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Global Change and Air Quality 

AQ 

∆ (anthro. emissions) 

∆ (climate) 

∆ (land use/land cover) 

∆ (strat. ozone) 



Vegetation is important affecting air quality  

VOCs 
NOx 

O3 

PM 

millions of people living in area violating NAAQSS, 2010 [EPA, 2011] 

http://iconbazaar.com/bars/contributed/pg04.html
http://upload.wikimedia.org/wikipedia/commons/5/50/Isoprene.svg


Perturbations to vegetation 
Deforestation 

Afforestation 

http://geology.com/climate-change 

Climate change 

http://www.worldproutassembly.org 

http://www.coalvalleynews.com 



Perturbations to vegetation 
Wild fires 

http://www.rockymountaingreenfuture.org 

Bark beetle killing  

Invasive species 

http://www.firehow.com/ 

http://www.mtri.org/firehealth.html 



Modeling framework 

Chemistry, transport, 
deposition, etc 

∆ GHG 
Air 

pollutants & 
their 

precursors 

∆ Climate 

NASA / GISS GCM 3  
23 vertical layers extending to 85 km 
Horizontal resolution of 4º x 5º 

GEOS-Chem CTM 
coupled ozone-NOx-VOC-aerosol chemistry 

∆ anthropogenic emissions 

Natural 
emissions 

∆ land cover 

∆ anthro. land use 

LPJ global dynamic 
vegetation model 

∆ CO2 



Invasive species Kudzu and air quality 

http://www.firehow.com/ 



Kudzu: from bad to worse 

[Hickman et al., 2010, PNAS] 

∆ (# of days/yr with O3 > 70ppb) 

(Data from 3 sites in Madison County, Georgia) 

With 
Kudzu 

Native 
vegetation 

If Kudzu covers all non-agricultural, 
non-urban soils  +28% soil NOx 

∆ O3 (ppb) 



Changes in temperature and precipitation simulated by 
the GISS model (annual mean; A1B scenario) 

Temperature (2050s – 2000s) 

Annual mean surface temperature +1.6K 

Precipitation (2050s / 2000s) 



Climate-driven changes in vegetation for 2000-2050 

Temp. broadleaf summergreen Boreal needleleaf evergeern 

Tropical broadleaf evergreen Tropical broadleaf raingreen Temp. needleleaf evergreen 

Temp. broadleaf evergreen 

Boreal summergreen C3 perennial grass C4 perennial grass 

+17% -9% 



Climate-driven changes in vegetation (total area coverage) 

Global  30-60oN 

[Wu et al., 2012, ACP] 

+40% 

-20% 



Climate-driven changes in leaf area index (LAI) 
2050 / 2000 

2100 / 2050 

        2000 



Changes in isoprene emissions due to land cover change 
2050 – 2000 

2100 – 2050 

        2000 

2100 – 2000 

+10% 

+25% 



Changes in monoterpene emissions due to land cover change 

2050 – 2000 

2100 – 2050 

        2000 

2100 – 2000 

+4% 

+10% 



Changes in ozone dry deposition velocity due to land cover change 

2050 / 2000 

2100 / 2050 

        2000 

2100 / 2000 



Changes in JJA surface ozone (ppb) due to land cover change 

 

2050 – 2000 

2100 – 2050 

        2000 

2100 – 2000 



Changes in JJA surface SOA (μg/m3) due to land cover change 
2050 – 2000 

2100 – 2050 

        2000 

2100 – 2000 

[Wu et al., 2012, ACP] 



Changes in zonal mean SOA (ratio) due to land cover change 

2050 / 2000 

2100 / 2050 

        2000 

2100 / 2000 

+20% 



Changes in column SOA (ratio) due to land cover change 
2050 / 2000 

2100 / 2050 

        2000 

2100 / 2000 



Changes in biogenic emissions and atmospheric 
composition due to land cover change 



Changes in anthro. land use/crop coverage 
2050 – 2000 

2100 – 2050 

        2000 

2100 – 2000 



Changes in isoprene emissions due to LU/LC change 
2050 – 2000 

2100 – 2050 

        2000 

2100 – 2000 



Changes in surface O3 (JJA) due to LU/LC change 
2050 – 2000 

2100 – 2050 

        2000 

2100 – 2000 



Changes in surface SOA (JJA) due to LU/LC change 
2050 – 2000 

2100 – 2050 

        2000 

2100 – 2000 



Intercomparison to other global change factors - 
2000-2050 changes in summer (JJA) surface ozone (ppb)  

Effects from ∆(climate) 

[Wu et al. 2008] 

Effects from ∆(land use/land cover) 

[Wu et al. 2012] 

Effects from ∆(strat. O3 column) 

Effects from ∆(anthro. emissions) 

[Wu et al. 2008] 



Further and ongoing work 

1. Additional factors/processes related to LU/LC that affect 
air quality (e.g. wild fires; mountain beetle killing, etc.)? 
 

2. Higher resolution / CMAQ? 
 

3.  Updates in the modeling system/processes, e.g. 
     a). CO2 inhibition effect on isoprene emissions; 
     b). aging mechanism for carbonaceous aerosols.  

 



Updates in the hydrophobic-hydrophilic conversion 
rates for carbonaceous aerosols in the model 

[Huang et al., 2012] 



Sensitivity of simulated OC/BC to the aging scheme 

[Huang et al., 2012] 



“Prediction is very difficult, 
especially about the future” 

Nobel Prize in Physics (1922) 
http://nobelprize.org 

--  Niels Bohr         Take home message 
 LU/LC changes in the coming decades have 
significant implications for atmospheric 
composition and air quality (by affecting 
biogenic emissions and dry deposition); 

 

 The integrated modeling system increases our 
capacity in understanding the interactions 
between global change and air quality； 

 

 The potential impacts on chemistry and air 
quality from vegetation change should be 
considered in long-term planning of 
anthropogenic land use (e.g. afforestation 
activities) and air quality management.  



 



Backups 

 



Changes in zonal mean Temperature 

Annual mean surface temperature +1.6 K 

Temperature: 2050 – 2000 



Changes in summer (JJA) isoprene emissions 

 

425 Tg C/yr  489 Tg C/yr (+15%)  

576 Tg C/yr (+36%)  



Vegetation coverage for 2000 



Changes in column SOA (difference) 



Where’s Michigan Tech 
Michigan Tech, 
Houghton, MI 
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