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ABSTRACT

We used the global atmospheric chemical transport model, GEOS-Chem, to simulate the spatial distribution and seasonal
variation of surface-layer methane (CH4) in 2004, and quantify the impacts of individual domestic sources and foreign
transport on CH4 concentrations over China. Simulated surface-layer CH4 concentrations over China exhibit maximum
concentrations in summer and minimum concentrations in spring. The annual mean CH4 concentrations range from 1800
ppb over western China to 2300 ppb over the more populated eastern China. Foreign emissions were found to have large
impacts on CH4 concentrations over China, contributing to about 85% of theCH4 concentrations over western China and
about 80% of those over eastern China. The tagged simulationresults showed that coal mining, livestock, and waste are the
dominant domestic contributors to CH4 concentrations over China, accounting for 36%, 18%, and 16%, respectively, of the
annual and national mean increase in CH4 concentration from all domestic emissions. Emissions fromrice cultivation were
found to make the largest contributions to CH4 concentrations over China in the summer, which is the key factor that leads to
the maximum seasonal mean CH4 concentrations in summer.
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1. Introduction

As a long-lived anthropogenic greenhouse gas, second
only to CO2, methane (CH4) influences the radiative balance
of the Earth (IPCC, 2007). Methane also plays a critical role
in atmospheric chemistry by affecting the oxidizing capac-
ity of the atmosphere (Fiore et al., 2002; Wang et al., 2004).
Consequently, it is important to get a clear understanding
of the concentrations and seasonal variations of atmospheric
CH4, especially for China where both air quality and climate
change are of great concern.

Atmospheric CH4 comes from anthropogenic and natural
emissions, and it decays by a photochemical reaction with
hydroxyl radical (OH) in the troposphere, biological CH4

oxidation in soil, and chemical reactions with Cl and O in the
stratosphere, leading to the long lifetime of 8.7± 1.3 years
(IPCC, 2007). Major anthropogenic CH4 sources in China in-
clude coal mining, oil and gas processing, livestock, rice cul-
tivation, landfill, biomass burning, and biofuel. Major natural
CH4 sources in China include wetlands and termites. Quite
a number of studies have attempted to understand the concen-
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trations, distributions, and seasonal variations of CH4 over
China. Ground-based measurements in China have shown
that the concentrations of atmospheric CH4 are highly vari-
able from site to site (in the range of 1700–2400 ppb) and
suggested that both the magnitude and seasonal variation of
CH4 are influenced by local anthropogenic sources and trans-
port from the surrounding regions (Wang and Wang, 2000;
Zhou et al., 2004; Liu et al., 2009; Fang et al., 2012). Satel-
lite observations have good spatial and temporal coverage of
CH4. Methane concentrations in the mid-upper troposphere
of China measured by the Atmospheric Infrared Sounder
(AIRS) on Aqua have shown that CH4 concentrations are
highest in summer (Zhang et al., 2011a). The column-
averaged volume mixing ratios of CH4 from the Scanning
Imaging Absorption Spectrometer for Atmospheric Chartog-
raphy (SCIAMACHY) on Envisat have also shown maximum
values in summer for China (Frankenberg et al., 2006). On
an annual mean basis, measurements by SCIAMACHY have
indicated that CH4 mixing ratios are highest in southeastern
China and lowest in the Qinghai–Tibet Plateau (Zhang et al.,
2011b). However, satellite observations cannot explain the
mechanism of these spatiotemporal variations and explicitly
distinguish the contributions to atmospheric CH4 concentra-
tions from different sources and regions of emissions. Al-
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though quite a number of studies have attempted to quantify
CH4 emissions from different sectors (Yan et al., 2003; Ding
et al., 2004; Zhou et al., 2007a), these studies did not exam-
ine the contributions from each domestic source to concen-
trations of atmospheric CH4. Fraser et al. (2011) investigated
the relative contributions of local emissions and long-range
transport to Australian CH4 using the GEOS-Chem chem-
istry transport model. However, to our knowledge, no such
work has been done for CH4 concentrations over China.

