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1 The EUMETSAT SAF on Climate Monitoring (CM SAF)
The i mportance of <climate monitoring with sa

Me mber St at es when t hey amended t he EUMET !
EUMETSAT mandate is also to fcorithrei kcdti enatt e t
the detection of gl obal climatic changes". f
Satellite Application Facility ( SAF) net wo

Monit «cMBEABt( pw./ d wsya.f . eu

The consortium o€M SAF currently comprises the Deutscher Wetterdienst (DWD) as host

institute, and the partners from the Royal Meteorological Institute of Belgium (RMIB), the

Finnish Meteorological Institute (FMI), the Royal Meteorologiceititute of the Netherlands

(KNMI), the Swedish Meteorological and Hydrological Institute (SMHI), the Meteorological

Service of Switzerland (MeteoSwiss), and the Meteorological Service of the United Kingdom

(UK MetOffice). Since the beginning in 1999, tABEIMETSAT Satellite Application Facility

on Climate Monitoring CM SAF) has developed and will continue to develop capabilities for

a sustained generation and provision of Clim
operational meteorological satellites.

Il part jtchwel agrener @teironm d@db aildo ngur sued. The ul tir
the resuletckorgdudaahbl e for the analysis of cl
detection ofCMSARM@G®@Itlks tirendkoséehcbdhePkalEUIMEITISA

Centr al Facility and | iaises with other sat
and wusability of Fundament al Cli mate Data |
Climate Observing Syste@MEASEOS)I zAs BCDRBR§s ot o
records of Essenti al Climate Variables (ECVs

oCMSAFs on ECVs associated with the gl obal e
Anot her ess@MSARS$ tasbrrodaescretdhmthd 5§ ewr@apd | cat i on

rel at e@l dmalt hfer amewor k of Cli mate Services i
ConfeBenonellLMEAF.s supporting climate services
hydrol ogi cal servi-tesm( iMH&s ) ewdt e d dsaargd al
produced close to real time that can be used
the cBomhteypes of products together allow f
anomal i es, variability and CMStAEMCtVi atlatcsorredn d s
al so serve the i mprovement of <c¢climate model s
As naessenti al partner i n t he rel ated i nte

SCOREM ( Sustained COordinated Processing of
Monitor CNM§AFKt otgheet her with the EUMETSAT Centr
amain i mplementer of EUMETSATO6s commitments
This is achieved through:

T Application of highest standards and gui d
data processing,

1T Processing of satelilnittee ndat anwl t cioh | abor
devel opments at international | evel and p
standards,

T I'ntensive validati CGMSARBWDI maape odamanteodr d
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T Taking a majroacas@lss menmt daparformed by re
such as WCRP (World Climate Res@MSAF Pr o
with deep contacts to research organizat.i
CMSAEDRS,

f Maintaining andapirovaldi agd asu®tpa&i ned 1infr
the community within the transition of
community into operational environments.

A catalogue CEMSAPht odwatid abt e aCMSeAshse Ibp &9 ev,i a
ht pvw/iw. c mtafHeew, detailed informaniooolabous arp
progr adnsc mmaent ati on is provided.
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2 Executive summary

Thi sSEM Product User Manual pro-2i degs ai mfeacron
(CLAAS CLoud property dAt Aset using SEVIRI
Enhanced Visible and ocmsermRatdi dmsagemb o aSrEdV |

METEOSAT Second Generati o i(MSGhe smext | etesi
(Stengel et al. 2014) . T2her acnogveesr efdr otm niee gp enrnii
December of 2015-1,t MSCMSIEE | fuare swMiSEGGh t he tr a
pl ace in April 2007 and January 2013.

The CEKRAASata record contains multiple c¢cloud

CMSAF releas2 odntCAaiAMS t he foll owing cloud v.

