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Abstract Observations of global methane inversion (CHy4) products measured middle-upper by the Atmospheric Infrared
Sounder (AIRS) on the Aqua satellite and the NCEP reanalysis data are used to investigate characteristic changes in CH,4 over
the Tibetan Plateau from 2003 to 2014. The relationship between the CH, change and the monsoon is explored. The results
indicate that, taking the Tibetan Plateau as whole, the concentration of CH, decreases with the increase in altitude. The seasonal
variation of CH, in the middle—upper troposphere is significant. Monthly average concentration of CH, is the highest from July
to September, followed by that in June and October, and the value is low in other months. The concentration of CH, increased
year by year during 2003-2014, showing an overall increasing trend with an annual growth rate of about 4.66ppb (10°°).
Based on analysis of the spatial distribution of CH, over the plateau, the concentration of CHy is higher in the north than in the

south of the plateau. During the summer monsoon period, CH, concentration in the mid-upper troposphere significantly
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increases and continues to accumulate due to strong convective transport and influences of South Asia high blocking over the

plateau. The maximum CH, concentration appears at the end of August to early September. Analysis of the monsoon index

suggests that strong convection under the influence of summer monsoon is one of the major factors contributing to the high

value of CH, over the Tibetan Plateau. The maximum CH,4 concentration appears about one month later than the Monsoon

Index. With the decline of the monsoon, the high value of CH, also quickly decreases.

Keywords Methane, Atmospheric infrared sounder (AIRS), Tibetan Plateau, Spatial and temporal distribution, Monsoon index
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CH4 /E AR T COL 5 I = Ak, T
A7 5T 5 A R AR BE AR 2 R 45 it COs 1) 25
Yo VTR CHy IR S RN VA 20%, 1 H AL
BT, i 20 HAIHIRER 2 £, JF
HA AR 0.8%~ 1% 13 B3 (Milich, 1999).
F—J51H, KA CHy 5 OH A 3 e v Jg H 3= 9
PR, B 5eE S R T RS K. Os
SRR A, A LA R AT KA
WP R R E R (GGREI, 1996). Pk, #F5T
KA CHy (RIS 23 20 A1 S AR 143 A B

T8 SR AL B, SRR AR 4000 m LA L,
RIILEN ) RIFATIVER, A e AR R TR S AR
i, i HLGH A ERA AR AR A DA K MRS TE A
RIBHA EEREm (He %, 2008). 7578 m IR
FEE ZEAE R — AN SR AEOT ] R A0k 304 1
LT (R 586 32 3 5 90 2 Y ] 1) K R TR
FLEBIRERG A TKYANTG G NI 2 i b Arik
(Ye and Wu, 1998), #EZUAIFST 28 B 25 XU
) (RJYR RS B K 1 SR S B B AR T
FFE g X it 46 JE /2 (Lawrence et
al., 2003; Liuetal, 2003). Bz R4 (2006) #f
SR I Z AR IR HE O ) T 75 R e S A A

M T iR X HE 0%, BREEAAT S,
Fib, i ELBAE R 43l A ) B RE SR Bt |
) CHy I, AN BEVHEAf i =2 (1] X 3 g oK
AR, FEHMELAIRAF CHy IR L0 A A5 S CREd 4%,
2007). 2002 4F 5 HEEEZHFMIR)R (NASA)
FRINR S T 58 b ER LI R G (EOS) R4 LR
Aqua, _IHIEETRSLL MRS ( Atmospheric
Infrared Sounder, AIRS) gLt mml=s. &nkE
i CHy 5 5, BORHERE T 0423k CHy 20 A A2
A S O SR M (R G SCHEEE, 2006) .
Xiong et al. (2008) FJH AIRS FRIUZHAE 7.66 um 3
BEAb e iy, KA SVD (Singular Value

