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Fig. 4 Inter-annual variation curve of precipitation

conversion efficiency in summer in Lhasa
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Table 2 Significance test of annual mean precipitation in summer

of positive ( negative) precipitation conversion efficiency in Lhasa
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i)z EJZ (200 hPa, [ 7a) A ELE S & |, RZ
500 hPa g W] HH& X, M7 = 200 hPa Sy 54 /Y
FRX X ) B 2 e I AR B AR SR AU R
FIZK IR T B IR AE R R AL R IE S W UL &
R P L P e S (A 5 %) 500 hPa Sy fa i
F-IX ([ 6b) , ££ 200 hPa Sy iEHIF-IX (] 7h) , % W]
ReE AT A 3 i v 4 v e DX AT 2 1100 % 6 P s 2 )
FHICH LU AR AT BT 1S . AR S 1 3R 7K T A 6 67 S i 4
8 e AR 2 FIURE 37 5 BSUHEL Y- 23 A1 DU 2 B 52 AR 23 A7
7E500 hPa {55 MR- P (P 6¢) o JEUIE M 1E
3F-, 17 200 hPa B 365 P 18T (18] Te) o B
-, RGBT R K 5 A 25 O R AF ey Bt XA 9 4 45 A
1o V2 ) A A A ] 9 55— 28 737 500 hPa
([ 6d) #1200 hPa( & 7d) K5 R E K, AT
DL R R K e A A E 57 5 B 0 S AR A R
PLBE U X GEfoim 20 00 L T3z 2l 1072 5 E A 3 0
Wi A AR ARG AT K R .

4

FRYGHL B U 1968—2008 4 1t 45 25 Ko Hb 1o Wi i)
BORL, 0T 40 a 200k 5 ZEREOK i FROK KRR i
A BT AR FRAE AT 43 BT RN EL R, W] AAS

1) g% 5 2 n] [ K st FIRE K A7 76 B 8 0 1E A
KRR, TR mZ (R 58 4E, Bk mz ().

2) i 40 a >k, HZAT KR LIE 3 a BI4EPRIR
Ui R BRI K AR IME 3 a FINE 5 a IY4ERR
PR 0 3, IR ] B oK it | B K RS K e AL 3R R A A
#E 10~ 12 a (AFEARFRIR Y.

3) R E AT R R TR K GG AR I 7
20 fit20 90 4R AR5 A & AR 28481997 4R LIHT (J5) $i



364

40°N

38°N
36°N
34°N
S 32°N
30°N
28°N
26°N

78°E 81°E 84°E 87°E 90°E 93°E 96°E 99°E 102°E
£

40°N R

38°N
36°N
34°N

HipE

32°N
30°N
28°N

o 1

78°E 81°E 84°E 87°E 90°E 93°E 96°E 99°E 102°E
2R

c. TS AE

40°N
38°N
36°N
34°N
® 32°N
30°N
28°N
26°N

78°E 81°E 84°E 87°E 90°E 93°E 96°E 99°E 102°E

40°N
38°N

36°N f.

34°N

HipE

32°N
30°N
28°N

o

S, AR AT K e R SRR S S K SE AR

WU Ping, et al.Evolution characteristics of summer precipitable water and precipitation conversion efficiency in Lhasa.

Z R
b. IE 54

78°E 81°E 84°E 87°E 90°E 93°E 96°E 99°E 102°E

ZE
d. 2l

6 b 5 7 S00 hPa Z2AFRF-3HIURE ) , B i AL 3 i s
P F 55 6 4F- 500 hPa 138 37 A e A v i 25 (i R 4F- 500 hPa 133 & Il 2= 1

( ARFRIEES , Wgir 107 -

7B d R ARG S IX 4 B 1L 0. 05 A1 0. 01 (1 i MRS )

Fig. 6  Distribution of divergence at 500 hPa in summer over the Tibetan Plateau,annual mean divergence,

and divergence in the positive/negative precipitation conversion efficiency anomaly years respectively,

and difference of minus( Units in 107 - s™'.Note that A denotes Lhasa station,and the light

and dark shaded areas in figure denote that data are statistically significant at 95% and 99% confidence levels, respectively)

bR ] K A D (22) , BB AL R i R (ELY)
WA Ay v (B, 0 Sl o o7 127 3k 2 o K /b i ) 22
.3 40 a SRl K B | R KRG K e A A= 3 L B
BT R A, H AR K B S R A T AT K Y
.

