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The UMBS landscape is a mosaic of forest 
stands varying in age and disturbance history
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Climate, disturbance, and succession
simultaneously control annual C storage  
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Climate variation caused 6-yr interannual 
variation in carbon storage of >100 % 
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Climate effects: Warmer temperatures during leaf-off
increase respiratory C losses
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Climate effects: Warmer temperatures during leaf-expansion
decrease the transition time of the forest from C source to sink
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Climate effects: Photosynthetic C gains during leaf-on
are positively correlated with net radiation  
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Climatic Drivers of Interannual Variation in NEP



25 year record of growing season 
solar radiation and annual air 

temperature at UMBS



1998

1980

1954
1948 1936

Analysis of net ecosystem production across a 
disturbance chronosequence





Climate, disturbance, and succession
simultaneously control annual C storage  
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Forest age (years) WE ARE HERE

EVEN-AGED
(mostly aspen)

UNEVEN-AGED
(maple, oak, pine)

ASPEN MORTALITY
natural senescence, 
pathogens, insects

Succession

Changes in forest age and species composition 
will alter future annual C storage



New Project
UMBS Forest Accelerated Succession ExperimenT (FASET)

Funding through DOE, National Institute for Climate Change Research

By killing mature aspen in 39 ha (96 
acres), we will expedite successional 
changes that typically occur over 
decades.

Objectives:
Quantify C and N exchange processes 
during and after ecological succession 
from a mature aspen to a young mixed 
confer/deciduous forest.

Investigate the interactive role of 
disturbance and succession in 
governing landscape-level variability 
in C storage.



Expected results
Disturbance, succession, and climate effects on forest carbon cycling
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A. Climate variability is the 
primary driver of current 
interannual variability in 
carbon storage.

B. Disturbance will prompt 
accelerated succession,
reducing leaf area and 
temporarily decreasing 
carbon storage.

C. Following leaf area recovery, increased species and structural 
complexity of the canopy will result in carbon storage that is 
higher than pre-disturbance levels. The dominant driver of 
carbon storage variability will once again be climate.
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PART II: Report on the NACP Working Group on 
Reconciling EC and Biometric NEP



Year

C
um

ul
at

iv
e 

C
 s

to
ra

ge
 (M

g 
C

 h
a-

1 )

-2

0

2

4

6

8

10
Meteorological methods
Biometric methods

1999 2000 2001 2002 2003



There is a temporal offset between carbon uptake measured 
ecologically and that measured meteorologically.

Wood growth begins earlier and ends 
earlier than does canopy photosynthesis




