55 43 % 55 4 1) Y S 1| Vol. 43, No. 4
2021 4 8 H JOURNAL OF GLACIOLOGY AND GEOCRYOLOGY Aug. , 2021

DOI: 10. 7522/j. issn. 1000-0240. 2021. 0037

MOU Huan, ZHAO Li, WANG Xu, et al. Water vapor source analysis of a severe torrential rain in the west of southern Xinjiang based on the La-
grangian Method[J]. Journal of Glaciology and Geocryology, 2021, 43(4):1157-1165. [ 23Xk, 80, £/, 5. FLFHAE M H 7% —IKE

SEVGIE R R ARO[, WK)IZR L, 2021, 43(4) :1157-1165. ]

ETHEBEHEA XN —XEEAIREX
MR RIET BT

1,2
£ o, M
(1. Frmdi BoR FIA XL H B 58 ARST 830002;
e E K5 830013;

Eﬁ}’

2. RV RARIEIR G HL, BT G RS 830002;
4. FRAEE R AR X T R AIVAE i S5 A5 830002)

T oM, ZR%&"

3BTRS B LR,

O FIHHE A h 4 %k NCEP/NCAR P14 HT %8 8L . GDAS Hd , L Fhiks B H & i
A0 (HYSPLITv4. 9) , %F 2018 4 5 H 16—22 H 1 $15 P8 5 R 2 W il 2 A9 /K P05 b R i ik B AR 0047 T
A8 IR HYSPLIT 5 () S A 401 45 SR 2 B, B2 S /K P08 T C A8 SOV W VG | 0 Jal YA 0 3t v VA 19
B 7K IR 43 SR PR AL S RV P A0 1) S Tl DX A6 o /KPR I ZE MG % 5 Fe BV B e ik AL o8, 158
o T A S 3A B A T b X B ARG 2 9 i AR S IR R (X 2 o B AR N ERLAE S U s hrif 400 it Hh
R K IR I E Z2 T b il , E T3 04 7K PR STRR SR 400 o 62% F138% o R, L8 S Ig R iig 308 1A
7K TEXS T R TR B B S SR AE F o D9 A0, I T BT AL 45 5 vh I R 1 B O S i3S s & 1K
R IR I B AR KA, Tl B AZ X R 7K PR A J2 1 B e 5 PG 8 % R /K R e B4 . U B | A 5
T W 7 1A 1 DX T S O 8 L A R T K PR R R R B SR AN _ THRCRT Sre3m  E , IE R i SR ) T

JE 5 R T R AR A A ARG I 48 78 T 3L

KGRI R FEOEW PIAS T H O AR ; KR TRk

hE 4SS P458.1721. 1 XHkFRER: A

0 35

FEN R R P B KRR R R EE
Zy L) —Fpd EE R A IR E Y
b1l DX ) 52 2 i K e R R i 2 W S 34 S R
B AR G X IT 50 a VORI T B M5 & 3L, i
T 78 B 3G R AR IR SR A 1 5 (45 5 46 T 52 1l X
KRS0, AR RNl B3 . Zhai S
B 1951—2000 4F [1] [ P4 AL L XA | 2= K
A o B2 7K S A 35 0 S 0 o A g A5 R B
B LU ZE R KON B T AR R SRR AR

TR AL T PG G2 T S X T B A AN i % BN
TR K . KRR E T T2 X R K 2 A
A N Wi P SRWY 31 DAL S

T

fm B 2020-04-22; &iTHHEE: 2020-10-23

ERS . 1000-0240(2021)04-1157-09

— AR A — 37 B R AR B KRR R
PRI T ) 7R OB A BETE A IR [] 4 7, A1
IR A TR A i 126 2 % R R AOML BT 5 v )
IO T e ol 7 A b RS I T v S B o
ik S % RN 7KV B B AL R
TS K PRI R IR L AR | BT RR A S5 T T R]
LS S 1) 489 78 25 R LB o O T 7K P 226 ) fet
AT, Se Al — LERMIT N 57 3 B il o T XS
KRz PR K S R KOS I R AL
ARG T T A LA 4598 P FRIE AR AR
e PR AR ARG AR M A AR PR ST R B
Wi 7K F2 5 A s L R e ] g s, VR i e
I, S b R A SR K T T P E R T
T XK IR DT R, TR R R A

