W22 % 453 R H B OB W R Vol. 22, No. 3
20175 H Climatic and Environmental Research May 2017

AR, mbE, I, . 2017, TSRS BRI I 2 A AL [J]. RS HRIERTST, 22 (3): 346-354. Feng Dongxia, Gao Xiaoging, Zhou
Ya, et al. 2017. Characteristics of spatial-temporal variation of atmospheric methane over the Tibetan Plateau [J]. Climatic and Environmental Research (in

Chinese), 22 (3): 346—354, doi: 10.3878/j.issn.1006-9585.2017.16199.
5B IR K SRRRERZ 5060 EHWHFIE

S == 1,2,3 ¢ e 1,2 — o 1 a1
WES: EE S BT MW EANK
1 B2 BE VG A AR AR PR IR S BE, %M 730000
2 hEEREBEREE, JEa 100049
3 EAZ BRI, Ak 100081

B OFE AR RAARR S PO E 0 5L Aqua TR AIRS WL 45 RUEATR LE 4, FF o Hriiist 1
2003~2012 F5 i i 2 K BE I 25 0 A RRAE, S5 RR W 1) AIRS MO 45 J 5530 Hh [ W e k) AR 4k
A, fAERFMIEAHICOCR, AR M M —30, TR T35 58 B DX Sl H RSk B RRIE AT o 2)
JEOBF It 2 AR B BETE 25 (A 0 AT AFTE 8 2 I PG Jb— 2R ma 5 ) IR Y S L AL A AE 4 AN 2 ) e RO, 2090
AL TR T RN A o 30 e B b S S A B e S T PR e B, ARSI eIk 43 T D 1.810
ppm (1 ppm=10"). 1.797 ppm FI 1.781 ppm. 7EXF¥J2TZR T B2, bR EHEA LHURMEH RAR. Fadbmsy
B A B AL . AEXTRZETN, LURAEAT A2 ik, SRS I0R s bR fE . 4) 759k JR F e o B2 Bl
I R 2218 FE, SPIEEE S 0.0018 ppm/a, K ZE EIHEAR, K EARRNE. 5D R R AR W
IERIFAAAAGIE, KT, KB, SEMMX A, XGRS IEAR, G mE LT 284k 5 1 b
KR KR WNERE TARER HRE&ER X

XEHS 1006-9585 (2017) 03-0346-09 PESES P67 XHEARIRES A
doi:10.3878/j.issn.1006-9585.2017.16199

Characteristics of Spatial-Temporal Variation of Atmospheric Methane
over the Tibetan Plateau

FENG Dongxia" >, GAO Xiaoging', ZHOU Ya"? YANG Liwei ', and HUI Xiaoying'

1 Northwest Institute of Eco-Environment and Resources, Chinese Academy of Sciences, Lanzhou 730000
2 University of Chinese Academy of Sciences, Beijing 100049
3 Department of Integrated Observations, China Meteorological Administration, Beijing 100081

Abstract This paper presents a comparative analysis of retrievals of atmospheric methane (CHy4) by the Atmospheric
Infrared Sounder (AIRS) on the EOS/Aqua platform and CH, observations from 2003 to 2012 at Waliguan atmospheric
benchmark station. Characteristics of spatiotemporal distribution of tropospheric methane over the Tibetan Plateau (TP)
are revealed based on AIRS retrievals. The results are as follows: 1) The AIRS retrievals and the surface observation data
at Waliguan show a consistent increasing trend. The time series of AIRS retrievals and surface observations are positively
correlated and the correlation is statistically significant. The time of abrupt changes are consistent between the two data
series. Therefore it is possible to analyze the characteristics of spatiotemporal distribution of CH, in the tropospheric over
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the TP using the AIRS retrievals. 2) A northwest—southeast oriented low concentration zone (LCZ) of CH, above the
central area of TP and four permanent high concentration centers of CH, to the south and north of LCZ (Ngari, Nagqu,
Lhoka, and Yushu) are found based on spatial analysis. 3) With the increase in altitude, an obvious decreasing trend of
CH,4 concentration is found over the TB. In the middle and upper troposphere, the CH, concentration is lower in the LCZ
but higher on both sides of it. In the top troposphere, CH, is higher to the south and lower to the north of LCZ. 4) CH,
concentration shows a slowly rising trend with a rate of 0.0018 ppm/a over the TB with the fastest rise in the summer and
the slowest in autumn. 5) CH, over the TB shows a clear seasonal and unimodal variation characteristic. It is higher in the
summer and autumn than in winter, which is quite different to the summer—winter bimodal variation characteristic of CHy