4) R B Al A T S v AR E AT A T Y
SRR, B K G AR A0 v (IR 4F, U L s JL IR 2
5 0 g R PR 0 5 (D8 ), o DR AR T LR
R b (uiss ) , INTAT () F T B 1

S 3Lk

References
[ 1] &%, HE55. T EKRAKS AR5 [ 1] 5

R 24 ,1997,8(3) :342-351

ZHAI Panmao,ZHOU Qinfang. A study of climate changes
of atmospheric water vapor in China[ J ].Quarterly Journal
of Applied Meteorology,1997,8(3) :342-351
WL, B A AR SRR TS RS ORI T X 2
AR [T] A5 ,1998,24(9) :8-11

[3]

(6]

YANG Hongmei, GE Rensheng, XU Baoxiang. Analysing
troposphere air moisture content with single radiosonde
station data[ J ].Meteorological Monthly,1998,24(9) :8-11
JEI 5L, P8 B, Wk v i SRR A B [ M e st
AR A, 1991

ZHOU Xiuji, TAO Shanchang, YAO Keya. Advanced at-
mospheric physics [ M ]. Beijing; China Meteorological
Press, 1991

WO, 5 MRS AR A B S 1) 2 v K B R
N TREMIZAE[T]. A5, 1993,19(11) :25-30

ZENG Guangping, FANG Shizhen,LIN Fen.The air water
resources and the conditions for artificial precipitation in
the summer drought periods in Fujian province[ J].Mete-
orological Monthly,1993,19(11) :25-30

FRARR], X4, F13E AR LR 28 AN [ B K o s 250 T
2 KR BE IR B [T ] T 52 X BT IR 5 B
2002,16(3) :57-63

GONG Tianli, LIU Shijun, BIAN Daoxiang. Analysis on
water vapour resources transportation at different precipi-
tation intensities in Shandong province [ J ]. Journal of
Arid Land Resources and Environment, 2002, 16 (3) :
57-63

AREE, 9k )T 2% KL AT R K AR K B A R R WF 5T



F 4

Journal of Nanjing University of Information Science and Technology : Natural Science Edition,2015,7(4) :359-367

S

B 2 45 % SR UARIERR,2015,7(4) 1359-367

40°N

38°N
36°N
34°N
32°N
30°N
28°N

26°N
78°E 81°E 84°E 87°E 90°E 93°E 96°E 99°E 102°E

£

a.

0.8~

40°N
38°Nf,
36°N
34°N
32°N
30°N

28°N

o

78°E 81°E 84°E 87°E 90°E 93°E 96°E 99°E 102°E
2
o. T H A

S

215

40°N
38°N
36°N
34°N
32°N
30°N
28°N
26°N

78°E 81°E 84°E 87°E 90°E 93°E 96°E 99°E 102°E

40°N

38°N

36°N

34°N

32°N

30°N

28°N

o

365

2P
b. 1E S AR

78°E 81°E 84°E 87°E 90°E 93°E 96°E 99°E 102°E

2P
d. ZH

Bl 7 bl 52 % 200 hPa Z24R-F- X1, K e A 3 0 s
P I3 4F 200 hPa HIE 3 L% A 5 08 25 i fIR4F- 200 hPa B & 02 H

( AREALEES, 107

s d R AR G

X 43 Hil3E a1 0. 05 F1 0. 01 fi4 2 35 MK I6 )

Fig. 6 Distribution of divergence at 200 hPa in summer over the Tibetan Plateau,annual mean divergence,

and divergence in the positive/negative precipitation conversion efficiency anomaly years respectively,

and difference of minus( Units in 107 -

s~'.Note that A denotes Lhasa station,and the light

and dark shaded areas in figure denote that data are statistically significant at 95% and 99% confidence levels, respectively)

(7]

[8]

(9]

[J].HE b ,2003,23(5) :509-513

LI Xia, ZHANG Guangxing. Research on precipitable
water and precipitation conversion efficiency around
Tianshan mountain area[ J ].Journal of Desert Research,
2003,23(5) :509-513

EFH AR, R PE AL X FR R K 5 R OK
T BRI DR RIE [T ] e 5 #5805, 2003, 8
(1):35-42

WANG Xiurong, XU Xiangde, MIAO Qiuju. Regional
characteristics of summer precipitation and water vapor
amount in northwest China [ J ]. Climatic
Environmental Research,2003,8( 1) :35-42

