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Abstract: To reveal the weather causes of the rainstorm process that caused the heavy flood in the Mintuo
River and Jialing River basins, the rainfall and flood law at Yichang Control Station, and to deepen the re-
search on the occurrence and development mechanism of heavy flood at Yichang Station, based on the
NCEP/NCAR reanalysis data and the conventional meteorological and hydrological observation data, this
paper analyzes the characteristics of 19 flood-causing rainstorm processes that occurred in the Mintuo River
and Jialing River basins from 1980 to 2020 by means of statistical and synoptic methods. At the sametime,
the relationship between rainstorm and flood, flood-causing rainstorm source, underlying surface charac-
teristics, and weather system configuration, etc. are also analyzed. The results show that as the main con-
trol station in the Yangtze River Basin, Yichang Station has an initial inflow of more than 19000 m® « s
in the current period, and it just encounters a continuous rainstorm process, so the probability of major
floods is greatly increased. The duration from the beginning of the continuous rainstorm process in Mintuo
River or Jialing River to the flood peak is about 6 days on average. The rainstorm duration and accumula-
ted area rainfall have a good corresponding relationship with the flood peak. The formation of each major
flood requires a rainstorm process lasting more than 3 days, mostly 4—6 days. All of the flood processes
occur from July to September. The process of flood-causing rainstorm is dominated by quasi-static rain
belt, followed by easterly type and turning type. 89% of the process rain bands are distributed in a north-
east—southwest direction. The central source of severe precipitation is closely related to special terrain,
mainly distributed in three places: first, the intersection of the lower reaches of the Minjiang River and the
Qingyi River, where turning precipitation mostly occurs; second, the middle and lower reaches of the Jia-
ling River, the Fujiang River Basin, and the Qujiang River Basin are mostly of quasi-static type; third, in
the middle reaches of the Fujiang River and the northern part of the Qujiang River Basin, the eastward
moving rainstorm process often occurs here. The existence of the Bay of Bengal tropical depression system
is critical to the continuous rainstorm in the upstream, followed by the low value system in the South
China Sea, which accounts for 68% of the process. The depression system not only brings enough energy
and water vapor to the Mintuo River and Jialing River basins, but the involvement of water vapor on its
eastern side can easily trigger low vortexes in the Mintuo River and Jialing River basins, combined with
special terrain, resulting in strong upward motion. The precipitation process is divided into two catego-
ries: quasi-static persistent precipitation and mobile persistent precipitation. There are three types of syn-
optic conceptual models that are prone to major floods. Type 1 is rainstorm type triggered by westerly
short-wave eastward movement at the edge of Western Pacific subtropical high. Type [l is the rainstorm
type triggered by the eastward movement of the low value system of the Tibetan Plateau. Type [ll is a low-
level easterly air flow rainstorm type.

Key words: Mintuo River, Jialing River, flood-causing rainstorm, Yichang heavy flood, synoptic conceptual

