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Figure 2: Cloud pressure distributions over ocebsit)
and over land (right) for 15 days of October, 2003.

For the 3 cloud pressure distributions and for Jame
October over ocean and land, the average preasuse
function of cloud phase is given in table 2. When
comparing June and October 2003, SEVIRI and
Rayleigh pressure mean values for liquid cloudy var

an opposite manner. This is observed over oceandTa
2) as well as over land (results not shown). On the
average for ice clouds the SEVIRI pressure values
remain the lowest.

The changes observed the

in cloud pressure



distributions between the June and October datarset
coherent with the changes performed in the SAFNWC
algorithm for the estimation of low cloud press(see
section 2.1 and 2.2).

Tablel: SAFNWC, Rayleigh and Oxygene mean
pressures in hPa for the October and June 2008sas

Ocean Land
SEV Ray. Oxy. | SEV Ray. Oxy.
Oct. 638 572 775 492 432 65]
June 594 616 751 502 500 671

Table2: Average pressures in hPa for the October an
June cases over ocean and land in function of PERD

cloud phase.
Liquid Ice
SEV. Ray. Oxy. | SEV. Ray. Oxy.
Oct. 6e5 593 809 | 331 357 52%
June 635 640 786 350 403 588

4. GLAS AND SEVIRI

An example of simultaneous SEVIRI pressure fields
and GLAS cloud layer profile is given in figure 8rf
two cases on October 10, 2003. A high cloud system
over west Africa is observed in the first case artick

low cloud deck in the subsidence region offshore
Namibia in the second profile.
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Figure 3: SEVI
GLAS cloud layers for two cases along a GLAS o
on October 10, 2003.

4.1GLAS and SEVIRI cloud types

The classification of GLAS cloudy column in cloud
types is performed according to three criteria. Tiret
criterion is the pressure of the highest layer. The
atmospheric column is divided in ten levels of pes.

The second criterion discrimates thin/broken cloud
scene from thick cloud scene using the surface echo
flag. The third criterion classifies the cloudy wwins in
single layer and multi-layer cloud scene. The @ngl
layer case corresponds to cases for which clouds ar
gathered in only one of the ten pressure levele Th

multi-layer case corresponds to the other casethi$n
classification, high clouds correspond to cloudiupm

with a cloud top pressure below 400hPa, medium
correspond to cloudy column with a cloud top level
between 400hPa and 700hPa and low clouds correspond
to cloudy column with a cloud top pressure lardemt
700hPa.

In the SAFNWC SEVIRI cloud type classification 10
cloud classes are defined: partial, very low, laviddle,
thick high, very thick high, very thin cirrus, thairrus,
cirrus, cirrus over.

In a first step of the analysis, SEVIRI cloud types
well as GLAS ones are merged into 4 main typesrcle
and low, middle, high clouds. It is found that over
ocean/land for the 86 GLAS studied orbits distrdalit
over 17 days in September-October 2003, 74%/72% of
pixels fall in the same class. The pixels corresiig

to the SAFNWC partial cloud class have been exdude
of the comparison (16%/4% of the total).

The distribution of the 4 GLAS main cloud types has
been studied for each SEVIRI cloud class. To this
respect, the 10 SEVIRI cloud types have been gadher
in 6 cloud types, clear, partial cloud cover, loniddle
and high cloud, cirrus over another layer (calleurtis
over” ). Results are reported in Figure 4. Overaocas
well as over land, for the SEVIRI high cloud type,
GLAS has effectively detected a high cloud layer in
more than 85% of the cases; for the SEVIRI “cirrus
over” class, this percentage reaches 70%

If the SEVIRI low cloud type is consistent with the
GLAS classification in 75% of the cases over ocean,
over land the percentage drops to only 45% of Hses.
Both over ocean and over land for the SEVIRI middle
cloud class the percentage of agreement with GLAS
classification is less than 60%. Pixels classifiedhe
SEVIRI partial cloud class do not belong to a well
defined GLAS cloud class.