In the present reported study we examined the spatial
and temporal variations of atmospheric CH4 over China and
quantified the impacts of individual domestic sources and
overseas transport on the concentrations of CH4, using the
global three-dimensional chemical transport model, GEOS-
Chem. The model is described in section 2. Section 3 presents
the results of simulated methane concentrations over China
and an evaluation of the model. In section 4 we analyze the
contribution to concentrations of CH4 over China from for-
eign emissions and transport. And finally, in section 5, we
discuss the contributions from various domestic sources to
surface-layer CH4 over China.

2. Model description and experiments

2.1. GEOS-Chem Model

The GEOS-Chem model is a global three-dimensional
chemical transport model driven by the GEOS-5 assimilated
meteorological data from the Goddard Earth Observing Sys-
tem (GEOS) at the National Aeronautics and Space Admin-
istration (NASA) Global Modeling and Assimilation Office
(GMAO).We used the model (v8-03-02, available online at
http://acmg.seas.harvard.edu/geos/) with a horizontal resolu-
tion of 2◦ (lat) ×2.5◦ (lon) and 47 vertical layers up to 0.01
hPa. The model simulates CH4 from emissions sources, the
removal of CH4 due to reaction with OH in the troposphere,
loss in the stratosphere, and a soil sink, which were imple-
mented in the GEOS-Chem by Duncan et al. (2000) and
Wang et al. (2004). There are ten tagged tracers for CH4

concentrations from each of the CH4 sources and one tracer

for the total CH4. The relevant methane sources are shown in
Table 1.

The global three-dimensional monthly mean tropospheric
OH concentrations were taken from a full chemistry Ox–
NOx–VOC simulation of the GEOS-Chem model (Fiore et
al., 2003). The lifetime of methyl chloroform (CH3CCl3)
against oxidation by OH was 5.1 years, which is within the
range of 4.6–5.2 years estimated by Prinn et al. (2005). The
decay of CH4 in the stratosphere was treated as described in
Wang et al. (2004). The GEOS-Chem simulation of CH4 has
been used to examine the Asian and European sources of CH4

from CH4–C2H6–CO correlations in Asian outflow (Xiao et
al., 2004), to analyze the changes in CH4 growth rate from
1988 to 1997 (Wang et al., 2004), and to investigate the Aus-
tralian CH4 budget (Fraser et al., 2011).

2.2. Emissions

Anthropogenic CH4 emissions from coal mining, gas and
oil processing, livestock and waste were from the Emission
Database for Global Atmospheric Research (EDGAR v4.0,
2009) inventory, which are constant throughout the year.
Monthly emissions of CH4 from biomass burning were taken
from the Global Fire Emissions Database (GFED v2) inven-
tory (van der Werf et al., 2006). Biofuel emissions of CH4

were taken from Yevich and Logan (2003), which do not
have seasonal variations. Rice emissions from EDGAR v4.0
were scaled monthly based on soil wetness, and were updated
for China following Yan et al. (2003). Natural emissions
from wetlands vary monthly, as described by Pickett-Heaps
et al. (2011). Natural emissions from termites were included,
and soil absorption was treated as a sink (Fung et al., 1991),
both of which were assumed to be constant throughout the
year. The global total emissions and emissions over China are
listed in Table 1. For 2004, the global total emission of CH4

was 522.9 Tg, of which the major sources were wetlands,
livestock, gas and oil, and waste, which accounted for 31.7%,
20.4%, 13.7%, and 12.2% of the global total emission, re-
spectively. The total emission of CH4 in China was 63.0 Tg,
of which the major sources were coal mining (32.7%), rice
cultivation (21.1%), livestock (18.0%), and waste (15.2%).

Table 1. Global and Chinese CH4 emissions for 2004.