Fractional C? p10ld QCovCdr [ CM

Joint Cloud propéoR¢, ho€Hpgram [ CM
Cloud Top2Leg8é&| [LCTU]

Cl oud PhRh2alsOe4 1[,CMCP H]

Liquid Wat-210Pat hL\WEM

| ce Wat e r2 1R0a6tlh, [1 GAWP ]

Some attractive features of the CLA&SJata record are:

1 All atmospheric gantities describing a cloudy atmosphere are highly variable on both,
spatial as well as temporal scales. The temporal and spatial resolution of SEVIRI
allows a sufficient sampling of every pixel of the SEVIRI disc and can therefore
provide accurate estirtes of daily and monthly averages of the highly fluctuating
guantities. Also, the diurnal cycle of the observed quantities can be described properly
which provides further insight into the processes of cloud formation and atmospheric
motion. It can also bseen as complementary information to the ioergn global
cloud property datarecords, e.g. CLARA, PATM®&S MODIS, ISCCP, with its
capability of resolving diurnal cycles, thus providing corresponding uncertainty
estimates or even correction in this resgecdata records being exclusively based on
polar orbiters.

1 The SEVIRI field of view covers a fairly large domain of the globe. For the regions
covered (e.g. Europe, Africa, Atlantic Ocean) this allows monitoring climate
variability of the considered alml properties, which becomes more and more mature
with SEVIRIO&Gs growing measurement record

1 The data record is characterized by a very fine spatial resolution of approximately 3
(near the suisatellite point) to 5 km (e.g. ev Europe). This fine resolution is kept in
the Level 2 products (on original SEVIRI projection and resolution), but also in the
Level 3 products (mapped onto a latittldegitude grid with 0.05° spatial resolution).
With this, also small scale weather awctimate features can be resolved and
investigated.

CLAAS-2 features many improvements and advantages compared to its first edition, some of
the most important ones being:
1 The length of the record is 12 years instead of 8 years. Given the good stéliigy o
SEVIRI instrument and the CLAAS3 record, this is approaching a typical length
required for trend analyses.
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1 The temporal resolution of the lev2ldata is 15 minutes rather than 1 hour. This gives
both a better description of diurnal cycles and lbettenpling rates for aggregated

products.

1 CLAAS-2 features various algorithm improvements for all cloud parameters.
Particularly, the CPH algorithm has dramatically improved.

1 More cloud parameters are provided as additional layers, which were not primrided

CLAAS-1. An example is cloud particle effective radius.
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3 Compilation of the CLAAS-2 cloud data record

The CRAAIS a rescbmded on 12 years of SEVI RI

passive Vvisible and infrared i mager mount ed
satellites 1 to 4. These are geostationary ¢
i magi ng cl epedt 1By mi nut es. SEVI RI itself is

Sspectr al channels ranging from the visible (
respective MSGs in operational mode ar e
earth disk image includes Europe, Afri
zont al resol uti onjetf ma dSIEQ/.| ARGk A& A8 gtame st i3
15, and is based -b,n M®GUWr3dhbéEers-I) e f MS G
f more than 24 hours i1in-uphesaprilimeteat
tion of our cloud products we used
AT. védhedhlt® record comprastesadymagesdet
odificationshh®dbweEUMEIEAECctEeley or all

geomet geéal oecfafteecdt sy di B gd aprsagaaiadta roant, e da na
i-lainrseeafreic a utstee oif nt roducti on of a new radi a
Magos8, we use reprocessed Level 1.5 dat e
rsion 0201 and the near r1 eal time version
meri es.

Bmoo 5T

D4 <

5
0
a
S
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~<o-"omapNIT o
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Figure 3-1: Overview of SEVIRI measurements recordC SAF used as basis for cloud products. Sterin
data gaps are shown enlarged fatter visibility.

The Level 1.5 rwad apcec asagead rwictor dt wo sof t w
v2012 software package by the NWCSAF (SAF t
Range Forecasting) used to derive cloud fra
Gl ®au;[RLBPQ5 and the CPP (Cloud Physical Prop

200[6D4]) , whi ¢ hc | roeutdr itehveersmodynami ¢ phase, clo
particle effective radius, and | iquid/ice v
adopted the following strategy: processing

mi dn,i gdlt!] patye moht ke wer e proceéelshseedf iirmt p asred
necessary not only to speed up protessitme,
cloud mask calDeltateonapdstell eau, 2010) .

