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ABSTRACT

We used the global atmospheric chemical transport model&Ehem, to simulate the spatial distribution and seasonal
variation of surface-layer methane (g@Hn 2004, and quantify the impacts of individual domesticrses and foreign
transport on Cl concentrations over China. Simulated surface-layey €bhcentrations over China exhibit maximum
concentrations in summer and minimum concentrations imgpMhe annual mean GHconcentrations range from 1800
ppb over western China to 2300 ppb over the more populatedreaShina. Foreign emissions were found to have large
impacts on CH concentrations over China, contributing to about 85% ofGli concentrations over western China and
about 80% of those over eastern China. The tagged simulagarits showed that coal mining, livestock, and waste ae th
dominant domestic contributors to @ldoncentrations over China, accounting for 36%, 18%, and, ¥6%pectively, of the
annual and national mean increase inJaidncentration from all domestic emissions. Emissions frime cultivation were
found to make the largest contributions to £¢bncentrations over China in the summer, which is the ketpfahat leads to
the maximum seasonal mean gébncentrations in summer.
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1. Introduction trations, distributions, and seasonal variations of;@ider
Cgina. Ground-based measurements in China have shown

As a long-lived anthropogenic greenhouse gas, seco . . . .
only to CQ,, methane (Cl) influences the radiative baIancetﬂat the concentrations of atmospheric Lte highly vari

" ble from site to site (in the range of 1700-2400 ppb) and
of the Earth (IPCC, 2007). Methane also plays a critical rc’i}%ggested that both the magnitude and seasonal variation of

in atmospheric chemistry by affecting the oxidizing capa “H, are influenced by local anthropogenic sources and trans-

Consequenty, & is mportant 10 get & clear Undersiandi§L oM the surfounding regions (Wang and Weng, 2000;
q Y, P 9 ou et al., 2004; Liu et al., 2009; Fang et al., 2012). Satel-

of the concentrations and seasonal variations of atmospheﬁEe observations have good spatial and temporal coverbge o

CH,, especially for China where both air quality and C"matEH4. Methane concentrations in the mid-upper troposphere
change are of great concern. China measured by the Atmospheric Infrared Sounder

> . f
_Atr_nospherlc_CIzl comes from anthropog_enlc and '.‘at“r IRS) on Aqua have shown that GHoncentrations are
emissions, and it decays by a photochemical reaction with

X : . . ighest in summer (Zhang et al.,, 2011a). The column-
hydroxyl radical (OH) in the troposphere, biological £H N . .
oxidation in soil, and chemical reactions with Cl and O in thaveraged volume mixing ratios of GHrom the Scanning

stratosphere, leading to the long lifetime of & 1.3 years ﬁ”nagmg Absorption Spectrometer for Atmospheric Chartog-

. : . "~ .~ raphy (SCIAMACHY) on Envisat have also shown maximum
(IPCC, 2007).' _I\/Iajor_anthropogemcG,H_ourc_esln Chmgln- varl)ugs(in summer fo)r China (Frankenberg et al., 2006). On
qlud_e coal mining, oil and gas processing, I|vest0(;k, rige ¢ an annual mean basis, measurements by SCIAI\/’IACHY have
E:V:tlzghligiﬁilk gﬂmgsiigld?énvgéﬁgg dbéogﬁzlixﬂﬁégméu@ljicated that Cl mixing ratios are highest in southeastern
4 . ' ina and lowest in the Qinghai—Tibet Plateau (Zhang et al.,
a number of studies have attempted to understand the con%hb) However, satellite observations cannot explain th
mechanism of these spatiotemporal variations and explicit
* Corresponding author: LIAO Hong distinguish the contributions to atmospheric £¢bncentra-