Source (Tgyr−1) Global (%)a China (%)b

Gas and oil 71.45 13.7 1.87 3.0
Coal 34.97 6.7 20.57 32.7
Livestock 106.86 20.4 11.34 18.0
Waste 63.73 12.2 9.55 15.2
Biofuel 12.49 2.4 3.3 5.2
Rice 33.57 6.4 13.27 21.1
Other anthropogenic 1.55 0.3 0.24 0.4
Biomass burning 20.25 3.9 0.35 0.6
Wetlands 165.94 31.7 1.78 2.8
Termites 12.05 2.3 0.72 1.1
Total 522.86 100.0 62.99 100.0

a Percentage of individual source in global total emission.
b Percentage of individual source in Chinese total emission.
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The total emission in China was 12% of the global total CH4

emission.

2.3. Numerical experiments

For the purpose of investigating the spatial distribution
and seasonal variation of CH4 and quantifying the impacts
of domestic sources and foreign transport on CH4 concen-
trations over China, we performed the following simulations
using the GEOS-Chem:

(1) Standard simulation (STAND): Global simulation of
CH4 for 2004, with the initial global methane fields for 1 Jan-
uary 2004 obtained from A. Fraser (2011, personal commu-
nication).

(2) To investigate the contributions of foreign emissions
to CH4 concentrations over China, we performed two 20-yr
simulations of CH4. One simulation considered global emis-
sions of CH4 (referred to as CTRL) and the other simulation
considered foreign emissions only (referred to as FC). The
initial fields of methane were set to zero globally for these
two simulations. The ratios of average concentrations in the
last five years in FC to those in CTRL represent the con-
tributions of foreign emissions to CH4 concentrations over
China. Since CH4 is a long-lived gas, the 20-yr integration
allowed CH4 in the final years of the simulation to reach a
quasi-equilibrium state.

(3) Tagged simulation: To quantify the impacts of each
domestic source on CH4 concentrations over China, we per-

formed a tagged simulation for each of ten CH4 sources. The
tagged simulation considered Chinese CH4 emissions only,
and all tracers were set to zero at the beginning of every
month, which reset the influence of emissions from month to
month, so that the CH4 concentrations of the tagged tracers
clearly accounted for the monthly contributions from individ-
ual CH4 sources over China. These concentrations were only
a small fraction of the total CH4. The tagged simulation was
driven by the 2004 meteorological fields.

3. Simulated CH4 over China and model eval-
uation

3.1. Simulated spatial distributions and seasonal varia-
tions

The seasonal mean concentrations of surface-layer CH4

simulated in STAND for 2004 are shown in Fig. 1. The model
results show maximum concentrations in summer and mini-
mum concentrations in spring. In summer, the largest CH4

concentrations that exceed 2300 ppb are simulated over east-
ern (east of 110◦E) and southeastern China, as a result of
the increases in biogenic emissions from rice with temper-
ature during the growing period of rice. The combination of
weak surface sources and a stronger OH sink relative to win-
ter (Su et al., 2012) leads to the lowest CH4 concentrations in
spring. The minimum CH4 concentrations below 1800 ppb

Fig. 1. Simulated seasonal mean concentrations of surface-layer CH4 for 2004: (a) winter (DJF); (b)
spring (MAM); (c) summer (JJA); (d) fall (SON).
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are found over the Tibetan Plateau. This simulated seasonal-
ity is consistent with the observed seasonal variation in China
from satellites in the studies of Frankenberg et al. (2006) and
Schneising et al. (2009).

It can also be seen from Fig. 1 that the concentrations
of CH4 over eastern China are much higher than those over
western (west of 110◦E) China throughout the year. This re-
gional pattern of CH4 reflects the influence of anthropogenic
emissions from the more populated eastern China. The simu-
lated contributions from human activities to atmospheric CH4

concentrations range from 200 ppb to 400 ppb, consistent
with the magnitude obtained from measurements. The av-
erage measured concentration of CH4 during 2003–2005 was
2120±150 ppb at Taihu station located in eastern China (Ji et
al., 2006) and the average measured CH4 during 1991–2004
was 1814± 47 ppb at Waliguan station located in western
China (Zhou et al., 2007b).

