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T
he prevailing wisdom about China’s
greenhouse gas emissions is that they
are increasing steadily, because of the

large quantities of coal being used to fuel a
fast-growing industrial economy, and most
projections show China’s greenhouse gas

emissions continuing
to grow in the coming
decades (1). However,
we find that China’s
CO2 emissions de-

clined by 7.3% between 1996 (the peak
year) and 2000, and CH4 emissions de-
clined by 2.2% between 1997 (the peak
year) and 2000 (see the figure). This hap-
pened partly because China undertook a
radical reform of its coal and energy indus-
tries (2). In addition, China’s economy suf-
fered during the Asian economic crisis of
1997 to 1998 to an extent not yet fully un-
derstood (3), and many factories curtailed
production or shut down because of eco-
nomic restructuring policies, resulting in a
decline in coal production and consump-
tion. Although China is not a party to the
Kyoto Protocol, these recent developments
have important implications for the formu-
lation of climate change policies.

Focusing only on CO2 emissions from
fossil fuel combustion, against which we
can compare other countries, we calculate
that China’s emissions dropped from 2950
Tg (teragrams of CO2, 1 Tg = 1 million
tonnes) in 1996 to 2690 Tg in 2000, a re-
duction of 8.8%. This decrease, which
China achieved while most other countries
were increasing their emissions, represents
about 1% of the global CO2 emissions
from fossil fuel combustion in 2000 of

25,300 Tg (1). In the
period 1995 to 1999,
CO2 emissions from
fossil fuel combustion
in western Europe in-
creased by 4.5%, in
the United States by
6.3%, in Japan by
3.0%, and in India by
8.8% (4).

When energy data
for the past 5 years be-
gan to emerge from Chi-
na, it became clear that a
transformation was in
progress that had result-
ed in a reduction in ener-
gy use (2). This transfor-
mation had several as-
pects to it: the closing of
small, inefficient indus-
trial plants; improved ef-
ficiency of energy end-
use; improved coal qual-
ity; the switching of
many residential fuel
users from coal to gas
and electricity; techno-
logical progress in the
energy-intensive sectors;
and the opening up of
coal and electricity mar-
kets. A slowdown in eco-
nomic growth contribut-
ed to the decline in ener-
gy use (5). We have con-
verted the changes in en-
ergy use and other activi-
ties into greenhouse gas
emissions using guide-
lines from the Intergovernmental Panel on Cli-
mate Change (IPCC) (6), as modified for Chi-
na-specific conditions in the U.S.-sponsored
China Climate Change Country Study (7).

Coal combustion is the dominant con-
tributor to CO2 emissions in China and is
estimated to have grown from 22.1 exa-
joules (1 EJ = 1018 joules) in 1990 to a peak
of 30.1 EJ in 1996 and then to have fallen to
25.1 EJ in 2000 (8). Oil and gas combustion
both increased steadily during the decade,
but their contributions to CO2 emissions are
small. The use of biofuels (largely wood and
agricultural residues for fuel) to provide

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 supplant-
ed traditional fuels. Carbon dioxide is also
released during the manufacture of cement,
and China’s use of cement for new construc-
tion grew from 210 million tons in 1990 to
600 million tons in 2000 (9). As a result of

the reversal of past de-
forestation practices
and recent promotion of
afforestation activities,
the net uptake of CO2
by forests in China has
increased from 360 Tg
in 1990 to 410 Tg in
2000 (10). Overall, we
estimate that CO2 emis-
sions grew from 2710
Tg in 1990 to a peak of
3470 Tg in 1996, thence
dropping to 3220 Tg in
2000 (see the figure), a
7.3% reduction in the
period 1996 to 2000
(11). This recent trend
illustrates the poten-
tial for a fundamental
change in the long-term
pattern of emissions
growth in China.

In the last few years,
China’s energy data
have become more
prone to error and un-
certainty than they were
in the early 1990s. The
National Bureau of
Statistics has already re-
vised 1999 coal output
and consumption esti-
mates (8). This has
caused some skepticism
about the reduction in
energy use (12). Our
analysis suggests that
the reductions are real
but not as great as pre-
viously believed. Fur-

ther revisions to recent energy-use data are
possible, which would necessitate a reanaly-
sis of the data; however, we do not expect
the trend to change.