model, quasi-static type
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Table 1 Characteristic information of 19 flood-causing precipitation processes in the Mintuo River
and Jialing River basins from 1980 to 2020
ok o - L W e E NI TP
¥ gl 1% H %' R Al fal i/ N A E R B i /d EERL/ T km?
1981 48 H 21 H 1 HKAL—TEEg 32.78 106. 93 8 A 15—19 H .21 H 6 12.62
198247 H 18 H 2 Bk 31.58 107.08 7TH7—-8H.15—17 H 5 9.59
200047 H 18 H 3 HKIb—ViEg 32.40 107.76 7H 13—14 H .16 H 3 4.20
200349 H 4 H 4 HRAt—ViEg 31.72 104. 07 8 H 28—30 H 3 11.16
201247 H 12 H 6 RKIb—ViEg 31. 30 106. 14 TH7—9H 4 12.41
201249 A 3 H 7 KIb—wm 29.53 105.30 8 A 30—31H.9A1H 3 11. 07
201847 H 14 H 8 Bk 31. 85 104.75 7 H 9—11 H.,14—15 H ) 12. 64
2020 4E 8 H 20 H 9 ZRAb—Pir 31. 39 104. 88 8H 12 H.15—17 H 4 18. 23
19834E 8 H 4 H 10 RKIb—ViRg 31. 10 105.08 7 H 27—31H.8H1H 6 15.78
198947 H 14 H 11 KIt—ViEg 30. 33 106. 33 7H 810 H 3 14. 06
KRk 2004 49 H 8 H 12 HIb—ViEg 31.49 105. 45 9H2-5H 4 13.44
201347 H 21 H 13 HIb—ViEg 32.54 106. 52 7TH17—21 H 5 8.07
201449 H 20 H 14 HRAb—ViEg 32.78 106. 43 9 H 10—14 H .17 H 6 15.08
1983 4 8 A 23 H 15 RAL—VE RS 29. 85 103. 42 8 H 16—19 H.21 H 5 4,26
1984 4 8 H 8 H 16 ARAb—78m  29.87 103. 65 8H1-5H 5 3.63
L AUES _ L - .
198747 H 24 H 17 RKIb—ViEg 31.55 104. 08 7H 16—20 H 5 13.75
199247 H 19 H 18 HKAbt—Virg 29.98 103. 82 7H11—14 H 4 17.07
RS 20104£ 8 H 24 H 19 KIb—ViEg 31.03 103. 36 8 H 18—21 H 4 13.06
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Fig. 9 Synoptic conceptual model of rainstorm type triggered by westerly short-wave eastward movement at

the edge of Western Pacific subtropical high in the Mintuo River and
Jialing River basins from 1980 to 2020 (type | )

(a) eastern high pressure ridge type, (b) Hetao (Central China) high pressure type



%8 M

£ #REAF IRTE VL 5 B VL B B R LK 28 TG AR 9 AR A S R AU 993

T - o SN
37°N(a) Eillsr%a—ﬁ A 37°N {(b) I/ HE
PERGAEA 1
" G Hik)
Il ARIBAR B ‘/’/,x
AT, SRR, -
" 588 dagpmHHEL B e ) ke
HIER -y %
ET 588 dagpmHiELk
S e T
27 592 dagpmiFfFLk AR 27
700 hPa, 850 hPab)2s({i€i#) é
AR é é
2 5 L moamo i 22 . L L 2 e
fiEZk
L 850 npazig L e
i R I HE s i AR AT (G E N
- - 850 hPazjf

95 100 105 110 115 120°E
T A R — L R D (o2 D D) i) AR ()RS

95 100 105 110 115 120°E
I R A5 e+ Rl AL (PR Ml it —> 35 5Tk )

B 10 19802020 4FUR BT (5% B YL 3 3 , 7 9 o DR AR 18 28 B A5 45 fioh & 2% T AR CIT D) R S - i A
() & JEA IR, (b) 5 JE A4 P&y 2

Fig. 10  Synoptic conceptual model of rainstorm type triggered by eastward movement of Tibetan Plateau

low-value system in the Mintuo River and Jialing River basins from 1980 to 2020 (type [I)

(a) high pressure combined type, (b) high pressure ridge blocking type

R R T R BASE T D Bl T BB V) AR 4R (] 10a)
Bl E 7Y XS AR 8 L i I DD AR 5 22 W O L ATh Ak 2k 4
M) b 3077 1 X

filh % BT Y) AR LR A 2 (DY) AELR
eI B = | o D e W i O S R (I = R .
AR TT I /N e BV 1 AR g (& 10b) , U4
2T M R AR AR TR L D) AR D Bl A B R
e I VIR 28 F 25 5 A R Bl A G AR A AT Y /D
FUBE 3 5 AR % 22 == JH B &8 . P4 B U I E & 4t 1] AR
K5 500 hPa ViR G HL G » filk A& [ i b X 557
e AN FRUE BE R R, T AR R B K A AR . (20 B
JEH TV R AR . X IR RRAE 2 )28
AR AE VG R — A KB &R R
DAV = 1 B oW el O R A A= N 25
(& 10a) ., BlE 588 dagpm FAF LR PH {1 ZIRIE LT
Ui o B3 2 KUAR S 5 P RS b b, 70 2 XU s 2R R AT
BRI v PO P O i I I R D) A e
M V) A48 £ 5 38 A4 >k B Fr i 2 7 16 5 588 50 1 5 20
PYAL SR VIR R 8 AR B B B0 7 b THT 78 25
] R AR A » 25 ) o BSCIIR Y6 YL 3 i Y 4 W B R i T 2

