
1

Impacts of Disturbance on the 
North American Carbon Cycle 
– A NACP Synthesis Activity

Eric S. Kasischke and a cast of > 100
3rd NACP All Investigators Meeting

2 February 2011 



2

Summary of Papers from 
Disturbance Synthesis

JGR Biogeosciences (in press)

Key activities

• Synthesized recent research in key areas
• Assessed the state of the science
• Identified key information and research gaps
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Significant Findings from Disturbance Research on 
North American Forests

1. While the overall rates of deforestation activities have been 
fairly constant, regional patterns have shifted in the U.S. (NW to 
SE) and decreased in Canada between the 1990s and 2000s

2. In many regions, area disturbed by fire, insects, and hurricanes 
were much greater in the 2000s compared to the 1990s

3. Natural disturbances tend to occur in clusters at regional 
scales that take place over multiple years (regional disturbance 
clusters)

4. These disturbance clusters can result in large pulses of carbon 
being released to the atmosphere (regional disturbance carbon 
pulses) from increased heterotrophic respiration of dead woody 
debris and biomass combustion

5. In all regions of North America, disturbances control 
exchanges of carbon with the atmosphere at multiple temporal 
scales, but current capabilities to assess the net impacts are 
limited

6. In a changing climate, the legacies of recent and past regional 
disturbance clusters are highly uncertain
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Examples of regional disturbance clusters 
and regional disturbance carbon pulses

1. Insect outbreaks in western N.A.
2. Hurricanes in the S.E. U.S.
3. Western N.A. wildland fires
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Net effects of pine beetles in 2000s
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Canada (Kurz):  +12.9 Tg C yr-1

West. U.S. (Edburg):  +2.0 Tg C yr-1

Question – how do large scale 
defoliations affect NEP
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1970s 2000s

An increase of 40-50% in forest damage from hurricanes in the 2000s = +8 to 
10 Tg C year in emissions from heterotrophic respiration



7% of ecoregion burned
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The deeper burning fires in the 2000s resulted in changing the organic soil 
layer of Alaska black spruce forests from a net sink to a net source of 

atmospheric carbon

The organic layers of Alaskan BS forests 
contain 875 Tg C, accumulated at a rate of 

55 Tg / decade (MossNPP + Litter – Rh)
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Regional burned area clusters lead to regional disturbance carbon pulses

While burned area increased dramatically in the western U.S., changes in 
combustion emissions were lower because of overall lower average fuel loads
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Recent changes in NEE for Canada’s Managed Forests

Does not include 
decreases in 
combustion 
emissions and 
changes in NEP for 
unmanaged forests 
and peatlands in 
Canada
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The net effects of increased natural forest disturbances in 
the U.S. between the 1990s and 2000s are unknown

????
•Post-Disturbance NEP
•Changing Patterns of 

Forest Harvest
•Woody Encroachment

•Forest Defoliators
•Forest Dieback

•HNL Soil Warming
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Uncertainty in future projects of the forest carbon budget are based 
on uncertainties in the longer-term legacy effects of disturbance
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Recommendations from the Disturbance 
Synthesis

There needs to be coordinated programmatic support 
for integrated assessment of the impacts of 
disturbance on the North America’s terrestrial 
carbon budget, to include

1. Development of an integrated modeling framework 
across North America for assessment of disturbance 
impacts – (diagnostics and predictions)

2. Systematic quantification of disturbances (area and 
severity) on an annual time scale

3. Research to address key uncertainties
a. Factors controlling disturbance regimes
b. Integrated impacts of multiple disturbances
c. Post –disturbance recovery ( vegetation community 

dynamics, heterotrophic respiration, dynamics of 
dead woody debris pools, controls on NEP)
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Disturbance category
1 – Fire
2 – Land Management
3 – Insect/Biological Impacts
4 – Weather Events
5 – Thermokarst
6 – Woody Encroachment

Key Carbon Pools, Fluxes, and Processes Involved 
in Disturbance Research

*includes litter
**includes partial mortality to branches and limbs

Carbon 
pools to 
quantify

Fluxes to measure or estimate Processes to quantify

Combustion
Heterotrophic 
Respiration

Autotrophic 
Respiration Photosynthesis

Area 
Disturbed Harvest Mortality**

Pool 
Transfers

Changes to 
Abiotic 

Conditions

Mineral soil 
carbon

Independent 
of type 1,2,3,4,5,6 1,2,3,4,5,6

Organic soil 
carbon* 1

Independent
of type 1,2,3,4,5,6 2 1,2,3,4,5,6

Dead woody 
debris 1

Independent
of type 1,2,3,4,5,6 2 1,2,3,4 1,2,3,4,5,6

Live biomass 1
Independent 

of type
Independent of 

type 1,2,3,4,5,6 2 1,2,3,4 1,2,3,4 1,2,3,4,5,6
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