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middle Kunlun Mountains
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ABSTRACT

Combined with the ground-based GPS-MET observation data and the HYSPLIT trajectory model based on
the Lagrange method, the large-scale water vapour transport characteristics and water vapour source during a
persistent heavy rainstorm event on the northern slope of the Middle Kunlun Mountains were analyzed. The
relationship between large-scale circulation anomaly and water vapour continuous relay transport during heavy
rainfall in arid area were clarified. The result showed: (1) Before the precipitation, the location of the subtropical
high was abnormally westward, and the southward airflow on the periphery of the subtropical high caused obvious
humidification over the Tibet Plateau. During the heavy rainfall, the subtropical high stretched to the northwest,
and the water vapour from low latitude was conveyed to heavy rainfall area along the Indian summer monsoon
circulation and Tibet plateau, gather with the south airflow in front of Tashkent low vortex, which constituted the
water vapour transport channel for this heavy rainstorm, and resulted two sharply humidification over heavy
rainstorm station. The peak PWV of the station is nearly two times of the climatic average. (2) the temperature
anomaly at 300 hPa played an important role in the water vapour transport for this heavy rainstorm. Before and
during heavy rainstorm, the 300 hPa warm anomaly center excited the 200 hPa anticyclonic circulation anomaly
center and meridional wind positive anomaly center. Meanwhile, the 500 hPa anticyclonic circulation anomaly
center and cyclonic circulation anomaly center were excited in the south and west of the warm anomaly center
(north of the Indian Peninsula). At the back of the anticyclonic circulation at 500 hPa, the warm and wet air was
transported northward along the positive windward anomaly center at the low latitude, and converged with the
southerly air from the east of the cyclonic circulation in the rainstorm area, providing abundant water vapour
supply for the persistent rainstorm.
Key words: North slope of Middle Kunlun Mountains; Persistent precipitation; Water vapor transport;

Atmospheric circulation anomaly
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TEZYIR AR (Park fl Schubert, 1997; Zhou 1 Wang, 2006; Zhao %, 2007) , [
PR IRAE AR L P AR IR R P2 2 DG 2 “rh#%” {EA] (Ding A Chan, 2005; Jin %%,
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it A AR AR AR AR B, 7 88 A% b I ) B A R XL, 2003) 5 7 “ =
WM E” GRMEMRIERGIERT (REKE, 1986: KK FEMBFK, 1987) , #i
SEEE . dbsEHbIX PR ZE R, JUH M, 2GR R ks BE, 2012) , &
IKAEAFFSET I, SRt N R SRR, 55l ity A R A R H, R E RN AT
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AU FRARKIREIE AT 5 R REEPRIRL R R I 50 TAEARR BL =2, AR R AR /KPR ] ik 28 22 °
X, KIRHIE S B AEAE R R R, R TR 2 B B /KR T ik 2 op e B IX, &
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HE5RRER[LARGR LR RE—ESE.
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Fig.1 The distribution of ground-based GPS station at Xinjiang and Xizang province (shaded for the terrain height,
the red rectangle represents the area in North slope of the middle Kunlun mountains, XJHT and XJYT for Hetian
and Yutian station at Xinjiang province, XZRT,XZZF,XZNM for Ritu station, Dingri station, Nima station at

Xizang province).
2 FRLEBUN T BN A
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AE S HH B /K A% K 3 #2 (Strong 25, 2007;  Sjostrom 1 Welker, 2009; Ersek %5, 2010).
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Table 1 The simulation parameters in HYSPLIT 4 mode
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Fig.2 (a) Time serie, and (b) scatter plots of precipitable water vapor (PWV) from Hetian Global Positioning
System (GPS) and sounding station from June 1 to August 31, 2019. The black solid line in (b) is the 1:1 line,

whereas the red solid line is the linear regression fitting line
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Fig.3 (a) The rainfall Cunits: mm) diagram in North slope of the middle Kunlun mountains during 20:00 BT 24 to
20:00 BT 26 June, 2019(units: mm); (b) The variation of hourly precipitation at Niyaxiang, Akexiao, and

Kawakexiang station(units: mm).
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Fig.4 The 500 hPa geopotential(contour, unit: dagpm) and the wind field (vector, shaded for wind speed=12 m-s")
at (a) 20:00 BT 23, June and at (b) 02:00 BT 25, June ,2019.
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Fig.5 (a)The distribution of integrated water vapor flux (vector, shaded =200 kg *(m-s) ! at 20:00 BT on 23 June,
2019. The distribution of 500 hPa water vapor flux (vector, shaded =2 g-cm'- (hPa-s)'), wind field(vector, unit:
m-s™), and Specific humidity(green contour, unit: g-kg™!) at (b) 20:00 BT on 23 June, (c) 08:00 BT on 24 June, and
(d) 02:00 BT 25 on June, 2019.
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Fig.6 (a) The PWV anomaly (contour, Unit: mm) evolution of Nima and Dingri stations at middle-southern
Tibetan plateau during 21 to 24 June,2019, (b) of Ritu station at northern Tibetan plateau, of Hetian station and

