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Table 1 Basic information of hydrological data

K 3L A, 2 T AR km” i GORH 8] IKASE A ]
HIT& 136 553 1956-08/1997-12 —
Fayid 208 504 1971-01/1992-12 —
B 432 823 1971-01/1990-12 —
HETT. 63 615 1971-01/1990-13 —
KiE(=) 630 903 1954-01/2021-01 —
<t 794 954 1954-01/2021-12 1961-01/1990-12
et (=) 150 456 1939-04/2019-12 1939-04/2019-12
HE 924 262 1931-01/2000-12 1931-01/2000-12

W RIE(=)351977-01/1970-12, 1998-01/1998-03 Wi i i 2

BT g3 TRV EWK &R L IR R a8 Sk Sl s A s 00 o S8 U B R R T P B X
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B0 TORFE L, 25 B 0.50%0.5° K SCRR ORI T /K SCRERL Y 3R TSR IE . i T T &8 7 A X
K SCREAUL, 53038 20 0 5 G BE 25 18] 73 3 A (] 1 P A
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Fig. 1 Geographical location of the study area
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Table 2 Model parameters and calibration results

IR R B Dy D,,/(mm/d) W, D,/m D3y/m
HITik 0.50 0.07 9.00 0.96 0.58 1.60
ey 0.84 0.95 9.00 0.55 0.35 1.00
VL 0.62 1.00 9.90 0.23 0.58 0.35
B 0.62 0.51 9.00 0.55 0.35 2.50
JEsE (=) 0.50 0.01 6.00 0.42 0.11 0.31
Ri(=) 0.73 0.92 8.10 0.55 0.10 0.63
i 0.73 0.92 8.10 0.55 0.10 0.63
HE 0.55 0.06 9.00 0.68 0.23 2.09

2 HER55Hr

2.1 kxxkEh A R

LAl H 38 R R B (Es) B2 4E T A R 22 (E) R EAG 5 bR, 3 T8 R k£ T2
Bl ST HORHER, EI 1961—1990 4FE MK SRR R B AT S HURAL R, H BRI | R E
KeBAE 23 95 B 1961—1970 4F . 1971—19804F . 1981—1990 4F .,

#3451 T VIC-Cama Flood #5% # 7E A VI b il il s RS 4L A0 GE Tt ROCR , & 2 25 8 0 ~F el H A 3 RO AR L
IKAERERLZE . W LA, VIC-Cama Flood 5 1 7E 4 YT 1 Ui 45 il sS A 0L 45 SR 4 85 0, 4% 0 o5 L 42 07 o R A 40
S 35 4 AR FR BT R AR 2 4 W (B 2 B R 0.81, 4.70%. AN [ I ) R BE % AS [ s skt A A 4003 SR A T 22 5

3 EMLERET

Table 3 Statistics of simulation results

VICHLH! VIC-Cama Flood## 7!
T H i A HEW o3 1971—19904F
Exs EJ/% Exs EJ% Exs EJ%
HITik 0.74 - 6.40 0.66 3.30 0.69 -6.10
Pl 0.87 8.10 0.81 7.50 0.75 9.80
HETT. 0.82 15.80 0.84 9.80 0.73 7.30
| 0.90 -2.50 0.90 -0.50 0.84 0.10
bk

dehiE (=) 0.86 -8.10 0.89 0.20 0.87 -6.10
Ki(=) 0.84 10.00 0.85 8.40 0.88 -4.10
i 0.91 -3.30 0.91 - 1.30 0.84 -3.80
HE 0.83 -2.70 0.83 0.30 0.87 -0.60
desE (=) 0.81 0.30
KAL i — 0.91 0.30

"E 0.90 -0.60
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Fig.2 Simulation of discharge and water level based on VIC-Cama Flood model at Cuntan station
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K 110 km®, BEESXF T 3 B AR Gy S A R MER , G0 ER DO T R M AR ) 1981 4 | 1998 4F . 2013 4E 4%, T
A5 2006 47 TR v 1 T AR T BB A R B B e RAE Y 67.9%.
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Fig. 3 Variation of extreme precipitation and contribution in Chongqing City
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Fig. 4 Proportion of floodplain inundation area in Chongqing City = Fig.5 Multi-year average floodplain inundation area in Chonggqing
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Fig. 6 Projections of future extreme precipitation in Chongqing City
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Table 4 Future changes in extreme precipitation relative to the baseline period BRI %
RI5TOT RI9ITOT
AR PE(2021—20504F) L] (2051—20804F) IEI(2021—20504F) FE](2051—20804F)