Decomposition) [ 5 ¥ESEHL T X A H B e 22 156
LR MRS . % H AR ALK, Xiong et al.
(2009) JFJ@ T Wi Sl = i B B SRR G, i
I RHLSEM CHy WL AIRS S ™ S (PR LE,
P AR FEAAE-1.4%~0.1%, HITHRIRZE KA
0.5%~1.6%. Zhang et al. (2011) F|H] AIRS [{j=
G A B B X b s 2R CH, IR 23 A REAE
55 1 R BRI B2 R R ZEAE 1.5% AN . T4 ME5E
(2015) FHFEEFHRLER (WLG), HEEGE
JEMOL (LLND 58t 522 58 (UUMD B0
PERLGT 2003~2013 4F AIRS %5 N HGE I CH,
WREP= AT TIAE, RZELE 2%LN, B
—3, DL 4EIRE I AIRS FEIN 4% 5 5 19 CHy 77
JUER E,  w] LR RIS A A B 43 A
IR P E IO HETN

AKIHEE (25°N~40°N, 75°E~105°E) [N
Tk AT ST X3, R ATRS MU 78RS I R 26 N
Ji CH4 = i, 237 T 2003 ~2014 4F 5 = Jii 4% CHy
(IR 25 AR AL s 3E T 45 A NCEP 143 2R HE S T
HERE, SR E s E CHy B TR L
i, IR R 4% CHa 43284 T R R PR LA

2 ERNA

2.1 AIRS &#}

AIRS 7E 3.7~15.4 um £ 2378 M ikimiE, #1
AW e B, AT SR 13.5 km,
SEA SEIE IR I 2% (AMSU), 1] LLEE# /Y 2 ()
FME R RAMOE AU SRR I, TR
Fefili b COr CHy S5l A B B T
JER 2k o A SO & NASA HUBRRFF e A5 SR
-y (GESDISC) 2] AIRS J i it CHy
FEE CGERIO, A H P g H e, %
FEEPEHET 24 ANRURJER) CHy BURA i H
JELk . ot AV CHy P2 KE RN 1° (4
FE) X1° (ZRE), IEHU™ M B A 2003 4F 1
A 2014 4E 12 H, 3L 144 A0 B H CHy 7 it
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U P8 CHy ™ AR ), A SIS ) BEA 2008
8 H 26 H49 H30H, 336 H. AIRS BRIk
Fl GESDISC (Goddard Earth Sciences Data and
Information Services Center) [¥] %3 Chttp:/disc.gsfc.
nasa.gov[2015-10-23]).
2.2 NCEP Bo izl

N HZERIRE, AT ) NCEP #4573 #75%
¥l ALFE NCEP/NCAR ¥ H 341553 81 2Rk DL &
NCEP % 6 h [#j FNL (Final) 343477t #} . Hrh NCEP/
NCAR (M58 AP 2.5° (4
JE) X2.5° (RFE), RERILH 144X T3 NS 5
NCEP ENL ({545 6 h FfE4MHF SR AT S0y 10
(ZEJE) X 1° (4J%) . NCEP % k155K [ CISL RDA
( The Computational and Information Systems
Laboratory Research Data Archive ) [£] %3 Chttp://rda.
ucar.edu[2016-01-05]).

3 FEs/E LT CH, IR = TL4F4E
vaRil

3.1 HF®S/E 300 hPa £% CH,RY7KFRZZE{E

2l PR T S 4 AF 52 e, AIRS Gl TE AR CH,
(I B R ST Bk, fEPRE . MR RE
T 1 2 B AT DX 85811 4 0 R 1) N 6 L
R fEh A EHIX, AIRS MIEHRIN CH, 5
JEJERAE 300~400 hPa AiAy, H SR ZEH /D
(Xiong et al., 2008).

ASCLLE R CHy 25434 ], RIS da
300 hPa [ CHa ¥R B2 (WIS AR EAT T 40 #7181 1
A 2003~2014 4 24138 J5 7 ke B S A 12 X
300 hPa 7% CHy W EAEAN[F)ZE 15 IR /K25 0] 43 AT
B, Erh et HEN BT T Xk, bR 3~5
H CH REEFIME, HAh 6~8 J1 CHaiREE Y
i, FH 9~11 H CH REEFIME, 450 12
HZEIAE2 H CHaREEIIME R 1 45H T 2003~
2014 4F AR Ja B9 IX 35 R A 300 T) &3 oty b X
i (60°E~75°E Hl 105°E~120°E) 300 hPa [“F7F
AT ) CHa P33, CH, W% AR BUR &
bR, 55K LR 1 E, 5 R 265 i h
DA L, 35 58 b4 CHL IR 2535 A8 A e W 4,
B CH4 RSB R, FATE CHIRERAK .
CHy R BRI AT (F 1), HPEY
g 1784ppb (107, HZ (& 1b) A 145

