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Analysis of flood disasters and heavy precipitation events in

Sichuan-Chongqing region in summer of 2020

Xiong Defang'2, Sun Shuging?, Peng Jingbei*?, Gong Yuanfa!

1.Chengdu University of Information Technology, Chengdu 610225, China
2. International Center for Climate and Environment Sciences, Institute of Atmospheric Physics,

Chinese Academy of Sciences, Beijing 100029, China

Abstract: This paper investigates the flooding events caused by heavy precipitation
and the corresponding 15 heavy rainfall events in the Sichuan-Chongging area in the
summer of 2020 year and compares them with the situation in the 2006 drought year.
In the summer 2020, the western Pacific subtropical high (WPSH) was stronger
compared with its climatological mean, and its western edge was beyond 110 E which
is to the west of its climatological position. Since the Qinghai-Tibet high extended
eastward and was strong, the upper and lower layers worked in concert to maintain the
WPSH steadily. The cold air that causes precipitation in the Sichuan-Chongging
region mainly comes from short waves in the westerlies. The short waves in the
mid-latitudes were frequent and influenced the region. Due to the joint influence of
the southwesterly flows on the western flank of WPSH, and the northerly wind, the
Sichuan-Chongging region forms an area of major water vapor flux convergence. It
provides most favorable water vapor conditions for the occurrence of heavy rainfall
events. Furthermore, the monsoon air stream, traveling from northern India to the east
side of the plateau, arounds the south side of the plateau and transports water vapor
eastward, forming another important water vapor channel. The year 2006 is a typical
drought year of the Sichuan-Chongqging region, when fewest heavy rainfall events

occurred. In this year, the WPSH is easterly, the short-wave trough in mid-latitude
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westerlies is not active, the southwest monsoon is weaker, and the water vapor
convergence in the Sichuan-Chongging region is less, which are in sharp contrast with
2020.

Key Words: Sichuan-Chongging region, Summer heavy rainfall, Subtropical high,
Vapor flux
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15%
1 s XA, T35 T 70 e 0 DX R, AR A 2R T LR s 1R P g o IR, 1%
Hu B M X B 2R R AT L SR A Wi (BRFHAE, 2018; X, 2020).
AR IR A Lt Ve ST N B AR R, iz X N RAR T ECR
A AR A P4 2R, (RIS 2 AV T Ul X B v 22 A il 1 BRI o )1 (X A
T e R AR, MR 2%, K AR BT R ARG LR, SEm b X 5 2= 5%
MR RS A% L, XX RS AR A — B B AR
BN IE TR ) e 2 252 W0 0% B S DRt B 25 8 Y T S B v A B A = 22 )
IR FFHN A X E RN RN AR A L0, HIE 7 KE
o Hob, FEREMRI (DUNRIFRIU R & B 4 3 ) 1 T8 i X 56 B /K G A2 11 2
BRARGL —. BEWTER 2 RIZHR R GAE T IR R R A AR
HITERT, DA SRESE Ve s SR S5 AR SC RS R 7 3EAT 1 20 A« B4l (BB 224, 1990,
MRot)114E, 2013; XSRZ 4%, 2021). SihfhaE (2018) KIMFFE:N (A KT 36h
(R PE R A 2 ok Bk, LI ORI A% K T 88%.
PUACTF PRI B I (LR EAREN S Film s s Emif. R
T S )1 A X 5% R A B BN AR e o ] v s S s AR A o B R M B 2 KU
KIRIHE (BRIK =4, 2003; PS5, 2006). 4 Z=glmfmlbn, PY)I%
IR 5 R AR, PG tH BT o s DT, 1A KR o b DX B 7K 3G
M El AR, B (GRAMESE, 2012; Z4THHSE, 2019, 2021a). @4
FEREAR TG 2R ) AT X /K S 1 b B A 2 <o R A AN R R B e 1 L
T3 % AR AR B AR AN F] o 2T T v S ORI PE 00, B e S AR
L INEARTC A, 220 b X B 2= 1) B KSR A 20 R R 2% 1 GRXR
HESE, 2007; #PHESE, 2014; PMVEESE, 20150, RWFEX. mRZFEX. HIE
Z= XA S ) v X 2 2= K EEINR R 4t. %= (2014) WNARTZE
KRR, R R RSS, HIRIEHAAR T @R KR A, AR T 2
PHE K 2 o S 200 1| ]t X 45 400 T A A A B 3 2 IRV G R, b o
PINE DA ol b i 5 Tt =R N | S faJ =3 1878 W el 19 w2 5 < 1 S A B A B 3

