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Abstract Taking a torrential rainfall occurring at Ili Valley of Xinjiang on June 26, 2015 as an example, the
circulation background and unstable conditions of this rainstorm process were analyzed by using observation data
and high-resolution numerical simulation results of WRF. Some results are drawn as following: (1) The
precipitation occurs under the background of synoptic circulation with the “two-ridge and one-trough” pattern over
the middle and high latitudes in middle troposphere and “double highs” pattern of the South Asia high in upper
troposphere. Under the effect of the particular terrain of the Ili Valley, which is westward opening trumpet-shaped,
the Central Asian vortex located in Kazakhstan causes westerly wind in the low layer of the Ili Valley, and the
Central Asian vortex located in the Tarim basin causes easterly wind in the middle layer of the Ili Valley. The
vertical shear of horizontal wind in the 1li Valley is enhanced by the interaction of two Central Asian vortexes. In
the 1li Valley, affected by the topography and the Central Asia vortexes, the low-layer convergence line is formed
and coupled with divergence area caused by the upper jet, which enhances the upward motion. The low-layer
westerly wind transports water vapor into Ili Valley and the water vapor accumulates in the valley. The
enhancement of the upward motion causes the water vapor to be lift in the Ili Valley. (2) The simulation results of
WRF can basically reproduce the location, intensity and evolution process of the precipitation during this weather
process, and provide data with high spatial and temporal resolution for analyzing the evolution of rainstorm
process. The analysis of the simulation results shows that the divergence distribution, water vapor, vertical shear of
horizontal wind and thermal stratification distribution over the precipitation area have important contributions to
the generation of precipitation. Through the analysis of vertical and horizontal components of moist potential
vorticity, it is concluded that the convective instability affected by the thermal stratification influences the
generation of precipitation, and the symmetric instability affected by the vertical shear of horizontal wind
influences the enhancement and maintenance of precipitation. The analysis of potential divergence further
indicates that the convective instability in the lower layer of the whole precipitation area is mainly caused by the
vertical shear part of potential divergence, while the divergence part of the potential divergence can strengthen the
convective instability in the leeward slope of the small terrain. It indicates that the dynamic and thermodynamic
factors are coupled with each other in the whole precipitation evolution process, which affects the precipitation

intensity and area.

Keywords Xinjiang, Ili Valley, Instability, Potential divergence
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Fig. 1 (a) 12-h accumulated precipitation from national surface weather stations observations from
12: 00 UTC 26 to 00: 00 UTC 27 Jun 2015 (spots; units: mm). The black dot shading denotes
terrain (units: m); (b) hourly precipitation from national surface weather stations observations

from 12: 00 UTC 26 to 02: 00 UTC 27 Jun 2015 (units: mm).
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22015 4 6 H 26 H 12:00 UTC (a) EC F4 1T 5Tk 500 hPa fir %5 (5548, #Ar: gpm)
R ORZ, BA: C) (b B (a) BHEXIEHN EC FrHr5ikl 500 hPa i # &R (5
2, AL gpm) . IRE GEZ, Bfr. C) . R JREbE, Bf: mst ;. (¢) ECH
SIHTERL 700 hPa £ 35 =i B (S22, Hf: gpm) MR (BBZR, Hfi: C) 5 (d) Kl (o
EHEX N EC ForHr B2kl 700 hPa o7 35 m BE (SE2R, #47: gpm)  iRJE (B, Hfi: C)
R AR, 4L ms™) 5 (e) EC AR BEEL 200 hPa 4& s (BfE, #fL: 10°s™ ) |
My OAFRR, AL ms™ o Kok (2, 8. ms™ ;o (F) EC F4h#r#k} 850 hPa
K CRESk, 8O ms™ o R (B8, Bh: gkg™) o KR EHEX SRR X
i, DAREPWACHIIAE, G REMILFEEAE, BEOML NI S XIRE R T 3000 m
HIHLIE o
Fig. 2 (a) Geopotential height (solid lines, unit: gpm), temperature (dashed lines, unit: ‘C) at
500 hPa derived from EC; (b) Geopotential height (solid lines, unit: gpm), temperature (dashed
lines, unit: “C) and wind bars (units: m s™) at 500 hPa;(c) Geopotential height (solid lines, unit:
gpm), temperature (dashed lines, unit: “C) at 700 hPa derived from EC; (d) Geopotential height
(solid lines, unit: gpm), temperature (dashed lines, unit: “C) and wind bars (units: m s™) at 700
hPa; (d) Divergence (shaded, unit: 10° s™), wind bars (units: m s™) and wind speed (solid lines,
units: m s™%) at 200 hPa; () wind vectors (units: m s™) and specific humidity (shaded, units: g kg™)
at 850 hPa: derived from EC at 12: 00 UTC 26 Jun 2015. The black boxes indicate the location
of the study area. The ‘D’ labels indicate the locations of the Central Asian vortexes, and the ‘G’
labels indicate the locations of the South Asia High. The dotted area inside the black thick lines

