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aerosol indirect effect 
on warm clouds.
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2nd indirect effect 
(lifetime effect).



Modeling aerosol effects on Modeling aerosol effects on 
warm clouds, CAMwarm clouds, CAM--OsloOslo

•• CAMCAM--Oslo is an extended version of the NCAR CAM2 GCM Oslo is an extended version of the NCAR CAM2 GCM 
with horizontal resolution of 2.8with horizontal resolution of 2.8oo x 2.8x 2.8oo and 26 vertical and 26 vertical 
layers.layers.

•• Extensions for calculation of aerosol indirect effects are Extensions for calculation of aerosol indirect effects are 
based on a framework consisting of 5 modules:based on a framework consisting of 5 modules:
1.1. The aerosol lifeThe aerosol life--cycle module, predicting aerosol mass cycle module, predicting aerosol mass 
concentrations from AEROCOM B emissions concentrations from AEROCOM B emissions ((IversenIversen & & SelandSeland, , 
JGR 2002).JGR 2002).
2.2. The aerosol size distribution module, predicting aerosol The aerosol size distribution module, predicting aerosol 
number concentrations and sizes number concentrations and sizes ((KirkevKirkevåågg & & IversenIversen, JGR 2002)., JGR 2002).

3.3. The cloud droplet activation module, based on AbdulThe cloud droplet activation module, based on Abdul--
RazzakRazzak and and GhanGhan (JGR, 2000)(JGR, 2000)
4.4. Microphysical source and sink module Microphysical source and sink module 
5.5. Module for calculations of cloud droplet number Module for calculations of cloud droplet number 
concentration, based on the results from module 3 and 4.concentration, based on the results from module 3 and 4.



Continuity equation for cloud Continuity equation for cloud 
droplet number concentration, droplet number concentration, NNll::
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A = transport 

Nucl = CCN activation to form cloud droplets (including “competition effect”)

AC = autoconversion

Coll = Collection of cloud droplets by rain

Accr = accretion (snow collecting cloud droplets)

E = evaporation

Selfcollection = droplets collide, stick together, but do not fall out of cloud



Cloud droplet number conc. Cloud droplet number conc. 

CAM-Oslo 
vertically 
intergrated cloud 
droplet number 
conc. for Tc > 0oC

vertically 
intergrated cloud 
droplet number  
conc. as 
observed from 
satellite for Tc > 
0oC



Anthropogenic changes in CDNC, Anthropogenic changes in CDNC, 
reffreff, LWP and SWCF (Control run), LWP and SWCF (Control run)

Soluble fraction 0.13 Soluble fraction 0.013



SensitivitySensitivity StudiesStudies

CTLCTL Min_hygMin_hyg
++

Min_hygMin_hyg-- RRcritcrit 7.57.5 S_fixedS_fixed

--0.390.39 --0.590.59

1.541.54

--0.480.48

0.600.60

--0.280.28

--0.730.73

1.321.32

--0.720.72

ΔΔrre e ((μμm)m) --0.400.40 --0.100.10

ΔΔLWPLWP
(g/m(g/m22))

0.680.68 0.260.26

ΔΔSWFSWF
(W/m(W/m22))

--0.300.30 --0.130.13



Varying soluble fraction for mineral dust:Varying soluble fraction for mineral dust:

Soluble fraction 0.13 Soluble fraction 0.013

Soluble fraction 0.0013

AIE: -0.13 W/m2 AIE: -0.30 W/m2

AIE: -0.72 W/m2



Conclusions, warm cloud AIEConclusions, warm cloud AIE

•• CAMCAM--Oslo with new treatment of aerosol Oslo with new treatment of aerosol 
influence on clouds gives a very small aerosol influence on clouds gives a very small aerosol 
indirect effect (indirect effect (--0.13 W/m0.13 W/m2 2 to to --0.71 W/m0.71 W/m22).).