Yutian station at northern slope of middle Kunlun mountains Mountain during 23 to 26 June, 2019.
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FERRYIX B2, R ROAR DR R /K R AU KRB T o B 27K IR 34 bR US43 A
ERTLLEH (B, eI, RO LA A TR A R ERAE X, BIKTRAR
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367 Fig.8 The water vapor transport channel spatial distribution (a-c), the variation of height (d-f, unit: m) and specific
368 humidity (g-i, unit: g g * kg''kg'") at 4000 m (left), 3463 m (middle), and 3469 (right); ¥¢ for representative site
369 (36°N,83°E) over Hetian area in (a), Y for site (32°N,75°E, 3463m) in (b) and site (32°N,75°E, 3469 m) in (c).
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Fig.9 the circulation characteristics(contour and vector) of (a),(d),(g) climatology in August; (b),(e),(h) heavy

rainfall days; (c),(f),(i) anomaly field. the black contours from(top) to (bottom) indicate 200 hPa zonal wind(m-s™),
500 hPa geopotential height(gpm) and 500 hPa specific humidity(g-kg™'), the red contour of (a)-(c) denote the
300hPa temperature( C ), the shaded for meridional wind speed at 200 hPa > 30 m-s! in (a)-(b), for meridional
anomaly wind speed at 200 hPa > 5 m-s™! in (c), and for meridional anomaly wind speed at 500 hPa > Im-s! in (i),

the vectors in (g)-(i) were presented 500hPa wind field(m-s™)
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RFLLIR R FIHAOL: gkg?), BWEBARELRFEFEAL: msT)
(b) ¥ 36.5°N L[ 3 ELHI M, % B NEE ) KURN 26 B8 5 3 G (AL mes™!, B ELEEY K 2 %),
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Fig.10 (a)the zonal-vertical section (along 75°E), the vector for the composite of meridional-vertical anomaly
wind(unit: m-s?',and the vertical winds were amplified 2 times); (b) the meridional-vertical section(along
36.5°N),the black line for the positive vorticity advection(unit: 10'° s2); (c) the meridional-vertical section(along
36.5°N),the red line for the positive warm advection(unit: 10~ K-s™!). The grey shaded for the terrain and the color
shaded for the temper anomaly (unit: K) in (a)-(c); the blue for meridional wind anomaly in (a), and for zonal wind

anomaly in (b)-(c).
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RS H LRSS, L 500 hPa BE 574 PH 0N H I35 S e A i % 3 (B 1le, I
HARGAR) , SustEHOALT 78°E~92°E HhIX, FES& il LR S e A % 4, 18
AR I 57 J5 4 ) R 5 5P K AT 300 hPa BE S AE(E IEAHSCOGR (B 11D
B RREGE 0.7, HIBI 95%I) B MERLIG, 50 10 i P UK 28 P b DX PR TR /K PR 8
Ia) b ik 2 SR X RSB IR S 0 o0, AR BB K R AR AR A T R KR . R 5
e IR L AT U2 ) RULE 58 P CK KR I AL B RN X, TR RUKIR I k@i, bk
SPAT UL T SRR KA R b TR ARSI S MK R A i S IR S (KA AE
S, M B R KIS g 5 v s B S A E — B R

19



468

469
470
471
472
473
474
475
476

477

478

479

480

481

482

483

484

485

50N

45N 1
40N A

35N A

(b) V200 \\\\OR?KS@ P
20

30N 30N ol
J.. 0.2 0
25N 25N I,

20N 1
19N 1

10N

T T y T 10N
40E  50E  60OE 100E 110E 120E 40E 50E 60E 70E 80E 90E 100E 110E 120E

70 90E
50N 50N
5 (C)HSOL_/( @// 45N s é/y,—/ é E
49N 0 n 7 1 -4
o s 022 ) =-0.2 o7 40N) =
35N+ O 35N 1 . ¥ .6
0.2 A
30N 0.4 30N
0.5 R D )
25N 1 0.7 0.4 25N 1
Q:D-BUB) D
20N 48 O k—/w 0.6 20N
15N 1 oiaw 0.7 15N 1
10N \ ‘ . 4“(.0-"' f‘ 7 ‘ 1N ‘ ; ‘ : ‘ ‘ "ﬁ
40E 50E 60E 70E BOE 9O 100E 110E 120 40E 50E 60E 70E B80E 90E  100E 110E 120E

11 FEKAT3 R (21-23 H) B X ZIH FIEHIX (35°N-41°N, 80°E-110°E, £ {4%E/HE) 300hPa *F
PR R 3 5 B NHIA] (24-26 H)  (a) 200hPa mifE.  (b) 200 hPa &K (¢) 500 hPa & &7, (d)
500 hPa 28 [ K7 #37AH R R A=A A, I EHRAARRIE TS 95% 3R X
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area and its downstream region on three days before the heavy rainfall occurred (from 21 to 23, June) and the
200hPa geopotential height (a), meridional zonal wind (b), 500 hPa geopotential height (c¢) and meridional wind
anomaly field (d) during the heavy rainfall period (from 24 to 26, June), the shaded passed the 95% significance

test.
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