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Abstract: The water vapor changes in arid areas could affect the structure and evolution of water resource systems in their surrounding ar-
eas. Based on the precipitable atmospheric water vapor (GPS-PWYV) of 4 ground—based GPS stations, the observation data of 2 sounding sta-
tions and the hourly surface pressure water vapor data of 108 meteorological observation stations on the north slope of the Middle Kunlun
Mountains from January 2020 to December 2022, this study established the atmospheric water vapor content and surface water vapor pres-
sure (W—e) model suitable for the north slope of the Middle Kunlun Mountains using the unary linear fitting method. The results of water va-
por content calculated by this model were verified. Then we analyzed the distribution characteristics of atmospheric water vapor content in
the western section, the middle section, and the eastern section of the study area, as well as the relationship between the beginning time of

precipitation and the W=PWYV peak value. The results show that: (1) The annual mean W-PWYV is largest in the western section of the study
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area, followed by the middle section, and the smallest in the eastern section which located in the southern edge of the desert. The W—PWYV of

the stations with altitude greater than 1 500 m gradually decrease with altitude increasing. The average W—PWV of each meteorological ob-

servation station in summer is about twice than that in spring and autumn. (2) The monthly variation of W—PWYV shows a unimodal distribu-

tion characteristic. The W—PWV of the stations with an altitude higher than 1 300 m but lower than 1 500 m reached its peak in July and Au-

gust, while that of the other stations reached its peak in August. The W-PWV of stations with an altitude below 2 000 m and above 2 000 m

maintained a high value at night and during the day, respectively, which may be related to the thermal difference between mountain and ba-

sin from daytime to nighttime. (3) There is a good correspondence between the W—PWV calculated by W—e model and the beginning time of

precipitation. Before precipitation, the W—PWV of each station is jumped varying degrees, and the peak value of W-PWV within 1-2 h be-

fore the precipitation is more than 1.5 times of the monthly average value of W-PWV .

Key words: north slope of the Middle Kunlun Mountains; water vapor content; ground—based GPS; the calculation model of water vapor con-

tent
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Fig.1 Distribution of ground—based GPS stations, meteorological observation stations, radiosonde stations and topographic height

(colorfilled, unit: m) on the different area of the north slope of the Middle Kunlun Mountains
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Fig.2 The scatter plots of GPS—-PWV and water vapor pressure at four
stations on the north slope of the Middle Kunlun Mountains from

January 2020 to December 2022
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on the north slope of the Middle Kunlun Mountains from January 2020 to December 2022
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Fig.10 (a) Evolution of GPS—=PWV, W=PWV and hourly precipitation from 5 to 7 May, 2020 at Pishegai Village station in Yutian county,
(b) Evolution of W=PWV and hourly precipitation from 5 to 7 May, 2020 at Cele Station

4 it 5iTie

A SCH ] 2020 4E 1 7 —2022 45 12 A R E A 1L
Ik Hh X b 3 GPS—PWV 1 [ 5 1l 17 0000 355 7K 35 R %%
PR T KA RIS 0 18 7K 5 (W—e) B Y )
FH W—e BTGB Z5 0, b T b RSl At i X
KATKE G H(W-PWV)AE  ZE23 [0 041 S L H BB
[F] AR KA, HAF 9 T4 JCRE KA W-PWV H
AL, X b T MR R RN R A R R ] i
B W-PWV 5 KRR 2R AT
gEi

(1) 4% 25 3 11 52 RS-PWV 55 W—-e B R 3 50 11y
W-PWV fETERUF B XS TR o W—e FBERITH (AT 5.
YIFR R IR, T AR RS VR A R 1 b3 GPS
IERAT A DA -

(2) W—e B B35 (R 4E - 35 W-PWV = {8 X 7 T
R IS X VG B, s BOR 2, AR B VD I R 4 i
Ao MK T 1500 m 3G W-PWV BT 44 5 B 28
Wb, BRI W-PWV &8 KB 2 A,
PO B 45 28 1 e R W-PWV 5 /N W-PWV #H 22 i 1
. ZRBEEZRIMEE W-PWV Fifi e B B Ws/ N

Q)RR LA X W-PWV A 7254k 5L B Bl /)
AL, HorR YRR R 1 .300~1 500 m i3k () W-PWV

7E7 A A8 H ik IR, HAMA 1) W-PWV 7E 8 H ik
FNWEAE , W-PWV 52 ] 8 S5k, B H 438 M e
Ko BFFEIX R AL T 2 000 m Al T2 000 m 3%
W-PWV 43 S FERL [RIFN P R GE R4 =