HEWB : B A6 AZR PR BATFE 340 H (CAAS201910) 5 B K HIREFAK4 0 H (41965002) % 1)

EEEIT

AR, e T AR, F2 B A5 M KA HR AHLELAF 5% . E-mail: 213de88@163.com

WISIEE: T, B0, BN A TR M AT E RSO LS . E-mail: wangxu2323@vip.163.com



1158 K I

7 + 43 %

[v] , 38 % P b X 2 R K S 5 AR SV VA e X o
KA A AR, W58 R IR L A6 oK AR L (7K
TR S AXT TR A mELEZE, £
ffF I S5O FH 2006 4F 7 H 2 2012 457  AERONET
LI ) SCAOL 3 o5 WA 7 A6k , 43 A7 45t 2 £ v JiR
2 5l XA AT R K R R S b T K YRR 22 1]
g IEAH &, H AT B K B R K B g AR A
] o ot S R AT S A R 0BT T 1981
—20104F ERAS iy H BE/K A+ HEIR BE kL . 25 R A&
A AR O S R K ] 2
TEAHSG, 270 PR X 35 2 - eV B2 i 3 i 23 5 i
M IX A=K B

SETT 22 LARK AL 7 32 K AF 58 7K 75 b R K 7R A
5 1 ], {HL 7K PR B R[] 7 7 5L A 5% A8 1 R Ml Js
PR T KR T 3 ME DA K PRI 2R A TR 1
W, B ICIE TR KR DT R RN . AR SR I hi i
B H 7 vk DA R BT, RT3 B s ) R i R
B2 Bl AR TR DRI T LICKS K 7B v B TR
AFERT A A5 0y AL S A T 0 355 A 19 Je B, o ] A5
HR TR K P BN DTk % . T LB AE R, [ N 4
B2 F W P B H O IR R R R U T T
N FH . Malin 8538 33 6 2 W K KB DF Y I &
PR, Fity L 7 8 b DX A 2 W o R ) 7K P B 2% I AR D
BRI RN — i 2 a8 B A6 . Sodemann
AU e K DT R R R K AR R S VT A I R
FETWFSE o VLARLL AR g Sl ok 3 e o A A
R = AR B IR T [ B BOK R L |
L3 T B AN R K R UR M K IR Bk . i R A
3 1o X b R R R N AR AT [ 0 A 4L A )
255 DK IR B AR AR MG, DA AR 08 0k 2] 3k 22 W
X 7K PR BT Bk R A R, T IRV | R U Y K TR
T T A K RS B B S R SRR AE . A i AT L
FHA% B H 5 3k X b7 VT AR R RV G R 2y
IR PR B 2 RRAE IS & B, VLI ARF I K IR E R A
B BRI T3 e I V2 R i vl , HG v B B VR A K
TR TR AL 50% 5 1 ¥k I TR 22 A 7K 750k A EDRE T |
BRI K ity o L 7 R g ¥ v, HL BTk 22 7R
Ko PNEEAREEIIA S e T I e Rk M R T 0
FErp ok H g KR L R R E 2
T e IV g 08 A D JE VG I AR 5 B S0 ) e R
ATARAE . AR DU 1] F R A K T
EFEAT 5 1) A B BRI K B, RN A AR K YR R B
# H7E 950 hPa 1850 hPa, Jf H. = By K A 42 Fl

KA L BEZN . 950 hPa (17K 5K I TBHi
Vg AT [ B, T 850 hPa /K VAR IR T-% 5 1L o
5 BRF AT, A BT R TR 2 i R S A K YR TR R B
Ko Hua %2 & B E PG LA A B K FE 1982—2000
AEEL TR, T AE 2001—2010 4F 5 T #h, [k
K B AR Ak 55 b RV FE B I 2 R A L2
SMERE B VIMC . L RVGHEHESIH TR 51 & I 6E
R E T IR KB 2 I B S H R B B R
JEE T 0 P b s X R K s B AR A