Email: hongliao@mail.iap.ac.cn tions from different sources and regions of emissions. Al-
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though quite a number of studies have attempted to quantify the total CH. The relevant methane sources are shown in
CH,4 emissions from different sectors (Yan et al., 2003; Dingable 1.
et al., 2004; Zhou et al., 2007a), these studies did not exam- The global three-dimensional monthly mean tropospheric
ine the contributions from each domestic source to concgdH concentrations were taken from a full chemistry-O
trations of atmospheric CH Fraser et al. (2011) investigatedNOy—VOC simulation of the GEOS-Chem model (Fiore et
the relative contributions of local emissions and longgenal., 2003). The lifetime of methyl chloroform (GECls)
transport to Australian CiHusing the GEOS-Chem chem-against oxidation by OH was 5.1 years, which is within the
istry transport model. However, to our knowledge, no sughnge of 4.6-5.2 years estimated by Prinn et al. (2005). The
work has been done for GHtoncentrations over China. decay of CH in the stratosphere was treated as described in
In the present reported study we examined the spatithng et al. (2004). The GEOS-Chem simulation of,Ctds
and temporal variations of atmospheric £éler China and been used to examine the Asian and European sourcesof CH
guantified the impacts of individual domestic sources arfidm CH;—C,Hg—CO correlations in Asian outflow (Xiao et
overseas transport on the concentrations of,Ql$ing the al., 2004), to analyze the changes in £gtowth rate from
global three-dimensional chemical transport model, GEO$988 to 1997 (Wang et al., 2004), and to investigate the Aus-
Chem. The modelis described in section 2. Section 3 preseinédian CH, budget (Fraser et al., 2011).
the results of simulated methane concentrations over China o
and an evaluation of the model. In section 4 we analyze tRg- EMisSons
contribution to concentrations of GHover China from for- Anthropogenic Cl emissions from coal mining, gas and
eign emissions and transport. And finally, in section 5, wal processing, livestock and waste were from the Emission
discuss the contributions from various domestic sourcesDatabase for Global Atmospheric Research (EDGAR v4.0,
surface-layer Clover China. 2009) inventory, which are constant throughout the year.
Monthly emissions of Chlfrom biomass burning were taken
o ) from the Global Fire Emissions Database (GFED v2) inven-
2. Model description and experiments tory (van der Werf et al., 2006). Biofuel emissions of £H
were taken from Yevich and Logan (2003), which do not
2.1 GEOS-Chem Model have seasonal variations. Rice emissions from EDGAR v4.0
The GEOS-Chem model is a global three-dimensionakre scaled monthly based on soil wetness, and were updated
chemical transport model driven by the GEOS-5 assimilatést China following Yan et al. (2003). Natural emissions
meteorological data from the Goddard Earth Observing Sytgem wetlands vary monthly, as described by Pickett-Heaps
tem (GEOS) at the National Aeronautics and Space Admigtal. (2011). Natural emissions from termites were inctljde
istration (NASA) Global Modeling and Assimilation Officeand soil absorption was treated as a sink (Fung et al., 1991),
(GMAO).We used the model (v8-03-02, available online &oth of which were assumed to be constant throughout the
http://acmg.seas.harvard.edu/geos/) with a horizoatallu- year. The global total emissions and emissions over China ar
tion of 2° (lat) x2.5° (lon) and 47 vertical layers up to 0.01listed in Table 1. For 2004, the global total emission of,CH
hPa. The model simulates GHrom emissions sources, thewas 522.9 Tg, of which the major sources were wetlands,
removal of CH, due to reaction with OH in the tropospherelivestock, gas and oil, and waste, which accounted for 31.7%
loss in the stratosphere, and a soil sink, which were implg.4%, 13.7%, and 12.2% of the global total emission, re-
mented in the GEOS-Chem by Duncan et al. (2000) aggectively. The total emission of GHh China was 63.0 Tg,
Wang et al. (2004). There are ten tagged tracers fog Cf which the major sources were coal mining (32.7%), rice
concentrations from each of the ¢ldources and one tracercultivation (21.1%), livestock (18.0%), and waste (15.2%)

Table 1. Global and Chinese CHemissions for 2004.

