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M ethods

The methods used to derive this time series of flux estimates are described fully in Houghton (1999) and
other publications (Houghton et al. 1983, 1987; Houghton and Hackler 1995, 1999). In summary, this
database provides estimates of regional and global net carbon fluxes, on a year-by-year basis from 1850
through 1990, resulting from changes in land use (such as harvesting of forest products and clearing for
agriculture), taking into account not only theinitial removal and oxidation of the carbon in the vegetation,
but also subsequent regrowth and changesin soil carbon. The net flux of carbon to the atmosphere from
changes in land use from 1850 to 1990 was modeled as a function of documented land-use change and
changes in aboveground and bel owground carbon following changes in land use. The changesin carbon,
with time, following land-use change are specified by region and ecosystem type.

The approach uses a bookkeeping model to track, on an annual basis, changes in aboveground and
belowground carbon in different kinds of ecosystems following changesin land use. Annual rates of
expansion and contraction of agricultural area (for cropland, pasture, and shifting cultivation) and of wood
harvest were used to estimate the types of ecosystem affected, and the change in area of each affected
ecosystem type. Then, response curves were generated, to estimate the changes in carbon, for yearsto
decades, that follow each type of land management or land-use change. All carbon in the affected areais
accounted for: live vegetation, soil, slash (woody debris produced during disturbance), and wood
products. However, this procedure does not account for all processes that affect ecosystem carbon storage
and fluxes (e.g., natural disturbances, fire suppression, and environmental factors such as CO,, and climate

that affect vegetation). Furthermore, the analysisignores fluxes of carbon to or from ecosystems not
directly affected by land-use change. Data on land-use change, wood harvest, and carbon in ecosystems
were obtained from a number of sources, detailed in Houghton (1999).

The bookkeeping model partitioned the vegetation after land-use change into three pools: standing live
vegetation, dead material left on-site, and woody material removed from the site. The model tracked the
return of carbon in the remaining live vegetation to pre-disturbance values. Dead material left on-site, and
woody material removed from the site, decayed at specified rates. Changesin soil carbon included both
post-disturbance losses and eventual recoveries. The coefficients and time constants were specified by
region, ecosystem type, and land-use type. Finally, changes in on-site carbon pools and carbon in off-site
wood products were used to estimate fluxes to and from the atmosphere.
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Trends

The estimated global total net flux of carbon from changesin land use increased from 397 Tg C (1

teragram = 1012 gram) in 1850 to 2187 Tg C or 2.2 Pg C (1 petagram = 101> gram) in 1989 and then
decreased slightly to 2103 Tg C or 2.1 Pg C in 1990. The global net flux during the period 1850-1990 was
124 Pg C. During this period, the greatest regional flux was from South and Southeast Asia (39 Pg C),
while the smallest regional flux was from North Africaand Middle East (3 Pg C).

The estimates of annual net carbon flux, on aglobal total basis, reported by Houghton (1999) vary
somewhat from estimates reported previously (Houghton et al. 1983, Houghton and Skole 1990,
Houghton and Hackler 1995), as shown in Figure 6 of Houghton (1999).
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Annual Net Flux of Carbon to the Atmosphere from Land-Use Change: 1850-1990
(Houghton and Hackler)
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