i P A B H 5 3R K PR R A T AR
LR TR A% 2 UK T T ) ST e 1) 2 o S5 3 X )
SR JLF IR 225 o R SR A =1 2R, (X
$HAE3 500 m DAL, i3 T i Ll O Y BE B A 454102
IR TEME LR A B 5 A b, R B AR R K R R
100 mm H 28 A iR 5], — R I R R oK
5t 0T BE A I AE K Y 70%, K 5 B & b R R
EXT TR RA AT P 1 B R . SERTY
WFFEIN Ky, B e A3 b 19 7K VR 32 242 HH 7E 700 hPa LA
T LKA B A RO AR P T AR DS L
(I P OUVA R SRR LR SRR = | E AL i)
el N CIETA SR INRVIN -2 RN N N S |
it LV T 8 e S AR O AR K VR B LR
B P A2 R AN I I BRI AT A R i =
VAR 7, DRI 56 T i s 2 T 094 7K 7 U e o i 226 1 A%
— AT G, T R 8K VU M % 1) B R RS
TAEE HE R

AR R A BT H 4 5 1 SR A 5T R e T
05 T 7T B4 B 326 1) A 3 o B RN A0 BT K YRR
M AR TTRRR W A I, B A T R L IR B
W R A K VAR R AL, e 5 AT A SR
SEIR] o A3 Ar 4 SR T B v o e L Ui b X K PR g 2%
B IAURIT A A 2 T T ) S o

1 #RAFE

1.1 HENEA

FEEC 2018 4F- 5 7 375 841 > [ 5 B X I L i
R 7K B4l \NCEP/NCAR 7K V40313 4 0. 25°%0. 25°
Y32 6 h 153 B BRI i 23 BRE SRR
53 M1 NCEP 7K V43 HE 3 Ry 1ox1° 0 H P34 F1 H -3
TR U P53 AT OB T 00 B L S o A REAE 4
BRTTRHA] 1k 2R S8 B K- 23 HE R R 1°X1°38 6 h BTk}
(GDAS, global data assimilation system ) F F 5 [a] %
W



434 B AR FET AR B H J5 85 A — Y P 9 SRR AT IR 1159

1.2 HxRFE
(DR FE KRR
W

VSRR 1B & N

Qzéﬁﬁww (1)
A @ KA K RS %38 i % it (B :g-om '
hPa™'»s™) ;g I H Sy R B (A cmes™) ;¢ M LR
(BT s gokg™) 3 VN AR N 45 J2 KA K &
(7 mes™) s PALP 23 5 IR Z A2 B9 SR
(B{3i :hPa).

(2)HYSPLIT4 #1305 38 5 7 7%

HY SPLIT4 5 A4 J2: i 3 [E] 8 5 1 F R <A
%Ommmmem%ﬁ%¢§ﬂ&kﬂﬂmﬁﬁf
i 2 20 4R [ A W 19—l R AL AT R
15 YWk B ) Rl TR R HLAT Ab
ﬁzﬁ SEBREAY 2R B[R 25 5

YU HE IR T e A A Ry S8 B I R T ORI
t?ta%ﬁﬁiﬂﬁm$£ﬁm PITE A A HBIX
R T e R T s RN & R i 1 7 = B
s B H 7k B S BE SR B, Bl R Rk
P23 [a] B ] _E i R4 m&ﬁfﬂﬁmﬁaL

JE 7 B[R] A0 2 (] LR 2R MR A AR iy, HE
AT
P'(t+At)=P(t)+ V (P, t)At (2)

P(t+At)=P(t) +05[V (P, t)+ V(P,t+At)]At(3)

HoA T — i 20 7 L — s 2 A
47 S0 3 R 5 —f5 DA BT A A 1) 8 SF- 3 I 5 ]
LR BFBMAEEN . P'(r+ At) I — 15
fH,P(t+ At) WAL E, P (1) N L —BF 2R
He 7B, VR AR — B 1) o7 A

(3)RE PR L

75 S ZRBUR T DA R DA AR X 3 A L 5
AR5 (25 ) B BE I JC LA, Ll AR S R AOHR /)N
AR S AR BN BB BRI 34T . AR S R Bl

I 0] )5 3B B R G K
NZ‘ (4)
_ Ni”’” (5)
C = % (6)