MR AE (AERIEEE, 1987). KGR ERWERER B ESXFZ —. TElER
4



77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

o B R LA MR KR DY N i X (FRARsE, 20100

2020 FE 7, I X 25 1 2 0CRVE R & i fE .6 H N %E 8 H 4,
PR (A e W R S SRV RO A 1™ BT R E , NREFEI 8k ™
Ho ASCHAED T4 2020 4R )1 X 2 2= 2 ARHE AR AL, X2 E R R
REERRAG, nalFa @, P, 12 K LA KIS & 7 i
WREAT M, IR 2006 /DB R AT BT TR L, BARTT 2020
R 7)1 57 b % W R R A

2 BRLRIJTE
2.1 Bk

AR BERMESE: (D P EAR R AH s = 50R HEHE 5k V3.0
HIIZE H Bk BORE Fod )1t X 3t 59 Al (GulinAi LA 1a), ZERHNBOY
1979~2020 tE 2% (6-8 H) - (2) [ ERAS F1 H 1% (00 I, 06 . 12 It}
18 if, 1 H 4 KPR ED A mE. R, B ARE (Hersbach et al., 2020),
KPR 1° x1° , FHJ5 A4 850hPa. 700hPa. 500hPa. 100hPa. (3) 3%
E YRR} 52065 (Physical Sciences Laboratory, PSL) #24tf) CPC 4:3k%— H
FK P2 #T %kl (CPC Global Unified Precipitation data), 7K-F70#5 % 0.5°
X0.5° , MEHUHII Ay 1979~2020 FE . (4) EIEHGHEBEFTH T (Indian
Institute of Tropical Meteorology, HTM ) & fit () BN & H B& /K &= B ¥ &
(Homogeneous Indian Monthly Rainfall Data Sets, f&#8 HTM-IMR). 1Z# kA
1979~2016 4F, #L 306 A& ufi i) /K Hidls , 2978 o FIEE 90% ) X ek B 1] 156 9]
Ab, TR 1981~2010 S HFIMEAE v SR IA .

JIE L X H I 5T 2%, FEK A A5 AN 1981-2020 4x [ 5 28 H P34 [ /K =
WA CEImgD . BZEREKITZ AR (& 1b) ATRUE S|, DY ZRE. EHER
X Z AN E R, B KRR S, Bk, A€ AR I X
28~34° N. 101~110° E, TZGIEPY)IIFARES. HIK. HN R, Biim
. SONAEER R, anlE 1a R EITHERTR . KERIVFFTE R, X 2 2=
K oA A XA RFAE, 4 DXRT A3 9 )78 L Gt vl 3 0 2 38 =S 70 (xl
M, 2002; FFAMFE, 20110, FRATTAYUE X 5 5 PR R 23 iRk o ) X e A — 3

5
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Figure 1 (a) Distribution of gauge stations in parts of Sichuan-Chongging region, in

T, I RRIRREK G

which blue dots indicate observation sites. (b) Variance distribution of summer

precipitation in China. Square represents Sichuan-Chongging region.

2.2 BRI HBERAE
MBF S (2019) FE 7 XA, Bl JEH LR R AR, 0 (BE
BE<<350 km) TR — NI A AHARHY H 2R X OB B ANE R 1050 km,
JUIE R DX 3 2 Y I R, HON A — AN VAL AR o BT )1 b DXl s AN,
ATV T B H AR A0 W m AR E N 3 A4S RIS R B I B55 %5 (2019)
f5E S0, TR T RIRER N R IP 58 (DL SFIERE (A FIZEERE (2):
(D PRI (D: FWd R R AR R KE .

