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Simulation of rainfall-snowmelt runoff and flood risk assessment in upper reaches of the Jinsha River//LUO
Yuning'*, ZHANG Ke'****  WANG Yuhao'"*, JIANG Feiqing’ ( 1. State Key Laboratory of Water Disaster Prevention,
Hohai University, Nanjing 210098, China; 2. College of Hydrology and Water Resources, Hohai University, Nanjing
210098, China; 3. Yangtze Institute for Conservation and Development, Hohai University, Nanjing 210098, China;
4. China Meteorological Administration Hydro-Meteorology Key Laboratory, Nanjing 210098, China; 5. Key Laboratory of
Water Big Data Technology of Minisiry of Water Resources, Nanjing 210098, China; 6. Nanjing Research Institute of
Hydrology and Water Conservation Automation, Ministry of Water Resources, Nanjing 210012, China)

Abstract: To address the challenges of determining water source composition using isotope tracing methods in large-scale
alpine basins, as well as the low accuracy of rainfall-snowmelt runoff simulations and the difficulty in quantifying flood risk
encounters, a distributed hydrological model, iRainSnowHydro, was established for water source partitioning and runoff
simulation in the Shigu Basin of the upper reaches of the Jinsha River. Based on the division results of rainfall and snowmelt
water, combined with observed flow data, the Copula function was used to construct two-dimensional and three-dimensional
joint distributions to calculate the encounter risks of wet and dry for rain, snow, and flood combination events. The results
indicate that the iRainSnowHydro model performs well in simulating daily runoff at the upper reaches of the Jinsha River,
with Nash efficiency coefficients exceeding 0. 8. There are significant seasonal differences in the water source proportion,
with snowmelt water in spring accounting for a high and stable proportion of (27+6)%. In the two-dimensional joint
distribution, the risk of synchronous wet-dry encounters between rainfall and streamflow is the highest at 56. 34%. In the
three-dimensional joint distribution, the risk of synchronous wet-dry encounters for rain-snow-flood is 15. 39%, and the
probability of extreme weather events involving synchronous occurrences of rain, snow, and flood is 2. 55%.

Key words: alpine basin; rainfall-snowmelt runoff; water source composition; wet-dry encounters; iRainSnowHydro

model ; Copula function; upper reaches of the Jinsha River
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Table 1 Goodness of fit test results of two-dimensional and three-dimensional Copula functions for rain, snow,

and flood combinations
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1 ,1 (674.32515 _ 1)(674.32511; _ 1>|;| ~ 1 ,1 (60272u _ 1)(6027217 _ 1)(60272uv _ 1)\
-t _mn E + o35 H Cogme = 0272“ E + JRECI E
(7) (9)
1 El | (e*™ - 1)(e*™ - 1) E K6 Jymi - -t = 4EIK 540 A Frank BRECUS
Bl — T A NS \ == )
2,714 e -1 ORI T Sy =4 (A -F - RS U

(8) &7 Ar UL, Bt R A R AN, e A

.97 .



THOLT R A LR AT BRI 3, e 1%
i LR T R A KA T RETE 2 B

101
% R?=0.946

= 08T OLSH0.069

i§ 06}

2

N 04r . HLESM
S| — B
= 02

iaaY

0 02 04 06 08 1.0
220 BB
B 6 W-F-#t=%4 Frank SIS R
Fig. 6 Fitting effect of three-dimensional Frank function

for rain, snow, and flood

WA AP

1.0 1.0
0.8
0.6
=205
0.4
0.2
0 \OEo

05 05
u 1.09 v

B7 Z#=EHE-S-HEESHIA
Fig.7 Joint distribution slicing of rain, snow, and

flood in three-dimensional space

LA 25% F 75% 1) H BRI A AT R R il =5 7K
AR A 7 SR Y F BRI il =5 7K R
2153 Jakls SV 3 AEY, B Wang F BT
M EAE A A TN F R TR =4
FHGEEMR RN 2 K3, HE2 R3IAN,
T HERR S A v, TR - A A ] 20 G XU e
KON 56. 34% , o [ oF- 1 188 48 4 f ey, R -t ) 2
AT P A 38 ABE 5 R ) 5 =5 ) =P A ) 2 1 38 A
Tt A D AT, A S D KU
FR -5 DL R T LA Al 5 20 1 B AR B O -

S A R A R A R A A T T A R AR ISR
BRI M i K/ N B R R A =4I G 4
A -SSR A R 2D 0 XU A 15.39% , Hirp
[i) - 8 18 XL e KA 11, 53% , ) = 0 [ Aty 1 38
FNTF R 8 W R 2.55%, R AR 1.31%,
=B A S RS T, RS A W
FUF WA AL DL I i A A
XU &K, W 9.75% . 9.55% . 9.32% Fi
7.18% , M 5 F U TR S FHEE AT A,
TR LR RN 3255 3 R A 21 8 1 XU 58 /0, 43l
7 0.01% .0.01% 0. 02% 1 0. 04% , %45 KR
ok TR R 5 7K AR A K A L T, TR K AR
2l , HAERERAR DB LT , Tk S K A 2
D RIKAMIEAN 23 o A S0 R DA
Bk, LIRS AR 0 o 3 S 5 | &k i 9 E ] g
PR/ BT R I R B 75 e R, SRIMTE
Wi B O T, it sl 2% W S AR A 2 I AR 5 Ak )
IR K TR R 55t =Sk A1 S, X iR A T
DRSS DA TPl 00 Sy EE L

4 % iF

A3z ] iRainSnowHydro BB} 4 V0T _F A
SR A T R T - 5 AR R R K IR AT A T
I HEZ4E Copula G873 A A RL, T 1 itk
K US4 . iRainSnowHydro A5 7Y G % 45 - b A5 40
A1 St A AR T 7 U R i S AR e AR 5 A S K
PR NAFAE T2 5, B R TR0 e AE Y 2=
Wb EARXIRSE . 9\ I ARG T oA
RUREA R BT P K 32 252 i 2R | I 5 15K
RN FAG TSR A RS s, Wk
T HEEAG ] D G XU R K, R 56, 34% , TE =4k
S E I LI o L TP I N S
15.39%, tf BL T, &k = 6l Sk SR R

®2 WM. EHAEH_SFHEEHE

Table 2 Two-dimensional probability of encountering abundant or scarce rain, snow, and flood events

g B AL %

[FlE [ [l A F-F FAl P A i Hhi-F
-5 2.86 26.41 2.86 11.79 10. 35 11.79 11.79 10. 35 11.79
F-iE 13.51 29.32 13.51 10. 34 1.15 10. 34 10. 34 1.15 10. 34
e 2.39 26.95 2.39 11.52 11. 09 11.52 11.52 11.09 11.52

*3 WM. E.HBH=HEFERNEBREER
Table 3 Three-dimensional probability of encountering abundant or scarce rain, snow, and flood events
sk B/ %
MU W WA R PR mOPEAS WORSUEEE O RASURT FOAN-UbAS

T 2.55 0.01 0.55 0.03 9.55 1.22 0.01 1.22 9.32
e 1.21 7.18 2.40 6.99 11.53 6.24 2.67 6.24 2.88
EL 9.75 2.40 0.04 2.67 6.24 2. 88 0.02 2. 88 1.31
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