X FORAEA P Y B KR N ROR
FEAR RO B 5 o KR BRAR 22 5 C, R 7L 5
AR

(4) KPR TTIRAR Ak

TLARLL R I — b E BT SRK IR ST A Ty
o T DU I TR A ) S AR B 3K 5 T XA it K
TR B T X A B L 22 AR (R AT A
[F] A B K IR BT R

= (quast quast) x 100% (7)
1 1

Aorp e O, TR F—VE ML B K VTR R 5 g RSB
FI38 H AR XA R 5 m 27 A6 5 — U5 b T & 1)
S AL n 2R BT A R A B B 58 H AR X
ML

(5) e K656

FI B student £ 46 56 )7 752 %+ 2018 4F 5 A Al
SRS UL R AL IR B S AT AR

2 FEKKR R INREFEST 1T

2.1 PR

Z AT AE R A A B2, 2018 4E 5 H 16—22 H
BRI B T — AR RN A AR . AR Rt
FEK A LA (F 1), WX 2 —R M
R T T s aPINY VA e o | o S I R
A IX I8, AR B8 24 h B FAR I , A 96 N0
PRAET (224, 1 mm) , Horb 5B 2k 19 H FEK
IS DT e SR LR IR e R AE .

I 2 Fa] LLE 5 H 16—22 H w8 76 il 2 1
uhii% H B REK R RO AR b, A 2R RN O

4°NF
0

140

3o | MokR/mm o
[ Joil60 ¢ F
B 6.0-12.0 =
I 12.0~24.0

I 24.0-480

3aoN 1 48.0~96.0

Bl >9%0

74I°E 76I°E 78I°E 80l°E 82I°E

BT 20184F5 1 16—22 H A SR P 2 i e SRRk
o3 (B - mm) |, B R R 2 HT 0

Fig. 1 The spatial distribution of accumulated precipitation in

west of southern Xinjiang from 16 to 22 May, 2018 (unit: mm),

the black rectangle indicating a severe torrential center
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Water vapor source analysis of a severe torrential rain in the west of southern
Xinjiang based on the Lagrangian Method

MOU Huan'?, ZHAOLi’, WANG Xu*, AN Dawei'’

(1. Meteorological Observatory of Xinjiang Uygur Autonomous Region, Urumgqi 830002, China; 2. Center for Central Asia
Atmosphere Science Research, Urumgi 830002, China; 3. Xinjiang Information Engineering School, Urumgqi 830013,
China; 4. Weather Modification Office of Xinjiang Uygur Autonomous Region, Urumgi 830002, China)

Abstract: By using the data from automatic weather stations in Xinjiang, the NCEP/NCAR reanalysis data,
GDAS data and the airflow trajectory model based on the Lagrangian Method (HYSPLITv4. 9), the water vapor
sources and moisture transport paths of a severe torrential in the western of southern Xinjiang from May 16 to
22, 2018 were analyzed. The results of HYSPLIT backward trajectories simulation showed that the severe tor-
rential water vapor originates from the Barents Sea, the Kara Sea, the Norway Sea and the Mediterranean Sea,
and the water vapor in the two regions first transported to the downstream along the northwest stream and the
western stream, respectively. After converging in the Kazakh Hills, the water vapor trajectories entered the
northern Xinjiang, then bypassed the eastern side of the Tianshan Mountains to reach the Lop Nur, and then
reached the upper part of the severe torrential area with the lower level easterly jet. Although the water vapor tra-
jectories from the Barents Sea, the Kara Sea and the Norway Sea were slightly more than those in the Mediterra-
nean Sea, the contribution rates of water vapor were 62% and 38%, respectively, in the two regions. Therefore,
the water vapor of Barents Sea, Kara Sea and Norway Sea played an obvious role in strengthening the rainstorm.
In addition, there was no low-level eastward water vapor from the Bay of Bengal in the simulation result of back-
ward trajectories, which indicated that the water vapor in this region was not a necessary condition for the forma-
tion of severe torrential water vapor in the western part of southern Xinjiang. It was found that the sea surface
temperature anomalies in the Barents Sea, the Kara Sea, the Norway Sea of the Arctic were high, which basical-
ly coincide with the moisture source regions of the severe torrential. The results indicated that the anomalously
high sea surface temperature in the Arctic was conducive to enhanced evaporation from the water vapor source
and the formation of an updraft background field, and that the temperature anomalies in the Arctic waters were a
good indicator of regional climate change.

Key words: southern Xinjiang; severe torrential rain; Lagrangian Method; water vapor trajectory; water vapor

contribution
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