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cooking and heating services is widespread
throughout rural China. However, its use has
slowly declined during the decade, from 9.2
EJ in 1990 to about 7.6 EJ in 2000 (8), as
kerosene, gas, and electricity have supplanted traditional fuels. Carbon dioxide is also
released during the manufacture of cement,
and China’s use of cement for new construction grew from 210 million tons in 1990 to
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overmining in the early part of the decade,
which produced large stockpiles of coal that
are now being drawn down (2). However,
the benefit to CH4 emissions was not proportionately large, because much of the reduction in coal production was achieved at
small, surface mines, owned by local governments and townships, which tend to emit
less gas. Thus, over all mine types, we found
a net increase in coal-bed emissions from
5.58 Tg CH4 in 1990 to 6.75 Tg in 1996,
falling to 5.45 Tg in 2000 (13). Emissions
from oil and gas extraction, processing, distribution, residential leakage, and combustion were also calculated, but these are small
compared with coal emissions. Emissions
from residential biofuel combustion were
reduced from 2.76 Tg in 1990 to 2.28 Tg.
Agricultural emissions of methane grew
in the middle of the decade but have leveled out recently. Emissions from rice cultivation declined slowly from 11.2 Tg in
1990 to 10.1 Tg in 2000, on the basis of
annual trends in cultivated area (9). Emissions from livestock were calculated for
three animal classeslarge animals, sheep
and goats, and pigsfollowing the method
and emission rates used in the China Country Study (7), which includes both enteric
fermentation and manure contributions.
The numbers of animals have increased
substantially during the decade (9), leading
to an increase in CH4 emissions from 5.80
Tg in 1990 to 8.55 Tg in 2000.
Two final contributions to CH4 emissions were estimated, both of which are
more uncertain: landf ills and biomass
burning. We estimate a large increase in
landfill emissions from 2.43 Tg in 1990 to
4.35 Tg in 2000, due to changes in both the
amount and composition of municipal
garbage generated. Methane is also produced by the burning of biomasswhether
of agricultural residues in the field after
harvest, land clearing for production of
new agricultural fields, deforestation, or
simply wildfires in grassland and forests.
Because this source is difficult to quantify
and subject to interannual variability, we
have adopted the estimate of Olivier et al.
(14) for 1990 and have included it at a constant annual value of 1.60 Tg across the
decade. The combined estimate from all
these source categories shows CH4 emissions in China rising from 30.7 Tg in 1990
to a peak of 34.1 Tg in 1997 and then
falling to 33.3 Tg in 2000 (see the figure
on page 1836), a 2.2% reduction in the period 1997 to 2000.
What do we expect for the future? Emissions of CO2 (and probably CH4) in China
are thought to have been roughly constant
since 2000 (15). Some of the most painful
reforms have already been made, and the
economy is once again picking up

speedalthough accession to the World
Trade Organization is likely to bring a fresh
wave of reforms to many sectors of the
economy. A return to a slow increase in fossil fuel use has been projected (15), but on
a much shallower trajectory and clearly
with a large volume of avoided emissions
with respect to previous expectations. There
is some room for optimism, however, that
further increases in greenhouse gas emissions in China might be averted for several
years if energy efficiency improvements
continue, markets continue to open up and
lead to price reforms, persistent inefficiencies in the coal industry are removed, and
natural gas continues to penetrate at a rapid
rate. Much will depend on the vitality of
the Chinese economy in the coming years.
We note that two other important species
that influence radiative forcing, black carbon (BC) and sulfate, have been affected by
these same trends in China. The importance
of BC aerosol has been stressed by Hansen
et al. (16) and Jacobson (17); its contribution to positive radiative forcing (warming)
in the modern era may be second only to
CO2. Although we have insufficient information on changes in combustors and particulate controls to develop complete annual trends for BC, we do have two data
points for 1995 and 2000. Our estimate is
that BC emissions declined by 32%, from
1.34 Tg in 1995 (18) to 0.91 Tg in 2000
(19). The reduction in coal use was reinforced by a transition in urban areas from
the use of raw coal to “smokeless” coal briquettes. Sulfur dioxide is converted in the
atmosphere to sulfate aerosol, which has a
negative radiative forcing (cooling). Emissions of SO2 declined from a peak of 26.2
Tg in 1996 (20) to an estimated 20.8 Tg in
2000 (19), a reduction of 21%.
A global-model calculation (17) of the
effects of the 1995 to 2000 emission
changes in China yields estimated changes
in global mean temperatures over a 100-year
period of +0.04 K for SO2, –0.026 K for
BC, –0.003 K for CO2, and +0.001 K for
CH4, an overall net change in global mean
temperatures of +0.012 K (±0.02 K). In
sum, the changes in emissions in China
from 1995 to 2000 could slightly enhance
global warming over a 100-year period, because of the dominant effect of the SO2 reductions. Whereas this calculation illustrates
the need to address aerosol species in global-warming policies (16), it is not intended
to detract from the importance of the reductions in the conventional greenhouse gases
CO2 and CH4 that China has achieved. China’s experience suggests that there are actions that can be taken today in developing
countries that would reduce their contribution to global greenhouse gas emissions far
below “business-as-usual” projections.
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