
Contribution of northern hemisphere 
forests to carbon budgets

Atmospheric inversions indicate the 
N. Hemisphere is accumulating 
carbon (Gurney et al. 2002)

Annual net ecosystem C exchange
by eddy covariance at 2 Ameriflux sites

(Deciduous forest data courtesy S. Wofsy) 
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Changes in forest management practices in 
Maine (1994-1999)
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Total harvested area in 1999:  536,219 acres (6% increase from 1994)



Measuring forest 
carbon balance
(eddy covariance)

]

Feddy = w’c’



How are the carbon pools changing?
Annual NEE=1.8 (0.4) Mg C/ha/y
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Shelterwood harvest

Started Nov. 2001
Ended April 2002
Cut to length and forwarded
Removed about 1/3 of basal 

area and leaf area



Carbon consequences of shelterwood harvest
Large areas of managed forest in the US
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Carbon pools, pre-harvest
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Timber
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Truck-based estimate
19 t C/ha removed

Plot re-survey estimate
15.0 (SE=2) t C/ha removed



Debris

Slash production at harvest – down dead 
wood

Remeasurement of cleared plots:
4.5 (6) t C/ha (n=11) (aboveground)

Estimates based on tree allometry
2.9 (2.4) t C/ha branches (n=34)
2.2 (2.0) t C/ha foliage
4.7 (3.7) t C/ha stump/roots

Estimates based on paths (n=6)
5.3 t C/ha branches and foliage



Soil respiration in harvested and control stands
Howland Forest Soil Respiration

23
-J

an
-0

1

14
-M

ar
-0

1

3-
M

ay
-0

1

22
-J

un
e-

01

11
-A

ug
-0

1

30
-S

ep
t-0

1

19
-N

ov
-0

1

21
-J

an
-0

2

12
-M

ar
-0

2

1-
M

ay
-0

2

20
-J

un
e-

02

9-
A

ug
-0

2

28
-S

ep
t-0

2

M
ea

n 
Fl

ux
(m

g 
C

 m
-2

 h
r-1

)

0

50

100

150

200

250

300

Control
Harvest

Rsoil=Rh + Ra

Ra lower after harvest?
Rh higher after harvest?

No change in soil
temperature or moisture
in surface soils

No difference in soil 
respiration

Soil C change?



Impact of harvest on net carbon exchange
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Fate of harvested wood
Wood products produced, and their 
longevity, affects the net C balance 
of the shelterwood harvest regime
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Simulated carbon losses following harvest 
(with and without wood products)
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Simulated changes in net carbon balance
(with wood products)
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No harvest: 54 t C/ha for 30y
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Conclusions
Mature, relatively undisturbed forests at Howland, 

Maine sequester about 1.8 Mg C ha-1 y-1, primarily in 
vegetation

Shelterwood harvest removes about 30% of stand 
biomass, and creates slash containing 8-10 Mg C ha-
1

A large portion of the harvested wood goes to paper 
products, so C storage in wood products will be 
relatively small

Initial results indicate that net C uptake has decreased 
slightly.  Over 30 years, about a 15% increase in net 
uptake is required to exceed net uptake in control 
stand
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