CH4 WP )L T-#8A e n, Fo-FI4{EZ 4 1822ppb,
BB T 2 38ppb. HFE (K 1o) Him R L
% CHa R LA ik, HoPISMEZ 4 1817ppb. 4
7= (K 1d) CHy R BRI kb, P EZ
i 1787ppb. BREZESLN, HARZAT i E R Lo
1) CHa ¥R 5 35 W S ARG T iy [R) 26 32 ok X3 73 o
T e )b CHA R 0 A S A 7 5 3L Fl ) 43
JE£ oty Ml X3 AT iR ) 22 54, CH LERIEST X8 A #0
A AETERFE . BN TTRE, mRdbin
CHy IR ¥ T gl bhix, HIH A5 i e 5
TERIDIG B4 o

T4, PR CHa S AEE 2= (& 1b) ]
WTFEr, IX AT REAE DR 2R KU [R] s tis s
5y CHy 1) Ik I 52 7518 AR UL 5200 1T T BT
(Lietal.,2001), HHZ= 12840 A F e I Bk,

x1 TRFETHEFRESEREGRESEHX 300 hPa ik CH,
FIRE
Table 1 Averaged CH, concentrations at 300 hPa over the
Tibetan Plateau and the surrounding area of the same
latitude in different seasons

300 hPa &b CH, V453 (X107

T e X JR T2 [ 2 ) i X J5
Ees 1784 1789
FES 1822 1822
K== 1817 1822
L& 1787 1797

32 EEEELE CH, REMERMSIT

h T3S R R X ¥ CHy MR
(R 25 AR A, A SO g S s R R R [ e
CHa [ AR AT T 2081 8 2 45 7 5
g5 A 2003~2014 4F CHy W JE 3 H 20 A1 IAEAS
1R, R B CHy WS TE 0T 22 e e, 1T
[PE CHs W S, “F¥I7E 1800ppb LA I+, A8
AR RIEY, AR AR =h 70ppb. A = B3
B, CHa WEEAWIDN, FARMAREZIRT5, X
JUZT 100 hPa (= BEAL, ~F-35) CHy WEE R[5 42 1680
ppb Zifi, AL TS, HARIER /N T 20
ppbe M 2 W] LU H e SR b0 i 2 A v B 1)
CHy WRJEFAIEH RIS 300 hPa = A A
—Ff, 4 H CHy IRFEHAK, 6 H CHy IR I URHGE
WK, B8 Hikf K. # 300 hPa &b CH, WKJERE
% 7 P 11 S5 . e SRR AL 2 v CHL (7R 4k o (L AHE
BEIMIE, 9 H 350~450 hPa 5 B P i CHy WAL T
8 H, {H{E 350 hPa ffEfE b CHA W AR T 8 H,
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Fig. 1 Spatial distributions of averaged CH,4 concentration at 300 hPa over the Tibetan Plateau and its surrounding areas in different seasons: (a) Spring; (b)

summer; (c) autumn; (d) winter
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Fig. 2 Annual variation of the vertical distribution of averaged CH,4 concentration in the middle and upper troposphere over the Tibetan Plateau

IXF W] CHa ¥R S5 & I i B4 F B L s b 11, 1
T A U e S R B ek 9 2 5 B CHL R 5 9k
D EEERZ —. 9 HARBIFX I 21 CHa 3K
FERGE RN o 2 & ZE AT R B e, 12 H
CHy IR JEAT/MBJE T LTE, TER—ANNEAE, 1
TR 2, CHa MR EAREE S T Fta, HRIEIIIT
DX IR CHa W< FE RIS ) AR A 1 B0, P RS g it b
CH4 W FEAR AR E 4 = AN (1) CH, i,
B 7~9 H; (2) CHyb 3, B 6 HAI 10 J; (3D
CH, Al ], B 1~5 JF 11, 12 .