indicate terrain above 3000 m.
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Fig. 3 Model domains. The shading denotes the terrain (units: m), the star denotes the

location of the Ili Valley.
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Kl 4 (a) APCP HRIsiLE (b) WRF BL¥ 2015 4F 6 JJ 26 [ 17:00 UTC -2015 4F 6 /I 26
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Fig. 4 17: 00 UTC 26 Jun 2015 - 22: 00 UTC 26 Jun 2015 (a) Observed from APCP data, (b)
simulated 6 h accumulated precipitation (shaded, units: mm) ; (c) Observed from APCP data, (d)
simulated 1 h accumulated precipitation (shaded, units: mm) and (e) Hourly change of TBB
(Black-Body Temperature) from FY-2E satellite (shaded, units: °‘C) on 26, June 2015 19: 00

UTC 26 Jun 2015
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Fig.5 (a) Regional average precipitation in the study area near Gongliu County from
observations from APCP data (solid line, units: mm) and regional average precipitation in the
study area near Gongliu County from WRF simulation data (dotted line, units: mm) from 12:
00 UTC to 20: 00 UTC 26 Jun 2015. (b) Precipitation from Gongliu national surface weather
station (solid line) and regional average precipitation in the Gongliu representative area from
WRF simulation data (dotted line) from 12: 00 UTC 26 Jun 2015 to 02: 00 UTC 27 Jun 2015.

(c) Observed and (d) simulated sounding at 00: 00 UTC 27 Jun 2015, where thick solid line
indicates ambient temperature curve, thin solid line indicates environmental dew point

temperature curve.
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Fig.6 Regional average (43.55-43.6° N, 81.9-82.0° E): (a) Divergence (shaded, units: 10 *
s, vertical wind vector (units: ms™) and 1-h accumulated (green thick solid line); (b)
Equivalent temperature (Shaded, units: K), specific humidity (black solid line, units: g kg'l)

and 1-h accumulated (green thick solid line) from 12: 00 UTC to 23: 00 UTC 26 Jun 2015.
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UTC (EEBFASZIX L, KEFIREZR R 30min REEK, 6 AR R RIVE B REN
(DA=®)
Fig.7 Vertical cross sections along CD (shown in the Fig.4) of (a-d) MPV (Moist Potential
Vorticity)(shaded, units: PVU), (e-h) MPV1 (shaded, units: PVU) and (i-I) MPV2 (shaded,
units: PVU): (a, e, i) 16: 00 UTC 26 Jun 2015; (b, f, j) 17: 30 UTC 26 Jun 2015; (c, g, k) 18:
00 UTC 26 Jun 2015; (d, h, 1) 19: 30 UTC 26 Jun 2015. The gray bar denotes 30-min
accumulated precipitation, the black shading denotes terrain and the blue star denotes the location

of Gongliu County.
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J126 H17:30 UTC; (c) 20154 6 /§ 26 H 18:00 UTC: (d) 2015 4 6 /1 26 H 19:30 UTC
(e CREBIFZIX) BLAL 30min RERFEK CREOMIRED , Tif BRI RIEE KRB ED
Fig.8 Vertical cross sections along CD (shown in the Fig.4) of equivalent temperature (line, units:
K) and the vertical gradient of equivalent temperature (shaded, units: 10 *K km™): (a) 16: 00
UTC 26 Jun 2015; (b) 17: 30 UTC 26 Jun 2015; (c) 18: 00 UTC 26 Jun 2015; (d) 19: 30 UTC
26 Jun 2015. The gray bar denotes 30-min accumulated precipitation, the black shading denotes