WA RERE , S24R K, 2. T BLIT 44 AR 7K 28 o0 Al
LR 2e A o [T ] 5 X BE L5 PR 45, 2008,
22(7) :49-54

CHEN Nan, CHEN Yuying, PENG Weigeng, et al. Char-
acteristics of spacial-temporal distribution of water vapor

and

and circulation difference in Ningxia in the past 44 yeas
[J].Journal of Arid Land Resources and Environment,
2008,22(7) :49-54

TSLIR IR AR, LR, S5 GPS 3B TR
MIRERIRHE R SRR T TRRERS

[10]

[11]

[12]

M5%,2010,24(6) :103-107

SU Lijuan, Dabuxilatu, LU Shiqing, et al. Analysis on air
vapor feature and its relationship with precipitation based
on GPS and RS[ J].Journal of Arid Land Resources and
Environment,2010,24(6) :103-107

VYD L FN N Tl g TR NG W SR S (4
FEAELT ] KRR BERE,2010,21(3) :335-342

LIANG Hong, LIU Jingmiao, ZHANG Renhe, et al.
Diurnal variations of atmospheric water vapor in Lhasa
river vally[ J].Advances in Water Science,2010,21(3) ;
335-342

BAFY VD F, W A, 2. 1976—2007 4F 15 8 K S5 i)
R ok B e LR R B A [ ] T R X W5, 2010, 27
(3).:433-437

ZHAO Ling, AN Shazhou, YANG Lianmei, et al.Study on
precipitable water and precipitation conversion efficiency
in Urumqi during the period of 1976—2007 [ ] ]. Arid
Zone Research,2010,27(3) :433-437

T, BREEHE. 1] 23 R AT R K B I s 20 A
fIEL) ] B R L %05 ,2010,30(3) :52-57

WANG Weijia, CHEN Bihui.Spatial-temporal characteris-

tics of precipitable water over Sichuan [ J].Plateau and



366

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Mountain Meteorology Research,2010,30(3) :52-57
7 R AE, JA T, 45 GPS B KUK R
R [T 0 R 2 4, 2002, 13 (2)
179-183

HE Ping, XU Baoxiang,ZHOU Xiuji, et al.The preliminary
experiment on deriving integrated atmospheric water vapor
from ground-based GPS[J].Journal of Applied Meteoro-
logical Science,2002,13(2) :179-183

e, S AR FHEZE WAL s oK BEIR AT [T ] . B
TR 2K % ,2007,26(2) :134-138

XIANG Hua,ZHOU Yuehua, WANG Haijun. A climatic
research of cloud-water resources in Hubei province[ J].
Torrential Rain and Disasters,2007,26(2) :134-138
2RI RO , A3 , 258 BT 480 2l DX A /K kT R K
Ll K e fe R ap A [ 1. 0K 1 ¥ £, 2008, 30 (4)
675-680

LI Shuai, XIE Guohui, HE Qing, et al. Research on pre-
cipitation , precipitable water and the precipitation conver-
sion efficiency of Altay prefecture [ J ]. Journal of
Glaciology and Geocryology,2008,30(4) :675-680
TORME , SRR, BN, 45 B 2 AR 2 LXK P 1%
AR S5 R I 2 XU R Pk i 22 00 [0 ] R
2,1998,22(4) :460-469

HUANG Ronghui, ZHANG Zhenzhou, HUANG Gang, et
al. Characteristics of the water vapor transport in east
Asian monsoon region and its difference from that in
south Asian monsoon region in summer[ J].Scientia At-
mospheric Sinica, 1998,22(4) :460-469

TRAETE, M e 5, B4R, 5 35 80 I 2 UK RS
COR =R B S R SRR 5 R ] DI R R R
Z[J]. 5% 54,2002,60(3) :257-266

XU Xiangde, TAO Shiyan, WANG Jizhi, et al. The rela-
tionship between water vapor transport features of Tibetan
Plateau-Monsoon “Large Triangle” affecting region and
drought-flood abnormality of China [ J ]. Acta
Meteorologica Sinica,2002,60(3) ;:257-266

LIS GRRETE , PRIBC . 75 78 D 2 [ K ) AR A
FHIELT]. AR FH,2002,22(1) - 1-8

ZHUO Ga, XU Xiangde, CHEN Lianshou. Water feature
of summer precipitation on Tibetan Plateau[ J ].Scientia
Meteorologica Sinica,2002,22(1) ;1-8