Figure 2 shows the simulated seasonal mean vertical dis-
tributions of CH4 along the latitude of 35◦N in China. A
strong enhancement of the CH4 plume is found from the sur-
face to about 10 km altitude along this latitude over 70◦–
140◦E in summer, which agrees with that observed by AIRS
and modeled by TM3 in Xiong et al. (2009). Their study sug-
gested that the enhancement is associated with the increas-
ing local emissions and the strong transport of CH4 from the
lower to the upper troposphere during the monsoon season.
It should be noted that the enhancement over 120◦–130◦E is

also very strong, which is from South Korea, as shown in
Fig. 1.

3.2. Model evaluation

We focus here on the simulated monthly mean concen-
trations for 2004 from the standard simulation. Surface and
aircraft datasets were used to help assess how well the model
reproduced the observed seasonality and vertical profiles of
CH4 in the troposphere.

3.2.1. Concentrations of CH4 from global background mon-
itoring stations

Six representative ground-based flask monitoring stations
from the NOAA Earth System Research Laboratory (ESRL)
(Dlugokencky et al., 2012) network, known to be little-
influenced by local emissions, were chosen according to the
latitudinal representation as shown in Fig. 3: Alert in the Arc-
tic, Trinidad Head in the Northern Hemisphere mid-latitudes,
Mauna Loa in the Northern Hemisphere tropics, Cape Matat-
ula in the Southern Hemisphere tropics, Cape Grim in the
Southern Hemisphere mid-latitudes, and South Pole in the
Antarctic.

Figure 4 compares the simulated with observed monthly
mean concentrations of CH4 at these sites for 2004. It can
be seen that the monthly mean CH4 concentrations from ob-
servations generally have a maximum in January, March,
and April and a minimum in July and August in the Northern

Fig. 2. Simulated seasonal mean vertical distributions of CH4 for 2004 in China; (a) winter (DJF); (b)
spring (MAM); (c) summer (JJA); (d) fall (SON).
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Fig. 3. Locations of observational data used in this study. The
black triangles represent 12 sites: (1) Alert; (2) TrinidadHead;
(3) Mauna Loa; (4) Cape Matatula; (5) Cape Grim; (6) South
Pole; (7) Fukang; (8) Waliguan; (9) Gongga Mountain; (10)
Beijing; (11) Changsha; (12) Dinghu Mountain.

Hemisphere; and those in the Southern Hemisphere show a
maximum in July and September and a minimum in Febru-
ary and March. The model captures the magnitude and sea-
sonal cycle of the observed CH4 concentrations at all sites
except for Alert. Modeled CH4 concentrations at Alert show

smaller seasonal variations compared to the measurements.
The model also tends to underestimate CH4 concentrations
at Alert and Trinidad Head. The underestimates in sites be-
tween 30◦N and 90◦N were also found in the version of the
GEOS-Chem model used by Xiao et al. (2004). The model
results show high correlations with observations, with cor-
relation coefficients in the range of 0.84–0.99 at all stations.
Table 2 presents a summary of the statistics of comparisons of
the simulated concentrations of CH4 with measurements for
individual sites. The mean biases (MBs) of the background
sites range from−9.23 to 8.33 ppb, and the normalized mean
biases (NMBs) of these sites range from−0.50% to 0.47%.

The fairly good agreement between the model results and
the observations gave us confidence for studying the impact
of foreign emissions on concentrations of CH4 over China.

