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B¥ Motivation

. Fitting satellite-derived cloud-aerosol
relationships in GCMs

a) Cloud albedo effect in LMDZ:
droplet radius — aerosol concentration

b) Combined indirect effect in LMDZ
and ECHAM: CDNC - AOD

BY Outlook: Future requirements
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e.g., Dufresne et al., GRL 2005



Global annual mean surface air temperature v puncisiu ir Metcorologie (€.
(deviation from 1961-1990)
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Droplet radius

Aerosol concentration

- robust
- relative changes only

- valid in changing climate
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Approach to a better Ny Plancl st fir Metcorologie (€.
understanding: Statistical
relationship of cloud and
aerosol properties
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. 0.01 0.1
- relative changes only aerosol index, ot__,

- valid in changing climate
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Bréon et al., Science 2002; Quaas et al., JGR 2004
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effects: Empirical link between
CDNC and aerosol concentration

N,=exp(a,+a In m

aer )

N, : Cloud droplet number concentration (CDNC; cm™)

m__ : aerosol mass concentration (ug m)

ae
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Parameterization Of the indirect Max Planck Institute for Meteorology
effects: Empirical link between
CDNC and aerosol concentration

N, = exp Inm__ )
originally: aircraft data  here: satellite data
e ~102 datapoints » ~107 datapoints
° regiona| data * gIObaIIy distributed
* limited time-series * long time-series

 no vertical resolution yet
« assumption on cloud-aerosol
interaction

® in-situ
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. Aerosol measurements

I Cloud measurements
No retrieval
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3 steps of increasing
complexity:

- Twomey effect only, aerosols
off-line, sulfate aerosols only
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- Twomey effect only, aerosols
on-line, multi-components
| aerosols
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3 steps of increasing
complexity:

- Twomey effect only, aerosols
off-line, sulfate aerosols only

- Twomey effect only, aerosols
on-line, multi-components
aerosols
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- Both (15t and 2") indirect
effects, aerosols on-line,
multi-components aerosols
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Brenguier et al., JAS 2000; Schiiller et al., JAM 2005
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CDNC instead of CDR

liquid
_ _ water
adiabatic cloud content
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CDNC instead of CDR

liquid drople

: : water number
adiabatic cloud content concentr.
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CDNC instead of CDR

| ! :
liquid drople drople
water number effective

content concentr. radius
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CDNC instead of CDR

Instead: Cloud droplet
number concentration

r ~ N -1/3 H1I3
e,top d

iy

1/3 H5l3

T ~N
C

d
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CDNC instead of CDR

Instead: Cloud droplet
number concentration

r ~ N -1/3 H1l3
d

e,top

2o
%

T ~ N 1/3 H5/3
c d

combined: N, ~1 " r_ ="

e,top
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The Unknown

There are known knowns.
These are the things
We know we know.

And there are known unknowns.
That is to say, there are things,
We know we don't know.

But there are also unknown
unknowns.

These are the ones

We don't know we don't know.
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B Motivation

. Fitting satellite-derived cloud-aerosol
relationships in GCMs

B Ciloud albedo effect in LMDZ:
droplet radius — aerosol concentration

Bl Combined indirect effect in LMDZ
and ECHAM: CDNC — AOD

. Outlook: Future requirements
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Evaluation of indirect effects in GCMs: Max-Planck-Institut fiir Mtlg%;

What WOUId we need idea"y? ax Planck Institute for Meteorology

aerosols dynamics clouds
Cloud number concentration vertical wind speed number concentration
albedo size distribution relative humidity size distribution
effect soluble fraction water content
Cloud nymt()j.ertggn?entration
TT size distribution
lifetime water content
effect autoconversion rate
Semi- nymlber cc?[?cgntration relative humidity water content

: single scattering

d::;ect albedo
erec

number concentration vertical wind speed number concentration
Ice cloud size distribution relative humidity size distribution
effect soluble fraction water content

] — aerosol type

An Institute of the Max Planck Society \L@y




Y

Max-Planck-Institut fiir Meteorologie /g
Max Planck Institute for Meteorology

Ein Institut der Max-Planck-Gesellschaft
An Institute of the Max Planck Society




Y

Max-Planck-Institut fiir Meteorologie /g
Max Planck Institute for Meteorology

Ein Institut der Max-Planck-Gesellschaft
An Institute of the Max Planck Society




Max-Planck-Institut fiir Meteorologie /
Max Planck Institute for Meteorology ‘

Ein Institut der Max-Planck-Gesellschaft
An Institute of the Max Planck Society




=

O u tI i n e Max Planck Institute for Meteorology /75

Max-Planck-Institut fiir Meteorologie gg;

. Fitting satellite-derived cloud-aerosol
relationships in GCMs
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. Fitting satellite-derived cloud-aerosol
relationships in GCMs

a) Different model versions / satellite
datasets: Cloud albedo effect
reduced by 50% to -0.3 to -0.5 Wm
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. Fitting satellite-derived cloud-aerosol
relationships in GCMs

a) Different model versions / satellite
datasets: Cloud albedo effect
reduced by 50% to -0.3 to -0.5 Wm

b)) Combined indirect effect in LMDZ
and ECHAM: reduced by 30% to
-0.6 (-1.4) Wm
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. Fitting satellite-derived cloud-aerosol
relationships in GCMs

a) Different model versions / satellite
datasets: Cloud albedo effect
reduced by 50% to -0.3 to -0.5 Wm

b)) Combined indirect effect in LMDZ
and ECHAM: reduced by 30% to
-0.6 (-1.4) Wm

BY Outlook: More effort using remote
upcoming sensing data needed
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