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Abstract: Based on station observations (surface observations and upper-air soundings at weather stations
and precipitation observations at regional stations) , FY-2D infrared images, water vapor images and NCEP
reanalysis data with the resolution of 1°X1°, combined with water vapor flux diagnosis and a backward

trajectory model, an extreme rainstorm process which occurred in the arid region of western Hexi Corridor

x H ARG R A AT B (GSQXCXTD-2020-01) 1 H A4 R Wik 72 & W (CMAYBY2019-121D) Ml H it & A&/ A2 I B (2d2021-01)
Fe [m) %5 B
2019 4F 11 A 10 Hlithss 2020 4 8 3 HUiE & Fis
AR ALFEAR  EE SRR R R KBRS L. E-mail : xiangwei580@ 163. com
WIRAEE A FENFREERITMELO5E. E-mail : 1512322427 @ qq. com



%Al FLAE A S - 0 74 R P 0 T R X — A i 2 T KR K PR AL 23 413

during 15—16 June 2011 was analyzed to study the transport mechanism of water vapor and its budget in
the process. The results are as follows. The western Hexi Corridor was affected by the plateau vortex cen-
ter formed from the western part of warm high-pressure ridge which ran northwest-southeast from western
Inner Mongolia to Hetao Area. The plateau vortex center with 200—400 km scale remained stable over the
rainstorm area for more than 12 hours, forming good dynamic conditions. The humidity increased and the
temperature decreased in the lower troposphere. The cold air invaded from the southern plateau vortex in
middle layer. The atmosphere was in a weakly unstable state. The convergence of surface wind speed and
the effect of terrain upwind slope triggered local convective weather. The water vapor needed by rainstorm
was mainly from the west wind flow and the east wind flow bypassed the plateau, and the latter brought
the most water vapor with its contribution rate during rainstorm as high as 84. 6 %. Further more, the wa-
ter vapor from two channels were both the most pronounced in the middle and low layer of the tro-po-
sphere. The formation of anomalous easterly airflow in central Gansu at 500 hPa and 700 hPa was impor-
tant for water vapor transport and convergence in the rainstorm area. The average net input intensity of
water vapor during the rainstorm period was 2. 73 times of that the pre-rainstorm period. The low vortex
center in the middle troposphere, the convergence of wind speed and direction in the lower troposphere,
and the convergence of terrain caused the 550 hPa, 700 hPa, and 800 hPa three-layer water vapor conver-
gence center with 200—400 km scale. The atmospheric precipitable water in the rainstorm center was as
high as 34 mm, which was more than 2 times the summer average.

Key words: arid region rainstorm, plateau vortex, water vapor transport, water vapor budget, HYSPLIT

model

K VRARME 31 38 3 [ 7Y b 3 DX, PR i 94 KUy 3 17 I
DX B K PR 1A A R S (P R A AL 20045 X 1
FE4F . 2005 ; T AT I 45 - 2005 3 E 75 5 42007 5 8 58

5 F

T A K SRR 1 22 57 M ER | 4% b X1 2%
RAGBEIRATA . 478 Kl b B K B T] 18 ik 7K 1Y
TR X, [ 2 T8 BE K N DX, 38 R AR R
JKEAE 200 mm PLF A4 X AR 8 T 2 X, AR K &
f£ 200~500 mm [ H X FR R 2 T R 1K, F&E L
iy X R 43 Hb T 8 A R K B R 2 300 mm, 75 K fig
JIHIAE 1000 mm P b J& T A By B2 T R IX,
57 PG b 1l DX e 3508 1) 9] 94 S JR DU 2 G I il DX R 7K
/D I L 22— G 7, 19835 i W By 45 . 20005
RS, 2004) , J@ M T 5 X i TRk RR
il (B /NHEAE L 2018) BN R AR 2 AR 3 K AR IR
R JE — R CFLFE AR R P {21, 2012) o X 5 i) v o 151
R PE— R A ME ., DL 2R X i X R TR R
R FENRSAGIE B P52 W (22 SCH 5%,
2013 FARAS 55, 20135 FLAE A 45, 2015) L B30 {E A< U
(ZEVTAREE, 2014 5 F H B 4§, 2014) 45 )y #4717 4
Mrwft o B85 TIRZ A .

NG T ok U o b T A DA L 2 0 S A i 1
PO BEEY B 2ok B NP | g 1 A 79 O Y

FBRER . 2010) o KPSk 5 REK BAA & B3R
F PG X B 2R R K Y 43 A 5 7K PR % BT 3
AR—F (] 42 ¥ %, 2005) . HEERFE R KRR E
SN P b XA PG 5 R R Y OR A R B UK P
EHRBPHEERGEEDEERN M EHE,
2012) . DR, A 2 BB 5 10T P4 5 JER VG A8 T 5 X N 2R
R A K IRFRE

2011 4 6 H 15-—16 H .y P4 & R PG T R X &
AT U i 2 T R O A L B B JE A 2 T
SLH IR T JR b R B R CH A 45 H A i DB62/
T1732—2008 FLE » 0] V4 1 [X 24 h Z AR #E R 30. 0
~69.9 mm, KZEWHR#ER 70. 0~140. 0 mm) , i i,
W EELT PR 2. 54270, Hm T R X A
S J3E 1Y) 2% T R AR AT AR B BRI SR RUBE e
fE? JEH IR AR SFAFAIE 7 A SO AR 3 BT R
BCR  EEA b  TR 0 Hr I RO I R R R AR KA
ik K VRO KRR A A DU T B X
KA IS 2 W T4l U $E fE Bl 22 1 = %
WA .