3.2.2. Concentrations of CH4 at sites in China

Since CH4 is a long-lived gas, we compared the simulated
monthly mean concentrations with multi-year averages of
measured concentrations for six representative surface sites
in China. Three urban sites represented fast-developing re-
gions in eastern China: Dinghu Mountain (23◦N, 112◦E) in
the Pearl River Delta region, Changsha (28◦N, 113◦E) in the
Lake Dongting watershed, and Beijing in the North China
Plain (40◦N, 116◦E). Three rural sites represented underde-

Fig. 4. Comparisons of monthly mean CH4 mixing ratios from observations and those from the
standard simulation at the background sites for 2004.R values are the correlation coefficient
between observations and model results.
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Fig. 5. Comparisons of monthly mean CH4 mixing ratios from observations (error bars indi-
cate one standard deviation) and those from the standard simulation at Chinese sites. Time
periods of observations: Dinghu Mountain (2006–08); Changsha (2009–10); Gongga Mountain
(2005–10); Waliguan (2004); Beijing (2005–07); Fukang (2009–10).

veloped inland regions in western China: Gongga Mountain
(29◦N, 102◦E) in the southwest mountain area, Waliguan
(36◦N, 101◦E) in the Tibetan Plateau, and Fukang (44◦N,
88◦E) in the Junggar basin. Measurements at all the sites
except those at Waliguan were automatic continuous mea-
surements taken using the gas chromatograph as described
in Wang and Wang (2003), and the observed values for
Waliguan were taken from ESRL/NOAA (Dlugokencky et
al., 2012).

Figure 5 compares the simulated monthly mean concen-
trations of surface-layer CH4 with observations. The simu-
lated CH4 concentrations capture the general feature of ob-
served high CH4 concentrations in summer or autumn at
Waliguan, Beijing, Changsha, and Dinghu Mountain, but do
not reproduce the seasonal variations at Fukang and Gongga
Mountain. At Fukang, a remote site in northwestern China,
CH4 concentrations are underestimated by the model. While
the observed concentrations show a maximum in June and
a minimum in August, the simulated concentrations show
small seasonal variability. At Gongga Mountain, the simu-
lated seasonal cycle is out of phase with the observed one.
At Waliguan, the observed CH4 concentrations peak in July
and the modeled CH4 concentrations have two peaks in June
and September. At Beijing, the observed CH4 concentrations

show a minimum in March but the simulated minimum oc-
curs two months later. The model has a relatively better per-
formance in simulating the seasonal variations at Changsha
and Dinghu Mountain. At these sites, the MBs range from
−122.82 to 60.37 ppb and the NMBs range from−6.16% to
3.08% (Table 2), which are larger than the MBs and NMBs
at the foreign background sites discussed above. The large
biases in simulated CH4 concentrations in China can mainly
be attributed to the representation of local emissions in the
model (Wang et al., 2004). It should be mentioned that the
discrepancies at these Chinese sites may partly be caused by
the fact that the model results are for 2004 and the measure-
ments were made in different years.

3.2.3. Vertical profiles of CH4 in spring outflow from China

The Transport and Chemical Evolution over the Pacific
(TRACE-P) aircraft mission was conducted in February to
April 2001 by the NASA Global Tropospheric Experiment
(GTE) to observe the chemical outflow from Asia to the Pa-
cific (Jacob et al., 2003). The measurements have been used
to evaluate the simulated CH4 in the earlier version of the
GEOS-Chem model by Xiao et al. (2004), in which the model
reproduced the observed vertical gradient with a positive
bias in the boundary layer north of 30◦N, owing to the high
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Table 2. Summary of the statistics of comparisons of simulated con-
centrations of CH4 with measurements.

No. Sites MB (ppb) NMB (%)

1 Alert −8.45 −0.46
2 Trinidad Head −9.23 −0.50
3 Mauna Loa 8.33 0.47
4 Cape Matatula −1.94 −0.11
5 Cape Grim 6.22 0.36
6 South Pole 1.72 0.10
7 Fukang −122.82 −6.16
8 Waliguan 2.20 0.12
9 Gongga Moutain −4.45 −0.23
10 Beijing −6.51 −0.31
11 Changsha 47.09 2.31
12 Dinghu Moutain 60.73 3.08

Note: Mean bias (MB) = 1/N∑N
i=1(Mi −Oi), and normalized mean bias

(NMB) = 100%×∑N
i=1(Mi −Oi)/∑N

i=1 Oi , whereMi is the model result at
stationi,Oi is the observed value at stationi, andN is the number of model-
observed pairs.

livestock and landfill emissions of CH4 from the Streets et al.
(2003) inventory.