terrain and the star denotes the location of Gongliu County
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Fig.9 Vertical cross sections along CD (shown in the Fig.4) of (a-d) m (the potential divergence)
(shaded), (e-h) my(shaded) and (i-I) my(shaded) : (a, e, i) 16: 00 UTC 26 Jun 2015; (b, f, j) 17:
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30 UTC 26 Jun 2015; (c, g, k) 18: 00 UTC 26 Jun 2015; (d, h, 1) 19: 30 UTC 26 Jun 2015. The
gray bar denotes 30-min accumulated precipitation, the black shading denotes terrain and the blue
star denotes the location of Gongliu County

7 ZiREiie
ASCHEET ERA-Interim FEMHTBERL BT SR 1K) 2 RN B}, JEAIH WRF

R I S O HEER AR BORE, X 2015 4F 6 H 26 BT SR GH AL AR R B FERE AT )
Aoatrla, FRLUT EELSR:

(1) BEIRFEKRIRR SRy PR o . I B K SR R, B AR A IR S0 N2 2
JER R PR LSRR R R R S ORI S, Hep
AT 25 FE I 5% S 207 4E mR ARG T 7 oK B Z P K s B R 2 b o S ARG i R
JEIR SRR, PRI 5 BHAL R A KRR 1 P51 KR\ 3t S 5 R 1 AR I
JRRGRA KT REE VAR RS A L KPR, A R - A 4
W N TSI ARG RE 25 A, RTINS PR AT 2 b2 ey 2 ™ AR 1 i JR B O S AR Z
RELINTE sl E, WA AT A4 N _ETHEsh B AN -

(2) B AT JKIRS BB DAL TSRS A P B Bk 22
FEL R IR TR, JR AL 70 A B AT SR S R R AR AN AR E X K 7 AR AT 1R T
Wik, 3 L DRI AZ M R R ARG 5 X6 P 7K 1 SR 35 A3 O DR

(3) BEAFEIK IXARSZ A L ARG € 2 T Ar 35 U i 3 ELX D) AR BT 7>
R, T AU B HURE &R 23 e /N T KR KRR AR 2, Hedr, KK
PR 3 D) AR 538 5 L RO FRANERRE AT 5200 P K S B2, [ B 88 [ 22 52 i S T
T EL T AL ERE AR R 23 AT 1 DL LR W TR BB B o0 A S s, (B4R
W AF 24 23R ) A s AR 24 B2 1 3 B AT IR ARG SE 7K 73 A S IR R AS
Farg, UARERCERN, MAEMRERMKIN, AR AEKI . BX K
SR o

AR BRI VK 5B AL A R R B R BEAT IS WA, thARE] 1 —

Leyb g, (BMEAE SRR Z P T b, AR SCE R K BIA H
7 #E AR TR B Ak A AN AR E RE R T REE R AR G T AR S 7 DA K



HARTRZ MK, St st fE R B KA FH 0 23 B Rk, IR A Jm 82 1 LA Fh 4k

BEEATIRATTE

SE R (References)

BB, X H 8, 2. 2004, 2002 456 H 8~9 HBkp KRN R4 M R[] K
S BLE2, 28(5): 747-761.  Bi Baogui, Liu Yuewei, Li Zechun. 2004. Mesoscale System
Analysis of Extremely Heavy Rainfall in the Southern Part of Shaanxi Province during 8
and 9 June 2002 [J]. Chinese Journal of Atmospheric Sciences (in Chinese), 28(5): 747—
761.

Wik, 20085, BEORE. 2007, fE<§ MR REHGUE 56T P00 A R B R 70t
F N R B R AEIVERI]. KSR, 31(2): 185-201.  Chen Dong, Li Yueging,
Huang Ronghui. 2007. The Physical Process Analyses of the Southwest Vortex
Development and Its Effect on Heavy Rainfall in Eastern Sichuan Under the Saddle Pattern
Background of Large-Scale Circulations [J]. Chinese Journal of Atmospheric Sciences (in
Chinese), 31(2): 185-201.

