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OVERVIEW

 The indirect effect of anthropogenic sulfate

1) The droplet radius effect: smaller and more numerous droplets
=>»brighter low-level clouds=»negative forcing
2) The cloud lifetime effect: slower autoconversion in warm clouds

=>»less precipitation and more abundant low-level clouds=»negative
forcing

 Climate system feedbacks:
Response without altering aerosols: "geophysical feedback”
Response-contribution by aerosol-changes: "chemical feedback”

« Tools and Methods:

Oslo-GCM: NCAR CCM3.2 extended with aerosol life-cycles coupled
to clouds, precipitation, and radiation

30-years long equilibrium runs
with Oslo-GCM coupled to slab ocean
Emissions: IPCC TAR for year 2000, natural and total



TWO TWIN EXPERIMENTS

Each twin: natural & total 2000 emissions
in Oslo-GCM with slab ocean for
iIibrium climate response

 Twin 1: off-line aerosols:
— Monthly averaged SO4 (and BC) prescribed.
— No life-cycle scheme in the model

— geophysical parameters influenced by indirect effect but
not v.v.

 Twin 2: on-line aerosols:

— S04 (and BC) calculated by life-cycle scheme simultaneous
with geophysical parameters
— geophysical parameters influenced by indirect effect

— S04 (and BC), and thus CCN, influenced by changes in
geophysical parameters.
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Response: Year 11-30
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Observed changed in precipitation
[Rotstayn and Lohmann, 2002]
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Response: Year 11-30
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Results Summary

Geophysical feedback:

 Cooling enhanced by sea-ice and snow cover albedo
feedback

« Cooling wide-spread in the Troposphere

* Northern hemisphere cooled more than Southern
~ + ITCZ displaced to the south.

- Chemical feedback
« Sulfate burden increases

* In major NH-source regions and a few SH oceanic areas,
the indirect cooling increases, in expected (?)
agreement with the sulfate burden increase

 However, contra-intuitively (?):
— Global cooling is reduced
— ITCZ-displacement is slighly reversed




Discussion

Indirect effects are produced by anthropogenic
increase of CCN due to sulfate.

Chemical feedback yields more sulfate but smaller
climate impacts.

How can this come about?

1. Why more sulfate?
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S0, and SO, budgets

Total SOx SO2 S04 S04 SO2 SO2 S04 S04 | SO4 SO4 SO4
- Source | dep Aq. Gas- burden | Reg.- source | wet burden | Res.- | Prod.-
sources Tg(S)y | (%) prod porod Tg(S) | time Tg(S)a | dep | Tg(S) |time |[eff
a (%) | (%) (days) (%) (days) | (days)
Off-line |904 |40.7 {44.8 |{13.2 |0.37 |1.5 540 (85 (051 (34 |2.1
On-line (904 |37.7 {47.3 |13.4 | 0.38 |1.6 56.5 |81 (0.60 |[3.8 |24




Discussion |l

1. Why more sulfate?
 More clouds > More aqueous phase SO,
« Less precipitation - Longer atmospheric residence time
« Colder climate - further reduced precip.
- even more sulfate

2. Why smaller indirect effect when sulfate
increases?
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Feedback on SO4-production

Gas-phase production rate s Off-line



Feedback on cloudiness
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Discussion |l

Why reduced indirect effect when sulfate increases?
Some elements of an explanation:

Sulfate increases predominantly in areas where clouds
become less abundant and precipitation decreases

Increased sulfate is predominantly produced in cloud droplets,
implying minimal impacts on indirect effect

Sulfate decreases slightly in areas normally sensitive to indirect
effects (e.g. Atlantic sub-tropics)

As ITCZ-displacements are reversed, clouds become more
abundant in the upper tropical troposphere where
LW cloud forcing warms more than SW cloud forcing cools



Mother-of-Pearl clouds, Oslo, January 2003. © Michael Gauss
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The CCM-0slo model

CCM-Oslo: Extensions of CCM3.2:

* Prognostic cloud water
(Rasch and Kristjansson, 1998, J. Climate, 11, 1587);

* Life-cycle module for Sulphate and BC aerosols
(Iversen and Seland, 2002. J. Geophys. Res., 107 D24, 4751)

 Parameterisation of aerosol size-distribution, optical
properties, and CCN

Kirkevag and Iversen, 2002, J. Geophys. Res., 107 D20, 4433.

 Parameterisation of aerosol-cloud-precipitation
interactions for the Indirect aerosol effects

Kristjansson, 2002. J. Geophys. Res., 107 D15, 4246.




PRINCIPLE: | | -

Scheme for
parameterized
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PRINCIPLE:

Scheme for
parameterized
Cloud parameters

Condensation and coagulation

Size distribution
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AEROCOM - RESULTS: ODESS50
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Sulphate in Oceanic areas

Annual nss—sulphate in oceanic areas

m—=u Observed
G—6 Modelled AeroComB
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