T3 — AT B FR G R . R IR
VL B VLI 3™ A 5 e AT e R R AR S e i B
A BB PR A 0 T8 R A8 (AR 3 B A RS e D
5 Ty T it J2 A2 e I 2 A 38 A 1 B e M B
WA 19 IS B A AR A B HLRE
i AR K PR e E A 3 28 (D) s g BB AR
4. H TR BT A T 4 52 K B G B I R R AR

WY SRR ™ A A 2R R IR AR R S R
LR 0 S e A I AR T0 B 3 B8 Sk o RS2 I
A X R . IX Rl AR i 2R O R T R
(2) P KRB R I68 o PG XU KRS M R A2 A i Ji s L
R SR A T e T 22 8D R 7 X R i A DL R A
JEHR AR R e JE R KU S 51 IR AR
fih 2 AR 168 A= B 5 P IXURE IS IE 3 JBE XSRS 0 2 7R
V0 R R RE o MRS B G L i R T T 2 B
VL ERVEE R, (OP)EL . &R
DI AR 22 g R T) » e 3 /0N v e i i i 2R i -5
1 V4 320 i e A s DR 0 O A e XU T A R
A POBORERE o D) AE 2 B AL Y I T8 B B BT X IR I 7
A e e AR A ) AR s 22 W TR T DAL 2 P R L U

4.3 RERFSRFBFEE(IR)

[T 2 3 7 29 3 28 b B AE 8 A A e b A 3
Bl th TR AR R g 2 C LBk E 35°N LIt
DX AR S R R M A I R A R . B
JRSZ il e v 0O AR R 51 32 28 Y AT I R AR T
WA CE 11 o 5 KUCAR I A4 Dl AR 0 A2 IR T8 TE 7 A
T 00 5 B A0 L JK BELE B2 S XU Fi K s 7 HUTE
THERT S BEoK 3 8 WY S . =2 i DLURE ™ A= 1 2 1k #
B 2 B D Dl e -5 R g T B BB T L IRV T
Bz Y132 2 g T TS 980 s AR A6 00 2 ) L AR 2 W A 55 0%
ZRNE . MRRE b T2 R AR RE (Y R R KR
o S 52 WD o G I SR AR T 2R 8 A i I) 52 B O A2 2
POAT 75 Z 18] 25 5 Tl — SR I AR RV - iz



% 550 %

994 A
40° N Bl
KB
35
ag
%
30 = —w
# oy w2
X —w A AR A
iz — R M
25 ~ s
PR R AR I 2R
T~ .-~ o
2
20 ( o e
S 2
77 Rl
15

95 100 105 110 115 120 125 130 135°E

EUEMBAIEIECHAE) g MRS EOERORI
—>

—

R85 158 < + AL AR + R

Bl 11 1980—2020 4FUR I VL 5% B VLI 5k »
K2 D AR I 2 TR RS CIIT 280D SR A Y
Fig. 11  Synoptic concenptual model of low-level
easterly airflow rainstorm type in

the Mintuo River and Jialing River basins

from 1980 to 2020 (type [lI)

RIZ Ve AFAE  BC S T T AT 34 2 1 i e K
oy 7 HEFE IR o K SRR S (2018) fF 5 2 W A A1
s 5 B e S SO B0 AR 58 AR AL 3 5% iz 3 9 S g
W 5Z AT W 2R 0 8 R s 4R T A R T
INRBER G . R I v 2 PR 5 205 | 5 R i A
AE s 0 F T3 22 200 B TE 18 PRI & 3 Fof 288 TR 5 19
T T A /I I A K 3 R R A R