BRI T, SRR E, ik, 2501997, HiiE 1996 F 7 Hut/K ik FERUA T[], B AR K F A
#, 06(3): 50-57. Chen Yaning, Zhao Jiabao, An Hongzhi, et al. 1997. Analysis on the
cause of flood disaster in July, 1996 in Xinjiang [J]. Journal of Natural Disasters (in
Chinese), 06(3): 50-57.

PREAT, 1A 2. 1997. “96- 7 #radfe KB MM P2 = B[] #riE <%, 20(1): 14-16.
Chen Yonghang, Xu Xihui. 1997. Satellite cloud image analysis of "96 7" large rainstorm
in Xinjiang [J]. Bimonthly of Xinjiang Meteorology (in Chinese), 20(1): 14-16.

DEE D P, UPPALA S M, SIMMONS A J, etal. 2011. The ERA-Interim reanalysis:
configuration and performance of the data assimilation system. Quarterly Journal of the
Royal Meteorological Society [J], 137: 553-597.

BTN, AT E 5, BRitat 2007, 3T 50 4F 58 i AL B /K e B AR R RBERFIE]. AR
%4k, 65(6): 1003-1010. Dai Xingang, Ren Yiyong, Chen Hongwu. 2007. Multi-scale
feature of climate and climate shift in xinjiang over the past 50 years [J]. Acta
Meteorologica Sinica (in Chinese), 65(6): 1003-1010.

B, JE T, RS, 2005. 2003 A5 N IR AL IR 55 12 W AT [J]. A B RF 22 Bk 50 2R
Fe2#i%, 22: 712 - 719.  Deng Guo, Zhou Yushu, Cui Xiaopeng. 2005. A diagnosis of
moist potential vorticity anomaly during Meiyu period in 2003 [J]. Journa | of the Graduate
School of the Chinese Academy of Sciences (in Chinese), 22: 712 - 719.

TIE AEEE, A7 K, 52006 URARMEZF VGRS 1D oo EASRAR I 5L
RSk []. A=A RE, 02(1): 3-8.  Ding Yihui, Ren Guoyu, Shi Guangyu,
et al. 2006. National Assessment Report of Climate Change (I): Climate change in China
and its future trend [J]. Advances In Climate Change Research (in Chinese), 02(1): 3-8.

i, BER, arRE, S5 1994, HeARrh RURE T X W 10 5% B R M OBLULT /8. R
#[J], 52 (2): 157-164. Gao Kun, Zhai Guoging, Yu Zhangxiao, et al. 1994. The

25



Simulation Study of Meso-Scale Orographic Effects on Heavy Rain in East China [J]. Acta
Meteorologica Sinica (in Chinese), 52 (2): 157-164.

R, R, JE R, 5. 2002, RN RS IRALIR R IS W AT 0] N AR
#%, 13 (6):662 - 669. Gao Shout ing, Lei Ting, Zhou Yushu, et al. 2002. Diagnostic
analysis of moist potential vorticity anomaly in tropical rain systems [J]. Quarterly Journal
of Applied Meteorlolgy (in Chinese), 13(6): 662 - 669.

fSLE, BRiE, PGSR, %2007, dbai<7.107 %W B-H REEXR RG], MAHA S
224K, 18(5): 655-665. He Lifu, Chen Tao, Zhou Qingliang, et al. 2007. The Meso-B
Scale Convective System of a Heavy Rain Event on July 10, 2004 in Beijing [J]. Journal of
Applied Meteorological Science (in Chinese), 18(5): 655-665.

TOHE, XV, 5k z< B 2012, 2010 L e SR VG X XM R I ORURHIELD]. TRARA,
30(4): 615-622. Huang Yan, Liu Tao, Zhang Yunhui. 2012. Features of a Regional
Rainstorm in Midsummer of 2010 in Western Xinjiang [J]. Journal of Arid Meteorology (in
Chinese), 30(4): 615-622.

T2z, Ak, A, 2001, R SEPARFRK R LR M GEit 7 i [3]. i8R, 24(5):
19-20. Jiang Yuanan, Bao Bin, Wang Xu. 2001. Analysis on Heavy Precipitation
Weather Process in West Nanjing [J]. Bimonthly of Xinjiang Meteorology(in Chinese),
24(5): 19-20.