IR
N

(2) “FHVEE (A): DAERNTARE -3 H 2 b ok K.

p N
T

(3) ZZAEME (Z): BRI KR .
Z=1xA%xT0%

b, RONE WA RFSE 8] 3 Fir A 2 0 DA L PR, N Dy 28 R ol 4 3R
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THERT, T O I R AR R (] o ARHE L TH 198 X, 2020 4F 5 2L B W il 72
15 Ko ZMARERIIE, SFHREE (D, FHEE (A MZGEE8E (2) ~T
% 1.

A HEIZ B8 ) 1A X 3 R KA B AR o JRATT A0 B8 I R 7 104 e -
g0, BUEMCR, e V- B N . 2% R 30 P R i — AN RUBE Y 300~500km
P R RS, DRI B RME N 51005, e i e P 52 s ANV T 4 A4
% AL (£97 385km).

T BEEA 2020 AF )16 HE X 5 2 2 WO AR R IR R G R SRR ], AR
¥ Lu %5 (2015, 2017) FAIMELFESE (2019) HIRFFLSE B, RMUREW R E X,
5T SR EFR AL

(D “PEIREE (Vorl) o~ R I F2 P35 45 % )1 v X BBl oK 155 T
8L P P~ 2 1B -

Vory,
Vorl = ———
LS

(2) e HIsEmEE  (VorA) o2& M I RE e FEAE K 155 i I E
FRI~F-25 H S R L

Vord = g
(3) 5 SUR MR TR R SR 10 LR A (Vor2):
VorZ = Vorl x VorA%® x 79
S, Vor, R T4 T BUEHIRIE RIFMA, LSRR BN K T4 T i
BB A B SR, TR SRR



146 3 12020 “FEE ZF )X 15 IR B W ITFE

147  Table 1 15 heavy precipitation events in Sichuan-Chongqing region in summer 2020

AR B P g | MBI
i . g jﬂf PRI | GO | PR |
= ' ' (A, Bh: (2 (mm) ’

mm) M)
1 6 H2H 63.23 3 109.52 87.7 3
6 7 16 H 132.7 5

2 78.43 55 260.11
6 17 H 130.8 6
3 6 H22H 72.27 3 125.17 88.2 3
4 6 H 27 H 71.07 15 275.27 110.9 15
5 7H1H 63.6 7 168.27 78.8 7
6 7H5H 61.4 4 122.8 75.1 4
7HT7H 121.3 3