We focus our comparisons here on the mean vertical pro-
files of CH4 concentrations in TRACE-P for a region north
of 20◦N and west of 150◦E, with the averaged data obtained
from flight number four to 20 of route DC-8 (http://www-
gte.larc.nasa.gov/gtemrg1.htm#TRACE-P). Note that the
simulation was for 2004 and the TRACE-P observation was
for 2001. The vertical profile of atmospheric CH4 is not
expected to vary significantly year by year since CH4 is a
long-lived gas. The model results were sampled along the
flight tracks and were based on the standard simulation. As
shown in Fig. 6, the vertical gradient and CH4 mixing ratios
throughout the troposphere are reasonably well reproduced
by the model, with a positive bias of about 25 ppb below 1
km and a negative bias of about 20 ppb between 8 and 10 km.

4. Contributions to CH4 concentrations over
China as a result of foreign emissions

As described in section 2.3, the ratios of average CH4

concentrations in the last five years in simulation FC to those
in simulation CTRL represent the contributions of foreign
emissions to CH4 concentrations over China. Figure 7 shows
the simulated spatial distribution of the ratios on an annual
mean basis. A distinct feature is that the ratios are higher
in western China and lower in eastern China. The largest
ratio of over 86% is found over the Tibetan Plateau, reflect-
ing the large contributions from foreign emissions and small
local emissions in this region. The smallest ratio of 72% is
simulated over eastern China around 35◦N, indicating the rel-
atively strong local sources from human activities.

Figure 8 presents the monthly variations in FC/CTRL
ratios for western (west of 110◦E) and eastern China (east of
110◦E). The ratios in these two regions have similar seasonal

Fig. 6. Comparisons of the averaged vertical profile of CH4 ob-
served north of 20◦N and west of 150◦ E during the TRACE-P
aircraft mission and with model results. Observations are for
2001 and models are for 2004.

Fig. 7. Simulated spatial distribution of the ratios of annual
mean surface-layer CH4 concentrations in the last five years in
FC to those in CTRL simulation.

variation. The ratio of FC/CTRL has a maximum of 86.0% in
April and a minimum of 83.9% in August in western China,
and it has a maximum of 82.4% in March and a minimum
of 77.8% in August in eastern China. The peaks in March
and April can be attributed to enhanced inflow from over-
seas (Holzer et al., 2005) and relatively weak local sourcesin
these months. In August, as the domestic emissions from rice
reach a maximum, the contributions of foreign emissions to
CH4 concentrations in China are the smallest.
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Fig. 8. The ratios of monthly average CH4 concentrations in the
last five years in FC to those in CTRL for eastern (east of 110◦E)
and western China (west of 110◦E).

5. Contributions to CH4 concentrations from
each domestic source of emissions

Figure 9a shows the simulated monthly and national mean
contributions of different domestic sources to surface-layer
CH4 concentrations over China, based on the tagged tracer
simulation for 2004 (section 2.3). Averaged over the whole
of China, emissions from coal mining, livestock, and waste
lead to monthly increases in CH4 concentrations of 19–35,
10–17, and 9–14 ppb, respectively, which account for 23%–
47%, 11%–23%, and 10%–20% of the monthly contributions

from all domestic emissions (MCADE), respectively. The
contribution from rice cultivation is the largest in summer,
accounting for about 47% of MCADE in August. Our model
results show that biomass burning, biofuel, wetlands, and ter-
mites make small contributions to CH4 concentrations over
China.

