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Modeling Global Transport and Impacts 

POPs 

Integrated Assessment 

Mercury 
Projecting Future Hg under Policy (Selin, ETC, 2013) 
Inverse analysis with GEOS-Chem (Song et al. in prep) 

Climate and future PAHs (Friedman et al ES&T 2013) 
PAHs and SOA (Friedman et al., AGU poster) 
PCBs and PFOS/PFOA (under construction) 

Quantifying US benefits from Hg treaty (in prep) 
PM and O3 co-benefits from US carbon policies  
 (Thompson et al., submitted; AGU talk 
 on regional carbon policy results) 
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Transport and Fate of Toxics 
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Future mercury projections 

Sunderland and Selin, Env Hlth, 2013 
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Modeling of Future Hg under Policy 
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GEOS-Chem mercury simulation 

S. Song et al., in prep 
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Inverse modeling to constrain emissions 

 The average uncertainties are reduced from 100% to ~ 64%. 
 Significant changes in the seasonality of ocean and soil emissions. 

 The optimized Asia emission 
was ~ 54% higher than the 
reference, similar to that by 
Strode et al. (2008). 

 

Strode et 
al., 2008 

(e) Asia emission 

Ocean     Ocean      Soil 
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GEOS-Chem mercury simulation 
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Independent tests of the inversion 

NMBref = -0.18 
NMBopt = -0.05 

NMBref = -0.22 
NMBopt = -0.09 

 The North Atlantic Ocean region was selected for both data sets. 
 Independent data sets from ship cruise and aircraft measurements were 

better reproduced using optimized emissions. 
Ship cruise data source: Soerensen et al., 2010a; Soerensen et al., 2012 
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De Laender et al., 2011 

PAHs are increasing in the Arctic 
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  GEOS-Chem POPs Simulation 
Polycyclic Aromatic Hydrocarbons (PAHs) 

Phenanthrene 
(PHE) 

Pyrene 
(PYR) 

Benzo[a]pyrene 
(BaP) 

GAS-PHASE 

PARTICLE-PHASE 

   
     

Annual average benzo[a]pyrene 
vs. observations, mean 2005-2009 

Emissions from Zhang and Tao [2009], GEOS-
Chem at 4°x5°; includes gas-particle 
partitioning (to BC/OC), gas-phase oxidation by 
OH; wet/dry deposition; (particle-phase 
oxidation)   [Friedman and Selin, ES&T, 2012] 
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What processes influence PAH transport? 
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 Our atmospheric lifetime is much shorter than the “threshold” 
criteria for regional/global action (2.8 days) 

 Previously thought that phase (particle vs. gas) was most 
important in controlling transport. This is not the case.   

 Simulation sensitive to: temperature sensitivity of partitioning, 
on-particle oxidation 

 
 [Friedman and Selin, ES&T, 2012] 
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Europe and Russia influence Spitsbergen 
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 [Friedman and Selin, ES&T, 2012] 
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 ~80 % 

 [Friedman and Selin, ES&T, 2012] 

Europe and Russia influence Spitsbergen 
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North 
America 

Europe 
Russia 

South 
Asia 

East 
Asia 

Future emissions and future climate 
We scale the top (70%) global anthropogenic sources from the 
Zhang and Tao (Atmos. Environ., 2009) inventory from ~2000 to 
2050: 
  Traditional biomass burning (57%) 
Domestic coal burning (4%) 
Vehicle emissions (5%) 
Coke production (4%) 
 

EMISSIONS GO DOWN 

Particles:   OC    BC        Oxidants:   OH   O3 
 [Friedman et al. 
ES&T 2013] 
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Present climate Future climate (IPCC 
A1B) 

Mean of simulated 
years: 

1997-2003 2047-2053 

Precipitation 

 5% 

Temperature 
 

 1.6 C 

Wildfire emissions (17%) 

We simulate present and future climate with GISS GCM meteorology (A1B) 

 or no 
change 

Particles:   OC    BC        Oxidants:   OH   O3 

Future emissions and future climate 

 [Friedman et al. 
ES&T 2013] 
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Results: Volatility Matters 
Phenanthrene (volatile) Benzo[a]pyrene (non-volatile) 2050-2000: 
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Arctic stations can resolve climate vs. emissions 

5

50

500

PH
E
/B

aP
 

Measured

2000 Control
Simulation

Entire Arctic 
60-90N 

n=3 

High Arctic 
80-90N 

n=1 



http:/mit.edu/selingroup  

Emissions to Impacts: Mercury 
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Integrated Assessment for Mercury 
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U.S. benefits from Minamata Convention 

Discounted at 3% 

US Mercury + Air 
Quality Policy 

US Mercury policy 
alone 

Minamata 
Convention 

Cumulative benefits from Minamata: $38 billion 
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Policies-to-impacts sensitivity analysis 
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Integrated Assessment of PM and O3 

Air 
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Climate and  
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Thompson et al., submitted 
Thompson et al., regional study: talk at AGU 
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