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Forest Carbon Management in the United States: 1600-210.0 

Richard Birdsey," Kurt Pr egitzer, and Alan Lucier 

ABSTRACT 
This paper reviews the eEects of past forest mmagement on carbon 

stocks in the United Stfites, sad the tbsgenges for m_alintpl;Rg forest 
carbon resources in the 21st century. Forests in the United States were 
in approximate carbon balance with the atmosphere from 160&1800. 
Utilization and land clearing caused a large pulse of forest carbon 
edssions during the 19th century, followed by regrowth and net forest 
carbon seqnestdon in the 20th century. Recent data and knowledge 
of the general behavior of forests after disturbme suggest that the 
rate of forest carbon sequestra~on is dehing,  A goal of an sdditiond 
100 to 200 Tg Glyr of forest carbon sequestrstion is achievable, but 
would require investment in inventory and monitoring, development 
of technology and practices, and assistance for land managers. 

C LEARNG of forests for agriculture, forest manage- 
ment, and use of wood has a significant effect on 

terrestrial carbon stocks in the United States (Birdsey 
and Heath, 1995). Timber extraction and deforestation 
during the settlement and initial development of the 
nation's infrastructure from about 1600-1900 caused 
declines in forest area and tree stocking, followed by 
recovery and intensified management of the forest land 
during the 20th century (MacCleery, 1992). Now there 
are new challenges for managing forest carbon re- 
sources in the 21st century (Schultze et al., 2000). The 
21st century is already characterized as a period of in- 
creasing attention to global stewardship, during which 
development and application of forest management 
technology can stabilize the roles of forests and wood 
products as sinks for atmospheric carbon dioxide (GOz) 
and as sources of renewable energy and materials that 
help reduce demand for fossil fuels. 

Forests in the United States currently sequester about 
200 Tg Clyr from the atmosphere (Heath and Smith, 
20041, an amount equivalent to about 10% of U.S. emis- 
sions of C 0 2  from burning fossil fuels. By engaging in 
various forestry activities, it may be possible to seques- 
ter additional carbon in forests. Forestry opportunities 
for helping manage the atmospheric concentration of 
GOz include many different kinds of activities that can 
either increase sequestration, reduce emissions, or both 
(Birdsey et al., 2000). Of particular interest are activities 
in which improved carbon management is compatible 
with other goals such as restoration of degraded for- 
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ests or timber production. Some entities have con- 
cluded that increased forest carbon sequestration can 
offset emissions from burning of fossil fuels at lower 
cost than reducing emissions, as demonstrated by tree- 
planting projects already undertaken by electric utilities 
(Hopkin, 2004). 

This paper reviews the effects of past forest manage- 
ment on carbon stocks in the United States, and the 
challenges for managing forest carbon resources in the 
21st century. We develop some new estimates of changes 
in forest carbon stocks before 1952, merge these esti- 
mates with contemporary estimates and projections, and 
explore some of the technological and social challenges 
to increasing the role of U.S. forests in removing GO2 
from the atmosphere. 

MATERIALS AND METHODS 
Estimated changes in carbon stocks are based on historical 

and projected forest inventory data from the USDA Forest 
Service. The inventory approach accounts for all factors that 
affect forests, both natural and anthropogenic, because it is 
based primarily on periodic measurements of selected forest 
parameters that are related to ecosystem carbon. For example, 
there is a strong relationship between forest volume and bio- 
mass (Smith et al., 2003). We accounted for carbon in forest 
ecosystem pools (except soil) and in wood products, including 
the proportion of discarded wood products that does not de- 
compose in contemporary landfills. We used the "stock change" 
calculation method, where the inventory at time 1 minus the 
inventory at time 2, divided by the time interval, equals aver- 
age annual net change in carbon stocks. 

Estimates of carbon in forest ecosystems for 1935 and ear- 
lier are based on a reconstruction of the U.S. inventory of saw- 
timber from a variety of historical references compiled by 
Reynolds and Pierson (1941). (The term sawtimber is a classi- 
fication of inventory composed of live trees containing saw- 
logs, and meeting minimum specifications for size and freedom 
from defect.) Table 1 is a reproduction of these inventory es- 
timates and the causes of changes in the stock of sawtimber. To 
convert estimates of the volume of sawtimber to mass of car- 
bon, we used the ratio of sawtimber volume in 1953 (USDA 
Forest Service, 1958) to carbon mass in 1953 (Heath and 
Smith, 2004), which is 2056 847 million board feet (7158 mil- 
lion cubic meters) divided by 16613 Tg C for a factor of 123.8. 
The same calculation for 1997, 3232530 million board feet 
(11249 million cubic meters) divided by 24292 Tg C, yields a 
factor of 133.1, which is similar to the value for 1953. This 
similarity indicates the strong correlation between the quantity 
of large logs and the average carbon stock on forest land. 

Estimates of carbon in forest ecosystems (excluding soil) for 
1953 through 2002 are based on much more detailed inventory 
data for 1987 and later, observations from intensive ecosystem 
studies, and application of statistical models to convert inven- 
tory estimates to carbon estimates (Heath and Smith, 2004; 
USDA, 2004). The statistical models were applied to inventory 
summary data for the period 1953-1977. 

To estimate carbon in harvested wood before 1935 (labeled 
"commodity cut" in Table I), we used the factor 8.137 to 
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