The tsremes of SEVI Rasaredfl elcltyancat hMo daetreadt ea g
Resolution | magi (MODYsewhhirolhadmpmeved especi a
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mi crophysica@ahepaabmbtatson method is Wuthine
the calibratsani ahswassomegtarmed because the
used for al | MSG s a&tseldfi t 8EVI RIThewelrRe ruasde dar
EUMETSAT el yi nlgo aornd-d thteg cokna |l i br at i on.
As shonngB+1nethe prime satellite is occasion
t he provideaeg bwat éhki backDat eRDIJrdmrt lreexsaectp & |
should be considered wi tthp ssoartee Iclaiutte oma sb eac ad
and consaelgddretrlemt viewing geometry, and its
bei ngomasend extrapol ati on fodndthieoncianlgi basatprrin
have a | arger wuncertainty. A second warning
ti me, siwbteh wild. al so be chalrnafcarema tziesin mhayn |

data can be retrieved from the O6nobsd attrit
pi xend number of days used for aggregation t
resped®tvievally. t he number of missing time sl ot

For a tmmirleeddei nstr uamedntd esspeerciipftiicaart i @fn t he c a
referred to the SEVIRI Al goRrRD2t hm Theoretical
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4 Product definitions

The CRAAS oudckchbatdan SEVI RI provides seven cl c
products arTabidtewirtodduecieadt e dh acr onyms and uni t

Al parameters can be accessed on Level 2 b
(3 x]a3t dsmutbel | i t el fmoinmtesodhmdi an. The product
L WP, | WP are al so awhli yabbmpasi das |l gnaadr exgun
grid with a spatial r esfhdadittiioagmmestlyg. mBAnl dD
cycles are provided with a tempor al resol ut i
property Hilbé ogmomamhlaypwdmean diur nal cycle fie
0.25A grid. Also, JCH is available on month
T a b4i2e

Table 4-1: CLAAS-2 product suite.

Product| Acron|{Product title UnilLtev(é | L2v el
identif

CM21011 CFC |CloudtFpaal Cover (|dimensi%nless

CM21031 CTO |Cloud Top informati|hPa, mRkRa, Km/o
Cl ouadp Pre@lscswd eTop H
Cloud Top Temperatu

CM21041 CPH |Cl oud thermodynamic|di mensf oWl ess

CM21051 L WP Liquid Water Path kgl//mKkjg/ m

COT LigGidud Optical Thi{dim. demsl| £ss

REFF|Liquid Cloud partic|mm nn

CM21061 | WP (Il ce Water Path kg/l//mKkjg/ m

COT Il ce Cloud Optical T{dim.Hdemsl| £ss

REFF|l ce Cloud particle mm nin

CM21021 JCH |JointpCbpedty Histo|di mensionl ess
CPHCTRnd COT
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Table 4-2: Level-3 product featurefncl. day and night separation, liquid water and ice as well as histogram
representatiorPlease note that the LWP and IWP histograms are combined in one product (CWPmh), see
sectiors 5.4and5.5.

Daily m¢ Monthly Mont hly Mont hly
diurnal histogr
CFC Vday/ ni | Vday/ ni \%
hi gh/ mi d hi gh/ mi d
CTO \% \'% \% Y
CPH Vday/ ni | Vday/ ni \%
Il i duicae | i duicce
LWR # or \% \'% \% Y
| WP # or \'% \% \'% \'%
JCH VI i duice

Acknowledging the differentghhtbsandadiuonngap:

taking into account existing diurnal vari at
i nto dayt itmemeanpdorntiigohnts was done for CFC. H e
twilight(sohai tzeantsweheOndan@Be@s eles) have been ¢

to avoid being affected by specific cloud de
The temporal c¢oegesoardaen goefisdl &f irepeidOsdt a8 o December

For eadh pedra meal s o dvaarai oaursd mentfaor mati on abou
parameter distributions in each grid point i
described above. Details on how to access th

A compldetscri ption of the retrieval met hods
Al gorithm Theor et Rm3aRID4REE s.i ST heo cguenmeenrtasl [met h o
cali bration and calcul ati ombp2lJof Level 3 produ
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5 Product description

I n this section, each cloud product IS s h
i nformation content and | imitations. Val i da
cloud product. val isdamiaorny ©0ésmnadtiSsencd@ o Maolrseo b
detail s oal iacdtiievredr ess[eb1] At arntér e giewnan oifn eac
description a short potldatceamha pins@m rreeacso mmended

5.1 Fractional cloud coveri CFC

CFC CLAAS-2, 2004/02-2015/12

0.0 0.2 0.4 06 08 1.0
fraction

Figure 5-1: CLAAS-2 fractional cloud cover averaged from 02/2004 to 12/2015 monthly means.

