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Modeling Tools to Simulate Air Quality and Climate 

• Simulate 
emissions, 
chemistry, 
transport, removal 

•  Include  
influences of 
meteorology and 
climate changes 
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Applications 
• Assess changes in air quality  

•  Impacts of specific source sectors on air quality 

• Evaluate mitigation strategy effectiveness 

•  Integrated weather/climate and air quality feedbacks 

• Project future changes in climate and air quality 



Lamarque et al., 2005 

Largest increase in 
ozone pollution 
occurred over North 
America and Europe 
until 1970  
 
Ozone pollution grew 
rapidly over Asia after 
1970.  

Changes in surface ozone over the 20th century  



Ambient surface ozone  Ambient surface PM2.5  

change in premature mortalities (deaths year-1 (1000km2)-1)  

Silva et al., 2013 

•  Premature mortalities due to increase in surface ozone and PM2.5 pollution from pre-
industrial era (1850) are widespread globally.    

•  The Indo-Gangetic plain and eastern China are the most affected regions of the world.  

Premature mortalities caused by air pollution  
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Impact of residential combustion emissions on air 
quality and health in China 

ALLEMISS - NORES (= Residential component)Average surface PM2.5 (ug/m3), ALLEMISS

ALLEMISS - NOHEAT (= Heating component) NOHEAT - NORES (~ cooking component)

Three emission scenarios run on 
WRF-Chem for whole of year 2014: 
•  ALLEMISS – Basecase scenario 

with all emissions 
•  NORES – Residential sector 

emissions removed. 
•  NOHEAT – Heating portion of 

residential sector removed. 
 
Heating portion removed by setting 
residential sector emissions to July 
values year-round. 
 

Archer-Nicholls et al., in preparation 



Impact of residential combustion emissions on air 
quality and health in China 

Residential emissions contribute significantly to ambient PM2.5.  
 
Heating contribution comparable to cooking over whole country, particularly 
in Northern regions during winter.  
 
Heating needs to be of greater concern for future emission mitigation  

Archer-Nicholls et al., in preparation 
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Projecting Future Air Quality and Climate 
• Emissions 
•  Land Cover 
• Population 



Future Emission Scenarios 
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Continental NOx Emissions 
ACCMIP RCP8.5 



Kumar et al., in preparation 

Projecting changes in future air quality 



Projecting changes in future air quality 

Kumar et al., in preparation 



Importance of other factors: Land Use 
Daily Maximum 8-h Ozone Concentrations (2000’s and 2050’s) 



Changes in PM2.5 due to global change 

Gonzalez-Abraham et al., 2015 

% change 



Other Considerations: Wildfires 
Future estimates of PM2.5 emissions from fires in California 

1961-1990 2035-2064 2070-2099 

Hurteau et al., 2014 



CHALLENGES 



The model 
matters…. 

Weaver et al., 2009 
O3 (ppb) 

Difference in MDA 
O3 modeled in the 
future (2050’s) and 
the present for 5 
regional simulations 



Scale Matters 

12-km	simula,on	allow	you	to	
see	plumes	from	Thailand’s	
major	ci,es	of	Bangkok	and	
Chiang	Mai	(northwest	
Thailand).		
	
Also	captures	more	high	O3	
events	(not	shown)	
 

Amnuaylojaroen et al., 2015 

2030’s – present (2005-2009) 

12 km 

200km 



Uncertainties in emission estimates 

Marais and Wiedinmyer, in preparation 

Comparison of bottom-up emission estimates for Africa 



Aerosol Composition 

Jimenez et al. 2009 



Aerosol Composition 

Heald et al. 2011  

Example of model underestimation of measured particulate organic aerosols  



Summary   
• Great advances in tools to simulate air quality  

• Projections into the future provide bounds on air quality and 
climate interactions 
•  Dependent on multiple factors including emissions, population, land use 

• Model scale matters 
•  Extremes captured better at higher resolutions 

•  Future activities 
•  Ensemble model simulations 
•  Improved model processes 
•  Observations to constrain and evaluate models 