Estimating CH4 emission trends is a
more difficult proposition, because it in-
volves consideration of several nonenergy
sources for which there are limited data
available. Coal production is a large source
of CH4, and it is known that coal production
in China declined in recent years by an even
larger amount than coal consumption, from
1370 million tons in 1996 to 1030 million
tons in 2000 (8). This decline was due to

S C I E N C E ’ S C O M P A S S
C

R
E
D

IT
 S

:(
T
O

P
)

S C I E N C E ’ S C O M P A S S P O L I C Y  F O R U M

P O L I C Y  F O R U M : C L I M AT E  C H A N G E

Recent Reductions in China’s

Greenhouse Gas Emissions
David G. Streets1*, Kejun Jiang2, Xiulian Hu2, Jonathan E. Sinton3,

Xiao-Quan Zhang4, Deying Xu4, Mark Z. Jacobson5, James E. Hansen6

1D. G. Streets is in the Decision and Information Sci-
ences Division, Argonne National Laboratory, Ar-
gonne, IL 60439, USA. 2K. Jiang and X. Hu are at the
Center for Energy, Environment and Climate Change,
Energy Research Institute, Beijing 100038, China. 3J.
E. Sinton is in the Energy Analysis Department,
Lawrence Berkeley National Laboratory, Berkeley, CA
94720, USA. 4X.-Q. Zhang and D. Xu are at the Forest
Ecology and Environment Institute, Chinese Acade-
my of Forestry, Beijing 100091, China. 5M. Z. Jacob-
son is in the Department of Civil and Environmental
Engineering, Stanford University, CA 94305, USA. 6J.
E. Hansen is at the NASA Goddard Institute for
Space Studies, New York, NY 10025, USA.

*To whom correspondence should be addressed. E-
mail: dstreets@anl.gov.

A

B

4000

3500

3000

2500

1500

500

–500

E
m

is
si

o
n

s 
(T

g
 C

O
2)

 
E

m
is

si
o

n
s 

(T
g

 C
H

4)
 

0

2000

1000

35

30

25

20

15

10

5

0
’90 ’91 ’92 ’93 ’94 ’95

Year
’96 ’97 ’98 ’99 ’00

’90 ’91 ’92 ’93 ’94 ’95 ’96 ’97 ’98 ’99 ’00

Total
Fossil-fuel use
Biofuel use
Agriculture

Cement
 production
Landfills
Forests

Trends in emissions of (A) CO2 and (B)

CH4 in China, 1990 to 2000.

Enhanced online at

www.sciencemag.org/cgi/

content/full/294/5548/1835



65
64
63
62
61
60
59
58
57
56
55
54
53
52
51
50
49
48
47
46
45
44
43
42
41
40
39
38
37
36
35
34
33
32
31
30
29
28
27
26
25
24
23
22
21
20
19
18
17
16
15
14
13
12
11
10
9
8
7
6
5
4
3
2
1

www.sciencemag.org SCIENCE VOL 294 30 NOVEMBER 2001 1837

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 pro-
portionately large, because much of the re-
duction in coal production was achieved at
small, surface mines, owned by local gov-
ernments 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, dis-
tribution, residential leakage, and combus-
tion 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 lev-
eled out recently. Emissions from rice cul-
tivation declined slowly from 11.2 Tg in
1990 to 10.1 Tg in 2000, on the basis of
annual trends in cultivated area (9). Emis-
sions from livestock were calculated for
three animal classes large animals, sheep
and goats, and pigs following the method
and emission rates used in the China Coun-
try 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 emis-
sions 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 pro-
duced by the burning of biomass whether
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 con-
stant annual value of 1.60 Tg across the
decade. The combined estimate from all
these source categories shows CH4 emis-
sions 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 pe-
riod 1997 to 2000.

What do we expect for the future? Emis-
sions 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

speed although 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 fos-
sil 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 emis-
sions in China might be averted for several
years if energy efficiency improvements
continue, markets continue to open up and
lead to price reforms, persistent inefficien-
cies 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 car-
bon (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 contribu-
tion to positive radiative forcing (warming)
in the modern era may be second only to
CO2. Although we have insufficient infor-
mation on changes in combustors and par-
ticulate controls to develop complete annu-
al 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 rein-
forced by a transition in urban areas from
the use of raw coal to “smokeless” coal bri-
quettes. Sulfur dioxide is converted in the
atmosphere to sulfate aerosol, which has a
negative radiative forcing (cooling). Emis-
sions 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, be-
cause of the dominant effect of the SO2 re-
ductions. Whereas this calculation illustrates
the need to address aerosol species in glob-
al-warming policies (16), it is not intended
to detract from the importance of the reduc-
tions in the conventional greenhouse gases
CO2 and CH4 that China has achieved. Chi-
na’s experience suggests that there are ac-
tions that can be taken today in developing
countries that would reduce their contribu-
tion to global greenhouse gas emissions far
below “business-as-usual” projections.
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