The level2 (instantaneous pixelgloud maskcomprises 6 categories: cloud free, cloud
contaminatedcloudfilled, undefined snow/iceat the surface (under clodicee conditons),
and nonrprocessedThe cloud fractional covdevel3 product(monthly and daily mean, as
well as monthly mean diurnal cycle) defined as the fractioof cloudy pixels per grid box
compared to the total number of analysectls in the grid boxPixels are counted as cloudy
if they belong to the classes cloud filled or cloud contaminated. Fractional cloud cover is
expressed in percenAs an exanple, the averaged fational cloud coverfrom the entire
CLAAS-2 period (02/2004.2/2015)is shown inin Fi g 6-1. €loud fraction is further
separated into loWCTP > 680 hPa) middle (440 hPa < CTP < 680 hPahd high(CTP <
440 hPa)cloud coverusing the CTP product from Sectidn2 as well as daytimésolar
zenith angle below5°) and nighttime (solar zenith angle ab®&?®) cloud cover

Short Algorithm description

The cloud screening and cloud masking is penéd using the NWC SAF MSG v2012
algorithm, which is described in more detail RD[3]. See http://NWC SAFarg for details on
the NWGSAF project The algorithmis based n a multispectral thresholding technique
applied to every pixel of the satellite scderrien and LeGléau, 2005and 201). Several
threshold tests mayebapplied and must be pasdefore a pixel is assigned to be cloudy or
cloudfree.

17
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Thresholds are determined from present viewing and illumination conditions and from the
current atmospheric state (prescribed by data assimilation products from numerical weather
prediction modelsi here, the ERAnterim data record see Dee et al, 2011 dn
http://www.ecmwf.int/research/era/do/getAangerim).

Highlights
1 Cloud screening makes optimal use of the ralianneinformation from SEVIRI

1 Different tests are appliedsurface type (land, seajplar illumination (daytire,
nighttime, twilight, sunglint) and viewing angles areriteria for the application cd
certain test.

1 Daytime conditions with good illumination (i.e, conditions enabling access to
information in allspectral channels) provide best cloud screening results

{1 Transition between dayand nighttime is smoothed with the temporal dependence
twilight test(Derrien and Lésléau, 2010.

Limitations

1 Not all clouds will be detected due toherent limitationsf the SEVIRIimager as
being a passive radiometer with a rathearse field of view3 x 3km? at subsatellite
point). This can be compared to actively probing instruments (like cloud lidars and
radars) with a much higi cloud detection sensitivity.

1 Some thin clouds (particularly, ice clouds) over cold ground surfaces may remain
undetected especially during nighttimeeven if having cloud optical thicknesses
higher than the above mentioned detection limit

1 The cloud detection algorithm changes frodSAR to an infrared only version at the
transition from day to nightEven hough we applied the SAF NWC MSG v2012
package with a special twilight transition procedure, the switch from tdagight
time algorithm remains preseritregularitiescan occu as spikes in the diurnal cycle.

1 Since SEVIRI is mounted on geasonary satellites, the weknown dependencyf
retrieved cloud coveon viewing zenith anglée.g., Maddux et al., 2010¢ads to an
overestimatiorof cloudiness towards the edge of the disc

Val i dati on

CLAAS-2 CFC was validated in detail withh number ofndependent data seats[RD 1]. The

results can be summed up as follows.comparison with manual SYNOP observations,
performed mainly over densely populated land areas in the SEVIRI disc (e.g., Europe),
CLAAS-2 CFC is on average about 4% (absolute value) higbe€ was alscevaluated
againstthe recently produced collection 6 data frahe comparable instrument MODIS
which is considered to be the most advanced and best explored passive sensor. in space
Averaged over the SEVIRI disc, the differences in CFC are very SGiaNAS-2 beingabout

1% lower.
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Near the SEVIRI susatellite point MODIS CFC tends to be highban CLAAS2, while

the opposite is trugowards the edge of the disc. This feature was also found in the
comparisons with SYNOP data, and is consistent with the expectaabmetrieved cloud
cover increases with viewing angle.

