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2 Introduction 

Clouds strongly modulate the energy balance of Earth and its atmosphere through their interaction with solar 

and thermal radiation (Cess et al. 1989). However, because cloud properties vary on time scales of seconds 

to days, and also spatially on scales from meters to thousands of kilometers, clouds have to be represented in 

a simplified way in climate and weather forecast models. The formation of clouds as well as their direct and 

indirect feedbacks to the climate system contributes largely to the uncertainty in climate predictions 

(Solomon et at. 2007). Measurements of the global distributions of these properties and their diurnal, 

seasonal, and inter annual variations are critical for improving our understanding of the role of clouds in the 

weather and climate systems.  

The overarching objectives of CREW are to bring together scientists working on cloud retrievals so as to 

identify and address research questions related to cloud parameter retrievals; to enhance communication; to 

develop international partnerships; to provide a comparison and validation platform; and finally to provide 

retrieval verification and validation statistics. The investigations of CREW focus primarily on Level 2 

products and are therefore a complementary effort to GSICS (Global Space-Based Inter-Calibration System) 

with the focus on Level 1 data and the GEWEX Cloud Assessment (Stubenrauch et al., 2013) comparing 

average Level 3 cloud properties on climatological scales. In the GEWEX it found that differences of Level 

3 products could be primarily attributed to different sensor sensitivities. But it found that deviations of the 

retrieval datasets may also be caused by differences in Level 2 retrieval methods and Level 2 to Level 3 

aggregation methods. Hence, one recommendation of the GEWEX Cloud Assessment is to investigate these 

issues in more detail being the primary goal of the CREW project.   

A common Level 2 retrieval database was built to determine the strengths and weaknesses of the state-of-art 

cloud retrieval algorithms. The CREW database consists of cloud property retrievals from different 

algorithms for passive imagers (SEVIRI, MODIS, AVHRR, POLDER, and/or AIRS), complemented with 

cloud measurements that serve as a reference (CALIOP, CPR, AMSU, MISR) for a number of ñgolden 

days.ò Sixteen scientific institutes from Europe and the USA contributed data among others the EUMETSAT 

central facilities, the Nowcasting SAF and the Climate Monitoring SAF. Thus, CREW is an inter-

comparison with the most participating institutions since the pre-ISCCP algorithm inter-comparisons 

(Rossow et al., 1985). The datasets were used to evaluate the retrieval quality of cloud optical, micro- and 

macro physical properties for different cloud and observation conditions. The success of this project can be 

attributed to the inter-comparison strategy of the algorithms. The idea is to have an independent, objective 

and consistent inter-comparison of a large number of state of the art retrieval algorithms. The direct 

comparison with independent validation datasets help to understand the potentials and limitations of the 

cloud retrievals with passive imagers, allows quantifying the accuracy of the retrieval products and in this 

way provides a path toward optimizing these retrievals for both climate monitoring research and climate and 

weather model analysis. Besides focusing on instantaneous cloud parameter retrievals, CREW also seeks to 

observe and understand methods that are used to prepare daily and monthly cloud parameter climatologies. 

Finally, particular attention is given to increase the traceability and uniformity of different long-term and 

homogeneous records of cloud parameters.  

Another important component of the workshop is the discussion on the results of the algorithm and sensor 

comparisons and validation studies. CREW provides a forum for international satellite-based cloud retrieval 

teams to share their experience with state-of-the-art cloud parameter retrievals from passive imaging satellite 

observations. Initially the collaboration was established at the EUMETSAT funded Cloud Workshops held in 

Norrköping, Sweden. 25 scientists participated in this workshop. The second workshop was held in Locarno, 

Switzerland, in 2009, and had about 45 participants. The third CREW in Madison, Wisconsin, USA had 

about 70 participants from universities, research institutes, and satellite agencies in Europe and the United 

States. In March 2014 the 4th Cloud Retrieval Evaluation Workshop will be held in Grainau, Germany. The 

topics of the workshop are retrieval and evaluation methods as well as application of cloud retrievals in 

climate, weather and nowcasting applications.  
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3 Sensor Calibration  
 
Courtesy: Jan Fokke Meirink (KNMI), Phil Watts (EUMETSAT) 
 

List of open questions for the calibration working group (extendable) 

¶ What calibration adjustments have been made for the provided CREW datasets? 