7 81.71 4 231.12
7H8H 120.8 4
8 7 H 10 H 84.43 3 146.24 103.6 3
7 H 16 H 143.9 4
7 H 17 H 191.6 8

9 84.39 4.5 358.06
7 H 18 H 84.1 3
7 H 19 H 90.7 3
7 25 150.3 4

10 A H 105.1 7 393.25
7 H 26 H 262.2 10
11 SHT7TH 74.25 4 148.5 101.7 4
8 12 139.6 4

12 A H 77.57 5 245.3
8 H 13 H 97.7 6
8 H15 H 90.4 3
8 16 240.4 5

13 A H 84.85 5 379.46
8 A 17 H 86.1 4
8 H18 H 182.5 8
8 H24H 72.1 5

14 63.99 4 180.98
8 H25H 102.1 3
8 H30H 131.2 3

15 93.07 3 227.97
8 H31H 127.9 3

148 2.3 FE
149 N TV R X 2 R KR iE E RS R E S, AT E S

150 T IIA) 850 hPa 7Kl & M LA Y e W 1, HEH I A i A B 45 SR BEAT & R
151 FAHIZH 300 hPa /KF- X371 8 K m il JE s (A 1H A B8 3k 2l 3 B (High frequency
152 transient eddy kinetic energy, LA R{EIFK HFEKE), I 2RI 2 Wi FE 1~
153 HFEKE $## . HFEKE "] DLRAE R TR i B AR s 58 48 5 A AR 1 25 T i J5
154  (Lehmann &, 2014).
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Kl 2 Z5HH 1979 % 2020 FFIFFEF)IIMIX S WE. SEWE (K 22) L
REME (B 20> iESl. vTRLEH, @mE (& 2a hiiaaRED sz
M (B 2ahas) M8, WaRREZNEMRREDRS, R,
ZWEDIE AN END . Bk, FTASREAGTRR MR S B R KR
DIAH K 2020 4F 5 2= 1 [ X 1) 5 WY 524 41003.53mm, &t 2 [ 5y 13860.20mm,
P T 1998 4, & 1979 ELICKIE 60 (& 2a) , %M AR TR EOL
Fl15 k2%, Wk 1998 £ (E 2b) o NHIRADKRAHTIX 15 YW i F2 1 4F
fiE B A
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IR EF 30, AL mm; (b)) BRI ]34
Figure 2 Time series of (a) total precipitation (blue bar) and total heavy rainfall (red

line), (unit: mm). (b) the number of heavy rainfall events from 1979 to 2020.



169 3N 2020 B Z4=H )X 6. 7. 8 HBR/KIEF 3046, HE 3a
170 FIRAER], 2020 4 EZERE B FEKIET B 2 R RE o, — AT
171 PO PEIEES, S— M PRI N . NEEEHE, KRR O0E
172 FiARE. 6 A, JINAH X FEK R B AR AP, BAbmpEmch. ik, SERAR.
173 RAGHFE KB L R Z 2] 5~6 i, PEEmZE 4 3~5 i PN mZ 4~7
174 & (B 3b). 7 H, NI KR <AL CRMAE, BRI i oK
175 RAEX AL T PSRN )1 PGS, Bk S IR K 0 7 Bl b, B ARHE S
176 L 1% (B 3c). ME3b FicE, 6~7 A)IEHIX FKIEA Mm%, 8 A
177 KFEBEPERTE, B w2 140 (& 3d).

_(a) JJA (b n
50°N — 7 34°N
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85°E 100°E 115°E 130°E 100°E 105°E 110°E
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10(|)°E
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179 32020 4 (a) EZF. (b) 6 H. ()7 A+ (d) 8 ARKIEFHH CRAL: %)
180  HrR Lt T HER IR 1A HEIX

181  Figure 3 The distribution of precipitation anomaly percentage in (a) summer, (b) June,
182 (c) July, (d) August, 2020 (unit: %). Red square indicates Sichuan-Chongging region.
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X145 15 RN AR EEARRHE . MK REEE, Ko & mH
R AR AE 100mm L b, FEeAMplpganfi k218 T 4 R, Al 9 (7 H
16~19 HO, LLEAM 13 (8 H 15~18 HD, AVl 13 (1 H /K &£ 2 # ik 200mm.
BN IR KBNS WNBES, M 4 #1441 10 73 7)% %) 15 A1 10 4
Gk, TR RVEE X B R A .

4 FEKFE A 5

4.1 RIRR S

V8 B iR A D DA R b X g 5 1R o ROBE S @ R 45, il 1 3 [X 5 2= i P 7k ot
FERIE BCH BAEAEH] o R, A SCAEDT 70 2% M ARFAE B I 1 e BEE e 5 2 M ok
IR ERIR IS .

FATRE BT SO CRITH SR T B 7%, THRLH 2020 ©E B 2= )1 X 15
RIS AR AE 700hPa 1) 3 MR BLTEEL, BI: ~FIIRSE. iRie-FRIsmayaE . i
FELRGHRE. W3R 2 FR, B2 W AR R ZRE TL T #00k Bl A B Y 1 iR
iy, HA o 9 IREMIIREF ORI R 104t &2, BMLEE e A
() 4 YOI R MO BEAE IR K . MIVERIDE, B ARAERTE, JaHLIX
T ST 26 WA S (R AU S R 46 o X R 2 DA IR T30 B2 ool 1) S Uie R
ToEE TR BB R &M LTSS, SRMEIRAERE T+ b EZR B .

