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2 Figure Source: V. Ramanathan, and G. Carmichael, Nature Geoscience, 2008  

 
Brown Cloud Masking= -1.5 
(+-50%) W/m**2 
BC acts like CO2 with about 
50% of forcing as CO2, but 
with a much shorter 
atmospheric lifetime.  
 

ABC Program has helped establish SLCP 
opportunities 
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Reducing the Impacts of  Aerosols have Important Implications for 
Air Quality and Climate (but road is bumpy) 

 

     Improved Air 
Quality/Health 

      Reduce mass 

Growing evidence that 
BC and associated 
components have 
high risks 

 

Reduced Climate 
Change Impacts 

Alter the balance 
between absorbing 
and scattering 
aerosol  

(BC/S ) 

 

Win/Win Strategy 

+ Decrease PM2.5 and tropospheric ozone 

+ Decrease BC faster than Sulfate  

(scattering)  aerosol 

Penalties 

Rewards 
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High Altitude Regions are impacted by Aerosols from Different Sources 

Kalkarni et al., 2013 

Annual Average 2008/09)  



Central Asia Observatory  
 

 Trajectories of long range transport at 
height 3500 m over sea level 
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Meteorology Fairly Well Predicted  



PM2.5 (and AOD & BC) Fairly Well Predicted    
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Which Source Regions/Sectors Contribute to PM2.5 in High Central Asia  
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What Source Regions/Sectors Contribute to BC in High Central Asia  



What Source Regions/Sectors Contribute to BC at Pyramid Site?  



 What are the Opportunities to Reduce PM2.5 and BC in the Region by 2030?  



 What are the Opportunities to Reduce PM2.5 and BC in the Region by 2030?  



 What are the Opportunities to Reduce PM2.5 and BC in the Region by 2030?  
For High Altitude Regions both the health impacts and the climate warming associated with these 

particles may increase over the next decades unless additional control measures are taken.  



Backup Slides 
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Regional Perspectives are Needed AND BC (and SLCP) Processes are Complex and 
contain various Uncertainties 

Bond et al., JGR, 2013 



 

Result for Global Temperature Change:  
CO2 and SLCF Measures are Complementary Strategies 
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Climate given at 2050, air quality benefits for 2030 and beyond 

 

Impact of the Measures on Health, Crop yields and Climate 
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Atmospheric Absorption is Underpredicted 

Bond et al., JGR, 2013 
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* 
* 



Emission Estimates Remain Uncertain 

Liu et al., ACP, 2012 



PM2.5 (and AOD) Fairly Well Predicted  









New approaches - global aerosol direct 
radiative forcing sensitivities from every 

sector & region using adjoints 

Calculated very efficiently with the  
GEOS-Chem adjoint (Henze et al., 2007)  + LIDORT (Spurr, 2002) 

Henze et al., ES&T, in press 2012  25 



New approaches - global aerosol direct 
radiative forcing sensitivities from every 

sector & region using adjoints 

Henze et al., ES&T, in press 2012  26 

RF efficiencies 

EPA Star Grant 



New approaches - global aerosol direct 
radiative forcing sensitivities from every 

sector & region using adjoints 

Henze et al., ES&T, in press 2012  27 

RF efficiencies 



New approaches - global aerosol direct 
radiative forcing sensitivities from every 

sector & region using adjoints 

Henze et al., ES&T, in press 2012  28 
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ABC Nepal Climate Observatory (NCO-P)  
•Remote site in Himalayan region 
• 5079 m asl 
•27.9 N, 86.7 E 
•Complex topography 

Transport and Deposition 
Processes in The Himalaya Region 
Have Important Implications for 

Water and Food Security  

S. Fuzzi and team 
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Fig 7 


