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Outline 

•  Need for cloud detection / screening 
•  Satellite instruments to observe clouds 

•  What did we learnt about clouds and detection of clouds? 

•  Algorithms of cloud detection and problem areas 

•  Cross-cutting help in cloud detection? 

•  A common strategy for cloud detection 
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“It is my signal” 
• climate 
• weather forecast 

“It is my noise” 
• snow properties, land surface 
properties, etc 
• trace gas concentrations, aerosol 
properties, etc 
• SST, ocean colour 

 
The requirements / quality of a cloud 
detection depends on the purpose: 
 
• “cloud conservative" or  
• “clear sky conservative" 

Strong need for a cloud detection 
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GEWEX Cloud Assessment key res. 

IR-NIR-VIS Radiometers,  
IR Sounders,  
multi-angle VIS-SWIR Radiometers 
exploiting different parts of EM spectrum  

Stubenrauch et al., BAMS, 2013 
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GEWEX Cloud Assessment key res. 

Long-term global mean Cloud Amount : 0.68 ± 0.03  
         for clouds with COD>0.1   

 
+ 0.05 subvisible Ci,             -> 0.56 (clds with COD > 2) 

synoptic (day-to-day) variability : 0.25-0.30,  inter-annual variability : 0.025 
 
0.10-0.15 larger over ocean  
than over land 

global             ocean-land 

Stubenrauch, et al., BAMS, 2013 
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Cloud  
Properties 

SCIA       GOME OMI MIPAS SSM/I/ 
SSMIS 

AMSR-E 

Cover d d d d d/n 

Pressure d* d - - - 

Temperature - - - d - 

Height d d d d - 

VIS opt. depth - - - - 

IR emissivity - - - - - 

LWP - - - d d/n 

IWP - - - d d 

Capabilities of instruments (I) 
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Cloud  
Properties 

MODIS AATSR MERIS AVHRR (A)TOVS 
AIRS 
IASI 

Cover d/n d/n d d/n d/n 

Pressure d/n d/n d d/n d/n 

Temperature d/n d/n d* d/n d/n 

Height d/n d/n d* d/n d/n 

VIS opt. depth d D - d d 

IR emissivity d/n d/n - * d/n 

LWP d d - d 

IWP d d - d d/n 

Capabilities of algorithms/
instruments (II) 
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Cloud  
Properties 

GEO’s Active Instruments 

CALIOP CLOUDSAT 

Cover d/n d/n d/n 

Pressure d/n (d/n) (d/n) 

Temperature d/n (d/n) (d/n) 

Height d/n d/n d/n 

VIS opt. depth d d - 

IR emissivity d/n - - 

LWP d - - 

IWP d - - 

Capabilities of algorithms/
instruments (III) 

è  For all instruments alg. 
are existing 

è  Same for multi-instr. 
Missions 

è  Lessons learnt not 
(always) shared 
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Classification of Methods 

(a) Threshold methods 
exploiting spectral characteristics 
brightness, whiteness (slope) 
O2 absorption - pressure/height 
Temperature 
 
(b) Feature extraction and classification 
spectral features 
spatial features 
dynamic thresholds 
Classification 
 
(c) Learning algorithms 
Bayesian approach / data mining 
cloud probability 
cloudiness index 
 
(d) Physical methods 
Optimal Estimation 

Example for CC4CL 
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Problem areas in cloud detection 
Cloud detection and screening methods 
have issues with 
Scientific  
(a) bright surfaces 
(b) cold surface 
(c) Multi-layer clouds 
(d) High thin cirrus 
(e) Local vs. global 
(f)  Cloud/ RTM physics (e.g. crystal habits, 

plan parallel) 
(g) dependency on auxiliary data 
(h) uncertainty propagation and validation 

Cloud detection and 
screening methods have 
issues  
Technical 

(a) tuning per channel and 
instrument is necessary 

(b) CPU demanding and 
intensive 

Example for Cloud_cci 
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Problem areas in cloud detection 
Validation of uncertainties: 

C. Poulsen, Cloud_cci 

Ratio of  Cloud sat – AATSR CTH difference / retrieved uncertainty for 5 
days of data.  
If the uncertainty is assumed to be random then approx. 66% (2 sigma) 
of the results should lie within ± 1, as indicated by the shaded green 
area 
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Using MERIS to estimate a geometric cloud coverage for SCIAMACHY 

Courtesy C. Schlundt (AMT, 2011) 

Solution / next step 
Combination of instruments? 
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Using AATSR and MERIS in combination to estimate cloud properties (FAME-C) 
Bayesian approach for cloud masking 

Solution / next step 
Combination of instruments? 