GLAS types
B clear
low

B middle
high

80%|
60% |
40%|

20|

high
cirmus over

osl B Il
clear o low
partial
Figure 4: GLAS main cloud type distribution for
each SEVIRI cloud type over ocean.

middle

4.2GLAS and SEVIRI cloud pressure

In this section we define the parameter “GLAS cloud
pressure” as the top pressure of the highest dieymr
detected by GLAS.

For the 86 GLAS orbits distributed over 17 days in
September and October 2003, the global shapeseof th
SEVIRI and GLAS cloud pressure distributions are
“remarkably” similar (see Fig. 5). Over ocean the



distributions present two peaks with a strong desze

layered low cloud class, the SEVIRI cloud pressares

between 400 and 700hPa. Over land there is only one split in three sub-classes (cloud top pressurdéiyeen

peak at low pressure values and a relatively umfor
distribution between 500 and 850hPa over land.
However, a bias towards higher pressure valuesaappe
in the SEVIRI curves compared to the GLAS ones.
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Figure 5: GLAS and SEVIRI cloud pressure
distributions over ocean (left) and over land (tigh
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The bidimensional distribution of the two cloud
pressures (not shownindicates a good correlation
between the two set of pressures and confirms it b
observed in figure 5 especially for high clouds.eTh
mean difference between the SEVIRI and GLAS
pressures is 67hPa and the RMS is 180hPa.
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Figure 6: GLAS (left) and SEVIRI (right) cloud top
distributions for the four GLAS high cloud classesr
ocean.

Figure 6 shows the GLAS (left) and SEVIRI (right)
cloud top distributions for the four GLAS high cbbu
types over ocean. For GLAS the non opaque curve
presents the largest percentage of very low pressiar

the opaque case, we find more pressure values tose
the 400hPa boundary (defined as the boundary for th
high cloud type in the GLAS algorithm).

This is also the case for the SEVIRI pressure tyifdr

the GLAS opaque cloud classes. A non negligible
percentage of cloud top pressure above 400hPaurgifo
in the SEVIRI distributions, excepted for the opaqu
single layer curve.

It is for middle level clouds that the largest diffinces
are found between the GLAS and SEVIRI cloud
pressure distributions (not shown). For GLAS non
opaque middle cloud type the SEVIRI pressures w&lue
are almost equitably distributed between 200 and
1000hPa. “Surprisingly”, for opaque clouds, there a
SEVIRI cloud top pressures below 400hPa.

A sub-classification of the GLAS low cloud depergli
on the cloud top pressure of the highest layer is
performed. Over land and for the opaque GLAS single

700 and 850hPa, (2) between 850 and 925hPa and (3)
above 925hPa). The results are shown in figure 7.

The three distributions obtained for SEVIRI move in
agreement with the increase in the values of cloud
pressures retained for GLAS. The percentage obpres
values below 600hPa is very small. Over ocean (not
shown) distribution shapes are more peaked and very
low pressure values are almost absent.
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Figure 7: SEVIRI cloud pressure distribution for
GLAS opaque single layer low clouds over land.

Table3 gives the mean differences between the SEVIR
and GLAS cloud top pressure and the RMS of the
differences for the 3 main cloud types: high, méddhd

low clouds. Table 4 is equivalent to table 3 but tfe
single-layered opaque cloud case. A strong decrease
the mean and RMS differences is observed for high
cloud when only the single-layered opaque cases are
taken into account.

Table3: SEVIRI minus GLAS cloud top differences for
GLAS high, middle and low clouds

Ocean Land
Mean Rms Mean Rms
High 148hpPa 249hPa|  104hPa  169hHa
Middle 42hPa 161hPa3 -6hPa 119hpPa
Low 5hPa 96hPa -38hPa 135hiPa

Table4: SEVIRI minus GLAS cloud top differences for
GLAS high, middle and low single layer opaque cloud

Ocean Land
Mean Rms Mean Rms
High 58hPa 99hPa 50hPa 92hRa
Middle 3hPa 123hP4 -21hPa 101hpa
Low 0.5hPa 93hPa 50hPa 140hPa
For the low level cloud over land, there is a bids

50hPa when only single-layered opaque case is taken
into account.