Source (Tgyr?) Global (%P China (%§
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 13.27 211
Other anthropogenic 1.55 0.3 0.24 0.4
Biomass burning 20.25 3.9 0.35 0.6
Wetlands 165.94 317 1.78 2.8
Termites 12.05 2.3 0.72 11
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;CHormed a tagged simulation for each of ten {3durces. The

emission. tagged simulation considered Chinese G#hnissions only,
] ] and all tracers were set to zero at the beginning of every
2.3. Numerical experiments month, which reset the influence of emissions from month to

For the purpose of investigating the spatial distributiomonth, so that the CiHconcentrations of the tagged tracers
and seasonal variation of GHand quantifying the impacts clearly accounted for the monthly contributions from iridiv
of domestic sources and foreign transport onsQidncen- ual CH,; sources over China. These concentrations were only
trations over China, we performed the following simulatona small fraction of the total CH The tagged simulation was
using the GEOS-Chem: driven by the 2004 meteorological fields.

(1) Standard simulation (STAND): Global simulation of
CH, for 2004, with the initial global methane fields for 1 Jan-
uary 2004 obtained from A. Fraser (2011, personal comm@& Simulated CHy4 over China and model eval-
nication). uation

(2) To investigate the contributions of foreign emissio ! . o .
to CH,4 concentrations over China, we performed two 20—?;'1' ?OT:Iated spatial distributions and seasonal varia-
simulations of CH. One simulation considered global emis-
sions of CH, (referred to as CTRL) and the other simulation The seasonal mean concentrations of surface-layer CH
considered foreign emissions only (referred to as FC). TRé#nulated in STAND for 2004 are shownin Fig. 1. The model
initial fields of methane were set to zero globally for theg@sults show maximum concentrations in summer and mini-
two simulations. The ratios of average concentrationsén tlUm concentrations in spring. In summer, the largest CH
last five years in FC to those in CTRL represent the cofoncentrations that exceed 2300 ppb are simulated over east
tributions of foreign emissions to GHconcentrations over ern (east of 11{) and southeastern China, as a result of
China. Since Chiis a long-lived gas, the 20-yr integratiorthe increases in biogenic emissions from rice with temper-
allowed CH, in the final years of the simulation to reach a&ture during the growing period of rice. The combination of
quasi-equilibrium state. weak surface sources and a stronger OH sink relative to win-

(3) Tagged simulation: To quantify the impacts of eacter (Su et al., 2012) leads to the lowest tbncentrations in
domestic source on Cftoncentrations over China, we perspring. The minimum Cld concentrations below 1800 ppb

(a) DJF (b) MAM
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Fig. 1. Simulated seasonal mean concentrations of surface-layigrf@ 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 seasor$o very strong, which is from South Korea, as shown in
ity is consistent with the observed seasonal variation im&h Fig. 1.

from satellites in the studies of Frankenberg et al. (200d) a

Schneising et al. (2009). 3.2. Model evaluation

It can also be seen from Fig. 1 that the concentrations Wwe focus here on the simulated monthly mean concen-
of CH, over eastern China are much higher than those ovgitions for 2004 from the standard simulation. Surface and
western (west of 11%) China throughout the year. This reijrcraft datasets were used to help assess how well the model

gional pattern of Clreflects the influence of anthropogenigeproduced the observed seasonality and vertical profiles o
emissions from the more populated eastern China. The sin@H, in the troposphere.

lated contributions from human activities to atmosphetitz C )
concentrations range from 200 ppb to 400 ppb, consistéhg-1- Concentrations of Chifrom global background mon-
with the magnitude obtained from measurements. The av-  !toring stations
erage measured concentration of QHiring 2003-2005was  Six representative ground-based flask monitoring stations
2120+ 150 ppb at Taihu station located in eastern China (Jifeom the NOAA Earth System Research Laboratory (ESRL)
al., 2006) and the average measured,@dring 1991-2004 (Dlugokencky et al., 2012) network, known to be little-
was 1814+ 47 ppb at Waliguan station located in westermfluenced by local emissions, were chosen according to the
China (Zhou et al., 2007b). latitudinal representation as shown in Fig. 3: Alertin the-A
Figure 2 shows the simulated seasonal mean vertical dis; Trinidad Head in the Northern Hemisphere mid-latitside
tributions of CH, along the latitude of 38N in China. A Mauna Loa in the Northern Hemisphere tropics, Cape Matat-
strong enhancement of the @Hlume is found from the sur- ula in the Southern Hemisphere tropics, Cape Grim in the
face to about 10 km altitude along this latitude ovef-70 Southern Hemisphere mid-latitudes, and South Pole in the
140°E in summer, which agrees with that observed by AIR&ntarctic.
and modeled by TM3 in Xiong et al. (2009). Their study sug- Figure 4 compares the simulated with observed monthly
gested that the enhancement is associated with the incremasan concentrations of GHat these sites for 2004. It can
ing local emissions and the strong transport of,Gtém the be seen that the monthly mean g£ebncentrations from ob-
lower to the upper troposphere during the monsoon seasservations generally have a maximum in January, March,
It should be noted that the enhancement oveP428C0E is and April and a minimum in July and August in the Northern

