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PAHs	
  in	
  the	
  future	
  
•  Previous	
  studies	
  suggest	
  efforts	
  to	
  reduce	
  POPs	
  in	
  the	
  environment	
  may	
  be	
  

undermined	
  by	
  future	
  climate	
  
•  PAHs	
  have	
  on-­‐going	
  emissions	
  
•  What	
  are	
  the	
  rela<ve	
  influences	
  of	
  future	
  emissions/climate	
  to	
  PAH	
  long-­‐range	
  

atmospheric	
  transport?	
  
•  Can	
  we	
  resolve	
  climate	
  versus	
  emissions	
  influences?	
  

•  PAHs	
  termed	
  “Arc<c	
  emerging	
  contaminants”	
  
•  Long-­‐range	
  transport	
  accounts	
  for	
  majority	
  of	
  PAHs	
  in	
  Arc<c	
  air	
  
•  Arc<c	
  condi<ons	
  are	
  becoming	
  favorable	
  for	
  local	
  emissions	
  
•  How	
  will	
  PAH	
  transport	
  to	
  the	
  Arc<c	
  change	
  in	
  the	
  future?	
  

PAHs	
  in	
  the	
  Arc<c	
  

Background/Objec0ves/Mo0va0on	
  

Anthropogenic	
  Emissions	
  

Climate	
   2000	
   2050	
  

2000	
   Control	
   ✓	
  
2050	
   ✓	
   ✓	
  



The	
  GEOS-­‐Chem	
  PAH	
  model	
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Methods	
  –	
  projec0ng	
  2050	
  anthropogenic	
  emissions	
  

North	
  
America	
  

Europe	
  
Russia	
  

South	
  
Asia	
  

East	
  Asia	
  

Top	
  global	
  source	
  
ac<vi<es	
  for	
  U.S.	
  
EPA	
  Σ16PAH	
  (2004):	
   Tradi<onal	
  biomass	
  

burning	
  
56.7%	
  

Wildfire	
  
17.0%	
  

Vehicle	
  use	
  
4.8%	
  

Domes<c	
  coal	
  
3.7%	
  

Coke	
  produc<on	
  
3.6%	
  

13	
  others	
  
14.2%	
  

We	
  scale	
  the	
  top	
  (70%)	
  global	
  anthropogenic	
  sources	
  from	
  the	
  	
  
Zhang	
  and	
  Tao	
  (Atmos.	
  Environ.,	
  2009)	
  inventory	
  from	
  ~2000	
  to	
  2050:	
  

	
  	
  



Emissions	
  are	
  scaled	
  according	
  to	
  a	
  related	
  ac<vity	
  

Tradi<onal	
  biomass	
  burning	
  
Domes<c	
  coal	
  burning	
  

Present	
  day	
  emissions	
  (2000)	
  	
  	
  è	
  	
  Future	
  emissions	
  (2050)	
  

Scale	
  with	
  the	
  IEA’s	
  
projec<ons	
  of	
  tradi<onal	
  
biomass	
  demand	
  

Vehicle	
  use	
  
Scale	
  with	
  Shen	
  et	
  al.,	
  2011,	
  
Global	
  <me	
  trends	
  in	
  PAH	
  
emissions	
  from	
  motor	
  
vehicles.	
  Atmos.	
  Environ.	
  
45:2067.	
  