•• Reasons for the small AIE are mainly the Reasons for the small AIE are mainly the 
inclusion of microphysical sinks for cloud inclusion of microphysical sinks for cloud 
droplets and an aerosol activation scheme droplets and an aerosol activation scheme 
accounting for the competition effectaccounting for the competition effect

•• The AIE is very sensitive to variations in the The AIE is very sensitive to variations in the 
soluble fraction of dust aerosols.soluble fraction of dust aerosols.



Aerosol effects on mixedAerosol effects on mixed--
phase clouds in CAMphase clouds in CAM--OsloOslo

•• We account for contact and immersion freezing of We account for contact and immersion freezing of 
dust and BC aerosols, following the parameterization dust and BC aerosols, following the parameterization 
of of LohmannLohmann and Diehl (JAS, 2006).and Diehl (JAS, 2006).

•• Freezing efficiencies specific to each aerosol Freezing efficiencies specific to each aerosol 
species is used to obtain the Ice Nuclei (IN) species is used to obtain the Ice Nuclei (IN) 
concentration. Prognostic ice crystal number concentration. Prognostic ice crystal number 
concentrations are then calculated. concentrations are then calculated. 

•• Model runs with Model runs with preindustrialpreindustrial and presentand present--day day 
aerosol concentrations are carried out for 3 cases: aerosol concentrations are carried out for 3 cases: 

1.1. Control:Control: Aerosol effects on liquid clouds only Aerosol effects on liquid clouds only 
((StorelvmoStorelvmo et al., JGR 2006).et al., JGR 2006).

2. 2. Dust_hghfrzDust_hghfrz:: dust aerosols w/ high freezing dust aerosols w/ high freezing 
efficiency assumed.efficiency assumed.

3. 3. Dust_lowfrzDust_lowfrz:: dust aerosols w/ low freezing efficiency dust aerosols w/ low freezing efficiency 
assumed.assumed.



Ice crystal number conc., CAMIce crystal number conc., CAM--OsloOslo
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Korolev et al. 
(Q.J.R. Meteor. 
Soc., 2003): 

Ice crystal number 
concentrations 
from 2 to 5 cm-3 

were found in 5 
field campaigns in 
Acrtic regions 
(42oN - 76oN).



AnthropogenicAnthropogenic changeschanges in in cloudcloud
parametersparameters

SimulationSimulation ControlControl Dust_hghfrzDust_hghfrz Dust_lowhfrzDust_lowhfrz

ΔΔ Cldfrac(%Cldfrac(%)) ~ 0~ 0

--0.730.73

1.321.32

~ 0~ 0

--0.720.72

0.010.01

--0.710.71

--0.070.07 --0.540.54

ΔΔ rre e ((μμm)m) --0.570.57 --0.660.66

ΔΔ LWP (g/mLWP (g/m22)) --0.660.66 --0.480.48

ΔΔ IWP (g/mIWP (g/m22)) 0.190.19 0.230.23

ΔΔFFSWSW (W/m(W/m22)) --0.100.10 0.410.41

ΔΔFFLW LW (W/m(W/m22)) --0.050.05 --0.030.03

ΔΔFFNETNET (W/m(W/m22)) --0.150.15 0.380.38



Conclusions, MixedConclusions, Mixed--phase cloud AIEphase cloud AIE
•• In CAMIn CAM--Oslo, the Oslo, the glaciationglaciation indirect effect indirect effect 

seems to represent a warming, the magnitude seems to represent a warming, the magnitude 
being determined by the number being determined by the number 
concentration and freezing efficiency of the concentration and freezing efficiency of the 
background (dust) aerosolsbackground (dust) aerosols

•• What about the ability of biological particles What about the ability of biological particles 
(bacteria, pollen etc.) to act as IN?(bacteria, pollen etc.) to act as IN?

THANKYOU FOR THE ATTENTION!THANKYOU FOR THE ATTENTION!
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