TR X AR 2 T2 55 g Dt B ol i Ml X R KR
GEIR A A AR AR AR S AT [0 ] A AR B IR A 4
2006,21(4) :526-534

LIANG Hong, LIU Jingmiao, LI Shikui. Analysis of pre-
cipitable water vapor source distribution and its seasonal
variation characteristics over Tibetan Plateau and its sur-
roundings [ J ]. Journal of Natural Resources, 2006, 21
(4) .526-534

R, EEAE, EMSRE. T U T K e S
IKRERE R AT []. % ,2006,32(1) : 18-23
HUANG Yuxia, WANG Baojian, WANG Pengxiang. Anal-
ysis of summer precipitation anomaly and water vapor
transport in Qinghai Plateau[ J ].Meteorological Monthly,
2006,32(1) :18-23

FH UL, A PR R L R KR
oA BOR PR R AR [ ] H B 27 412, 2009, 64 (5)
601-608

S, AR AT K e R SRR S S K SE AR

WU Ping, et al.Evolution characteristics of summer precipitable water and precipitation conversion efficiency in Lhasa.

[22]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

WANG Xiao, GONG Yuanfa, CEN Sixian. Characteristics
of the moist pool and its moisture transports over Qinghai-
Xizang Plateau in summer half year[ J].Acta Geographica
Sinica,2009,64(5) :601-608

SRR A R BRAG , 250, S5 7 T e AR T S AR A M IX
KPR B SRR [T ] @ R, 2005, 24 (6)
880-888

ZHOU Changyan, LI Yueqing, LI Wei,et al.Climatological
characteristics of water vapor transport over eastern part of
Qinghai-Xizang Plateau and its surroundings [ J ].Plateau
Meteorology ,2005,24(6) :880-888

AT BRI e et B 2 e K ) XU AIE S
Jel i b XK PR AR E (T ). R4, 2006, 27
(3):491-499

FENG Lei, WEI Fengying. Regional characteristics of
summer precipitation on Tibetan Plateau and it's water
vapor feature in neighboring areas[ J ].Plateau Meteorolo-
gy,2008,27(3) .491-499

W5 I R R R g [ MLt B2 i
#1,1979.54-59

YE Duzheng, GAO Youxi. Qinghai-Tibet Plateau climate
[ M].Beijing; Science Press,1979;54-59
TN T R A [ M) A 5T AR A, 1990
171-175

DAI Jiaxi. Climate of the Tibetan Plateau[ M ]. Beijing:
China Meteorological Press,1990:171-175

JERIMTRR, , 5 A1 o 35 , AR VO 7 v DL TP e 7K 28 78 f B
330J].54,2000,26(5) :39-45

ZHOU Shunwu, PUBU Zhuoma, JIA La. Analysis of
rainfall patterns during rainy season over the Tibetan
Plateau[ J | .Meteorological Monthly,2000,26(5) :39-45
JEGTE, fECHE. B RE 2 XU AT BRAS AR 5 o Dt B 2 5 7
[J]. B RS 4,2003,22(4) ;410-415

ZHOU Shunwu, JIA La. Interannual variation of Indian
monsoon and summer flood/drought over Tibetan Plateau
[ J].Plateau Meteorology,2003,22(4) :410-415

Niu T,Chen L X,Zhou Z J.The characteristics of climate
change over the Tibetan Plateau in the last 40 years and
the detection of climatic jumps[ J].Advances in Atmos-
pheric Science,2004,21(2) :193-203

TR ARST, SRR, SO 34 a T AT BE K AR
PRI IX [T Vb, 2007 ,27(2) :307-314

LI Shengchen, XU Liang, GUO Yingxiang, et al.Change of
annual precipitation over Qinghai-Xizang Plateau and
sub-regions in recent 34 years[ J].Journal of Desert Re-
search,2007,27(2) :307-314

Uppala S M, Kallberg P W, Simmons A J,et al.The ERA-
40 reanalysis| J |.Quarterly Journal of the Royal Meteoro-
logical Society,2005,131(612) :2961-3012
TR Eh e Wi i ik [ M ] A st B
“F L, 1989

DING Yihui.Diagnostic analysis methods in synoptic dy-
namics[ M |.Beijing : Science Press, 1989

ARE b VLR, EAAE. A A [ M AE R AR
fR#t,1990.251

Z0U Jinshang,JIANG Jing, WANG Meihua. Aeroclimatol-
ogy[ M].Beijing; China Meteorological Press,1990:251
PR ARG T S BRI A [ M ] AL aT: g



17150 24 225 210, FRBIEIR 20157 (4) :359-367

Journal of Nanjing University of Information Science and Technology : Natural Science Edition,2015,7(4) :359-367