Coke	
  produc<on	
  
Scale	
  with	
  the	
  IEA’s	
  
projec<ons	
  for	
  energy	
  
consump<on	
  in	
  the	
  iron	
  
and	
  steel	
  produc<on	
  sector	
  

Methods	
  –	
  projec0ng	
  2050	
  anthropogenic	
  emissions	
  



Vehicle	
  use	
  
0.03%	
  

Tradi<onal	
  
biomass	
  
burning	
  
15.7%	
  

Wildfire	
  
11.6%	
  

Domes<cal	
  
coal	
  
0.85%	
  

Coke	
  
produc<on	
  
0.58%	
  

Other	
  
71.3%	
  

EMISSIONS	
  GO	
  DOWN	
  
2050	
  PRESENT	
  

Tradi<onal	
  
biomass	
  
burning	
  
61.5%	
  

Coke	
  
produc<on	
  
13.7%	
  

Domes<cal	
  
coal	
  
10.3%	
  

Vehicle	
  use	
  
2.9%	
  

Wildfire	
  
0.6%	
   Other	
  

11.0%	
  

East	
  Asia	
  

Vehicle	
  use	
  
21.3%	
  

Tradi<onal	
  
biomass	
  
burning	
  
12.3%	
  

Wildfire	
  
9.1%	
  

Domes<cal	
  
coal	
  
0.8%	
  

Coke	
  
produc<on	
  

0.5%	
  

Other	
  
56.0%	
  

North	
  America	
  

Tradi<onal	
  
biomass	
  
burning	
  
47.9%	
  

Coke	
  
produc<on	
  
19.2%	
  

Domes<cal	
  
coal	
  
8.0%	
  

Vehicle	
  use	
  
1.4%	
  

Wildfire	
  
1.1%	
  

Other	
  
22.4%	
  

123,500	
  Mg/yr	
   62,800	
  Mg/yr	
  

ê51%	
  

41,900	
  Mg/yr	
   33,000	
  Mg/yr	
  

ê79%	
  

Par<cles:	
  	
  	
  OC	
  -­‐22%,	
  	
  	
  BC	
  -­‐30%	
  	
  	
  	
  	
  	
  Oxidants:	
  	
  	
  OH	
  +4%,	
  	
  	
  O3	
  +16%	
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  projec0ng	
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  anthropogenic	
  emissions	
  



Present	
  climate	
   Future	
  climate	
  (IPCC	
  A1B)	
  

Mean	
  of	
  simulated	
  years:	
   1997-­‐2003	
   2047-­‐2053	
  

Precipita<on	
  

é	
  5%	
  

Temperature	
  
	
  

é	
  1.6	
  C	
  

Wildfire	
  emissions	
  (17%)	
  

We	
  simulate	
  present	
  and	
  future	
  climate	
  with	
  NASA	
  GISS	
  GCM	
  meteorology:	
  	
  

é	
  0-­‐16%	
  

Par<cles:	
  	
  	
  OC	
  -­‐18%,	
  	
  	
  BC	
  -­‐7%	
  	
  	
  	
  	
  	
  	
  Oxidants:	
  	
  	
  OH	
  -­‐1%,	
  	
  	
  O3	
  -­‐2%	
  

Methods	
  –	
  projec0ng	
  2050	
  climate/natural	
  emissions	
  



Vola<lity	
  Maqers	
  
 

< >     −0.07 −0.04 0.00 0.04 0.07 ng/m3

 

 

< >     −0.07 −0.04 0.00 0.04 0.07 ng/m3

 

 

< >     −0.07 −0.04 0.00 0.04 0.07 ng/m3

 

 

< >   −8.00e−03 0.00e+00 8.00e−03 ng/m3

 

 

< >   −8.00e−03 0.00e+00 8.00e−03 ng/m3

 

 

< >   −8.00e−03 0.00e+00 8.00e−03 ng/m3

 

Phenanthrene	
  (vola<le)	
   Benzo[a]pyrene	
  (non-­‐vola<le)	
  2050-­‐2000:	
  

Emissions	
  

Climate	
  

Emissions	
  
&	
  

Climate	
  

-­‐23%	
  

+4%	
  

-­‐19%	
  

-­‐37%	
  

-­‐3%	
  

-­‐38%	
  

Change	
  in	
  mean	
  
northern	
  hemisphere	
  
concentra<ons	
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-­‐2%	
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The	
  Arc<c	
  is	
  a	
  priority	
  area	
  for	
  resolving	
  climate	
  vs.	
  
emissions	
  influences	
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Take-­‐home	
  messages	
  

2050	
  emissions	
  have	
  a	
  greater	
  influence	
  than	
  2050	
  climate	
  
on	
  PAH	
  long-­‐range	
  transport	
  
	
  
Vola<le	
  PAHs	
  will	
  be	
  more	
  strongly	
  impacted	
  by	
  climate	
  (i.e.,	
  
greater	
  “climate	
  penalty”)	
  
	
  
The	
  Arc<c	
  atmosphere	
  is	
  slow	
  to	
  respond	
  to	
  changes	
  in	
  the	
  
mid-­‐la<tudes	
  
	
  
Arc<c	
  monitoring	
  may	
  help	
  us	
  diagnose	
  climate	
  versus	
  
emissions	
  influences	
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