(a) DJF 10 (b) MAM

70E 80E 90E 100E 110E 120E 130E 140E 150E  70E 80E 90E 100E 110E 120E 130E 140E 150E
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Fig. 2. Simulated seasonal mean vertical distributions of,@t 2004 in China; (a) winter (DJF); (b)
spring (MAM); (c) summer (JJA); (d) fall (SON).
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90N smaller seasonal variations compared to the measurements.

The model also tends to underestimatesGidncentrations

at Alert and Trinidad Head. The underestimates in sites be-
tween 30N and 90N 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 stegio
Table 2 presents a summary of the statistics of comparidons o
the simulated concentrations of ¢kith measurements for

60N{ ~
30N
EQ

308

60S T ) individual sites. The mean biases (MBs) of the background
i > sites range from-9.23 to 8.33 ppb, and the normalized mean
908 2 biases (NMBs) of these sites range frer.50% to 0.47%.
180 120W 60W 0 60E 120E 180

The fairly good agreement between the model results and
the observations gave us confidence for studying the impact

Fig. 3. Locations of observational data used in this study. The . .. . .
g Y of foreign emissions on concentrations of £éVer China.

black triangles represent 12 sites: (1) Alert; (2) Trinidéehd;

(3) Mauna Loa; (4) Cape Matatula; (5) Cape Grim; (6) South 3.2 2. Concentrations of Cllat sites in China
Pole; (7) Fukang; (8) Waliguan; (9) Gongga Mountain; (10) . . . .
Beijing: (11) Changsha: (12) Dinghu Mountain. Since CH is a long-lived gas, we compared the simulated

monthly mean concentrations with multi-year averages of
measured concentrations for six representative surfaes si
Hemisphere; and those in the Southern Hemisphere show @hina. Three urban sites represented fast-developing re
maximum in July and September and a minimum in Febrgions in eastern China: Dinghu Mountain {28 112°E) in
ary and March. The model captures the magnitude and sg@ Pearl River Delta region, Changsha28113E) in the
sonal cycle of the observed GHoncentrations at all sitesLake Dongting watershed, and Beijing in the North China
except for Alert. Modeled Cllconcentrations at Alert show Plain (40N, 116°E). Three rural sites represented underde-

(1) Alert (82.45°N, 62.52° W) (4) Cape Matatula(14.24° S, 170.57 ° W)
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Fig. 4. Comparisons of monthly mean GHhixing ratios from observations and those from the
standard simulation at the background sites for 20R4/alues are the correlation coefficient
between observations and model results.
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Fig. 5. Comparisons of monthly mean GHhnixing ratios from observations (error bars indi-
cate one standard deviation) and those from the standamdation at Chinese sites. Time
periods of observations: Dinghu Mountain (2006—08); Clshag2009-10); Gongga Mountain
(2005-10); Waliguan (2004); Beijing (2005-07); FukangQ@610).