Finally, the cloud maskvas comparedvith the spacéased lidar instrument CALIOR.he
probability of detectingf a cloud was found to #7%, while the false alarm ratio was 17%.
Surprisingly, thdong-term disc average CFC from CLAASwas found to be slightly higher
than that from CALIOP, even without filtering of the CALIOP data for very thin clouds. This
finding needs to be further investigated and may be related to low broken clouds bejng partl
absent in the specific CALIOP dataset used.

All long-term comparisons indicate that CLAASCFC is very stable over timgsee for
example the comparison with MODIS iRigure 5-2), showing no discontinuities with
changes between the MSG satellites.

Overall, the CLAAS2 level2 cloud mask fulfils the threshold requirements compared with
CALIOP, while the leveB CFC poduct fulfils the optimal requirements (bias less than 5%)
with respect to SYNOP and MODIS.

CFC (45° S-N, W-E)

04 — —
| | ——— CLAAS-2 =
| |——MmoDis

——— CLAAS-2 - MODIS
0(CLAAS-2 - MODIS)

0.2

fraction

0.2 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Year

Figure 5-2: Time series of the 45° W and SN areaaveraged cloud fractional cover from CLAASand Aqua
MODIS, their biases and the corresponding standard deviations. Optimal and target bias zones are indicated
by dark and pale shading, respectively. The optimal standard deviation of the bias is 0.1 (=10%).

Recommended applications

The productwicdmoubbereseédi ction, alth®ORr@h use:
overestimated at high viewing anglRsssiiblee
applications of c¢cloud fractstoaklaeconakrdli ar e
spat € mp driglhlly resaluwued. CFCacking of convect
thunder st(oGary efnisgalddld) moni toring ciomvedtlieve
Eur ¢ e eame r,al Zthilad)l serve aBheaenCkr& apmpd ceu theeliege
for the evaluation of regional climate mode
(2012) evaluated the diurnal-ClkkMci egiodnadl oailc
mod el usi-hgd £tLaAAS
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5.2 Cloud Top level T CTO

CTP CLAAS-2, 2004/02-2015/12

400 500 600 700 800
hPa

Figure 5-3: CLAAS-2 cloud top pressuraveragedrom 02/2004 to 12/201Bonthly meas.

Three versions of the CLAAS Cloud Top product exist:

1. The Cloud Top Temperature (CTT), expressed in Kelvin
2. The Cloud Top Hght (CTH),expressed as heigfih) above sea level
3. The Cloud Top Pressure (CTP), expressed in pressunalicates (hPa)

Daily and monthly average products are calculated by averaging the original algorithm output
in SEVIRI pixel resolution for all available soes. All products are averaged arithmetically
(linearly) but for the CTP product also a geometric mean (i.e., average of the logarithm of
cloud top pressure) is available. As an example, the 1yedti mean CTP is presented in

Fi gh3 e

Short Algorithm description

For the determination of cloudganformation,the NWC SAF algorithmsare useddetails
can be found ifiRD 1]. The algorithmis applied to all cloudypixelsas identified by the SAF
NWC MSG v201Zloud mask product.

In a first step, cloudy pixels are separated into three classes depending otygtood its
opacity respectively: 1) very low, low or medium thick as well as middle level clouds, 2) high
opague clouds and 3) high setransparent clouds.

Using RTTOV  (http://research.metoffice.gov.uk/research/interproj/nwpsaf/rtm/)  the
corresponding @iances and brightness temperasufor overcast and clear sige simulated

for each pixel, with vertical profiles of temperature and humidity analysis from-IBERAM

(Dee et al., 2012) as ancillary inptdthe SEVIRI channels used a2, 7.3, 13.4 1@, 12.0
em.