5 4 ik

AT T 19802020 AF KA FEURIE L 5% B VLI
BB B T A AR SRR R OC R RRAE A BT 1Y FR i
TR JKVRGETE T SRR S T 3 K kA
KUK R AW SHA, FLEB B PUT 458

(1) BB B A VT3 38 32 2 4 o 0 24 iy 0 /e 4y
AFEFEIEF 19000 m® « s "LL_F . H WG 8 8 &
SEVERR TR W) e A R K A R 2 ORI . e
I 37 B — B AE 15000 ~36 000 m® + 57, M
O Y6 VL B8 55 2 VLA 3% 82 1 2 T 2ok A T s 2 b 0 = 2
JIT AT B AE 6 d 22 A BIVUR V8 VL 5% 5% B VL Y %
IR 23 5y BB B UK P A AR T R B
Je o R TR AR I () R B A T 0 A A A ) %o B R
R VBRI KTE A R T R BEK B8 . B R R K
(ITE AR T B — 4L 3 d LA BB . 28
e 4~6d,

(2) Z W o B DAME# IR R £, H ik

AT Y0 s R B JE RN 1) 28 1 B 43 ) o B 26 Y0 A 2105,
89 %0 it FE RN AT 5 Zn b — VO A 1] B TR 40 A . 5 R
KA YR FE A A T 3 Ab, SIRTVE VL B VLA
TEAE 2 YA 56« 43 B T IR VT i 5 35 AR T 3830
b 2 2 AR B AL B A 5 B TP T iR RS VL
BRI 22 DA 1k 280 3 5 B V0 Pl SR VIR
BALH . 2 R AR B KBS,

B RPAK S FEEFREEAE 79 A, i
DX — e 0 A7 7 BH ZE B 3, K M AR A SRR L
B3I, A B 2 fep P 4 4 s B 2R W5 A 098 R 30 A7 70 v K
. 7 AmAIE 8 Arp Ay, flsdskE 30°N, B EEAR
JE K e HE % 5 Bl e — AR R VL B XFIRF 2 B S
B e e R b K B A B A A . A 6300 1 H X i it
HE 50000 m® « s Ik AR BAE IX A B

() i MLV BRI R 58 00 A7 X 13 7= 2R
HEERWELEE, —REMNIERT 80 &
s R U 55 o 8 75 o 2 G XURE RT e e 2 e e DXL A
T VU P 2 ST L 2R IR TR VT L 5 B8 Y3 B O 78 M i
KRN s — ot AR g M I RGLIE 3. 5
SR AN L A7 AT B A s S R T 4R B T R
IKVREEAT . NI 7 A BE R U o o Jin V5 DR AR A 7K
KB ARG T 22 M/ 5 S B A <0 25 5
fi & AR5 o FC 5 AR R MR (A5 DR Y VL L 5 B VL
BT B T2 S X,

(5 R K 2 0 O o e 1 RN RS B R 2R A 2 2%,
Gy BRI R SR R A 325, T ALY
IRV R 00 2 0 KU D8 7 B O % T TR, AR AR
by« Bl R St G ) A 8 e B R B ZE T I AR LK
T B PEARR 5 T8 #3212 8 T 3 0 A R AT S5
W7 VLV 0 5 L b 2 1L Bk 523 T8 A R I 46 71
T AR 8 1 R O AT 2R 498 B s BHL 4 78 IR Ve YL IR
SR ) I = N o R T R e o il AR A
YE R 1 RS K 5 11 70 R 7 o AR R 4 AR B
fith i 7 TR B o 5y T AR B R R K LR AE Oy - Bl e 2
LR AL A R 2 ARE RS ) D) R E
I Y178 26 B2 1L 1 1 95 B B0 5% X AIG I8 7™ A B R R
TR AR E T T V) AR L P W VAR AR
B AR Z AR B WA, EZEHBAES H .
HAE D AU 2 Ry KB e e 35074 K7 v &l B
T MRB VL 58 B VL A2 B He I 3 A 7R A 0 52
AV A ZN B AR R Ge K i R 52 BH
HAEVIAT  E P Z 0 45 5 T B — S5 1) AR KU
T s 25 6 e R b TR DX 35, 3% 2 Pk 5 K KA & 77 2B O