veloped inland regions in western China: Gongga Mountashow a minimum in March but the simulated minimum oc-
(2N, 102E) in the southwest mountain area, Waliguaours two months later. The model has a relatively better per-
(36°N, 10T°E) in the Tibetan Plateau, and Fukang M4 formance in simulating the seasonal variations at Changsha
88°E) in the Junggar basin. Measurements at all the siteisd Dinghu Mountain. At these sites, the MBs range from
except those at Waliguan were automatic continuous meat2282 to 60.37 ppb and the NMBs range fron6.16% to
surements taken using the gas chromatograph as descrid@8% (Table 2), which are larger than the MBs and NMBs
in Wang and Wang (2003), and the observed values fatrthe foreign background sites discussed above. The large
Waliguan were taken from ESRL/NOAA (Dlugokencky ebiases in simulated CHconcentrations in China can mainly
al., 2012). be attributed to the representation of local emissions én th
Figure 5 compares the simulated monthly mean conceanedel (Wang et al., 2004). It should be mentioned that the
trations of surface-layer CHwith observations. The simu- discrepancies at these Chinese sites may partly be caused by
lated CH, concentrations capture the general feature of othe fact that the model results are for 2004 and the measure-
served high CH concentrations in summer or autumn aents were made in different years.
Waliguan, Beijing, Changsha, and Dinghu Mountain, but do ) i i i i
not reproduce the seasonal variations at Fukang and GonggaS: Vertical profiles of CH in spring outflow from China
Mountain. At Fukang, a remote site in northwestern China, The Transport and Chemical Evolution over the Pacific
CHyg4 concentrations are underestimated by the model. Wh{IERACE-P) aircraft mission was conducted in February to
the observed concentrations show a maximum in June ahgkil 2001 by the NASA Global Tropospheric Experiment
a minimum in August, the simulated concentrations sho(6TE) to observe the chemical outflow from Asia to the Pa-
small seasonal variability. At Gongga Mountain, the simuific (Jacob et al., 2003). The measurements have been used
lated seasonal cycle is out of phase with the observed oteeevaluate the simulated GHn the earlier version of the
At Waliguan, the observed CHoncentrations peak in July GEOS-Chem model by Xiao et al. (2004), in which the model
and the modeled CHconcentrations have two peaks in Juneeproduced the observed vertical gradient with a positive
and September. At Beijing, the observed téncentrations bias in the boundary layer north of 30, owing to the high
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Table 2. Summary of the statistics of comparisons of simulated con- TRACE-P (>20N, <150E)
centrations of ClJ with measurements.
12
I 0,

No. Sites MB (ppb) NMB (%) oA A observation

1 Alert —8.45 —0.46 10 F o A

2 Trinidad Head -9.23 —0.50 O model

3 Mauna Loa 8.33 0.47 o A

4 Cape Matatula -1.94 -0.11 8 r oA

5 Cape Grim 6.22 0.36 E o

6 South Pole 1.72 0.10 =

7 Fukang ~12282 6.16 3 6 r e

8 Waliguan 2.20 0.12 = oA

9 Gongga Moutain —4.45 -0.23 < 4 | A0

10 Beijing —6.51 -0.31

11 Changsha 47.09 231 AO

12 Dinghu Moutain 60.73 3.08 2 | fo

A

Note: Mean bias (MB) = INSN (M — O;), and normalized mean bias @ %
(NMB) = 100%x N, (M — 0;)/ N, Oi, whereM; is the model result at 0
stationi, O; is the observed value at statigrandN is the number of model- 1700 1750 1800 1850 1900
observed pairs. (ppb)

livestock and landfill emissions of GHrom the Streets etal. g. 6. Comparisons of the averaged vertical profile of G-

(2003) inventory. _ . served north of 2IN and west of 150 E during the TRACE-P
We focus our comparisons here on the mean vertical proajrcraft mission and with model results. Observations are f

files of CH,; concentrations in TRACE-P for a region north 2001 and models are for 2004.
of 20°N and west of 15¢E, with the averaged data obtained

from flight number four to 20 of route DC-8 (http://www-

gte.larc.nasa.gov/grargl.htm#TRACE-P). Note that the 95N
simulation was for 2004 and the TRACE-P observation wa$O0N
for 2001. The vertical profile of atmospheric ¢ht not 45N
expected to vary significantly year by year since,dsla 40N
long-lived gas. The model results were sampled along thgsn
flight tracks and were based on the standard simulation. Aggy
shown in Fig. 6, the vertical gradient and ghhixing ratios 25N
throughout the troposphere are reasonably well reproduc N
by the model, with a positive bias of about 25 ppb below 1 EN