Emissions from different sources influence the seasonal
variation of CH4. Contributions from individual domestic
sources are the largest in winter and smallest in spring, ex-
cept for emissions from rice, wetlands, and biomass burning.
As the largest source (Zhang and Chen, 2010) in China, coal
mining contributes to surface-layer CH4 by up to 32 ppb in
winter and by about 21 ppb in spring, reflecting mainly the
seasonal variation of OH that leads to removal of CH4, since
coal mining emissions are constant throughout the year. Sim-
ilarly, the contributions from emissions from livestock, waste,
biofuel, and termites, exhibit the same seasonal variation.
Emissions from rice cultivation dominate in summer with the
maximum monthly contribution of 52 ppb to CH4 concentra-
tions, leading to the general pattern of the highest CH4 con-
centrations in summer over eastern and southeastern China.
The CH4 emission occurs in the early phase of the rice grow-
ing season, and trails off as the rice matures (Shangguan et al.,
1993). In the summer the temperature increases. Rice thrives
in this hot weather and releases a burst of methane. Emissions
from biomass burning make a small contribution to CH4 con-
centration all year round; a relatively high value of 2 ppb

Fig. 9. Simulated monthly mean contributions from individual domestic sources to surface-layer
CH4 concentrations based on tagged simulations: (a) whole of China; (b) eastern China (east of
110◦E); (c) western China (west of 110◦E).
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occurs in March, perhaps indicating the biomass burning be-
fore spring plowing in China (Zheng et al., 2005). Wetlands
emissions are sensitive to temperature and soil moisture, with
their largest emissions in summer and lowest values in winter
(Ding et al., 2004) and an annual mean contribution of about
1.5 ppb to the CH4 concentration. The simulated monthly av-
eraged contributions from domestic sources to surface-layer
CH4 concentration are also shown for eastern China (Fig. 9b)
and western China (Fig. 9c). The contributions from domes-
tic sources are generally higher in eastern China than in west-
ern China, except for wetlands and biomass burning which
have large emissions in western China. The domestic sources
that have large impacts on local CH4 concentrations in east-
ern China are coal mining (37–67 ppb), waste (19–29 ppb),
and rice cultivation (0.3–88 ppb), while in western China the
largest impacts are from livestock (14–19 ppb), coal (7–13
ppb), and rice cultivation (0.8–33 ppb).

6. Conclusions

We used the global atmospheric chemical transport
model, GEOS-Chem, to investigate the spatial and tempo-
ral variations of atmospheric CH4 over China and quantify
the impacts of overseas transport and individual domestic
sources on concentrations and seasonal variations of CH4

over China. Simulated surface-layer CH4 concentrations over
eastern China peak in the summer when biogenic emissions
such as rice cultivation are largest because of the warmer
temperatures. The annual mean concentrations of CH4 range
from 1800 ppb in western China to 2300 ppb over the more
populated eastern China, indicating the influence of anthro-
pogenic emissions.

The foreign emissions of CH4 were found to have large
impacts on CH4 concentrations over China. Considering the
ratios of CH4 concentrations simulated with foreign emis-
sions only to those with global emissions, the annual and re-
gional mean ratio is 85% in western China (west of 110◦E)
and 80% in eastern China (east of 110◦E), and the ratios peak
in spring as a result of the prevailing westerlies in this season
and minimize in summer owing to the strong local emissions
and the fast removal by OH. Locally, foreign emissions have
the highest annual mean contribution of 86% to CH4 concen-
tration over the Tibetan Plateau and the lowest contribution
of about 72% over Shandong and Anhui provinces in eastern
China.

We conducted tagged simulation to quantify the monthly
contribution from each domestic source to the surface-layer
CH4 concentrations over China. Model results showed that
coal mining, livestock, and waste are the major contribu-
tors to the monthly contributions from all domestic emissions
(MCADE), with annual mean contributions of 36%, 18%,
and 16%, respectively. These sources make large contribu-
tions to CH4 concentrations in winter because of weak re-
moval by OH. The influence from rice cultivation is largest in
the summer, contributing 52 ppb (∼ 47%) to MCADE in this
season. Emissions from rice cultivation are hence the reasons

for the observed maximum CH4 concentrations in summer
over eastern China.
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