in East China. Seasonal variation of CH,4 over the TP increases as elevation increases.
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Fig. 3 Distributions of mean CH, concentration at different heights in the troposphere over the Tibetan Plateau: (al—a3) Annual average; (bl1-b3) winter;

(c1—c3) spring; (d1—d3) summer; (e1—e3) autumn

FEOR 2 B R AR DA, L 22 o S R 3 2 2 Tt
AR L X IR Rs S 2011). FEXT
JEHRER LR, B REREAS U A 5 M1
FA AL s R A T O AR, b SRR
B FEXSSR R DURME N e, 5
DU 1) B AR AL, P B AE AR A A7 A
B 0o BB, RO B e A,
B e T F bk B R AL 22 K

3.3 B[R ) E T

M da—c TFRTLAEH, T IR F ek B AR
2003~2012 (A FEABEIN (7] 2218 F &, AP
TERR S 23 BUREAE, Horp 2005~2006 Fidlk, 7
W4 1.804 ppm. 1.789 ppm. 1.770 ppm, 2008 41!
W— /N, 435 4 1.814 ppm., 1.802 ppm. 1.786
ppm, 2010 4FJ5 PR EAHE 2012 dgE, 2k
1.822 ppm. 1.811 ppm. 1.796 ppm. 1 2002~2008



3 1] MAEEEE TR R BE IR BN 2 A AR S A

No. 3

FENG Dongxia et al. Characteristics of Spatial-Temporal Variation of Atmospheric Methane over the Tibetan Plateau 351

FR2 2003~2012 FFE, A LE. EMARSERIE.
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Table 2 Maximum CH, concentrations at different heights
at Ngari, Nagqu, Lhoka, and Yushu during 2003-2012
FORHBERE (ppm)
X wifE/hPa i KT HF e S

o] L 407.25 1.83 1.815 1.815 1.847 1.837
306.75 1.832 1.82 1.813 1.854 1.839
206.25 1.819 1.809 1.803 1.847 1.826

HS Hh 407.25 1.821 1.806 1.826 1.852 1.832
306.75 1.82 1.798 1.819 1.854 1.827
206.25 1.811 1.793 1.803 1.838 1.818

thFg 407.25 1.821 1.797 1.815 1.847 1.832
306.75 1.814 1.79 1.806 1.847 1.827
206.25 1.811 1.793 1.803 1.838 1.818

E) 407.25 1.816 1.824 1.809 1.83 1.827
306.75 1.803 1.805 1.787 1.833 1.815
206.25

A AL GRS, 2011), 578 & i
BRI EAE 2009~2010 £E/MEETE, 2010 4F 5 ik
T, Him T 2008 RN S . RIS PERE 4G
T (G 3D, SHALZ 52 e B A RO AR B A A
i, %124 0.0018~0.0019 ppm/a, 2003~2012 4[]
KA EE 5394 0.018 ppm., 0.019 ppm. 0.018 ppm.
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Table 3 Regression coefficients and correlation coefficients
of the linear tendency estimation of CH, variation during
2003—2012 over the Tibetan Plateau
ENGIENESBIEVEER Vs AR ERIRH SR R 5
407.25 hPa 306.75 hPa 206.25 hPa 407.25 hPa 306.75 hPa 206.25 hPa