km and a negative bias of about 20 ppb between 8 and 10 krri.ON

5N
4. Contributions to CH4 concentrations over EQ

China asaresult of foreign emissions T T T T T

As described in section 2.3, the ratios of average; CH 72 74 76 78 80 82 84 86 88 (M)
concentrations in the last five years in simulation FC to¢hos
in simulation CTRL represent the contributions of foreign Fig. 7. Simulated spatial distribution of the ratios of annual
emissions to Ciconcentrations over China. Figure 7 shows Mean surface-layer Gitoncentrations in the last five years in
the simulated spatial distribution of the ratios on an ahnuaFC t© those in CTRL simulation.
mean basis. A distinct feature is that the ratios are higher
in western China and lower in eastern China. The largestriation. The ratio of FC/CTRL has a maximum of 86.0% in
ratio of over 86% is found over the Tibetan Plateau, refleddpril and a minimum of 83.9% in August in western China,
ing the large contributions from foreign emissions and $maind it has a maximum of 82.4% in March and a minimum
local emissions in this region. The smallest ratio of 72% &f 77.8% in August in eastern China. The peaks in March
simulated over eastern China aroundi85indicating the rel- and April can be attributed to enhanced inflow from over-
atively strong local sources from human activities. seas (Holzer et al., 2005) and relatively weak local sources

Figure 8 presents the monthly variations in FC/CTRthese months. In August, as the domestic emissions fromrice
ratios for western (west of 11B) and eastern China (east ofeach a maximum, the contributions of foreign emissions to
11C°E). The ratios in these two regions have similar seasor@H, concentrations in China are the smallest.
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88% from all domestic emissions (MCADE), respectively. The
86% contribution from rice cultivation is the largest in summer
84% W accounting for about 47% of MCADE in August. Our model
E' 82% ‘z—'E'"-E\ﬂ results show that biomass burning, biofuel, wetlands, and t
8 80%| @ \E\ﬂ E,/E--B“‘E mites make small contributions to GHtoncentrations over
L 789 ‘\E/' China.
76% Emissions from different sources influence the seasonal
749, —e—Western China variation of CH,. Contributions from individual domestic
790l Eastern China sources are the largest in winter and smallest in spring, ex-
123 45686 7 8 9101112 cept for emissions from rice, wetlands, and biomass burning
Month As the largest source (Zhang and Chen, 2010) in China, coal

mining contributes to surface-layer Gy 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;Céince
coal mining emissions are constant throughout the year: Sim
ilarly, the contributions from emissions from livestoclaste,
5. Contributions to CH,4 concentrations from biofuel, an:l termites, Iexhibit t;we same seasonal varLatihon
; ‘o Emissions from rice cultivation dominate in summer with the
each domestic source of emissions maximum monthly contribution of 52 ppb to GHoncentra-
Figure 9a shows the simulated monthly and national metons, leading to the general pattern of the highest Céh-
contributions of different domestic sources to surfageta centrations in summer over eastern and southeastern China.
CH, concentrations over China, based on the tagged tradée CH; emission occurs in the early phase of the rice grow-
simulation for 2004 (section 2.3). Averaged over the wholeg season, and trails off as the rice matures (Shangguéan eta
of China, emissions from coal mining, livestock, and wast993). In the summer the temperature increases. Rice ¢hrive
lead to monthly increases in GHoncentrations of 19-35, in this hot weather and releases a burst of methane. Emsssion
10-17, and 9-14 ppb, respectively, which account for 23%em biomass burning make a small contribution to/&en-
47%, 11%—23%, and 10%—20% of the monthly contributiomentration all year round; a relatively high value of 2 ppb

Fig. 8. The ratios of monthly average Gltoncentrations in the
last five years in FC to those in CTRL for eastern (east of ELO
and western China (west of 17©).
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Fig. 9. Simulated monthly mean contributions from individual datiesources to surface-layer
CH,4 concentrations based on tagged simulations: (a) whole imlaCb) eastern China (east of
11CE); (c) western China (west of 118).
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occurs in March, perhaps indicating the biomass burning Her the observed maximum GHconcentrations in summer
fore spring plowing in China (Zheng et al., 2005). Wetlandsver eastern China.

