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Reqgulate Earth’s radiative energy balance
Required for precipitation (hydrological cycle)



Low clouds:
net cooling

High clouds:

net warming

Overall:
cooling
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Radiative forcing components

RF Terms

Aerosol indirect [

effe CtS greenhouse gases <|

H Halocarbons

\
Cloud albedo |
2 Ozone Stratospheric Tropospheric
CIOUd Ilfetlme % Stratospheric water
=] vapour from CH,
- =
C | ou d -C I Im ate < Surface albedo ey ves rbon
on Snow

feedbacks [

Total
Aerosol [Cloud albedo

Coupling with oftot
te m pe ratu re Linear contrails

|

Solar irradiance E—{

Matural

Total net
anthropogenic
g ; i | g

-2 —1 0 1 2
Radiative Forcing (W/m®)




Satellite imagers: SEVIRI, AVHRR, MODIS
1) Retrieval cloud mask + cloud-top height

2) Retrieval cloud physical properties
Cloud thermodynamic phase

Cloud optical thickness (in the visible),
Cloud particle effective radius,

3) Calculate liguid/ice water path (LWP/IWP)
LWP = 4
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Imaginary Refractive Index




Try both phases

Use also cloud-top
temperature (CTT)
threshold

CTT derived from
IR brightness
temperature
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MSG: Meteosat 8 + 9

Channels:
3 VIS/NIR
8 IR
1 HRVIS

Nominal spatial
resolution: 3x3 km?

Temporal resolution:
15 minutes

MET9 RGB-3-2-1 2Z8A9-18-81 1Z2:88 UTC & EUMETSAT




Atmospheric transmission
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Atmospheric correction

Careful selection viewing geometry
Diff. MOD-SEV viewing angle < 10°
Diff. MOD-SEV scattering angle < 10°
No rainbows: scattering angle < 130° or > 145°
No backscatter: scattering angle < 170°

No sun glint: angle between view and glint
direction > 25°






VIS: +7%

NIR: -2%




Strong coupling between clouds and land
surface

Precipitation large societal impacts
AMMA project: West-African monsoon
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Niamey (Niger): ARM Mobile Facility
Microwave radiometer: liquid water path
Ceilometer: cloud base height
Micropulse Lidar: cloud base height

Nangatchori (Benin)
Microwave radiometer
Ceilometer

Both sites operated

most of 2006 X Niamey

X Nangatchori



Period: May-Oct. 2006.

SEVIRI LWP spatially weighted around
location of ground-based sites

Gaussian with spatial scale of ~2 pixels
Ground-based LWP temporally weighted
around SEVIRI sampling time

Gaussian with temporal scale of ~1 hour



Mid-level cloud

Good
agreeement




Broken mid-
level cloud

Good
agreement




Clear day
during daytime

Zero-offset
MWR




Thick mixed-
phase cloud
before noon

Mid-level cloud
after noon






Low clouds

Relatively good
agreement




Low clouds
present
according to
cellometer

MWR much
weaker signal
than SEVIRI



Low clouds
present
according to
cellometer

No signal in
MWR!?






RACMO

Resolution: 0.5 x 0.5 degrees

Free climate run starting 1/1/2006
Boundary conditions from ECMWF model

Comparison
Aggregate SEVIRI to RACMO grid
condensed (= liquid + ice) water path (CWP)



RACMO June 2006 SEVIRI







RACMO less variabllity



Morning June 2006 Afternoon

RACMO

SEVIRI







Importance of calibration for cloud property
retrievals

Validation satellite observations with ground-based
LWP is challenging:

Broken clouds

Dust aerosols

Ice cloud detection

Comparison CWP with climate model shows:
Average seasonal cycle over land reasonably consistent
RACMO less variability
Diurnal cycle completely different
(Ocean: SEVIRI much higher)
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