A

414

% 547

1 BRIk

L1 & #

i 2011 48 6 J1 13—17 H i V5 5E JBg 75 &6 14 725
25 0 M TAD ORI R i 2% X ek WY WY R FY-2D
TRL I = B FKIK = B NCEP 1° X 17840 # %
#t.
1.2 kEKKX

V50T PG B P B 4 S NS N R (B 1) 3 i
KPR 35 FK VR S T O Fe P i A 5.7 AR
S BT A8 R A, 2.4.6 AL B
2R V0 R G 4 AT AR K YRS R LX) /N
FOK PR % B 2 A, BB 3% 2 700 hPa. 700 ~ 500
hPa,500~300 hPa FlHi3 % 300 hPa 43 54 X i
|2 (AN R PN = = 9 P S N 1 B N N |
J2 UK R e 1% S i NCEP F20 #r 98 R 55 4%
J2 A S5 K VR B TR AT KT 3 5 R
TRy T A5 3 2% 31 5 &% R W K IR ik 6. i
151 B T XA K AR K PRI S o TE A R
RN 3 L R RN X ) A KR L KR
WS R A s A i

1.3 HYSPLIT4 i #E =

HYSPLIT4 % % £ 3% ( Draxler and Hess,
1998) & Hi Air Resources Laboratory, NOAA Jf
R s 53 2Ry I ) 00 A TR A I 1) R A R Ok B
S A R SRR B U ) . L ) B
LEBTBUB N7 N A R DR N B S T DG S B T 3
M ZH R AR FE ORI T . Dt R
37 (2006) (A=VT#E %5 (2012)  FAHEH%E (2015) (B
LLL A5 (2019) 73 3 A HYSPLITA B3k 4 5073 A
T ATl DX b XL PY ] A R R R ER
B R KRS B . AR SCR RIKIR S 1) il A 2
FH T3 B3] 5 S JBR VG 0 2 TR KA K P 2k L
IR

2 RO AER L B

2.1 PEIKHEER
2011 4E 6 H 15—16 HM PG E R T 5 X &

AT — U o 2 T R A (I Ta) o FoH 2 7 A i b
MR 7K B 77. 2 mm, 3k B T4 OF B OK & 1Y
50. 6 %6 Sy AL AT WIS 55 LA 3K o i B K i 2 Tl 7
S R P FB R K B IR OR B (e KB 86, 1 mm)
S T IR K B (56, 6 mm) 8 B (56, 5 mm)
S (55,0 mm) By b T B AR S B K R
(39.8 mm), % [ o 7L SR A R Ml B R
119U AN KB A b 7D Aol i B, B
AR CPILR ) g5 41,1992 28 R 45,
2012)FFME . K&K AN 15 B 14 B (A6 3R, N [RD IF iR
216 H 14 A4S0, FZ4EPAE 15 H 20 BF 2 16 H
06 If (& 1b) , By il f o /N A 7K B35 17, 8 mm, 23
Y6 F %K= (6.6 mm) Y 2. 7 £,

1}

2.2 BERREDR

M 500 hPa KA EIE H AL F - N5 P43 =
TS M DX PG AL AR 1) A I 1 e A T AR 57t o
o 7T [0 P4 5 B ) e DR e A2 s U R i A 1

(a) mm
42°N 70
e 8 50
40 1 Z\ 30
"l 10
38 A s ~
9 94 9% 08 100°E
18+
16 ™) ® it
144 O BRI
£
%107
Jul
= 8
& 07
S (11111} ﬂﬁ |
éi . ‘H‘H‘ L I LR R HH‘ H"‘l.“m‘nﬂ‘ﬂn‘rﬂ‘ﬂﬂ‘”ﬁ‘ﬂﬂ‘n‘ .

10 12 14 16 18 20 22 00 02 04 06 08 10 12 14 16
15H 16H
f il /BT
1 Ca)Tf P4 5 AR 74 T8 K 9 ik i R (2 B)
201146 H 15 H 14 BF & 16 H 14 I
SRR KR (R (b b S0 g 151 T 2
/N I R K A AR
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Fig. 2 The height (contour, unit: dagpm) and wind (barb, unit: m « s™') fields at 500 hPa at (a) 20:00 BT 15,

(e, D
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(In Figs. 2c, 2d, shadow is terrain, and triangle is the center of rainstorm; bold black solid line is shear line in Fig. 2¢)
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Fig. 7 Variation of water vapor budget quantities on the (a) east, (b) west, (¢) south,

and (d) north borders of western Hexi Corridor at the upper (triangle) ,

middle (solid line) and lower (square) of troposphere with time intervals of

6 h from 08.:00 BT 13 to 20:00 BT 17 June 2011
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Fig. 8 The water vapor flux (arrow, unit: g+ s '« cm ' « hPa ') and its divergence (solid contour,

-1 —2

unit: 1077 g+ s '+ em ? « hPa ') and vertical velocity (dashed contour, unit: Pa+s™')

at (a) 600 hPa and (b) 700 hPa, vertical sections of water vapor flux divergence (dashed contour,

“'ecem ? » hPa '), specific humidity (solid contour,

unit; 107 g+ s
unit: g » kg~ ') and horizontal wind field along (¢) 39.5°N and (d) 96°E at 02:00 BT 16 June 2011
(@ is the center of rainstorm, the rainstorm area lies in 38°—41°N, 93.5°—96°E in Figs. 8a, 8b,

and shadow is terrain in Figs. 8c, 8d)
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