7 22020 SEE )X 15 RIS REAE 700hPa 13 45 2L

Table 2 700-hPa vorticity index of 15 heavy precipitation events in
Sichuan-Chongging region in summer 2020
. ‘ JFi’/J/%}?i (Vorl, | ~“FysemitH LR mETREL L
A J] SR (VorA, Ffy: (Vorz)
= . N (10%s1)
st )
1 6 H2H 7.38 11 24.46 10.57
2 | 6/]16~17 H 8.00 8 32.02 12.13
3 6 H 22 H 5.59 5 12.49 5.94
4 6 H 27 H 8.36 12 28.96 13.11
5 7H1H 9.12 8 25.81 12.05
6 7H5H 6.14 7 16.24 7.73
7 7 H 7~8 H 6.65 6 23.03 7.80
8 7 H10 H 7.72 6 18.92 11.82
9 | 7/116~19 H 7.57 9 45.43 11.65
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225

10 | 7 H 25~26 H 7.01 11 32.86 9.69
11 8HT7TH 6.61 6 16.20 8.97
12| 8 J12~13 H 10.17 8 40.69 15.35
13 | 8 ] 15~18 H 8.58 9 51.46 11.67
14 | 8 /] 24~25 1 6.59 4 18.63 6.87
15| 8 30~31 [ 7.53 4 21.30 10.16

4.2 RREFRIIFH

J1 i b X 45 58 ) % Y I R R 7 — 8 A R IR IR oA T R AR, BARTE K
SRR R, TR R G PR KRN . N IRATTR 2020 ARG
BEAT 4347 6

421 BIRFRERRE

VG RSP s e 12 R I ) 13 X e 7K f) B SR R G LT R 2R
PEARE), Sz X EOKHEAE B R R (RLLAE, 2021b). NILRA1H %
2020 FFEH R AE . RS ) X G K R IR R .

AR a2 A BRI R, AR AN [F) A 4 10 B O AR A AT A
s HGHFEIAE T BT, BB 2020 4B R AL B A
Wik e . om B ss (& 4ad. 6 H, @lsA4AL T 15~20° N, PO fiAT 106°
E PfT, i s FMARPGIUT 25 ANERRE, vk XA T @l #rs s R vE el . 7 4,
Al PE S S 22 110° E Mz, AR A HIWrG 2 5 ANEREE, 1 7H o 25
PG 74 20 ANEE, SO X A TRl vE AR . 8 H, mlErE L AuE E)
25~30° N, PO mmsAI 708, V9 FMm L) 25 NG, I X A7 F /il m
PE

AT L1, 75 e AR ) s e PR LG 25 DR R —“ AR IR T AT 7 AR T 2% 7
AR VOR B (B 25, 1964). MIZH A KK 100hPa 75 8 & 1k
16760 gpm FFAFELEAIr A AT LLE R (B 4b), 6~8 H Tl i e B LR A4 7 s A1 39
HAH, SERFEMRSR. 7 A FIARIFRL 12 NMERE, 8 AT R ER ML) 35 NMAJE.
T 8 e R 5 A 2 R 2 BB R R TR R T AR AR BRI, R
REFRE 4R .
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Figure 4 The composite geopotential height contour (unit: gpm) of (2)5880gpm and (b)16760 gpm

during 15 heavy precipitation events in Sichuan-Chongging region in summer of 2020. The red line
indicates composite for 4 heavy precipitation events in June, blue line indicates 6 events in July, and
purple line indicates 5 events in August. The dotted line indicates climatological mean geopotential

height value of the corresponding period.

