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Abstract Using ERA-Interim and APHRO MA data, the spring precipitation decadal trend in the western Tibetan
Plateau during 1979-2007 and its possible causes were analyzed. The results indicate that the change in spring
precipitation in the western Qinghai-Tibet Plateau presented a significant decreasing trend, which is clearly related to
both the convergence rising in the southwestern Tibetan Plateau and water vapor transport from the northern Arabian Sea.
A significant convergence anomaly was found to be generated when the negative high-level (500 hPa) geopotential height
field and negative low-level convergence (850 hPa) were occupied, which provided the dynamic conditions for spring

precipitation in the southwestern Tibetan Plateau. Moreover, the location of the negative high-level geopotential height

WS EH 2019-01-14; METHAMAR 2019-05-08
YEEBINY B, 99, 198344, WILAFTiA:, BN s RS A A BT 7T, E-mail: tibet_ct@163.com
BB EXEASTIRTRI2018YFC1506002, [E5% HRFIEFEETIH 41665002, 41465006

Funded by National Key Research and Development Program of China (Grant 2018YFC1506002), National Natural Science Foundation of China

(Grants 41665002 and 41465006)



S EE K B WA 24 %

640 Climatic and Environmental Research

Vol. 24

field anomaly was consistent with the cyclonic anomaly center in the wind field, while that of the low-level convergence

was relatively weak. The spring precipitation anomaly was accompanied by both specific humidity anomalies at the high-

and low-level geopotential height fields in the northern Arabian Sea; however, the positive specific humidity anomalies of

the lower layers were more significant. The water vapor transport in the northern Arabian Sea accounted for 55.3% of the

total spring precipitation change in the southwestern Tibetan Plateau. The study shows that the decreasing trend of spring

precipitation in the southwestern Tibetan Plateau from 1979 to 2007 was mainly caused by the decreasing water vapor

transport from the lower layer of the northern Arabian Sea to the Indian subcontinent and the weakening high-level

convergence of the southern Tibetan Plateau. The consistency of trend in spring precipitation in the western Tibetan

Plateau and water vapor changes in related areas can provide guidance to analyze the climate change in the Tibetan

Plateau.

Keywords the western Tibetan Plateau, Spring precipitation, Variation trend, Water vapor transport

1 5]

Hok i JE (AR RS D P35 4Kk 4000 m
DAL, shESEAE), HARZG MW LK, 7E% 5
KoRmEAREE, MEhE SRk, %2R
i —#B# 1, LN (26°00'12"N~39°46'50"N,
73°18'52"E~104°46'59"E) (5KEE4H5E, 2002). it
R ) 1 3 2K AT A5 v B RS P B R 2 A b sk 28 =
KRR, RN MK ES”, RZETMNK
LR B R PR Cohs Z14%, 20125 Yao et al.,
2012) . FEsK 72w e K BRI B A e T e —,
o KRG GBI (IRFEAESE, 2014;
SIinsE, 2018). FELIRETHR BT, =EME
AR A B X FRCR A8 R IR A2 1Y,
1996),  H [ 7K B /KR AR A ox X ek fe 4 BR AU AR A
(e 5 A FH B A B B R

ey JiR A 7 LA B Sk %) 2% ) 22 S RN [R]AR 4K . W0
DUFARSSAU K BRI 2% 6] 73 A S 30 E 2R B ) 7 A s s 1)
TEA: T H R KR I R R AR
RBRFFAE (FERIZE, 2003; TN, 2009,
Bltn, ZFEHBMFREZE (6~8 H) MAKLERK,
W (—MRIES~9 H) BKESFFERKELI
RIS, 20115 5% 30056, 2013; ZRRR e 4%,
2016) . 1=y 5 B 7K 1 23 [ R [A] AR 4 3 B2 KA
TR, RN AR ARSI A, R P
DRI HB T RFAE T il S B8t A3 e BAKETHS,
ST =t P . =10 e o == 1 B B )=
KAz #, BRI MEra N &R (Yao et al.,
2013; Yang et al., 2014), X thffi 15 & R 1A X
R BB 2R RSARRRIE . FEK I R A 5 KT
EEVIMIE, WTE RN, AR AN &