5. CONCLUSION AND PERSPECTIVES

Cloud pressure distributions derived from SEVIRI by



the SAFNWC team have been compared with the

2. Buriez, J. C., C. Vanbauce, F. Parol, P. Goldb,

POLDER Rayleigh cloud top pressure and the Oxygene Herman, B. Bonnel, Y. Fouquart, P. Couvert, and G.

cloud pressure for several days in October 2008s&h
distributions show the same global features and
differences than those observed in the first SEVIRI
POLDER cloud pressure comparison operated for
several days in June 2003 [4].

However, for low cloud over ocean when comparing

Séze: Cloud detection and derivation of cloud prige
from POLDER.Int. J. Remote Sensing8, 2785-2813,
1997.

3. Parol, F., J.C. Buriez, C. Vanbauce, P. Couvert,
Seze, P. Goloub, and S. Cheinet: Information Gunte
on Clouds from ADEOS-POLDER. IEEE Trans.

June and October 2003 there is a decrease of the Geosci. Remote Sen37, 1597-1612, 1999.

Rayleigh pressures and an increase of the SEVIRI
pressures. The SEVIRI cloud pressures
according to the change in algorithm version frafhtb

1.2. In October over ocean, the SEVIRI low clougd to
pressure is very close to the Oxygene cloud pressur

4. Parol F., J.C. Buriez, , C. Vanbauce, J. RiediC.-

increase Labonnote, M. Doutriaux-Boucher, M. Vesperini, G.

Seze, P. Couvert, M. Viollier, and F.M. Bréon:
Review of capabilities of multi-angle and polarirat
cloud measurements from POLDERdv. Space Res.,

However, at the present time the Rayleigh pressure 33, 1080 -1088, 2004.

increase is not well explained.

For high thick clouds, the SEVIRI and Rayleigh dou
pressures are close and for high thin clouds thélBE
pressure is smaller than the Rayleigh one. In Ggtob
2003, some very low cloud pressure values areexetd
from the Rayleigh method whereas there were not
present in June 2003.

For the same days in October 2003 SEVIRI cloud top
pressure has been compared with the cloud topupeess
of the highest layer observed with the space lidar
GLAS. Unfortunately, accounting for the different
overpass times, GLAS and POLDER data are not
coincident. Both over ocean and over land the SEVIR
and GLAS pressure distribution shapes are verylaimi
There is a bias of 67hPa towards higher pressutesya
for the SEVIRI pressure compared to the GLAS
pressure. 62% of the GLAS high clouds are claskifie
high clouds by SEVIRI. For the GLAS single layer
opaque high cloud, the bias between the SEVIRI and
GLAS cloud top pressure is below 58hPa.

The GLAS middle cloud class does not correspona to
well defined level pressure in the SEVIRI data get.
more precise comparison must be perform to undetsta
this behaviour, in particular the non negligible
percentage of low SEVIRI cloud pressure.

Over ocean, for the GLAS low clouds when SEVIRI
detects also clouds, the mean difference between th
SEVIRI and GLAS cloud top pressure is almost zero
but the RMS is close from 95hPa. Over lanmre than
55% of SEVIRI low clouds are equally distributed in
the clear, middle and high cloud GLAS classes.

As part of the A-train satellte constellation,
PARASOL/POLDER has been launched in December
2004, the CALIPSO lidar and the CLOUDSAT radar
have joined PARASOL and the A-Train in May 2006.
Study of the relation between cloud properties plexk
from SEVIRI, POLDER and active measurements will
be continued in this frame.
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