For very low, low or medium thick clouds as well as opaque clouds the cloud top pressure is
retrieved as the best fit between the simulated and the measureduriOl@ightness

20



Product User Manual Doc. No.: SAF/CM/KNMI/PUM/SEV/CLD
CMSAF SEVIRI cloud products Issue: 2.2
CLAAS Edition 2 Date: 12.04.2018

temperatures. Also the possibility of a low level thermal ineerss takennto account with

the help ofthe ERAInterim temperaturgrofile at the respective pixeln that case the very

low, low or medium clouds are assumed to form at the inversion level, while they can also
rise above that level if their brightnegsnperatures are colder than the air temperature below
the thermal inversion. The type of the inversion (dry air above the inversion level or not) is
included by subtracting a variable offset.

In case of semitransparent cloutihe radiance rationing method isad, in which the ratio of
radiances from 2 channels is compared to simulated radiances at clear sky conditions for a
fixed temperature profile or H20O/IRW intercept method. For dtield a linear relationship of
radiancebetween 2 spectral bands is assumed, but a curve for a window and a sounding
channel. For opaque clouds this technique is always applied as preceding test, in order to
remove any pixelshat are semitransparent buéng in fact falsely labeled as opaquetbe

cloud type test.

Highlights

1 Cloud top hegghts are determined using theference profiles available from the ERA
Interim data record The ERAinterim fields have been spatially remapped to a pre
defined grid covering the SEVIRI disPuring runtime, the vertical profiles used are
temporally interpolated to the exact slot time using the two nearest irspat&lly
remappedERA-Interim fields.

1 In case of a thermal inversion in the ancillary NWP fields, the clouds are usually
positioned at this inversion. Howeveery low, low or medium clouds can also rise
above the inversion level if their brightness temperatures are colder than the air
tempeature below the thermal inversion. The method accounts also for the
atmospheric state above the inversion level (dry air above the inversion level or not)

1 In case the cloud top level algorithm has not convefged particular pixelthe cloud
top levelof a nearby pixel is inserted. Thus, every pixel masked as cloudy is assigned
cloud top level values, which then enables the retrieval of cloud optical and
microphysical properties.

Limitations

1 Infrared radiation observed by a passive sepsmnatesrom a certain optical depth
within the cloud. In the case of clouds which are optically thin in the upper layers
(notably high ice clouds), this typically causes an underestimation of the cloud top
height that may amount to several kilometers (e.g., &aret al., 2014

1 Clouds are multlayered in at least 20% of the cases on a global sEatemultr
layered cloud situations, only the top height of the uppermost layer is retrieved. In
addition, lower cloud layers usually lead to a negative bias in theva of CTH of
the uppermost layer (Hamann et al., 2014).

1 The quality of the CTO product depends to some extent on the quality of the reference
vertical profiles of temperature and moisture taken from NWP model analyses.
Especially troublesome is theetitment of situations with temperature inversions since
this implies that there are several solutions to the problem of matching measured cloud
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top temperatures to vertical reference profiles. Details of the impact of varying NWP
information on CTO produstare included in the visiting scientist study from Trolez
et al. (2008). Also a direct comparison of the influence of ERA Interim input
compared to GME input for the SEVIRI cloud top retrieval was undertaken in Fuchs
(2012).

1 Cloud top pressure is erroneoifi clouds were assigned a wrong tyfyes results for
example in an underestimation of cloud top height/pressure for-tsmmsparent
clouds classified as low/medium or an over estimation of cloud top height/pressure for
low/medium clouds classified as setransparent

Val i dati on
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Figure 5-4: Tenday moving average of cloud top products. In the left panel we compare against the uppermost
CALIOP cloud layer, in the right panel we compare against the CALIOP cloud layer where ICOT exceeds
the 0.2 threshold. The red curve (CLAARS$ is identical inboth plots. Darker and lighter blue shadings
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indicate the target and threshold requirements, respectively. For better visibility, only e\fErrylaIOﬁup is
plotted here.

