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D t b l ‘ i th t ff f l d d ht d d tDust bowl - ‘a region that suffers from prolonged droughts and dust 
storms’ (1936)

• Models suggest that SST was at least 
partially responsible for the droughts in 
the 1930

• Models could not reproduce the severity 
and the spatial pattern

• Drought may have been amplified by land 
surface feedbacks related to land 
degradation over the Great Plains => 
massive wind erosionmassive wind erosion

• The reduction in the surface net radiation 
beneath the aerosol layer can reduce the 
evaporation and thus precipitation.

• There is a strong potential for dust forcingThere is a strong potential for dust forcing 
to exacerbate the drought during the Dust 
Bowl
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Goal: Investigate the contributions of SST 
snd dust radiative forcing to the 1930s Dust 
Bowl



Models and experimental setup

• AGCM (GISS Model E) is coupled to e 
dust emission and transport model.

• Only ‘natural’ dust sources are 
considered, sources created by 

• Experiment 1 (control) : Observed SST 
for the period 1920-1929 and without 
dust.

anthropogenic land degradation are 
ignored.

• Dust is represented by four tracers 
ith diff t bi i

• Experiment 2: Model is forced with 
observed SST for the period 1932-
1939 and without dust.

with different bin sizes.
• Dust particles are treated as Mie 

scattereres.
• Dust interacts with the radiation, 

but does not impact cloud

• Experiment 3: Combined impact of 
SST and active dust emission for the 
period 1932-1939  

Dust source over the Great Planes wasbut does not impact cloud 
microphysics.

Dust source over the Great Planes was 
added.

3



Results - Dust emission and atmospheric loading

Area of the new dust source and the additional atmospheric dust loading in 
E i t 3
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• Emission results in about a half of that 

needed to match the observations. 

Experiment 3. 



Results - Spring and summer precipitation anomalies

• When dust forcing is included with the 
SST forcing the drought intensifies

Precipitation anomalies from the GHCN 
dataset and the model experiments
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SST forcing the drought intensifies.dataset and the model experiments.



Results Spatial pattern and intensity of theResults - Spatial pattern and intensity of the 
precipitation

• When dust forcing is included with the 
SST forcing the drought intensifies and 
the center moves north and east.

Conclusions:

• SST forcing alone reproduces the 
drought during the 1930s, but one that is 
too eak and centered too far to thetoo weak and centered too far to the 
south.

• The addition of a dust source the model 
generates intense drought with more 
realistic spatial pattern.
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realistic spatial pattern.
• Results support the notion that high 

atmospheric concentrations could 
have acted as a positive feedback to 
drought during the Dust Bowl.



Impact of desert dust radiative forcing on Sahel precipitation

• The drought of the 1980's and early 1990's led to a 
famine that affected many countries and people in 
Africa. 

• Affected 20 countries, 150 million peopleAffected 20 countries, 150 million people
• 30 million were in urgent need of food aid
• 10 million refugees seeking food and water
• 100,000 to 250,00 deaths

5-year running means 
(July-Aug.-Sept.) of 
Sahel rainfall, 
normalized so its 
average value over 
1901-2000 is equal to 
1.0. Black curve = 
observations. Thick light 
blue line = historical 
CM2 ensemble meanCM2 ensemble mean 
(n=8). Red line = CM2 
simulation that most 
resembles the observed 
1950-2000.

7
Goal: Investigate the the possible effect of direct radiative dust forcing on Sahel precipitation 
through its impacts on the atmosphere and the surface. Characterize the relative roles of dust, 
SST, vegetation change and GHG warming within the same modeling framework.