SSP1-2.6 SSP2-4.5 SSP5-8.5 SSP1-2.6 SSP2-4.5 SSP5-8.5 SSP1-2.6 SSP2-4.5 SSP5-8.5 SSP1-2.6 SSP2-4.5 SSP5-8.5

BCC-CSM2-MR  -0.3 6.9 41.7 12.9 339 66.5 -15.1 2.1 68.5 0.2 32.7 101.2
CanESM5 9.1 -1.7 —158 73 13.8 26.6 17.0 9.8 —17.7 14.0 21.7 56.0
EC-Earth3 —4.5 18.6 52 22.5 343 44.7 —4.1 56.9 45.8 52.1 86.3 106.6

GFDL-ESM4 10.7 -32 14.5 39.6 25.2 46.5 -13.8 —-309 —19.6 1.5 9.3 20.8
INM-CM4-8 0.7 -328 —185 -05 9.6 25.6 -224 -714 -222 —-259 -343 -11.0
KACE-1-0-G 84.0 97.4 120.1 114.2 112.4 126.8 158.6 1333 201.1 188.2 203.0 304.9
MIROC6 6.1 179  -128 16.7 18.4 213 16.8 443 2.0 66.8 52.5 46.8
MPI-ESM1-2-HR 16.8 24.4 20.2 24.9 7.9 34.0 27.6 76.5 522 5.5 20.7 70.6
NorESM2-LM 12.8 4.0 25.1 9.4 16.4 19.3 64.7 333 89.3 33.7 64.3 118.3

UKESMI-0-LL 30.5 10.3 45.1 40.3 53.1 85.6 56.1 47.9 110.4 64.2 123.9 244.1
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Evolution of rain-flood characteristics and projection of future flood
risk in Chongqing City*
JIN Junliang' *, LI Wenxin’ , SHU Zhangkang'*, ZHANG Jianyun’*, XU Wentao'*>, LIU Cuishan**
(1. The National Key Laboratory of Water Disaster Prevention, Nanjing 210098, China; 2. Yangtze Institute for Conservation and

Development, Nanjing 210098, China; 3. Northwest Engineering Corporation Limited, Xi'an 710065, China; 4. Research Center for
Climate Change of Ministry of Water Resources, Nanjing 210029, China)

Abstract: Urban flooding, exacerbated by the dual impacts of global climate change and rapid urbanization, poses a
significant threat to the sustainable development of cities. Using hydrometeorological data from 1960 to 2019 in Chongqing
and projections from ten global climate models from the Sixth Coupled Model Intercomparison Project (CMIP6), this study
examines trends in extreme precipitation and regional flooding in the city. A large-scale VIC-Cama Flood coupled model was
developed to simulate and forecast future climate, hydrology, and flood scenarios in Chongqing. The findings are as
follows: (D From 1960 to 2019, extreme precipitation in Chongqing showed an increasing trend, with growing variability in
precipitation and discharge distribution. @ The VIC-Cama Flood model, which is well-suited for the Upper Yangtze River,
demonstrated good performance, with Nash efficiency coefficients of 0.81 for discharge simulations and 0.87 for water level
simulations, and relative errors of 4.7% and 0.4%, respectively, across sub-basins. (3 Under future climate change
scenarios, extreme precipitation in Chongqing is projected to increase significantly, with the annual cumulative
precipitation exceeding the 99th percentile during the flood season increasing by 16.9% to 85.9% compared to the
1985—2014 period. Extreme hydrological events are expected to intensify, with the 50-year return period for maximum
discharge and five-day maximum flood volume potentially shortening to less than 20 years under high-emission scenarios.
(@ In the absence of water conservation projects, future climate change will exacerbate the risk of urban flooding. The
cascading effects of extreme precipitation, cross-boundary flooding, and urban waterlogging under climate change will pose
serious challenges to urban planning and sustainable development in Chongqing.

Key words: urban flooding; extreme rainfall; climate change; VIC-Cama Flood model; CMIP6
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