(4)W-PWV 55 R 7K 46 B ZI A B0 % i 6 R
K AT I 200 28 ST W-PWV B 47N R R
BRAZ IR BEAK IS FERT 1~2 h N W-PWV I {R K 210055
W-PWV HFEEMER 1.5 R50A L, W-e BRI R45 S AE
% SRy B K R AT P R A — 2 i S8

W—e ST 1A 8] B, ISP ] 0B i, FE T 00 4
RIH R A I X R SOKR S 5 W-PWV A
it () R AR Ak AR A1 55 000 ol Vg 4 1 FE AP — B B R
X5 B A MR e RN — B (kR 5145, 2012), B
FEH L & BT R R K B IR 5E GPS-PWV il W—e 15
RITHRR W-PWV H AR IEAFAE—E 22 5% fE 1L 4L
I 22 IR T, o RS 1 U3 X R #h R H AR
TR BT ., Ry b Ll 2 i H AR 5 R AR IS & H AR
TR A TR R FEORAUKIR S i H 2L 2 [
TAWREE? XEEH AR R AT IR RS, A5
TARRFE X A 2 IR T 1L BRI H AR 1 S = RS
IR B A B WAL T R i — 25 58 TAE , LA
309 by B B 1 B A i T R XK 0 PR R R AR



X, 55 PR INAEBOK IR S BRI T 233

5% 3 ik (References):

AR PR B 5 . 2014, PMP Al 3 H R AT R K A 357 1 4R
1 [J1.7K3C,34(3):1-5. Chen H, Lin B Z, Zhang Y H. 2014. Comparison
of calculation methods for estimating atmospheric precipitable water in
estimation of PMP [J]. Journal of China Hydrology, 34(3): 1-5 (in Chi-
nese). doi:10.3969/}.issn.1000-0852.2014.03.001

R A0, S 50, FE R 1, 45 20 10,38 5 h 35 VD B 2000 AR KT
Y B AR, T 542.28(4):407-410. Cui LN, Shi Y G, Cui
C X, et al. 2010. Diurnal variation of atmospheric water vapor content
in 2009 over Taklimakan desert [J]. Journal of Arid Meteorology,28(4):
407-410 (in Chinese). doi:10.3969/j.issn.1006-7639.2010.04.006

AEHT K.2004. GPS JBEE R AUK PR AR Il 5 Ji 2.
% B}47,32(4):201-205. Li G P, Huang D F. 2004. Reviews and pros—
pects of researches on remote sensing of regional atmospheric water va—
por using ground—based GPS [J]. Meteorological Science and Technol—
0gy,32(4):201-205 (in Chinese). doi:10.3969/j.issn.1671-6345.2004.04.
001

X b, TR B pE L A8 2018, 55 B R TE 4. 247 IR R Rl vk gs v/ RUEE
FFAEXT AT 24T 9 37(4):347-355. Liu J, Yu B X, Zhao K M,
et al. 2018. Comparative analysis on the medium and small scale char—
acteristics of the "4.24" short—term rain and hail storms in Urumqi [J].
Torrential Rain and Disasters,37(4): 347-355 (in Chinese). doi:10.3969/
J-1ssn.1004-9045.2018.04.007

it XU RN A7 AR, 5. 2023 78 XUy KRl 25 P 471 LT Sty 25 s DX L 7
BTN KU I RIS E G ()], 7T 42.,49(9):1045-1062. Liu J,
Liu Z X, Yang L M, et al. 2023. Comparative analysis of water vapor
transport characteristics during typical rainstorm events around wester—
lies continental high in Hami areas,Xinjiang [J]. Meteorological Month—
1y,49(9):1045-1062 (in Chinese). doi:10.7519/j.issn.1000-0526.2023.
062801

XSS AP 2010 4570 SRS 250 56 R AT it X R =0k
VR U BT 0] 1 5 X B U515 B, 24(4):77-85. Liu R, Yang Q,
Wang M Z. 2010. Intercomparison and analysis of the result about at—
mospheric precipitable water calculated by NCEP reanalysis and em—
pirical formula [J]. Journal of Arid Land Resources and Environment,
24(4):77-85 (in Chinese). doi:10.13448/j.cnki.jalre.2010.04.002