The comparisons with MODIS indicated ftohrat t h
CLAAXS than for MODI S, al beit with regional
reached for CTHwhwhér ¢ aas nSoru€CTRPR o have some\
ithe threshold was fulfilled.

The time series of CaOsadighgedercalkhgest almleg
(and positive trend in CTP) I's noticed both
the causes of which are currently not wunders
Recommended applications

For CTO, similar recommdardat i(srese aidbnodvieu)d itarr ge
the applicability atPadsisgihblvei eanp pnlgi czaetniiotnhs aonf
which staghl ea@ nnawlldosipat i ot emporally highliysr es
possible for e adidplaien gt eorfs ttuhoep i itratl comCce&) gen
throughout the years or facilitat e srteasgesa rtcoh
another, tgwmnlsids onhdrom stThat o wdwlicds ctam a@au |
t he eetviadmu of regional climate model simul atii
used SEkevriiRMetdopg!| puelssure to evaluate a conve
the COSMO model
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5.3 Cloud Phasei CPH
Short Algorithm description

CPH CLAAS-2, 2004/02-2015/12

0.4 0.6
fraction

Figure 5-5: CLAAS-2 liquid cloud fraction averaged from 02/2004 to 12/2015 monthly means.

The cloud phase product is meant to represent the thermodynamic phase of the particles near
the cloud top. The cloutbp phase retrieval follows the PATMO&algorithm (Heidinger et

al., 2013), and is based on a number of threshold tests using SEVIRéIHRNIB.9,IR_6.2,

IR_8.7, IR_10.8, IR_12.0, and IR_13.4. Some of the tests involve clear and-cleertyast
radiances, which are calculated using RTTOV. The algorithm is run for cloudy pixels and
initially yields one of the following cloud types: liquidupercooled, opaque ice, cirrus,
overlap, and overshooting. These are then further condensed to liquid (former two) and ice
(latter four) phase. Details on the algorithm can be foundkin4]. For an example of the

cloud phase sdeigure5-5.

Highlights
1 The algorithnprovides cloud phase both during daytime aighttime.

1 In addition to liquid/ice discrimination a further breakdown into cloud types is
provided.

1 The phase discrimination shows good agreement with active CALIOP observations.

Limitations
The main limitations of the CPH retrieval are:
1 Theidentification of thin cirrus over water clouds is challenging.

1 Due to the nature of passive satellite observations, the phase near the top of the clouds is
retrieved with limited sensitivity to lower cloud layers.
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Validation

Thermodynamic phase is evaledin [RD 1] in terms of the fraction of liquid clouds rebladi
to the total cloud fraction.

The CLAAS2 CPH product shows excellent agreement with CALIOP, hattdly any bias,
if the CALIOP phase is taken at an optical depth of 0.2 from above into the cloud. If this
filtering is not applied, CLAAS has a much larger fraction of liquid clouds than CALIOP.

CPH level3 was also compared with MODI$he multiyearmean liquid cloud fraction is
compared with Aqua MODIS iRigure5-6. The MODIS Infrared (IR) cloud phase product is
used here, for consistency purpsswhile Terra MODIS data areaxded from this analysis
due toa calibration degradation issue. The CLARPhase agrees very well with the MODIS
product. On average, the bias of CLAR$hase against MODIS is small and easily within
the optimal requimment of 5% The beRMS is around 10% which is the optimal
requirement

There are hints for a small positive trend in CLAA3quid cloud fraction in the latest ~3
years of the data recard

CPH Aqua MODIS, 2004/02-2015/12

0.0 0.2 0.4 0.6 0.8 1.0
fraction

Figue56: Di f f erence b2t wadn MOBABISioqu iodf( rcd loautdi v e
t ot alf rcalcotuidon) averaged from 02/ 2004 until

Recommended applications

The CPHdata records specifically useful for studies of cloud development, e.g. convective
activity characterized by a transition from liquid to ice phase as the clouds grow vertically. In
general, vmerever multi annual, stable and spatiotemporally highly resolved information is
needed CPH data from SEVIRI can be appliedhalysis of thedetection of Cd/Tcu clouds is
mentioned here as an example (Carbajal Henken et al., 2011).
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