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1990 2006

Cloud feedback (ΔCRF) normalized by anthropogenic greenhouse effect (G) 
for 19 global climate models
CRF: Cloud radiative forcing

Cess et al., 1990; Ringer et al., 2006 |
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PI: Alejandro Bodas-Salcedo, Mark Webb et al. (Met Office)
     Hélène Chepfer, Sandrine Bony et al. (LMD/IPSL)

CFMIP Observational Simulator Package (COSP)

1) subgrid sampling
2) mimic retrievals
3) summary statistics
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Coupled Model Intercomparison 
Project Phase 5 (CMIP5)

Core | Tier 1 | Tier 2   experiments

cmip-pcmdi.llnl.gov/cmip5/

Coordinated GCM simulations 
in preparation of IPCC AR5 
(due 2013)

- specific CFMIP simulations
- COSP output from all models
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Coupled Model Intercomparison 
Project Phase 5 (CMIP5)

Core | Tier 1 | Tier 2   experiments

cmip-pcmdi.llnl.gov/cmip5/   | www.euclipse.eu

EU Cloud Intercomparison, 
and Process Study & 
Evaluation Project

Simulators • Distributions & higher moments • Process eval • Conclusions



ISCCP Satellite CALIPSO Satellite

Comparison with Satellite Data - JFM 2007

Mean: 22.1 % Mean: 24.2 %

Mean: 23.2 % Mean: 36.6 %

Mean: 20.3 % Mean: 31.7 %
100 %

0 

H
IG

H
M

ID
LO

W

440 hPa

680 hPa

Simulators • Distributions & higher moments • Process eval • Conclusions

Courtesy Christine Nam, Max Planck Institute for Meteorology



ISCCP Satellite CALIPSO Satellite ECHAM5 + ISCCP 
Simulator

Comparison with Satellite Data - JFM 2007

ECHAM5 GCM
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Statistical cloud scheme: 
simulation of higher moments

(1-f ) f

qs

P
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F
 (

q
t)

qt [kg kg-1 ]
qt

Prognostic probability density function (PDF) 
of total water mixing ratio

Tompkins, J. Atmos. Sci. 2002

     f cloud fraction [%]
(1-f) clear-sky fraction [%]
    q

t
total water mixing ratio [kg kg-1]

    q
s
saturation mixing ratio [kg kg-1]

    q
l
 liquid water mixing ratio [kg kg-1]
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Statistical cloud scheme

Courtesy Torsten Weber, Max Planck Institute for Meteorology

Model – Satellite Data 

Deviation TWP
global mean bias 1.71%

MODIS satellite Data
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Statistical cloud scheme

Courtesy Torsten Weber, Max Planck Institute for Meteorology

Model – Satellite Data 

Deviation distribution width
global mean bias -53.41%

Satellite Data
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Statistical cloud scheme

Courtesy Torsten Weber, Max Planck Institute for Meteorology

Model – Satellite Data 

Deviation skewness
global mean bias -8.46%

Satellite Data

Skewness
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Parameterization of thermodynamic phase

Doutriaux-Boucher and Quaas, Geophys. Res. Lett. 2004

Thermodynamic phase of 
condensed water:
Function of local 
temperature

nx»1

nx«1
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Parameterization of thermodynamic phase

Doutriaux-Boucher and Quaas, Geophys. Res. Lett. 2004

Thermodynamic phase of 
condensed water:
Function of local 
temperature

• 2 parameters:
Tice , nx, (T0 ≡  0°C)

nx»1

nx«1
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Parameterization of thermodynamic phase

Doutriaux-Boucher and Quaas, Geophys. Res. Lett. 2004
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Parameterization of thermodynamic phase

Doutriaux-Boucher and Quaas, Geophys. Res. Lett. 2004

GCM
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Parameterization of thermodynamic phase

Doutriaux-Boucher and Quaas, Geophys. Res. Lett. 2004

• Fit: hyperbolic tangent
xliq  = ½ (1 + tanh(a1 T + a2))

GCM
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Parameterization of thermodynamic phase

Doutriaux-Boucher and Quaas, Geophys. Res. Lett. 2004

Find best fit

• Result 3 days ≅  
                  8 months

• 77 short simulations
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Parameterization of thermodynamic phase

Doutriaux-Boucher and Quaas, Geophys. Res. Lett. 2004

Find best fit  Step function at 0°C
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Parameterization of thermodynamic phase

Doutriaux-Boucher and Quaas, Geophys. Res. Lett. 2004

Find best fit  Step function at 0°C

GCM old 
(Tice =-15°C; nx=6) 
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Parameterization of thermodynamic phase

Doutriaux-Boucher and Quaas, Geophys. Res. Lett. 2004

Find best fit  Step function at 0°C

GCM old 
(Tice =-15°C; nx=6) 

POLDER

• Result 3 days ≅  
                  8 months

• 77 short simulations

Simulators • Distributions & higher moments • Process eval • Conclusions



23/34

Parameterization of thermodynamic phase

Doutriaux-Boucher and Quaas, Geophys. Res. Lett. 2004

Find best fit  Step function at 0°C

GCM old 
(Tice =-15°C; nx=6) 

POLDER

GCM new 
(Tice =-32°C; nx=1.7) 

• Parameters found:
Tice  = -32°C
nx = 1.7 

• Result 3 days ≅  
                  8 months

• 77 short simulations
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Parameterization of thermodynamic phase

Doutriaux-Boucher and Quaas, Geophys. Res. Lett. 2004

*ScaRaB: Scanner of the earth's Radiation Budget (French broadband-radiometer)

Results for cloud radiative effects
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Life cycle of convection-detrained cirrus

Luo and Rossow, J. Clim. 2004
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Life cycle of convection-detrained cirrus

Luo and Rossow, J. Clim. 2004; Swati Gehlot, PhD thesis
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Life cycle of convection-detrained cirrus

Swati Gehlot, PhD thesis

ISCCP data
ERA40 for trajectories
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Convective targets Day  1 Day  2 Day  3

Life cycle of convection-detrained cirrus

Swati Gehlot, PhD thesis
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Convective targets Day  1 Day  2 Day  3

Life cycle of convection-detrained cirrus

Swati Gehlot, PhD thesis
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Convective targets Day  1 Day  2 Day  3

Life cycle of convection-detrained cirrus

Swati Gehlot, PhD thesis
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Conclusions: Needs for GCM evaluation

 Satellite simulators widely used now
> CFMIP/COSP; CMIP5; EUCLIPSE

 Evaluation of higher moments
> water vapour and high resolution essential

 Process studies
> co-located multi-parameter datasets highly useful
> high spatio-temporal resolution necessary

 Retrievals remain important
> (but data assimilation is useful, too)
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