emissions are sensitive to temperature and soil moisttitie, w
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that have large impacts on local ¢ldoncentrations in east- Ding, W. X., Z. C. Cai, and D. X. Wang, 2004: Preliminary butige
ern China are coal mining (37—67 ppb), waste (19-29 ppb), of methane emissions from natural wetlands in Chistenos.
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6. Conclusions Duncan, B., D. PortrEan,FI). Bey, and C.gSpivanvsky, 2000aF]har

We used the global atmospheric chemical transport eterization of OH for efficient computation in chemical &ac
model, GEOS-Chem, to investigate the spatial and tempo- models.J. Geophys. Resl05, 12259-12262.
ral variations of atmospheric GHbver China and quantify EDGAR v4.0, 2009: European Qommission, Joint Research Cen-
the impacts of overseas transport and individual domestic ¢ (JRC)/Netherlands Environmental Assessment Agency
sources on concentrations and seasonal variations af CH (PBL). Emission Database fo!r Global Am.”OSphe”C. Re-
over China. Simulated surface-layer gebncentrations over f‘?tar/clg d(Ea?'Gr?zg, erjflgaztzl:/(]arsmn 4.0. [Available online at
eastern C_hina pegk i.n the summer when biogenic emissio%ng] g x.,gL. JX th.ou, LF.) )l(u,'B. Yao, L. X. Liu, L. J. Xia,
such as rice cultivation are largest because of the warmer “anq H. v, wang, 2012: Ciiconcentrations and the variation
temperatures. The annual mean concentrations afr@hge characteristics at the four WMO/GAW background stations
from 1800 ppb in western China to 2300 ppb over the more  in China.Environmental Scieng&3(9), 2917-2923. (in Chi-
populated eastern China, indicating the influence of anthro  nese)
pogenic emissions. Fiore, A. M., D. J. Jacob, B. D. Field, D. G. Streets, S. D. Fer-

The foreign emissions of CHwere found to have large nandes, and C. Jang, 2002: Linking ozone pollution and cli-
impacts on CH concentrations over China. Consideringthe ~ mate change: The case for controlling methaBeophys.
ratios of CH, concentrations simulated with foreign emis- _ Res- Lett.29(19), 1919, doi: 10.1029/2002GL015601.
sions only to those with global emissions, the annual and rd10re, A-M., D. J Japop,.H.le, R.M. Yantosca, T. D. Fairtad
gional mean ratio is 85% in western China (west of “E)0 Q. Li, 2003: Variability in surface ozone background oves th

. . . United States: Implications for air quality policy. Geophys.
and 80% in eastern China (east of 1&}) and the ratios peak Res, 108(D24) 47%7 doi: 10.1029?2003){]%00%855_ Py

in spring as a result of the prevailing westerlies in thisse@a  Frankenberg, C., and Coauthors, 2006: Satellite chapbgra
and minimize in summer owing to the strong local emissions  of atmospheric methane from SCIAMACHY on board EN-
and the fast removal by OH. Locally, foreign emissions have  VISAT: Analysis of the years 2003 and 2002. Geophys.
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of about 72% over Shandong and Anhui provinces in eastern and D. W. T. Griffith, 2011: The Australian methane bud-
China. get: Interpreting surface and train-borne measuremeitg us
We conducted tagged simulation to quantify the monthly ~ & chemistry transport model. Geophys. Resl16, D20306,
contribution from each domestic source to the surfacerlayq:u doi: 10.1029/2011JD015964.

. . ng, l., J. John, J. Lerner, E. Matthews, M. Prather, L. &It
CH4 concentrations over China. Model results showed that and P. J. Fraser, 1991: Three-dimensional model synthesis o

coal mining, livestock, _and_ waste are the maj_or co_ntr_ibu— the global methane cycld. Geophys. Res96(D7), 13033—
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season. Emissions from rice cultivation are hence the nsaso ~ Report of the Intergovernmental Panel on Climate Change
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