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Multi-scale interactions in the climate system
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Horizontal scale

GCM General Circulation model

RCM Regional scale model

LES Large-eddy simulation

CRM Cloud-resolving model

1000km           1km             1m            1cm         1mm

Resolved scales

T42L19 
grid sizes at the equator: 

2.8ºx2.8º (313km)

☁ ☁        ● ● ●

Parameterization



CCN, IN 

CLOUD
fraction, lifetime, albedo 

CDNC, ICNC

AEROSOL

EMISSION

RADIATION

CLIMATE

PRECIPITATION

Microphysics of clouds
Hygroscopic growth in Warm clouds:

[CCN activation]

Macrophysics of clouds:
1) RH dependent CLC 
(Sundqvist et al., 1989)

2) Statistical CLC 
(Tompkins, 2002)
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Model description
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Experimental Design

EMAC (ECHAM5/MESSy1.10) http://www.messy-interface.org

Model resolution :  T42L19 (2.8ºx2.8º, ~10hPa)

Emission field the year of 2000  

Free-running simulation for 10years (+1year spin-up)

STN (standard) Osmotic coefficient

HYB (hybrid) kappa value from (k-Koehler)    
:Petters and Kreiendweis (2007)

 Two moment Cloud microphysics (Lohmann, 2007)

 Statistical cloud cover scheme (Tompkins, 2002)

 Cloud droplet nucleation parameterization:

 ARG scheme (Abdul Razzak and Ghan, 1998, 2000, 2002)



GMXe

CCN,  IN 

CLOUD
fraction, albedo, lifetime 

CDNC,  ICNC
Large-scale cloud cover (ST-CLC)

AEROSOL

Aerosol size and chemistry

Osmotic coefficent
STN (ARG)

κappa 
HYB (κ-Köhler)

Hygroscopic growth in Warm clouds:
[CCN activation] = f (w, T, RH,SDa)

ARG scheme
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Model description

(Pringle et al., 2010)

ω (vertical motion), T(temperature), RH (relative humidity), SDa(size distribution of ambient aerosol)

Treatments of the solute effects by representing 
with the hygroscopicity and critical 
supersaturation of aerosols. 
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Mode (i) Nucleation Aitken Accumulation Coarse

STN 
(ARG)

Activity (%) 0.12% 18.7% 58.6% 60.6%
STN 

(ARG)
CCN(/m³) 4.90E+06 6.80E+07 3.30E+07 4.00E+05

HYB
(ARG-k)

Activity (%) 0.06% 8.8% 31.3% 32.6%
HYB

(ARG-k)
CCN(/m³) 5.30E+06 3.50E+07 1.00E+07 1.00E+05

Global annual mean of CCN activation

Aerosol activity
(Size and Composition)

Large-scale cloud cover
(Na size distribution)

From Surface to free troposphere
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Vertical distribution of aerosol activation
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Fraction of activated aerosol (AF)
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Relative error of  TCC 

STN-MODIS HYB-MODIS

MODIS
(2001-2010)

ISCCP
(2001-2008)
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Relative error of NCRE at TOA

-50   -40   -30   -20   -10     0     10    20     30    40    50 (W/m2)

OBS (W/m2)

[CERES EBAF
:2000-2010]

STN-OBS HYB-OBS

-100         -80         -60          -40         -20          0           20           40           60           80          100 (%)

Rel. Error(%) in NCRE
= (Model-OBS)/OBS X100 (%)



Chemicstry is important on cloud droplet nucleation and these 
activated aerosol impact on cloud properties and climate.

Sensitivity of aerosol activity patterns and cloud fraction

Large effect on NCRE 

over tropical continents 

Outflow of Atlantic oceans from Sahara

Lands over Mid- and High latitude be more realistic
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Summary and Conclusion

in future 
meauserment of the chemical composition of aerosol 

populations
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-50          -40          -30           -20           -10              0             10            20            30            40             50

AIE on NCRE (W/m2)

Deviation between prognostic CDN 
(STN, HYB) and NoAIE

Deviation of NCRE (W/m2) 

STN-NoAIE HYB-NoAIE
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Deviation of Tsurf (K) 

AIE on the surface temperature

Deviation between prognostic CDN 
(STN, HYB) and NoAIE

STN-NoAIE HYB-NoAIE
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AIE on the daily precipitation  

STN-NoAIE HYB-NoAIE 

Deviation of Prep. (mm/day)

Deviation between prognostic CDN 
(STN, HYB) and NoAIE
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0    0.4    0.6    1.5    2.5    3.5   4.5    5.5    6.5    7.5    11    15

STN-OBS HYB-OBS

Relative error of Precipitation  

OBS (mm/day)
[GPCP:1981-2010]

-100         -80         -60          -40         -20          0           20           40           60           80          100 (%)

Rel. Error(%) in Precip.
= (Model-OBS)/OBS 

X100 (%)
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General evaluation of EMAC
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