PRA, T IE 1989, PUALAC PR I SR AIZ I T [J]. TRk, 47(2): 180-190.
Li Changqing, Ding Yihui. 1989. A Diagnostic Study of an Explosively Deepening
Oceanic Cyclone over the Northwest Pacific Ocean [J]. Acta Meteorologica Sinica (in
Chinese), 47(2): 180-190.

X 2. 2001, FrsEE ZEM /K T S5 100hPa R L & & H PR RAREIE AR D/ BT [3]. T

B A, 24(3): 9-11.  Liu Huiyun. 2001. Correlation Analysis between Anomalous
Precipitation in Xinjiang and Monthly Mean Circulation Features Of South Asia High in
Summer [J]. Bimonthly of Xinjiang Meteorology (in Chinese), 24(3): 9-11.

XNE, ke s, L. 2015, H RPEEHE XS M — ORI AR S O BB e 0], 2
< 5%, 34(1): 74-79. Liu Lei, Zhang Linyun, Li Jiawen. 2015. Case Study of the Impact
of Mesoscale Topography on the Rainstorm over Liuzhou [J]. Torrential Rain and Disasters
(in Chinese), 34(1): 74—79.

XIHE, A4, R, 2015, JbRTe7.217 B W AR M R H Al R WL A AT [3]. R
B2, 39(3): 583-595. Liu Lu, Ran Lingkun, Zhou Yushu, et al. 2015. Analysis on the
instability and trigger mechanism of torrential rainfall event in Beijing on 21 July 2012 [J].
Chinese Journal of Atmospheric Sciences (in Chinese), 39 (3): 583—595.

XIFEFE, GRIZR, BFEFS. 2019, AFEE CHRAIA BT AL & R 2 W3], KR,
43(3): 565-576. Liu Saisai, Zhang Lifeng, Zhao Yanling. 2019. Analysis of various moist
potential vorticities with different definitions and comparison of their diagnoses in a
typhoon process [J]. Chinese Journal of Atmospheric Sciences (in Chinese), 43(3): 565—
576.

ThIRAT. 1994, FraEs WK K FE 0 AFHE]. BisE <%, 17(1): 23-27.  Ma Shuhong.
1994. Distribution characteristics of storm flood disasters in Xinjiang [J]. Bimonthly of
Xinjiang Meteorology(in Chinese), 17(1): 23-27.

26



&, FJE, Btk 1998, HraE o6 7 R KM AR IFHELR ST [I]. Fras =R,
21(5): 9-13. Ma Yu, Wang Xu, Tao Zuyu. 1998. Comprehensive study on water vapor
field characteristics of "96 7" heavy rainstorm in Xinjiang [J]. Bimonthly of Xinjiang
Meteorology(in Chinese), 21(5): 9—13.

BokET, sKIR, sk 2002, w0 R S IR IE R E AR F ). BRI (AR
22RO, 38(3): 295-307.  Qian Yongfu, Zhang Qiong, Zhang Xuehong. 2002. The South
Asian High and Its Effects on China' s Mid—summer Climate Abnormality [J]. Journal of
Nanjing University (Natural Sciences) (in Chinese), 38(3): 295-307.

PRI, AR, EsESt. 2013, AR AR I IX SR IAT R K I R R AR R S (R 2 T AT 0] R
Bl2, 37(6): 1261-1273.  Ran Lingkun, Li Na, Gao Shouting. 2013. Diagnostic analysis
of precipitating convective process in East China with moist baroclinic vorticity parameters
[J]. Chinese Journal of Atmospheric Sciences (in Chinese), 37(6): 1261-1273.

DUt R, TU5EE, 4. 2013, o E XN KRR S K BT E VRS [I]. KRR
2#4i%, 36(1): 37-46. Shen Yan, Pan Yang, Yu Jingjing, et al. 2013. Quality Assessment
of Hourly Merged Precipitation Product over China [J]. Trans Atmos Sci (in Chinese),
36(1): 37-46.

