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Abstract: Based on the NCEP/NCAR reanalysis data, the large-scale circulation background and water va-
por characteristics of five rainstorm processes in the southern margin of the Taklimakan Desert during May
—September (warm season) in 2001 —2020 are analyzed and then HYSPLIT (Lagrangian method) method
is used to calculate the water vapor trajectory and main path as well as the water vapor contribution of dif-
ferent sources. The results show that the water vapor sources of the rainstorms are mainly the Southwest
Asia, central Asia and northern Xinjiang. Water vapor from the source areas passes through northern Pa-
kistan, northwest India, northeast Afghanistan (IPA) and the key areas of southern Xinjiang, respectively
into the rainstorm areas from the southwest and north path, the water vapor passing through the key areas
of southern Xinjiang contributes a lot to the rainstorm. During the rainstorms on the southern edge of the
desert, water vapor in the middle layer of the atmosphere (500 hPa) originates mainly from Southwest

Asia, but there is a lot of loss along the way. While in the lower layer (700 hPa), the main contribution of
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water vapor is from northern Xinjiang, and the loss along the way is small. The water vapor from the

northern and southern Xinjiang Basins is mainly transported to 700 hPa from the near-surface layer. The

water vapor from Southwest Asia, the Atlantic Ocean and its coast is transported to the height above

700 hPa. Based on the above features, the three dimensional structure model of water vapor source and

path during rainstorm process on the southern edge of the desert is established, and also a more detailed

descriptions of the contribution and source of each layer of water vapor are provided.
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Fig.1 Terrain (colored) of southern Xinjiang.,

study area (box) and station distribution

(black dot) of the rainstorm centers
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Fig. 2 Average circulation field of 5 rainstorm
processes in the southern margin of the desert
(a) 100 hPa geopotential height (contour, unit: dagpm)
and 200 hPa upper-level jet stream (colored), (b) 500 hPa
geopotential height (black solid line, unit: dagpm), wind field
(barb, unit; m« s '), temperature field (red dashed line,
unit; C), (c) 700 hPa geopotential height (black solid line,
unit; dagpm), wind field (barb, unit; m« s '). temperature
field (red dashed line, unit: C), and water rapor
flux divergence (colored, unit; 107 ° g+ cm * « hPa ' « s ')
(light gray shaded for above 3000 m terrain)
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Fig. 3 Average water vapor flux from surface to 300 hPa
integral during rainstorm in the southern margin of
desert (vector, colored, unit; kg e m '« s ")

(a) early stage of the rainstorm, (b) beginning

of the rainstorm, (c¢) during the rainstorm
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Table 1 Water vapor budget (unit: 10® t) in the rainstorm area during 5 rainstorm

processes in the southern margin of desert

H/CGER H-HD [puRys _ L i _ LR _ R _
i H ] i H ] i + = % h 2
20010729-30 —1.39 —0.06 3.58 —2.82 1.82 3.88 —2.92 —0.72 2.33 0 0.28 3.00
20100605-06 3.81 2.49 0.15 —5.79  1.43 0.82  —6.69 —4.27 —0.24 0 —0.80 —0.25
20160902-03 2.41 1.72 1.08  —1.55 2.19 0.83 —2.20 —1.13 1.30 0 —1.44 1.16
20190625-27 2.39 0.72 1.51 —0.74 —0.17 1.28 0. 45 0.97 2.74 0 —0.47  2.91
20200506-07 1.72 —0.97 0.10 —1.71 —1.56 —0.06 —4.08 —0.07 0.54 0 —0.57 —0.27
1y 1.79 0.78 1.28 —2.52  0.74 1.35 —3.09 —1.04 1.33 0 —0.60 1.31

TE R PR P 2 R X R AR )Z P2 R

Note: low, middle and high indicate lower troposphere, middle troposphere. upper troposphere.
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A3 B L A4 FR KR BLE 1.2.3.4.5.6 I ELIR. 55
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IRV 19 23 [6] 43 A F0 i BE A2 Ak, L ROK PR 1Y
FLIR AR 1k (B 5) , g L% 2,
3.3.1.1 IPA KHEX 500 hPa Xf % Ffi 19 51 ik

Hi B da~de AT, VIR B S 2% T A 7K VR 32
Bk BV R OIE W PG R 3 8 A B 58 0 vt 3, A0 4%
ZUEFNAR N R0 R D B R IR ) 4L 12 K #
W FR AR T CRRIAR IR 1) 5 3 v 765 i 2 it R L
B 3 A5 CRTBRIEHE 1T ) R PG RO U R 2 % (TR
PEH D S E. (2 Z) A Rk (1 450 4t 8 Z8 Bl B H
MR L R AR M . NFE 2 W0 PR T XV R 2%
FE TN BTRR S 420 ~50% , 3 19 %3 KR 2~
3478 m B E CE K 768 m) [i] 500 hPa 2 [ X
B s KIRAE VR A LI Ky 2. 15~18.70 g » kg ',
PO 11,08 g« kg 'L BRI XA LIRS 1. 10~
4.43 g« kg ' PN 2.69 g o kg T KRNI HLT
FIR AW X A BT 8.39 g« kg L IR A

®2 WEEHKEFREW 500 hPa J B kR R 5 H 3 2 W 5T
Table 2 Water vapor source at S00 hPa height and its contribution to

rainstorm in the warm season in the southern margin of desert

R/ % h/m

q1/(g kg D) q2/(g+ kg )

KEX  KREM PR W E i Fam o E T Em Bk /%
IPA P 1 12 4~50 19 2~3478 768  2.15~18.70 11.08 1.10~4.43  2.69 76
Hfth 8 4~39 23 342~7524 4699 0.25~4.36 1.68 0.55~3.30 1.60 5
EEH 4 18~29 22 5~128 41 5.24~7.51 6.52 1.58~3.54 2.84 56

TE R qu 3 537 K PR U5 b G 2 W 109 T ik 0 L U5 0 B R G IR L g2 RO BT X HO IR s R P8 (g1 —q2) /q1 X100 % 5 F I .

Note: R, h and q1 respectively represent the contribution rate, height and specific humidity of water vapor source area to the rainstorm,

while g2 represents specific humidity of rainstorm area, loss is average (g1 —q2)/q1 X100% ; the same below.
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Fig. 4 Spatial distribution and height variation of 500 hPa water vapor transport channels in
the southern margin of deseat during five rainstorm processes respectively
(a) 30 July 2001, (b) 6 June 2010, (c¢) 3 September 2016, (d) 27 June 2019 and
(e) 7 May 2020, as well as () water vapor main key area
(Numbers 1, 2, 3, 4, 5, 6 indicate the ordinal number of water vapor tracks, and the

percentages in brackets represent the contribution rate of water vapor source to rainstorm)
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Fig. 8 Three-dimensional refined structure of
water vapor during rainstorm processes in

the southern margin of the Taklimakan Desert
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