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Modeling of Climate Impact on AQModeling of Climate Impact on AQ

• Meteorology: downscaled from GCM
– Obtained from EPA’s CIRAQ Project: used “ GISS-II”  global climate 

model for 1950 – 2055, based on IPCC “ A1B” SRES scenario

– DOE/PNNL downscaled this GCM to Regional Climate Model (RCM-
MM5) for the two periods (1996-2005 and 2045-2055)

• Use downscaled regional met for 
two CMAQ 5-year simulations

– Current years: 1999-2003

– Future years: 2048-2052

• Emissions
– 2002 Current Base Case 

– 2030 Future Control Scenarios

• Model Configuration
– CMAQ (version 4.6), Continental U.S. domain 

– with 36-km resolution & 14 vertical layers

Regional Downscaling of Met

Proof of Concept Modeling:

Climate Impact on Air Quality

Ozone & PM 2.5 Results
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Summer Ozone (8-hr max; 5-month avg.)
2002 Base w/ Current Climate

Summer 1999

Summer 2000

Summer 2001

Summer 2002

Summer 2003

Ensemble (1999-2003)

Summer Ozone (8-hr max; 5-month avg.)
5-yr Ensemble Meteorology

2002 Base w/ Current Climate

2030 Control Scenario w/ Current Climate

2030 Control Scenario w/ Future Climate

“ Emissions control is r ight direction 
toward improving future air quality 
regardless of climate change”
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Caveat: Confidence needs to be built
on predicting climate scenarios

Summer Precipitation 
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“ Climate Penalty” ? “ Climate Benefit” ?

Climate Impact on Summer Ozone 
2030 Control Scenario (Future – Current Climate)

Climate Impact on Seasonal PM2.5

2030 Control Scenario (Future – Current Climate)

Winter

Spring

Summer

Fall
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Climate Impact on PM2.5 (Summer)

Summer Precipitation 
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Precipitation

Confidence needs 
to be built on 
predicting
climate 
scenarios!

Climate penalty?

Climate benefit?
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EPA/OAQPS Climate-AQ Modeling
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Aerosols Affect Clouds Formation (indirect effects)

By NASA Aqua/MODIS, September 2005

Brazil
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Biomass Burning (BC/OC) as 
“ Cloud Killers”

Sulfate gases from Volcanic 
Eruption of Mt. Anatahan 

(NASA, May 2003, Saipan)

Sulfate Aerosols 
“ Cloud Enhancer”
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OAQPS Climate-AQ Modeling
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D  D  D  D  Photolysis (NO2)

SO2 reduction EC/OC/VOC reduction

Control Case – Base Case  (July 2001 monthly avg.)

D  D  D  D  Mixing Height (PBL) D  D  D  D  Temp (surface 2m)
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D  D  D  D  GSW (radiation)

Impacts of Air Pollution (%) (All Man-Made Reduction)
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All man-made reduction NOx reduction

DDDD � � � � ��� �� � 	 � 
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SO2 reduction EC/OC/VOC reduction

Control Case – Base Case  (July 2001 monthly avg.)

Climate and air quality interactions can be 

significant
• Emissions control is right direction toward improving future air 

quality regardless of climate change

• Climate change can have significant impacts on AQ; however, 

confidence needs to be built on predicting climate scenarios

• Air pollution can also have significant impacts on regional 

climate through its direct & indirect effects (e.g., air pollution can 

aggravate air pollution itself)  

• Individual pollutants may have different effects on climate (e.g., 

sulfate, black carbon, etc.); better understanding of these effects 

will help develop effective AQ-climate “ win-win”  strategy

� � � � � � �� � � � � � �
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Modeling of AQ/Climate Interactions:
Future Directions and Major  Challenges

Need a unified global-to-regional air  quality and climate 
modeling system

– Modeling of Impact of Climate Change on AQ (downscale)

– Modeling of AQ Impact on Regional Climate (Upscale)

Global Regional/Urban

Downscale

Upscale

THANK YOU!

Carey Jang
US EPA

Office of Air Quality Planning and Standards
Jang.carey@epa.gov