Models and simulations

• NCAR’s CCSM3 is a coupled atmosphere, ocean and sea-ice model
• No vegetation change
• Dust emission follows DEAD (MB95)
• Dust is transported in 4 bins with subbin lognormal distributionDust is transported in 4 bins, with subbin lognormal distribution. 
• Dust interacts with the radiation, but does not impact cloud microphysics.
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Atmospheric responses to dust radiative forcing - precipitation responses

The  model tends to underestimate 
the precipitation near ITCZ and 
distributes the precipitation over 
broader latitude band.
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Atmospheric responses to dust radiative forcing - precipitation responses

On global average dust radiativeOn global average dust radiative 
forcing acts to reduce precipitation 
(AMIP - statistically insignificant by 
0.1%) 
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Atmospheric responses to dust 
radiative forcing precipitationradiative forcing - precipitation 

responses

On global average dust radiativeOn global average dust radiative 
forcing acts to reduce precipitation 
(SOM - statistically significant by 
0.83%) 

The precipitation response to 
dust radiative forcing is much 
larger, more consistent and 
statistically more significant in 
SOM than AMIP through the globeSOM than AMIP through the globe 
and especially in the Tropics, 
although the dust is largely 
confined to the North Africa and 
North Atlantic regions.
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I t f d t S h l i it ti l ti t th f SST t tiImpact of dust on Sahel precipitation relative to those of SST, vegetation, 
and GHGs

• In AMIP-ND, the difference in 
the precipitation between the 
driest and the wetest 10-yr 
periods is -0.18+/-0.13 
mm/day or 36% +/- 27% of themm/day or 36% +/- 27% of the 
observed changes.

• Including dust radiative forcing 
shows small change in those 
numbers when dust loading 
does not change much from 
wet to dry period (3% 
AMIP.SL)

• AMIP.F (climatologically fixed 
dust) results in the maximumdust) results in the maximum 
precip. Change from wet to dry 
period of -0.23 +/- 0.05 
mm/day or 47% +/- 15% of the 
observations 
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I t f d t S h l i it ti l ti t th f SST t tiImpact of dust on Sahel precipitation relative to those of SST, vegetation, 
and GHGs

• In AMIP.SLV and AMIP.SL 
represent the impact of Sahel 
vegetation change

• AMIP.SLV is more similar to 
the observation than AMPI SLthe observation than AMPI.SL, 
but the precipitation decrease 
is too small.

• The Sahel precipitation 
response to the vegetation espo se to t e egetat o
change between the wet and 
the dry period is estimated 
using AMIP.ND - AMIP.NDV 
and is obtained to be -0.05 +/-
0 07 mm/day or 10% +/ 14%0.07 mm/day or 10% +/- 14% 
of the observed changes in the 
Sahel precipitation (statistically 
insignificant)
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I t f d t S h l i it ti l ti t th f SST t tiImpact of dust on Sahel precipitation relative to those of SST, vegetation, 
and GHGs

• Another process that might be 
causing the change in Sahel 
precipitation is the GHGs 
warming.

• AMIP F AMIP H (GHG fixed• AMIP.F - AMIP.H (GHG fixed 
at 1990 levels vs time-varying 
forcings) result in precipitation 
response of +0.06 +/- 0.03 
mm/day

• In both SOM and AMIP 
simulation increase in GHGs 
results in increased 
precipitation - oposite to the 
observationsobservations
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I t f d t S h l i it ti l ti t th f SST t tiImpact of dust on Sahel precipitation relative to those of SST, vegetation, 
and GHGs

• The model predicts less
precipitation with dust 
radiative forcing than 
without it by -0.20 +/- 0.05 
mm/day ot 41% +/- 16% ofmm/day ot 41% +/- 16% of 
observed precipitation change 
without SST feedback and -
0.22 +/- 0.06 or 46% +/- 16% 
with SST feedback.

• See AMIP.SL - AMIP.ND and 
SOM.SL - SOM.ND
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Impact of dust on Sahel precipitation relative to those of SST, vegetation, 
and GHGs

• Conclusions: The model 
simulations suggest that 
the dust radiative forcing 
acts to reduce the global 
average precipitation. 
(SOM AMIP(SOM response > AMIP 
response) 

• A large part of the 
reduced precipitation 
occurs over the ITCZ.

• The magnitude of the 
Sahel precipitation 
reduction is better 
simulated when dust is 
increased and vegetation g
is decreased from the 
wet 1950-60 to the dry 
1980-90s.
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