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Model SimulationModel Simulation
GISS ModelE GCM: 4°x5° x 20 levels
Equilibrium climate simulations, with a slab ocean.
By running the model to equilibrium it is easier to see significant

aerosol-climate effects.
SIX pairs of
“Pre-industrial” 1890 control  and 1995 perturbation experiments
Successive experiment pairs allow isolation of aerosol effects:
1. Aerosol Direct Effect (DE) only
2. + Indirect Effect (IE)
3. + BC snow Albedo Effect (BAE)
Aerosols: sulfate, BC, OC, sea salt
To see how GHG changes affect aerosol effects:
First 3 pairs: GHGs at 1990 (control and perturb).
Second 3 pairs: GHG is 1890 (control) and 1990 (perturb)
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Direct Effects
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Indirect Effect:Indirect Effect:
Menon and Rotstayn (2005)
Prognostic relations between
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Black Carbon effect on
snow albedo

First we checked (and
adjusted) BC deposition



Black Carbon effect on snow albedo

1. Model Δalbedo depends upon model BC
snow concentration (Warren and
Wiscombe, 1985)

2. Snow grain size as a function of snow age
and surface air temperature is calculated
from Marshall (1989)

New: grains =
0.1 mm

Old: grains =
1 mm

BAE radiative forcing:



Surface Air Temperature changes
1890 to 1995

Observed                       Model with all effects

Model overestimates warming, but it is
equilibrium climate and there are observation
gaps in the polar region



Sea-level pressure changes
1890 to 1995

Observed                                             Model with all effects

Model captures some features, but the BC-albedo
effect seems to increase Arctic SLP too much

http://hadobs.metoffice.com/hadslp2/

No BC-albedo effect
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Snow and Ice
cover changes
1890 to 1995

No ΔGHG

With ΔGHG
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Cloud cover
changes

1890 to 1995

No ΔGHG

With ΔGHG
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Sea level
pressure
changes

1890 to 1995

No ΔGHG

With ΔGHG

Direct                   Indirect           BC-albedo



Correlations among impacts

•Correlations among low cloud changes, SAT, snow changes from
aerosols effects
•These correlations are weaker if GHG’s change too

Direct     Indirect    BC-albedo      Direct     Indirect    BC-albedo
with GHG changes



E.g. effects of BC-snow albedo
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Arctic seasonalities

  Jan                                          Dec

BC-albedo
Direct
Indirect



Arctic seasonalities

BC-albedo
Direct
Indirect



Arctic seasonalities

BC-albedo
Direct
Indirect

ΔSnow-ice cover effect on SAT
biggest in winter (?)
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We couple to simulation with deep ocean:
1) Initial condition: very well equilibrated (offline-tracer) run

from the Hansen et al late 1800’s climate spin-up.
2) Turn on tracers, run 1890 for several decades to spin-up
3) Run for 20th century

Aerosol-gas-climate transientAerosol-gas-climate transient  model setupmodel setup

Species run “on-line” to get all feedbacks, especially
important for indirect and BC-albedo effects.

Aerosols: sulfate, BC, OC, sea-salt, nitrate, dust (including
heterogeneous dust-nitrate-sulfate chemistry)

Coupled to ozone chemistry
No aerosol indirect effect (yet), but includes BC-albedo and

direct effects

Transient run should give “realistic” climate change and
bring us to correct present-day climate dis-equilibrium.

Signal/forcing is weak, need ensemble of simulations



Global radiative forcing trends for short-lived species
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Black Carbon at Whiteface Mountain, NY

Observations from lake cores, 
Husain et al., 2008
model

Husain, L., A. J. Khan, T. Ahmed, K. Swami, A. Bari, J. S. Webber, and J. Li
(2008), Trends in atmospheric elemental carbon concentrations from 1835 to
2005, J. Geophys. Res., 113, D13102, doi:10.1029/2007JD009398.



Black Carbon and
sulfate in Greenland

ice core

McConnell et al., 2007

Model
BC: too much
after 1950

Sulfate: not
enough from
1910-1940

20th-Century Industrial Black
Carbon Emissions Altered
Arctic Climate Forcing
www.sciencexpress.org
/ 9 August 2007 /
10.1126/science.1144856



Model results: Trends in Surface Air Temperature
and Ocean ice

Observed SAT

Modeled SAT



Observed and modeled surface temperature changes

Observed
ΔSAT

Modeled
ΔSAT

century 60’s to 90’s



Observed and modeled sea level pressure changes

Observed
ΔSLP

Modeled
ΔSLP

century 60’s to 90’s



Artic snow and ice
cover (%)

Observed

Model



Next stepsNext steps

• Include indirect effect in transient experiments

• Continue forward with future (mitigation) experiments

• Isolate effects during past 2 decades (requires
multiple ensembles)

• Study how coupled species/effects affect climate
sensitivity
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