INARRR, FRAHLEL. 2012, SXF i R Hr 5 Tk o A AR AR R D], R, 38(2):
164—173. Sun Jisong, Tao Zuyu. 2012. Some Essential Issues Connected with Severe
Convective Weather Analysis and Forecast[J]. Meteorological Monthly (in Chinese), 38(2):
164—173.

Fawres, 17—, BB 1979. FWABRX RS FI]. KAFRHE, 03(3): 227-238.
Tao Shiyan, Ding Yihui, Zhou Xiaoping. 1979. The Study of Heavy Rain and Strong
Convective Weather [J]. Scientia Atmospherica Sinica (in Chinese), 03(3): 227-238.

WANG H, CHEN Y, CHEN Z. 2013. Spatial distribution and temporal trends of mean
precipitation and extremes in the arid region, northwest of China, during 1960-2010.
Hydrological Processes [J], 27: 1807-1818.

WANG Y, ZHOU B, QIN D, et al. 2017. Changes in Mean and Extreme Temperature and
Precipitation over the Arid Region of Northwestern China: Observation and Projection.
Advances in Atmospheric Sciences [J], 34: 289-305.

TR, X, YoM, 5. 2018, — AL BT R B KRR O R BRANER
W HT[I]. A%, 44(12): 1518—1528.  Wang Chenxi, Deng Liantang, Fan Guangzhou,
et al. 2018. Diagnostic Analysis of Convective-System Instability during a Banded
Precipitation Process in North China [J]. Meteorological Monthly (in Chinese), 44(12):
1518—1528.

FhE, A, B, 48 1999. HriE <96 7R K FE KA EIE KT F[]]. HrEERR,
22(5): 5-9. Wang Xu, Ma Yu, Zhao Bingke, et al. 1999. Study on water vapor transport
channel of "96 7" heavy rainstorm in Xinjiang [J]. Meteorological Monthly (in Chinese),
22(5): 5-9.

TR, BAE, BRK, &5 2017, R T B 2 ARSI A S R 2 = ROK B R[] &
A%, 36(5): 1209-1220. Wang Qian, Zhao Yong, Chen Fei, et al. 2017.
Characteristics of different patterns of South Asia High and their relationships with summer
precipitation in Xinjiang. Plateau Meteorology (in Chinese), 36(5): 1209-1220.

27



T E M, AN, JHbEE. 1995, WAL AMERNRE K R[] R4k, 53(3): 387-405.
Wu Guoxiong, Cai Yaping , Tang Xiaojing. 1995. Mosit potential vorticity and slantwise
vorticity development [J]. Acta Meteorologica Sinica (in Chinese), 53(3): 387 - 405.

HITHR 235, B, 45,1997, “96- 7 Hi sl K2 M KV SRATF AT FT[I]. a4,
20(1): 8—11. Xiaokaiti Duolaite. 1997. Study on water vapor condition of "96 7" heavy
rainstorm in Xinjiang [J]. Bimonthly of Xinjiang Meteorology (in Chinese), 20(1): 8—11.

W, B EW, M. 2018, HraEbs Kt 7e gt BERR ] FW K, 37(3): 204-212.
Xie Zeming, Zhou Yushu, Yang Lianmei. 2018. Review of study on precipitation in
Xinjiang [J]. Torrential Rain and Disasters (in Chinese), 37(3): 204—212.

TREEEL 1997, “96- T3 sl RE X R L K TR IR S5 BORBIE FE (4538 5 R /R [J]. HriE <R,
20(1): 1-4.  Xu Genghui. 1997. Summary and Enlightenment of "96+7" Xinjiang
Extraordinary Storm Flood Forecasting Service Technology Research [J]. Bimonthly of
Xinjiang Meteorology (in Chinese), 20(1): 1-4.

TROCE, Ao, EANRE, 4. 2010. RGP B SEGI 2R G AL AL R 7
] 5243, 68(1): 88—101.  Xu Wenhui, Ni Yungi, Wang Xiaokang, et al. 2010.
Moist Potential Vorticity Analysis of The Evolution Mechanism of a Strong Mesoscale
Convective System in a Landing Typhoon [J]. Acta Meteorologica Sinica (in Chinese),
68(1): 88—101.