Hollstein et al., AMT, 2014 
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Comparison (I) 

Courtesy S. Stapelberg, L. Klüser 

Common 
overpass 
applied / 
same input 
data with 2 
algorithms  
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Comparison (II) 

Courtesy S. Stapelberg, L. Klüser 

Typical conclusions 
 
•  Both Cloud masks are consistent in a vast majority of 

observations (yes/yes & no/no > 78% [84% over land]).  
 
•  In cases of disagreement the Aerosol_CCI cloud mask does more 

often detect clouds where Cloud_cci is cloud free than vice versa 
(conservativeness of mask for aerosol retrieval, esp. over sea).  

 
•  In Aerosol_cci the cloud mask is known as much too conservative 

over ocean.  
 
•  Notable differences are seen between land and ocean with higher 

consistency over land than over ocean.  
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Comparison (III) 

CREW-4 
Cloud 
Retriveal 
Evaluation 
Workshop  
 
Established now 
as ICWG of 
CGMS  
 
same input data 
Multiple 
algorithms 

(Hamann et al. 2014) 
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An ideal sensor for high quality cloud screening: 

•  High spatial resolution, e.g. ≤ 1 km 
 
•  High spectral resolution (~ few nm) and coverage of visible, near-
infrared and IR (e.g., for discrimination of clouds and bright surfaces), 
day and night  
 
•  Daily global coverage (broad swath width)  
 
•  Multiple view technique (e.g., clouds are moving objects, compensation 
of critical unknowns such as surface or aerosol) 

Currently there is no perfect sensor having all these capabilities! 
 

However, there are possibilities to combine sensors onboard one 
platform to simulate “an ideal instrument”! 

An ideal cloud sensor? 
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A common cloud mask per satellite? 

Aim: Provide ONE cloud mask information per platform 
 
Ø Benefit from experiences on cloud masking from different instrument 

Ø Including uncertainty estimates 

Ø  could be based on ‘realizations’ of all instruments per satellite 
 
Ø taking into account the capabilities of instruments: 
−  Ground pixel size (from ~ 1km2 up to 1800 km2) 
−  Field of view (nadir, limb) and swath width 

Ø Examples:  
ENVISAT: SCIAMACHY, MERIS, AATSR, MIPAS, GOMOS, etc. 
Sentinel-3: SLSTR, OLCI, SRAL 
EarthCare: MSI, ATLID, CPR, BBR 
 
Ø Will this lead to more consistency among different subsequent products or 
less quality of some products? 
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What do we have to consider for a synergetic approach? 
 
•  Is the collocation among the sensors feasible (spatially and temporally, 

swath widths)? 
 
•  Does the application area benefit from a common cloud screening? 
 
•  Maybe better to go for  

−  1 synergetic cloud conservative and  
−  1 synergetic clear-sky conservative cloud mask? 

 
•  Is it possible to bring together the different ground pixel sizes with the 

different wavelength regions of all sensors? 
−  Synergetic cloud mask based on those sensors having the highest 

spatial resolution and generate geometric cloud products for others? 
−  But what if important spectral information is missing in such a case? 

•  Need for a platform cloud simulator to realistically combine information? 

A common cloud mask per satellite? 



CEOS WGCV, Radebeul, 24. – 25.02.2015 

How to start such an approach? 
 
•  Establish a cross-application team composed of instrument algorithm 

experts and application users 

•  Gather and consolidate requirements for such a common cloud 
screening, define period of interest where all instrument have data 

•  Compile inventory of existing (documented, published, used) methods 

•  Perform algorithm inter comparisons (e.g. Round Robin) vs. reference 
(active) instruments to detect advantages/disadvantage of the 
respective instrument/algorithm combination 

•  Assessment per platform? 
 
•  Establish approach for 

−  1 synergetic cloud conservative and  
−  1 synergetic clear-sky conservative cloud mask 

•  Test common cloud mask in different application areas 
•  Provide recommendations to space agency 

A common cloud mask per satellite? 
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Conclusions 

Ok, what to conclude 
 
Ø Cloud detection from satellite is imperfect and depends on the instruments. 

Ø Cloud detection usually follow two purposes 
Ø  to avoid any cloud contamination  
Ø  to estimate the cloudy part 

Ø Different communities (e.g. atmosphere, climate, land application, …) are 
developing own retrievals (& validation approaches) 

Ø  There is a need for cross-cutting investigations and they can learn and 
benefit  from each other 

Ø  Usually per instrument science team exist, how to implement or 
facilitate a cross-cutting approach already at the beginning/design of a 
platform/satellite? 