T

JR—E R R K SR s (BeERSE, 20155 KR
M, 2016, REMEZ, 2018). HEI EEAAES
FRKIEIENLE]: 2B —Fo RS RIICH N £, KR
T R 2R A AR HL A G I A I A TR N
JR (B RFAXE K, 2016); 5 ROy kh e
Ft, I E R BB A TNKERES
mE R EE A, SLBlE R AKVRIET,
AR P SiE CISK. (B 2R A FaE)
Bl (Xuetal., 2014); 25 =F hseibrtEFi, Rl
B KRR Z s 4R A TS s e =2,
R BUKCFRUE NS R (Dong etal., 2016).
AAEARATS SR R R K B AR I s A b
Hur A s (B, 20160, X T mE R
AR, 1984~2009 4 5y J5L 4F~F- 35 [ 7K 3% A s il 21
BT A3 (Zhang et al., 2013), ] —JL 5k
Fi (2008) W T 1961~2006 4F = 5 [ 7K 15 3] [7) #f
8510 AR A U A A 1961 ~2007 4F & Ji F
KBRS, BE N1 mm (102" (BHF
iS5, 2014), FBARIWFFLTE H 1961~2010 4K &
JRFEK 2H12.48 mm (10 a) ' HUBE e (ZEHk
25, 20100, HAPHLA b A B T AT A B
PAJ B ok AR (B2 RAE, 2016), [FIES i BH
T ERBEAKA R et . e R R AN [ X
B E ., 1961~2015 4 5 J5 K0 3 DX A f K &
Bn, “—ITR T g, )1 PR DL E e b X
EREKE D (R, 2018) . XA [E 2
B, 1961~2006 4F /5 i & = HH ZFE K L0 %
WnRkass, MERKERIUONE R, E5
PR A EZE CT—JCFKF, 2008). KT &
JREE KB MR TR Z R ET R, mE S
Bk, RS, SEE R RRE



5 WRisas: 8 IR 0 B 2= e K AR A R PR AR AL a3
No. 5 CHEN Tao et al. Study on the Decadal Trend of Spring Precipitation in the Western Tibetan Plateau 641

PEAZ B R OBk AR, 2009; 8 -F %%,
2018), R PO AL R R . BkAh, BLE
Wt 75 BT 48 1) e i 2 48 v [ 58 N 3843, 3000 m 55
TR DA b I v SR B R ) X, X X e R
AU AR AR 2 3 7 THI PRI 7238 A DA G 4RI
BT BRI, ASCIEFRAE K TR R
FERRAG, Aot | %3000 m &5 &2 BA E
) e JER B K AR AL BEAT 20T o B0 S v DR PG 3 e
Xk (EARA T EETZAN) A3 K 2 0 2
s, HPEE G~5H) THBHE, KM
IKIREIE A FE b T iz X IR 2= B K AR AL 34 ]
REJRA . B REZTR KD, (HEEW B m
FRERA T HBRhRIEIN, 5 LR 2 (R IR 7
TERRK R (EHEBAIG KR, 2007), T Ley
BHRERLSEFRKEETMNERIIGEER (BRI
GHEE, 1996; K EBAESE, 2007; LA,
2011; AZE 9E5E, 2013; BRFEMLSE, 2016, FHH
MIEENE, 2016; LESE, 2016; B REE, 2018).
Rk, KT EREERKR A EEE L.

2 ABEFIE

ASCHT A ZRVaFE H AR R T AR AR
FIT AV G0 78 B 61 2 S 9 B& 7K 7= i (APHRO
MA) (Yatagai et al.,2012) , 43 ¥ % & 0.25° (&
FE) X0.25° (ZFD), WFAIBCN 1951~2007 4F; BK
P AR A AR 0 (ECMWE) ) ERA-Interim
ikl (Deeetal, 2011, WHEAKF RFEEMK. {7
Fm B IR M AR CH SRV H P 3 5
B, 1k H B2 B S 2 0.25° (4ifE) X 0.25°
(P, BRI [E B 1979~2007 4, 32 B
FH 500 hPa A1 850 hPa PN Z R ) Bkl

SO EEATH T R 7. AR s ok
EHATERNYE RN A iy, AR & X 588 YRE I [A] 32
APV

Y=a+bX, (D
Heb, o #EE, bARIERE. A X YR
FOCrED, #EERN0, AN

Y, =bX, , 2)
Heb, XY, 3 0FRRX YR . A SCHESHT
5] Y3 43 A7 BE X A R B A2 AR AE AT TR P 4, 4 X 46
TUwy, Y% T b, BUHRE S RRMY, BIMEX R
T X HIbREZE, B X B — N bRiEZERS, ¥,

1k b AN bR 2 (Sun and Wang, 2018). [KlIt, ACE
DU 4 [l YA P st P [l U SR 8 b SR o X AN Y ] )
LR R B, BT BRI 8] 7 51 5] )5
500 hPa {7 3 g & 57t 6 B T87F 72 DX B /K R A o 22
FoRHE T X KB I — A FrdE 2, 500 hPa £ %
R EARAG R o ARSI 1 a1 U5 43 A 25 FH Pt
(B8 WFRAEAITE 51 CRLR SR R 510D
FEEA (RAEED PEEFF .

