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Objectives

• To predict changes in climate that influence biogenic 
emissions and air quality.

• To quantify the impact of climate change on plant 
ecosystem composition.

• To estimate the impact of a changing plant ecosystem 
on biogenic emissions.

• To estimate the impact of changes in regional climate 
and plant ecosystem on aerosol loading, O3, NOx, hydrocarbons, and the oxidative capacity of the 
atmosphere.
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TRACK I: CO2 ENRICHMENT RESEARCH –
Measurements at the Duke Forest FACTS-I site

Measurements at Duke Forest
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1. Canopy: 
September 2004

2. Vegetation and 
Soil: June 2005

3. Soil:    
September 2005
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Vegetation Flux Measurements: June 2005 

Loblolly Pine
(Pinus taeda)

Sweet Gum 
(Liquidambar styraciflua )

Branch enclosure 
measurements made 

every 2 hours over 2 day 
period for each species.



Soil Fluxes: June and September 2005
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• Below-canopy profiles 
of a suite of VOCs
measured.  

• Source of reactive 
alkenes in the lower 
forest canopy/soil in the 
elevated CO2 ring.

• Some uptake of 
isoprene near the 
surface. 

• Possible soil emissions 
of terpenes.
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Net CO2 Flux
(mmol m-2 d-1)
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OCS uptake is tree species-dependent: ambient OCS level for 
Loblolly pine and net CO2 flux for sweetgum.



Emissions of CH3I from the two tree species were comparable, but 
with a distinct diurnal cycle from Loblolly Pine and none from 
Sweetgum (emission not stomatally driven). Sive et al. [2007]
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Key Points from Vegetation and Soil Flux Measurements

Loblolly Pine

Emission fluxes of α-pinene, β-pinene, & camphene ~50% lower
under enhanced CO2 conditions (p = 0.01).

OCS uptake is tree species dependent: it increases with the 
ambient OCS level.

Sweetgum

β-pinene emission flux ~200% lower under enhanced CO2
conditions (p = 0.01).

OCS uptake is tree species dependent: it decreases with 
enhanced CO2. 



*Limonene emission fluxes were not significantly different between the two 
CO2 environments for either tree species.

*Terrestrial vegetation and soils make a significant contribution to CH3I 
regional and global budgets.

*CO2 enrichment does not have a significant effect on CH3Cl or CH3Br 
exchange.

Soil

Wide spatial and temporal variability in soil fluxes.

Propane & camphene emissions fluxes were ~150% higher from wet (soaked) 
compared to dry soils.

β-pinene emission was equal to its flux from Sweetgum (10% of Loblolly).

Soils were both a net source and sink of CH3Br and CH3Cl.

No significant difference for any trace gas between the present versus future 
CO2 conditions.



Days in September 

R2-R1: 

6.4±5.5 ppbv

O3, NO



MM Simulated O3 Mixing Ratios

1. Box model results show that O3 levels in Ring 2 were increased by 2.4 
ppbv±2.0 ppbv on average.

2. Ozone uptake by vegetation was increased in Ring 2 by 0.5±0.3 ppbv hr-1

on average compared to Ring 1 using the sap flux measurements.
3. Overall, model only captured 37% of the observed O3 increases in Ring 2.  

Compounds are missing from our VOC measurements that likely 
contributed to O3 production.  Mao et al. [2007]



TRACK II – Regional Climate and Air Quality Assessment

For a future climate with doubled CO2:

1. More convective precipitation, with a 
higher intensity across the U.S.  

2. Heavy precipitation events should 
become more frequent, and be 
distributed over fewer days with larger 
daily amounts.  

3. The mean length of the drying period 
should increase from 1.78 days at 
present to 1.92 days, and the domain-
wide maximum extended from 34 to 40 
days. 

4. The probability of flooding and droughts 
should increase in the future.  

Chen et al. [2005]
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Future Projection of Global and US Emissions
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Seasonal Mean Daily Maximum 8h-O3 Levels



Average Mean Temperature and Surface Pressure Levels

The area of largest increases in O3 coincides with that of positive 
pressure changes in spite of uniform increases in anthropogenic O3
precursors. 



Future Work

• Estimate the changes in O3 by implementing the 
changes in measured biogenic emissions into the air 
quality modeling system.

• Complete the remaining scenarios for future climate and 
air quality assessment.

• Quantify the impact of climate change-induced 
vegetation shifts on biogenic emissions with subsequent 
effect on air quality. 
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