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Plants accumulate carbon

Ecosystem Area C in Plants      C in Soil

(%) (Pg) (Pg)

Trop. Wet Forest 7.2 156.0 255

Trop. Dry Forest 5.3 49.7 59

Temp. Forest 6.3 73.3 142

Boreal Forest 10.3 143.0               179

Trop. Savannah. 16.9 48.8 56

Temp. Steppe 10.4 43.8 173

Desert 12.5 5.9 101

Tundra 7.5 9.0 173

Wetland 2.0 7.8 137

Cultivated 10.9 21.5 178

Total 558.8 1456

From Houghton and Skole 1990, Schlesinger 1977



Fate of Anthropogenic CO2 Emissions (2008-2017 average)

8.9 GtCO2/yr
22%

34.4 GtCO2/yr 87%

5.3 GtCO2/yr 13%

11.6 GtCO2/yr
29%

17.3 GtCO2/yr
44%

Source: CDIAC; NOAA-ESRL; Houghton and Nassikas 2017; Hansis et al 2015; Le Quéré et al 2018; Global Carbon Budget 2018

http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://www.esrl.noaa.gov/gmd/ccgg/trends/
https://dx.doi.org/10.1002/2016GB005546
http://dx.doi.org/10.1002/2014GB004997
https://doi.org/10.5194/essd-10-2141-2018
http://www.globalcarbonproject.org/carbonbudget/




Environmental change and tree growth

Precipitation TrendMay − September (mm/100 years)
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Tree growth is complex
Light 
Water
CO2
Nutrients
Temperature
Pathogens
Pollution
Fire
Competition
Herbivory



CO2

How do we study 
forest carbon cycling?

Direct    
measurements

Manipulative 
experiments

Dendroecology



Direct measurements of carbon cycling



• Laboratory and greenhouse
– Weeks to months, cm to dm

• Open-top chambers and mesocosms 
– 3 to 4 years, m

• Plantation forests
– Decades, 10’s m to km

• FACE (Free-Air Carbon Dioxide Enrichment)
– Decades, 10’s m to km

Manipulative experiments at multiple scales



• Land use change
• Fire
• SO2 emissions/SO4

2- deposition
• NOx emissions/NO3

- deposition
• Temperature changes
• Precipitation changes
• Drought (PDSI)
• Increased atmospheric CO2

Dendroecology = Using patterns in tree rings to understand 
environmental impacts on ecological processes



Field sites studied by the Thomas lab



McGowan Mountain

Span Oak Run

Cranberry Glades

McGowan 
Mountain

Span Oak 
Run

Cranberry 
Glades



Looking for fingerprints of environmental change



Looking for fingerprints of environmental change
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Looking for fingerprints of environmental change



Looking for fingerprints of environmental change



Looking for fingerprints of environmental change with isotopes

12CO2
13CO2

12C-organic
13C-organic reflects photosynthetic physiology

Stomatal conductance (gc)       Carbon fixation (A)



Looking for fingerprints of environmental change with isotopes

Carbon isotopes change at same time
as growth.

Indicates an increase in both photosynthesis
and stomatal conductance



Red cedar trees 
(Juniperus virginiana)

• Trees cored at Smoke Hole 
Canyon, WV.

Smoke Hole Canyon



Looking for fingerprints of environmental change



Looking for fingerprints of environmental change

Great Depression Era
6% increase in photosynthesis
15% increase in stomatal conductance





Conclusions
These studies show the positive impacts of Clean Air Act to 
facilitate recovery of forest ecosystems from acid deposition. 

Both, increased atmospheric CO2 and small increases in spring 
temperatures, have been beneficial for trees, leading to greater 
photosynthesis and growth.



Questions?


