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Clouds in the climate system

Sommerville et al. (2007)
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Satellite instruments
• Measure reflected or emitted radiance 

at different wavelengths
• Cloud properties can be derived
• Geostationary (SEVIRI): coarse spatial 

resolution, high temporal resolution 
(15-30 min)

• Polar (MODIS): fine spatial resolution, 
poor temporal resolution
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Cloud physical property retrieval
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Cloud properties

•Thermodynamic phase
•Optical thickness
•Effective radius

Cloud properties

•Thermodynamic phase
•Optical thickness
•Effective radius

SEVIRI
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Retrieval principle - cloud phase
R0.6 determines τ and

R1.6 determines reff

Ice crystals absorb 
more than water 
droplets at 1.6 μm

This principle is used 
to discriminate water 
from ice clouds 1.6 μm

0.6 μm



BBOS Autumn Symposium, 
Texel, 24 October 2008

The problem
SEVIRI resolution coarse compared to 
MODIS (3x3 vs 1x1 km)
Broken cloudiness and inhomogeneity is not 
always seen by SEVIRI
To what extent is cloud-phase retrieval 
influenced by these (non-linear) effects?

MODIS resolution 
(1x1 km)

SEVIRI resolution 
(3x3 km)
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Synthetic datasets – broken clouds

high res
τ=const, 
reff=const

6.16.0 , RR

SEVIRI 
(low res)

MODIS 1x1 km 
(high res)

Forward 
model

low res
τ=X, reff=Y μm retrieval

clear cloud

R0.6,
R1.6
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Results broken clouds - 1
Averaged reflectance 

decreases with 
decreasing cloud 
fraction

Low resolution 
optical thickness 
decreases
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Results broken clouds - 2
Ocean

land

Thin clouds
Thick clouds

Possible 
erroneous cloud-
phase retrieval
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Inhomogeneous clouds
Vary thickness

Keep reff constant

Only for 
completely cloudy 
cases

HRES
τ

surface
LRES

τ



BBOS Autumn Symposium, 
Texel, 24 October 2008

Results – inhomogeneous clouds

Droplets appear larger for inhomogeneous clouds

Strongest effect over dark surface

Might lead to erroneous cloud-phase retrieval at low 
resolution

ocean

land
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Results - MODIS low-resolution

Inhomogeneous clouds



BBOS Autumn Symposium, 
Texel, 24 October 2008

Summary and outlook
Simulations show effect on optical 
thickness and effective radius retrieval 
for broken and inhomogeneous clouds
Effects are less than expected for 
MODIS retrievals
Further research required to explain 
differences between simulations and 
reality
Total effect on cloud-phase retrieval to 
be quantified…
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