%8 M

£ #REAF IRTE VL 5 B VL B B R LK 28 TG AR 9 AR A S R AU 995

T o
&% ik

eSO AR PR L 2003, 1T R S S O 9k B A Y VT I J80 1E
[1]. K%4,29(8):39-42. Bi B G, Xu J, Lin J,2003. Method of
area rainfall calculation and its application to Haihe Valley[J].
Meteor Mon,29(8) :39-42(in Chinese).

BB EY L FE R AN L 45, 2013, 2011 AR A1 A0 DUV b e BK TR 3 AR
fIE 2 2% W BN LT, 2% W 9, 32(2) . 120-125. Cai X L,
Kang L,Sun X, et al,2013. Study of circulation characteristics in
autumn flood period over Weihe and Hanjiang River basins and
the causes of flood by the heavy rains in 2011[J]. Torr Rain
Dis,32(2) :120-125(in Chinese).

FEITNI L2007, 3 V90 I K BRAR B 5 57 i AR B 34 LT 1. IR . 27
(4):12-14. Cai Y G,2007. Jump evolution of rainfall and trend
of drought and flood over Fujiang drainage area[ J]. J Sichuan
Meteor,27(4) :12-14(in Chinese).

B4 DL ST R SR % 2=, 2016, 9 )1 435 b VG e 8 i B 58 ik /K R SOARPAE 43
BT, 8 Bl M < % BF 525 36 (3) : 14-20. Chen B, Gao W L,
Zhou X Y, 2016. Synoptic characteristic analysis of short-time
hard rain in Southwest Sichuan Basin[ J]. Plateau Mountain Me-
teor Res,36(3) :14-20(in Chinese).

PRt 22 L R RS, K 5, 2008, % VI U S8 B T L K A1 R A 0 A R AT
(1] ARKIT.39(14) :56-57,91. Chen G L,Gao P Y.Zhang L.
2008. Analysis of climate characteristics of storm flood in the
Qujiang River Basin[J]. Yangtze River, 39 (14);:56-57, 91 (in
Chinese).

PRI, 30038, 15, 1995, 1L DX M TR X 2% R A9 52 e L 1. o B2 4R, 50
(3):256-263. Chen M,Fu B P, Yu Q,1995. Influence of topog-
raphy on storm rainfall[J]. Acta Geogr Sin,50(3) ;:256-263 (in
Chinese).

WA L R KL, 2010, BT YK 54 7T = ek ok s BF 5T [T, K 3,
30(4):63-65. Fan K X, Xu C J,2010. Research on meeting of
floods from Wujiang River and Three Gorges[J]. J China
Hydrol,30(4) ;:63-65(in Chinese).

R RARLL AR AF L2023, 2021 AEDUVLAK IR 7K I B BF O 5
FRIEBFSELT]. 4. 49(7) . 868-880. Gao Q, Wu C H.Xu M,
et al,2023. Study on hydrological and rainfall characteristics and
circulation anomalies in autumn f{lood season of Hanjiang River
in 2021[J]. Meteor Mon,49(7) :868-880(in Chinese).

B AR L 22 L AF L 2014 FR ] TR = B 9% Bl 45 g A R LT .
SRR ,4(2):66-69. Gao Q. Xu M,Li W J,et al,2014.
Researches and applications on area precipitation in China[ J].
Adv Meteor Sci Technol.4(2) :66-69(in Chinese).