4.2.2 PRELEIFAFHE

BT NL K X E SRR HINARE, AR R AES) 6 THE
Mo X—Maf NCAEHNE T B ERSE, 2019; HRESE, 2019). 404
B H AL S A s (B 5D, mTLUREL, 6~8 H, #iE4ifE 500hPa
S EH AN R B0 S AR

M 500hPa & H % W IR A 35 5 5 1lids ER £ 35~45° N N/Ns) i %
6~7 H, HR4ithx (18 5a #1 b), FHjm oy —REAl, Hai X EasF
f; 8 F (& 5c), PG FIACEESD, R A P XA 22 1AL 38, &l
FRIRS R A FE AR A5 L VTN A VG R N ZR A% B2 B, )1 FR) 8 - DX IS T 4k 7 X
LT O VA RO |- T SRAY A B e S Al A= AR S AW i G -9 [1 N

VAN : VAN i el iR [ = A DR a7 7 e B N e S I
AT FEFE R AREREN (d<<8 KO BIEH], B3I =il A2 s 3 s (High
frequency transient eddy kinetic energy, HFEKE) KEIEBFAIL B AIARLL, AT LA
WV 2 SIS Bl R i P S /N R TS )
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Figure 5 The composite of 500-hPa geopotential height fields (contour) and its

anomaly (colored shading) in (a) 4 heavy precipitation events in June, (b) 6 events in
July and (c) 5 events in August 2020. Unit: gpm. Red and blue line indicate the

5880gpm and its climatological mean value, respectively.

K645t T 2020 4F H 2215 H 35~45° N £fi [~ [f) 300hPa HFEKE F1 850 hPa
W FE BB TR 1 S8, HrPoth HFEKE B AR S BUR B0 (n=8), JIKRAR
R ERE S BIThATLLE ] 6~8 H )1 X 1E HFEKE & 32 2k B 75 58w )7
&S, I EKITA X . Lhe B (8 6a), % H 347 4 IRBERIEHE,
oAb 5 = O N TE B RIS O B P R A B I HFEKE 58 (10 tH B, X 13t
W HFEKE 39K, /MEBZINE, MEAZESIEINZ, Wiia R X
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Figure 6 850 hPa temperature anomalies (shaded) and 300-hPa HFEKE anomalies
(contour) in (a) June, (b) July and (c) August, 2020. Units: m?-s2. Black dash lines
indicate longitude ranging from 101E and 110<E. Black squares indicate heavy
precipitation events in Sichuan-Chongging region. Blue and red lines represent
positive and negative values, respectively.
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293  Figure 7 Variation of the normalized anomaly of monthly mean precipitation and
294  Correlation coefficient in (a)June, (b)July, and (c)August in India by ITM-IMR (red

295  line) and CPC Global Unified Precipitation data (blues line). Unit: mm.
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Figure 8 The composite 700-hPa wind anomalies for (a) 4 heavy precipitation events in
June, (b) 6 events in July, and (c)5 events in August 2020(units: m = s1). Grey shading
denotes topography higher than 3000 m. Red squares represent Sichuan-Chongging

region.
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Figure 9 The composite 700-hPa anomaly vapor flux (left column, units:

10°kg st hPal em™), and anomaly vapor flux divergence (right column, units:
10%kg st hPal €m2) for 4 heavy precipitation events in June (top), 6 events in July
(middle), and 5 events in August 2020 (bottom). Blue and red lines indicate negative
and positive value, respectively. Grey shading indicates denotes topography higher

than 3000 m. Red squares represent Sichuan-Chongging region.
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region in the (a) summer, (b) June, (c) July and (d) August, 2006. Unit: %. Red
squares represent Sichuan-Chongging region.
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Figure 12 Time-latitude cross sections of daily temperature anomalies within latitude
belt of 35-45° N in the summer of (a) 2006 and (b) 2020 (unit: “C). The blue dash
lines indicate 101° and 110° E, and the purple dash lines indicate heavy

precipitation events.
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(bottom) 2006 (left column) and 2020 (right column). Units: m s, The grey shading
denotes topography higher than 1500 m.
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The grey shading denotes topography higher than 1500 m.
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