- SEVIRI? AVHRR? VIIRS? MODIS? 

¶ Is the nominal/operational/pre-launch/onboard calibration accuracy OK for real-time/near-realtime 

applications (like Nowcasting)? 

¶ How do we define a recalibrated time-series (FCDR)?  

- At what point are calibration corrections sufficient for permitting climate studies? 

- Does it include other requirements than just radiance adjustments (e.g. navigation, sampling, 

orbital drift, é..,etc)? 

- Can we ever achieve accuracies permitting climate trend detection (e.g. according to requirements 

as described in BAMS papers by Ohring et al (2007) and Wielicki et al. 2013)?  

¶ What calibration accuracy do we require for the VIS, NIR, SWIR and LWIR channels? 

¶ What calibration approach meets the requirements of the cloud community best? 

¶ What role can GSICS play (i.e., is there a need for additional or complementary calibration 

monitoring efforts by GSICS or others)? 

¶ What are the main improvements concerning calibration in MODIS Collection 6 datasets? 

¶ Are there calibration issues regarding data from CloudSat and CALIPSO that we need to consider 

when using them as a reference? 

¶ What are the plans for updating the calibration of historic AVHRR data?  

(Inform about SCOPE-CM AVHRR FCDR project!) 

 

For a proper Level 2 retrieval it is essential to pay careful attention to the correct calibration of the measured 

radiances (Level 1). Very comprehensive advice for calibrations are given by GSICS being an international 

collaborative effort initiated in 2005 by WMO and the CGMS to monitor, improve and harmonize the quality 

of observations from operational weather and environmental satellites of the Global Observing System 

(GOS). GSICS aims at ensuring consistent accuracy among space-based observations worldwide for climate 

monitoring, weather forecasting, and environmental applications. 

 

 
Figure 1: Example for GSCIS inter-calibration of MSG2-SEVIRI with GEO -LEO IR inter -

calibration. Pay special attention to the 13.4 µm channel. 

http://wmo.int/
http://cgms.wmo.int/
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Thermal sensors on SEVIRI are calibrated onboard while this is not done for the solar ones. Some groups 

made suggestions to increase the radiance in the VIS08 channel by 8% and to decrease the radiance of the 

NIR 1.6 by 2% compared to the operational EUMETSAT calibration. Figure 2 shows results of an inter-

calibration study with MODIS suggesting such calibration offsets. 

 

 

Figure 2: Time series of inter-calibration slopes for SEVIRI-Meteosat against MODIS-Aqua for three 

solar channels. The open circles are the monthly slopes for Meteosat-8, while the filled circles are for 

Meteosat-9. The solid lines are linear fits through those monthly slopes. Black symbols and lines 

correspond to data that have been corrected for SRF differences, while red symbols and lines 

correspond to data that have not been corrected for SRF differences. Mean, standard deviation 

(relative to the trend line), and trend of the inter-calibration slopes are indicated in the plots. Trends 

that are significant at the 95% level are marked by an asterisk. Figure taken from Meirink et al. 

(2013). 
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Figure 3 shows the sensitivity of derived cloud properties, namely the cloud optical thickness (COT), 

effective radius (Reff), cloud top pressure (Pc) and the liquid water path to this calibration change (LWP) to 

the above mentioned modification of the MSG calibration. 

 

Figure 3: The effect of the a change of 8% of the VIS08 and -2% of the NIR16 channel of the 

MSG/SEVIRI measurements on Cloud Optical Thickness (COT), effective radius (Reff), cloud top 

pressure (Pc), and liquid water path (LWP). The sensitivity was calculated for a marine stratocumulus 

area, shown on the left side. 
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4 Level-2: Assessment of Cloud Parameter Retrievals 
 

4.1 Inter-comparison of SEVIRI products 
 
Courtesy: Ulrich Hamann (KNMI, MeteoSwiss), Andi Walther (SSEC), and the CREW team 
 
List of open questions for the cloud retrieval working groups (extendable) 

¶ What ice crystal models are best suited? 

¶ Do multi layer needs to be modelled separately, and if so how modelled? 

¶ How to deal with sub-pixel cloudiness? 

¶ Do we need vertically inhomogeneous clouds? 

¶ How to deal with three-dimensional cloud radiative effects? 

¶ Use of prior information in retrievals (e.g. optimal estimation)? 