RYLAAR.1996. K45 MM AL 5T AR L R AL, Liv Y L. 1996. Weather
and climate [M]. Beijing:Yanshan Press(in Chinese)

HZ Py LR A7 P 552013 5T IS 25 T3 50 a 28 K it L AL RPAIE K
SN T T 5 54.31(1):95-99. Miao Y L, Zhou S X, Yang Y L,
et al. 2013. Variation of evaporation and its influence factors over Ha—
mi of Xinjiang in recent 50 years [J]. Journal of Arid Meteorology,31(1):
95-99 (in Chinese). doi:10.11755/j.issn.1006-7639(2013)-01-0095

EHYLINFET T T NI.2018 VY JLHh DX UKL i 8 4317 B Hon iz oF
FE[I]. T 5 X B, 41(2):290-297. Wang K, Sun M P, Gong N G. 2018.

Spatial and temporal distribution and transportation of the water vapor
in the northwestern China [J]. Arid Land Geography,41(2):290-297 (in
Chinese). doi:10.13826/].cnki.cn65-1103/x.2018.02.009

1) 4, i 3 A, E.2007. 8 1048 25 HROK BEIR 27 (012 1 9 5, 26(2):
40-44. Xiang H, Zhou Y H, Wang H J. 2007. A climatic research of
cloud—water resources in Hubei province [J]. Torrential Rain and Di-
sasters,26(2):40-44 (in Chinese). doi:1004- 9045(2007)02-0134-05

W58 A% 7, 95 R R, 8. 201 2. K 1 L KR ) i R OK P55 B 5T
FEAE A Hr [ T 52 X 9%,29(4):567-573. Yao J Q, Yang Q, Huang J
L, et al. 2012. Computation and analysis of water vapor content in the
Tianshan mountains and peripheral regions, China [J]. Arid Zone Re—
search,29(4):567-573 (in Chinese). doi:10.13866/j.azr.2012.04.018

Wit ST, A5 22 2008 55 TER T VD58 K J 20 M IX R ASOK PR A I
23 A AR 0] B2 417,53(22):62-68. Yang Q, Wei W S, Li J. 2008.
Temporal and spatial variation of atmospheric water vapor in the Takli—
makan Desert and its surrounding areas [J]. Chinese Science Bulletin,
53(22):62-68 (in Chinese). doi:10.1360/csh2008-53-zkII-62

TR AR E K 22, TS, 55,2019, 56 T H AL GPS BERH A Rl X L FE K
S AT B IK R AE[D]. R 4.45(12):1691-1699. Yu X J, Tang Y L, Yu Z
X, et al. 2019. Characteristics of precipitable water vapor over the Tian—
shan mountains based on GPS observations [J]. Meteorological Monthly,
45(12):1691-1699 (in Chinese). doi:10.7519/j.issn.1000-0526.2019.12.
006

g 2% 302004, 7] [ K 55 b K YRR B 26 &R )] A4.302):9-11.
Zhang X W. 2004. A relationship between precipitable water and sur—
face vapor pressure [J]. Meteorological Monthly,30(2):9-11 (in Chi-
nese). doi:10.7519/].issn.1000-0526.2004.2.002

BRI B R 12006, 5% 15 R 5 Hb A GPS B0 14 A 55 RN I T 5
X 5%,23(4):654-657. Zhao L, Liang H, Cui C X. 2006. Solution and
application of the ground—based GPS data in Urumqi, Xinjiang [J]. Ar—
id Zone Research,23(4):654-657 (in Chinese). doi:10.13866/j.azr.2006.
04.025

Benevides P, Catalao J, Miranda P M. 2015. On the inclusion of GPS precip—
itable water vapor in the nowcasting of rainfall [J]. Natural Hazards &
Earth system science,15(12):2605-2616. doi:10.5194/nhess—15-2605-
2015.

Chen L C, Bradley A A. 2006. Adequacy of using surface humidify to esti—
mate atmospheric moisture availability for probable maximum precipi—
tation [J]. Water Resources Research, 42:W09410. doi:10.1029/2005wr
004469

Zhang Y, Cai C, Chen B, et al. 2019. Consistency evaluation of precipitable
water vapor derived from ERAS, ERA-Interim, GNSS, and radio—
sondes over China [J]. Radio Science,54(7):561-571. doi:10.1029/2018
RS006789

FTAEHE K L)