[34]

At , 2004

HUANG Jiayou. Statistic analysis and forecast methods in
meteorology| M ] .Beijing : China Meteorological Press,2004
BT ARG T2 I 5 B EOR [ M. JE5a <
Z it 2007

WEI Fengying. Modern climate statistic diagnosis and
predictive technology [ M ]. Beijing: China Meteorological
Press, 2007

PN T A 00 PRS00 77 78 v D A K I 2 A A L R )
(D] F By LR 95 R 2 BRI ) 2 5 TR 27 B
2004.33

SUN Yanqing.Spatio-temporal characteristics of precipita-
tion over the Qinghai-Xizang ( Tibetan) Plateau during
the modern instrumental observation period [ D ].
Qingdao : School of Environmental Science and Engineer-
ing, Shandong Normal University,2004 :33

BRUL ERIE L, SR8 3C, A5 7 i B ] [l 3t X R
AR B o A AR A5 b 2 A R R K B [T ]
JRAR%,2004,23(1) .1-10

CAl Ying, QIAN Zhengan, WU Tongwen, et al.
Distribution, changes of atmospheric precipitable water
over Qinghai-Xizang Plateau and its suwrroundings and
their changeable precipitation climate[ J].Plateau Meteor-
ology,2004,23(1) :1-10

SKIE 2, E LA, SRAMA. LA K R s AR R LR AR
LTI A3 [ 1], 4,1996,22(10)
35-38

[38]

[40]

367

ZHANG Lianyun, WANG Yilin, GONG Dianli. The char-
acteristics of rainfall clouds and the evaluation of
artificial precipitation enhancement potency in the coast-
land of Shandong province [ J ]. Meteorological Monthly,
1996,22(10) :35-38

FPIL, IR TE SR AR R, A5 W RR HE 0 A SR vh B 2=
MR AR T I R A 22 S [T ] R AR,
2010,34(4) :471-482

GAO Qingjiu, GUAN Zhaoyong, CAl Jiaxi, et al.
Differences in 1958—2001 summertime surface air tem-
peratures between two reanalysis data and observations in
China [ J ]. Chinese Journal of Atmospheric Sciences,
2010,34(4) .471-482

B M IR, R e 2 e IR A )
By F 5 [T ] E R 457, 1990, 20 (10)
1100-1111

YANG Weiyu, YE Duzheng, WU Guoxiong. Several
studies of the Tibetan Plateau meteorology in summer
[ J].Scientia Sinica:Chimica,1990,20(10) :1100-1111
JERIUER , 5 8 , FALWE , 45 75 e I B 2 b 2s /KR
T ARRAIE X S KB G AR (1] b 274, 2011,
66(11) ;1466-1478

ZHOU Shunwu, WU Ping, WANG Chuanhui, et al.Spatial
distribution  of water

atmospheric vapor and its

relationship with precipitation in summer over the Tibetan
Plateau[ J |. Acta Geographica Sinica, 2011, 66 (11) .
1466-1478

Evolution characteristics of summer precipitable water and

precipitation conversion efficiency in Lhasa

WU Ping'? WU Peipei’

YU Zhongshui®
1 Chengdu Institute of Plateau Meteorology, China Meteorological Administration,Chengdu

PUBU Ciren®
610072

2 Key Laboratory of Meteorological Disaster of Ministry of Education,

Nanjing University of Information Science & Technology, Nanjing 210044

3 Meteorological Observatory of Tibet Autonomous Region, Lhasa

850000

Abstract By using the radiosonde data and precipitation data in Lhasa station from 1969 to 2008, the evolution

characteristics of precipitable water and precipitation in summer are discussed.The statistic results indicate that

there is a significantly positive correlation between precipitable water and precipitation in summer.The precipitable

water and precipitation have the same inter-annual variation and inter-decadal variation, having the periodic oscilla-

tion of 3-years and quasi-11-years respectively.In addition, both precipitable water and precipitation show increasing

trend in the last 40 years.But the increasing of the precipitation is more obvious and the growth of precipitation is

greater than that of precipitable water.The analysis of precipitation conversion efficiency showed that the mean sum-

mer precipitation conversion efficiency is 26. 06% with evident inter-annual difference.The maximum conversion ef-

ficiency value is about three times of the minimum value.In the years with high precipitation conversion efficiency,

both the convergence in the low levels and divergence in the high levels are strong, resulting in the strong vertical

velocity in Lhasa,thus favors the precipitation formation,and vice versa.
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