Vv, 255 2015, “06- 7 rp LA 47 20 3 RE B e e AMIHICRA AL [J]. R B I,
05(3): 40—48. Yang Lianmei, Li Man. 2015. Energy Conversion and Dispersion
Characteristics of “96-7”Central Asian Vortex Persistent Activity [J]. Advances in
Meteorological Science and Technology (in Chinese), 05(3): 40—48.

Wi, B AF, £5, 4 2011, iF 30 R FE K E LR HRARRHME 0], TRX B
JR 5355, 25(8): 82—-87.  Yang Xia, Zhao Yizhou, Wang Ying, et al. 2011. Variation of
precipitation and rain days in Xinjiang in recent 30 years [J]. Journal of Arid Land
Resources and Environment (in Chinese), 25(8): 82—87.

dkxRE, NF R 1987, B KMEEIM]. dbal: A% Rk, Zhang Jiabao, Deng
Zifeng. 1987. Introduction to Xinjiang's precipitation (in Chinese) [M]. Beijing: China
Meteorological Press.

gk, PFEANTR. 2011, “BE2ERE G X (1010) Z /R A T[], B K E, 30(4): 305-312.
Zhang Jianhai, Pang Shengrong. 2011. Analysis on the Cause of Rainstorm of the Typhoon
Meranti (1010) [J]. Torrential Rain and Disasters (in Chinese), 30(4): 305-312.

fkst, FEE, PRBTE, %% 2019. 2016 £E<7.197 U E S A G FE K RS Sl 58 AN
Fag 3], KRN, 43(4): 934-947.  Zhang Jing, Zhou Yushu, Shen Xinyong,
et al. 2019. Evolution of Dynamic and Thermal Structure and Instability Condition
Analysis of the Extreme Precipitation System in Beijing-Tianjin-Hebei on July 19 2016 [J].
Chinese Journal of Atmospheric Sciences, 43(4): 934 - 947.

K, BREH, %, 55 2013, B SR DU — OO R R AR R 0 A ] RS
%,32(1): 191-200. Zhao Yunhui, Chen Chunyan, Yang Lianmei, et al. 2013. Cause
Analysis on Rare Rainstorm in West of Southern Xinjiang [J]. Plateau Meteorology (in
Chinese), 32(1): 191-200.

R, 5, HT2F 2008, w4 5 0 X 2 M MII EE BT [3]. AR FHE, 36(1):
47-54. Zhao Yuchun, Li Zechun, Xiao Ziniu. 2008. Comparison Analysis of South China

28



Front and Warm-Area Heavy Rain Systems in June 2006 [J]. Meteorological Science and
Technology (in Chinese), 36(1): 47-54.

JH, Gk, f2k, 45 2018, — XML XA € BEE AR 2 Wi 7 i [9]. KAk}
2%, 42(2): 339-356. Zhou Wei, Bao Yunxuan, Ran Lingkun, et al. 2018. Diagnostic
Analysis of Convective Stability Evolution during a Squall Line Process [J]. Chinese
Journal of Atmospheric Sciences (in Chinese), 42 (2): 339-356.

JA R, AR, AT, 2003, KTLHRIR— B M AR A TR S5 A T[], SR,
61(3): 323-333. Zhou Yushu, Dengguo, Huang Yihong. 2003. Analysison Instability
Condition during a Torrential Rainover Yangzi River Basin [J]. Acta Meteorologica Sinica
(in Chinese), 61(3): 323-333.

JA R, AR, FEEE. 2006. MALIAPYT R OR F EERE A HN F[3]. o R B A 7T AR B
2241, 23(5): 692—-700.  Zhou Yushu, Deng Guo, Lei Ting. 2006. Impermeability of Moist
Potential Vorticity Substance and its Application [J]. Journal of the Graduate School of the
Chinese Academy of Sciences (in Chinese), 23(5): 692—700.

B, WM. 2016, FOEARHR T 5t 1 BT SR IE L N R PR KRR 2 AT [3]. VDS SR
%, 10(4): 67-73. Zeng Yong, Yang Lianmei. 2016. Characteristics of Persistent
Short-time Heavy Rainfall Causing by Central Asian Vortex in Xinjiang [J]. Desert and
Oasis Meteorology (in Chinese), 10(4): 67-73.

29