4 0.0018 0.0019 0.0018 0.8814*  0.7807* 0.6673*
A2 0.0015 0.0017 0.0016 0.7111*  0.6605* 0.5496
HF 0.0019 0.002 0.0018 0.8569*  0.7179* 0.608
HZ 00022 0.0026 0.0026 0.9022*  0.7760* 0.6514*
== 0.0015 0.0013 0.0011 0.8768* 0.6126 0.3731

*Fonlid 0=0.05 1 B MK R

MIE 4b UL, e s T e B LA
EENAL, BEF (6~8 A) W, H%F (3~5
O &A%, BRI, X EARER. Lt
DCR2C BRI R Z 1 AR AU RFAEAN ] (R 55
2011), XA AEAREP KT T R 2 FE CH,
AR RTS8, AR
WU B 5 R TR AV K3 1) (Holzapfel-
Pschorn et al., 1986; Yagi and Minami, 1990; Khalil et
al., 1991; Thomas et al., 1996; Saarnio and Silvola,
1999; Saarnio et al., 1998, 2000; Henckel et al.,

20000, BEA R EF TR O T, MG
A R 2 R TR ARAIR 50 2% 0.038 ppm.
0.055 ppm. 0.060 ppm, 5 At SRS HT 45 F—5L
CRERRZE, 2011), Kl 4d—g, EEMKTETELR
terf, ARAE AR 2005 4F, R H IR 2008
E, MAREW R BE 2006 4F, KEEH
BLAE 2009 4F, Bk iERA G T HEAKE.

XA EAT S M Al (36 3), 2003~
2012 475y i J FBEvR B B A K e P, P
0.0025 ppm/a, & J2HIKMERE 7514 0.022 ppm.
0.026 ppm. 0.026 ppm; HF. &KL, HHlF
¥4 0.0019 ppm/a £1 0.0016 ppm/a, %)= 18K g &
23514 0.019 ppm. 0.020 ppm. 0.018 ppm A1 0.015
ppm. 0.017 ppm. 0.016 ppm; FKZ4ER K il
%17 0.0013 ppm/a, &= ACHEE 750 0.015
ppm. 0.013 ppm. 0.011 ppm. %-Z=157EA[R] i 3 4
KHRAN, LXFENRET LR KRN, MR
JAH ERZE TG KR AR5, B FER)ET b
JARZTE R, i E 2K, KRR
[ M nbs i RIS VST N (78

4 g

AR R o [ BC R SOG4 BROR A B FR e oA B
MM 52 [ Aqua TR AIRS Sy 0 Rk EAT 5%
Eborr, FEMTFIY T 2003~2012 4F 5 i R )
WA RSB B A e, A3 LU LS
%VB:

(1) BUHL A58 o R 52 A 1117 3800555 37t 22 T
BTN, 23k 1.848 ppm., 1.798 ppm. 1.789 ppm
A1 1.781 ppm. %)= GG 2818 1T, MBI
B0 2 2 TOU A e oA B 1 TH T35 43 3l A 0.0041
ppm/a.0.0025 ppm/a.0.0023 ppm/a F10.0018 ppm/a.
AIRS WLl &5 5 5 30 i [DUN 78RR i #A— 3,
TEE R EWIEA R, HEARE R 2010 4F
LT, 2011 fE R B FIt.

(2) 75 78 i SR = FR e FE A 2% [B) 43 A b A7
5 5 2 BV Ab— R e ) (PARAELAY 5 7 J v
Jb—72< 1w 7E 1) 1) B 1 hk— 7 oty o 1 Pk — 7 W 1L
JikE 2, HLEFACMIAELE 4 AN EDE I EE O,
PSP 38 g5 KA N s B AR R R 43 A B L S
i AR, SR AR R oA
B O BRI AMA AL TP B iR 4200~4500 m
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Fig. 4 Temporal variations of (a) monthly, (b) monthly average, (c) annual, (d) winter, (e) spring, (f) summer, and (g) autumn CH, concentration at different

heights over the Tibetan Plateau during 2013—-2012
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