AR WYL B2V 5 2020, DUTL IR SRR u 18T R 5 A A A3 A AR AE LT .
B FE,39(5):516-523. Gao Q, Xu M, Peng T, et al, 2020.
Spatial and temporal distribution characteristics of extreme area
rainfall in Hanjiang River Basin[ ] ]. Torr Rain Dis,39(5):516-
523(in Chinese).

B HEME L BRI HT - 2004, J YT I L AU I K R Ak 5 R I R T Y O R 41

B[] 54 .23(D) :68-74. Huang Y Y, Qian Y P,2004. Re-
lationship between South Asian high and characteristic of pre-
cipitation in mid- and lower-reaches of Yangtze River and North
China[ J]. Plateau Meteor,23(1) ;:68-74(in Chinese).

AR PR R AR, A 45 2013, 4 U VLU R K R AR AE 20 AT LT .
ANRK L, 44(19):36-39. Li J, Chen L H, Li B, et al, 2013.
Analysis of strong precipitation characteristics in Jinsha River
Basin[J]. Yangtze River,44(19):36-39(in Chinese).

H RN AR %2022, 52 WO [ 5 B 2% TN 5 R 19 41
25 S RRAE AR R L 43 AT )], 5 .48(11) £ 1384-1401. Li
Q C,Cheng C L.,Quan J P,et al,2022. Comparison of character-
istics and effects about low-level jet in two rainstorm processes
with different intensities in summer[ J ]. Meteor Mon, 48 (11):
1384-1401(in Chinese).

2R B, T AT S8 55,2014, & VT AP I O S8R of R AR AE 43
LT K T 008 368 9% 545 BR B, 23 (6) : 846-853. Li W ], Wang ] Z,
Guo Y L,et al,2014. Analysis on characteristics of areal precipi-
tation in the middle and lower reaches of the Jinsha River Basin
[J]. Resour Environ Yangtze Basin, 23 (6): 846-853 (in Chi-
nese).

AR TRAR KU, 2017, 2017 4E BUVLRK 5 HE /K A P K T4 R 3 43
Brl1]. AR KL, 48(24):1-5,10. Li Y R, Zhang J. Zhang X,
2017. Autumnal flood analysis and forecast operation of Han-
jiang River in 2017[J]. Yangtze River,48(24):1-5,10(in Chi-
nese).

BEAE UL AE R AR G, 2007, HBIE X KK (4 S R AIF SEAESR LT ). R R
$%.35(3):309-316. Liao F,Hong Y C,Zheng G G,2007. Review
of orographic influences on surface precipitation[J]. Meteor Sci
Technol,35(3) :309-316(in Chinese).

B AHCAE 2011, GV IL RO 47 A REK R AE A AT LT ] ARK
VI.,42(5):55-58,85. Liao Y, Ni C J,2011. Analysis on charac-
teristics of precipitation in Jinsha River Basin in recent 47 years
[J]. Yangtze River,42(5);55-58,85(in Chinese).

X PR, 5 IR ¥ 5 BRSCT5 2004, DU I & A S B LT ). IR %,
24(4):23-26. Liu Q,Zhan Z Y,Chen W X, 2004. Background
climatological analysis on heavy rainfalls in Sichuan[J]. J Si-
chuan Meteor,24(4) :23-26 (in Chinese).

BRSO G AT A5 1994, Rk KR TRFSE 1 RA4TLT .
KR4 ,18(4) :466-475. Peng G K,Chai F X, Zeng Q C,et al,
1994. Research on “Ya-An-Tian-Lou” Part | :weather analysis
[J]. Sci Atmos Sin,18(4) :466-475(in Chinese).

IRTE S BRIRE AL . 45 2023, (A 20015 BT 22 1l A % T A A A A
FKeEWFFEI]. K% ,49(10):1171-1186. Su Y, Chen Y Y, Yang
K, et al,2023. Correlations between low-level jet and rainstorm
process in the eastern foot of Helan Mountains [ ]J]. Meteor
Mon,49(10) :1171-1186 (in Chinese).