¶ How sensitive is the method to the ancillary data used?  

¶ Are more channels always better than fewer channels? 

¶ Should the infrared and optical cloud properties be consistent? 

¶ Is the method robust to multiple solutions? 

¶ Is the method able to use the full spectral information? 

¶ Does the method use temporal and spatial information? 

¶ Is the method able to use more complex cloud models?  

¶ Does the method have the ability to estimate the retrieval uncertainty? 

¶ Does the method have a model versus reality consistency check? 

¶ How to detect cloud over snow and ice (day/night)? 

¶ How to derive cloud physical and optical properties over bright surfaces? 

¶ How can the cloud retrieval community go towards standard definitions (e.g. for cloud 
mask, cloud top height, cloud phase)? 
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4.1.1 Cloud mask 
 
Twelve groups provided cloud mask data for the SEVIRI disk. The data was transformed into a binary cloud 

mask with values 0 for no observation or space, 1 for cloud and 2 for cloud free. Figure 4 shows cloud masks 

of the 12 groups for the noon scene of 13th of June 2008. Cloudy pixels are indicated as bright areas, cloud-

free areas are blue for ocean and green for land surfaces. The OCA algorithm does not retrieve an own 

product, but applies the cloud mask obtained by the MPEF algorithm. All algorithms catch the same 

distribution of cloud on the MSG disk with most cloud in the tropics and in the west wind regions. There is a 

distinct difference in the total cloud amount for this scene ranging from 41 percent (FUB) to 61 percent 

(MFR).  

 

 

Figure 4: Cloud masks of the twelve CREW algorithms for 13-06-2008 at 12:00 UTC. 

 



X-9 HAMANN ET AL.: EVALUATION OF CLOUD PROPERTIES RETRIEVALS 

 

 
9 

S
u

m
m

a
ry

 R
e

p
o

rt
 2

0
1

4
 o

n
 th

e
 In

te
r-

c
o

m
p
a

ri
so

n
 a

n
d

 V
a

lid
a

tio
n
 s

tu
d

ie
s
 o

f 
C

R
E

W
 (

C
lo

u
d

 R
e

tr
ie

va
l 
E

va
lu

a
tio

n
 W

o
rk

s
h

o
p
) 

Figure 5 shows the ónumber of disagreementsô, i.e. the number of algorithms for which the cloud mask 

differs from the majority of algorithms. Areas with a high number of disagreements need to be further 

investigated. The deviations over Northern Africa are probably caused by different detection thresholds for 

thin cirrus clouds. There might also be biomass burning aerosol that is classified as clouds by some 

algorithms. A second area of disagreements - the southern part of the Arabian Peninsula and the adjacent sea 

- is marked with a blue ellipse. MODIS measurements show there is dust storm is this area. Some algorithms 

classify the dust storm as clouds, in particular over the sea. A third area in the west of Angola is marked by a 

red rectangle. The reason for this disagreement is likely the different interpretation of partly cloudy pixels by 

the different algorithms. 

 

       

Figure 5: The left figure shows the multi algorithm average of all cloud masks for 13-06-2008 at 

12:00UTC. The right figure shows the number of disagreements of the cloud detection. With 12 

algorithms participati ng in the inter-comparison, the maximum number of disagreements is 6. The 

marked areas show specific problems of cloud detection like thin cirrus clouds over land (Sahara), 

misclassification of dust as cloud (Arabian Peninsula), and different classification of partly covered 

cloud pixels (Southern Atlantic). 

Figure 6 shows the latitudinal mean of the binary cloud mask. The rough distribution of clouds is captured 

by all algorithms. During this day of the north hemispheric summer the Inter-tropical convergence zone is 

shifted northwards. The cloud amount has a local minimum in the subtropical regions at 20º S and 20º N. In 

the mid latitudes the average cloud amount is higher again. The agreement of the different SEVIRI 

algorithms is good, except the FUB algorithm derives a lower cloud amount compared to the other 

algorithms. The deviations are somewhat larger in the Southern hemisphere. For this specific day in the 

Northern Hemispheric summer, the solar zenith angle is larger for the Southern hemisphere, making the 

cloud detection more challenging.   

 

 
 

Figure 6: The latitudinal mean of the binary cloud mask for 13-06-2008 at 12:00UTC.  


























































































