AIRS 1E Ky —Fh 20 7118 IR 4%, BLAR S 35 CHy
I T FH AR 8 S KRR R S, 38 R
CH4 ¥ J5 1 BBk 3R 25 - {H /2, AIRS i [ CHa
WEEM 6 H 219 3G g EL % 60ppb, LT
T Xiong et al. (2009) %5 H FIRYET- AIRS {X#8 1
LN R 7 Rz Y5 BV (P 2, U W R P 12 2 Y6 i
AT DR G b sz B0 3 2% o s 25 s B B CH R P R IS

TARAFAE o T R BL L A SR PR UL B 4} 23 B
WontHEZE CHy 2 SOREE BRI GBCR K
&, 2014), X E ARSI ) R R A L
X 3557 2% CH, o SOOI = & e 2 B FE R 19
P G118
3.3 FHiEiSEXE 300 hPa &k CH, K E BYERRIT (L
K 3 45 T 2003~2014 4F# 58 = 7 300 hPa |
XY CHy WL IE H AR A3 SRR
K 3 AT LA H R 300 hPa 1278 CHy IKRJEAE
2003~2014 SRR 4EA A T N, H SRS ETT
e, BHEFHBK Y 4.66ppb, K EL N
0.26%. H:1 2003~2010 4F CHy WS S fh 15k 22
M) ETHES, RSP Y) 3.13ppb, 1T 2008
TR B CHY WRFE RGN, b 2007 45 P34 5
H 18ppb, FEMIREE (2011) HFSTE B 5 A v] g
552007 SR H 88 I AT 2008 42 K b e HE
KA K. 2011 F CHy WRFEHAFA W EH BT
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H FTHIERE A 16ppb, HJ5 A 2014 4F CHy ¥ B4R 4L
2 ETHEP, 2014 45 R 725 300 hPa &b CH,4
(R4 B Lk I 1830ppb.

4 E@eELT CH, 5EHTKE
EXBIEER

TENVINE 2= A IR], EIFE . 25 B WP AN IR A re
b DX AR B A s HERCH KR CHa, KRB [
BRI CHy D0 %, s ma LA &
X oA o T T A HBE I 3R HE O ey J
CH, [f1520, Xiong et al. (2009) FJ AL A4l 1y
FHETBSE N 50%F0, s b2 FGe iR B A n
459181 300 hPa 1) CH, RSN INZT 8%~9% . X/
g L I AR 2 XU ) g R 2S CHL R B B4 N3 4>
Sk B H R HERUR e, (B 22 (1) B 2= b s
IEFH o H ] PG L DR ARJEC 3 UL, S5 7 H B 28 CHL
BB GRS, 2014), 1 FCR sk Rk e
JEAE 3810 m, PR 1 B Hh A5 = A HE O n it i

1880

Ab, Sl ) BB A AT, T
M 55 2 1y Jit 2B 8y ik R BRI RS A
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41 FRIEHHEZL

ZEgd PRI AT (2005) H

5W2 W
KH T T AAC M AL, R A shasbrit
WARER (B NIRED, o, Vi 1T A%
FEINRE, V1AM T AR XAR RN
By, Vo IR (n) HH G 1 HSFEIR R
SESL 0 >0 IO ZEHX, S 2 AT B AT X
) A S 3 e AR X — R IR AR AR . A SCAE
NCEP/NCAR H-V-EJ 73 B8Rk K 300 hPa ~F
BRIzt b, Fe AR (D) SR T X 300
hPa [FJ A KSR E, Wil 4 BT .
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Fig. 3 Interannual variations of averaged CH4 concentration at 300 hPa over the Tibetan Plateau from 2003 to 2014 (the grey spot solid line represents the

growth trend of CH,4 concentration from 2003 to 2014, the black solid line represents the growth trend of CH,4 concentration from 2003 to 2010, the black dotted

line represents the growth trend of CH, concentration from 2011 to 2014)
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Fig. 4 Monthly changes in averaged CH4 concentration at 300 hPa over the Tibetan Plateau and monsoon index
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Fig. 5 Daily variations of (a) averaged CH, concentration over the Tibetan Plateau and (b) daily monsoon index during the declining period of the summer

monsoon in 2008
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IFAE RS R T 5 d, e % H B ZEXIT
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i, BAEMELLHEORT 5 d, WEEixH A E
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