EAARL & 55, 2013, Bl 9 7% 62 V00 R A B K A A8 ) 45 4 R A
T AT L) . 40 D A O 2 2 4 CA SR B 25 10D, 34 (6) 2 86-91.
Wang R K, Yang L. Ye Q,2013. Spatial trend surface analysis of
precipitation in Longnan Jialing River Basin[]J]. J Capit Nor

Univ (Nat Sci Ed),34(6) :86-91(in Chinese).



996 A

% 550 %

LA AR LA . 2003, RS 8 S 5 B R P4, 23(2) 8-
12. Xiao H Y, Yu S H,2003. Relation of west pacific subtropical
high pressures and heavy rainfalls in Sichuan Province[]]. ] Si-
chuan Meteor,23(2) :8-12(in Chinese).

flgsg, 2012, KT R P 0m Pk 5 Ml oy L], AR KL, 43
(10) :42-45. Xiong Y, 2012. Research on flood composition and
encounter of main streams and tributaries in upper Yangtze
River[J]. Yangtze River,43(10) :42-45(in Chinese).

K L I S BCOR 480 5 2013, K VL 0k 7K X 2 5 A0 38 A
5¢[17. MK T .44(10) :62-65,87. Zhang H G,Guo H J.Ou Y
J,2013. Research on composition and encounter laws of flood in
Yangtze River Basin[]J]. Yangtze River, 44 (10);62-65, 87 (in
Chinese).

KA 5 R 55,2018, KILH iF il KR s Bk EERRARS
FR G LI]. R R L, 37(1) :14-23. Zhang ] G, Wang J, Wu
T,et al,2018. Weather system types of extreme precipitation in
the middle reaches of the Yangtze River[ ]J]. Torr Rain Dis, 37
(1) :14-23(in Chinese).

TREETE AT, V7 97,2002, 1999 48 B Z5 RV B LA RE 3 X 3R 97 1 KRR
BRI R R R ], 8 R4, 21(3) 1 243-250. Zhang P Q. He
M, Xu L,2002. Preliminary study on circulation cause of abnor-
mal rich precipitation in and to the south of Yangtze River in
summer of 1999 [ J|. Plateau Meteor, 21 (3):243-250 (in Chi-
nese).

TRICZe BT LR WUR . 2003, B2 (K VL3 Ja 2% 1 4k 7 K 3 1) SRS

B4 EL1]. RABF,.27(6) :1018-1030. Zhang Q Y, Tao S Y,
Zhang S 1.,2003. The persistent heavy rainfall over the Yangtze
River valley and its associations with the circulations over East
Asian during summer[ ] ]. Chin J Atmos Sci, 27 (6):1018-1030
(in Chinese).

SRAIE 1979, KIT b 3iF 2 W BRI AL ] AR IR, 10€6) . 73-
80. Zhang Y Z,1979. Preliminary analysis on the rainstorm and
flood in the upper reaches of the Yangtze River[]]. Yangtze
River,10(6) :73-80(in Chinese) .

T L 1990, = A B X FE R B2 FIE A LT . ARk, 48
(4):469-479. Zhang Y, 1990. Blocking effect of high pressure
system on the formation of extra-intense heavy rain[J]. Acta
Meteor Sin,48(4):469-479(in Chinese).

B R Y, 2018, KL b 3F U Bk K R AR AE 3 A (ML b
A G AL 36, Zhao Y F, Cui ] X, 2018, Analysis of Flood
Weather Characteristics in the Middle and Upper Reaches of the
Yangtze River Basin[ M]. Beijing: China Meteorological Press:
36(in Chinese).

ARAS T, RN AL 2007, FAGHT BB VR G OROP T K VU Ak R
O E R R R B R [T ], KRR, 41(5) - 988-998.
Zou M, Qiao S B, Wu Y P, et al, 2017. Effects of anomalous
water vapor transport from tropical Indian Ocean-Western Pa-
cific on summer rainfall in eastern Chinal J|. Chin J Atmos Sci,

41(5):988-998(in Chinese).

AR SCTT G - Ao BE O