3 WIRXIEEAEE

f§iF APHRO_MA FEEHTHEAF 3] 1951~2007 4F
mRBEEFKERNES (B D, RImmEH R
SR R I 0, T e TR 2D
e, HAE U 3000 m 55 = 4k 5 PE R H A X P I
G2 (AP AE AR AB P o AZARAE FF 0 SR 3 B E 5T
X (B 1 EERLHE, TR, LUR3Hr iR
X)), JuHl N (32.125°N~33.375°N, 76.875°E~
79.125°E).

1 T B 7 X3 AR 6 B /N, 3 B v A R
ERA-Interim % B} 73 #r K I8 R ik o 1% 55 RF A
1979 4 ¥ 4y, 3% B ERA-Interim % £} 5 APHRO_
MA R i e B, B 1979~2007 4 AT 5T
W [A] B o i o SR AT X B X 8T8y, 1951~
2007 5 HF 58 X F 27 2 B K BE P W B 2 Ao
AL B, 1979~2007 4F () A 4L a4 5 1951 ~
2007 FF BB A B FH AR — 0, 1951~2007 F- 1)
2R 1 41 1) 2 9 -0.023 mm (d a) ', 1979~2007 4F
fR) £ 1 5 17 9 -0.038 mm (d a) ', il T 0.01
0EMERL . Rk, AL A 1979~2007 4F %
Bl R IR 1951 ~2007 4 B 78 [X & = B K 142 4
=R

4 BEFEKEIPRBXYEEHRE

Biff 5T X 1979~2007 4 35 2= B /K I 18] 7 21 [1] )
) X375 8 4B 3 BTz 500 hPa 3Kl I, W LL
& I FC X B /K 22 B v 3 = o e DA &
[EaRE S NN AR O T IS o) s S L Ml e a s oy
H5E (E3a), EE XSS X, WAEH
O R P SR, 7 s B RS ORRE H e, f e 2R
PAEIA S . BRI KT R3S 32 B A T e
RO PG SR R 0, 0 IR 56 1 KU SE O



S EE K B WA 24 %

642 Climatic and Environmental Research

Vol. 24

40°N

38°N

36°N

34°N

32°N

30°N

28°N

26°N

T
75°E 80°E 85°E

90°E 95°E 100°E 105°E

-0.03 -0.02 -0.01

0 0.01 0.02 0.03 mmd’'a

B 1 1951~2007 4F 5 JR AR 2 [ K AE AR AL Ha 3 (BB R 3BaL 0.01 XU ¢ A 36 i X3, S 0 5228 3000 m 257 28, B Ca gl L2k N it ik B

BB, [ IR XD

Fig. 1 Precipitation trend of spring in the Tibetan Plateau during 1951-2007. Dots indicate statistically significant areas (P<0.01, using a two-sided
t-test), the black thick solid line is attitude contour line at the 3000 m, the black thin solid line is the border of the Tibet, and the white dotted line is

the selected study area
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Fig. 2 Precipitation anomalies in spring, March, April, and May in the study area from 1951 to 2007 (red box indicates the selected study period

1979-2007)
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Fig. 3 Anomalies of 500-hPa wind (a) regressed on the standardized time series of the spring precipitation in the study area from 1979 to 2007. The
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two-sided #-test) in (a). (c) and (d) are respectively similar to (a) and (b), but are anomalies of 850 hPa wind
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Fig. 4 Anomalies of 500-hPa geopotential height regressed on the
standardized time series of the spring precipitation in the study area
from 1979 to 2007. The dots indicate statistically significant areas (P<
0.01, using a two-sided #-test)
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Fig. 5 Anomalies of (a) 500-hPa and (b) 850-hPa specific humidities regressed on the standardized time series of the spring precipitation in the

study area from 1979 to 2007. The dots indicate statistically significant areas (P<0.01, using a two-sided #-test)
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Fig. 8 (a) Comparison of spring precipitation anomalies between APHRO data and observations at Shiquanhe station from 1979 to 2007 and (b)

comparison of spring precipitation anomalies between APHRO data and TRMM data in the study area from 1998 to 2007
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