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Risk assessment of life loss in dam breach based on combined weighting-cloud model
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Abstract: To address the problems of strong subjectivity in weighting by the analytic hierarchy process and insufficient research on the
spatiotemporal distribution of life loss risks in traditional dam breach life loss assessment, as well as the high fuzziness and randomness
of risk indicators, a risk assessment method for dam breach life loss based on a combined weighting-cloud model was proposed. This
method comprehensively considered various influencing factors, established a grading standard for dam breach life loss assessment
indicators, and constructed a unit population distribution model for the downstream flooded area based on dam breach flood routing
results. By integrating the indicator weights determined by the combined G1-entropy weight method with the risk membership degree of
each unit obtained from the cloud model, dynamic risk assessment of different spatiotemporal units during the dam breach process was
achieved. The overall life loss risk level of the reservoir dam breach was determined by calculating the life loss value. The case study
results demonstrate that the combined G1-entropy weight method integrates data changes during flood routing and effectively balances
the subjective and objective weights of relevant indicators in dam breach life loss risk assessment; the combined weighting-cloud model
method can effectively handle the randomness and fuzziness issues in the risk assessment process, achieve dynamic risk assessment of
the dam breach process, better conform to the actual flood routing process, and more accurately reflect the impact of the flood on the
affected population during the initial stage of the dam breach.
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Table 2 Grading of assessment indicators for dam breach life loss
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Fig.1 Cloud models of each assessment indicator
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Table 3 Importance degree assignment and subjective weights of G1 method
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Table 4 Objective weights of assessment indicators under different flood durations obtained by entropy weight method

BRI/ RS A # B ] Pk W KU AR BOKEAmE IR TR

0.75 0.674 0.013 0. 145 0.039 0.010 0.014 0.038 0. 067
1.00 0. 621 0. 026 0. 165 0.041 0.013 0. 026 0.048 0. 060
1.50 0.383 0. 063 0.232 0. 062 0.019 0. 064 0.084 0.093
2.00 0.323 0.041 0.268 0.082 0.020 0.041 0.115 0.110
4.00 0.275 0.134 0.292 0.082 0.017 0. 000 0. 089 0.111
6.00 0.264 0.121 0.337 0.073 0.017 0.002 0.081 0. 105
12.00 0.249 0.114 0.374 0. 069 0.016 0.002 0.076 0. 100
24.00 0.245 0. 100 0.429 0. 060 0.013 0.019 0.048 0. 086
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Table 5 Combined weights of assessment indicators under different flood durations

BRI/ RS # B R Pk B KU AR BOKEAmE BRI T

0.75 0.414 0. 083 0. 145 0. 092 0. 057 0. 059 0.071 0.079
1.00 0.387 0.090 0. 156 0.09%4 0.059 0. 065 0.076 0.073
1.50 0.268 0.108 0. 189 0.104 0. 062 0.084 0.094 0.091
2.00 0.238 0.097 0.207 0.114 0. 062 0.073 0.110 0. 099
4.00 0.214 0. 144 0.219 0.114 0. 061 0.052 0.097 0. 099
6.00 0.209 0.137 0.242 0.109 0.061 0.053 0.093 0. 096
12.00 0.201 0.134 0.260 0.107 0. 060 0.053 0.090 0. 095
24.00 0.199 0.127 0.288 0.103 0.059 0. 062 0.076 0. 086
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Table 6 Membership degree results of assessment indicators for a certain unit at flood duration of 1. 50 h

e " . g
TN FE bR AT Bl " o o s o
PRSFNEE ) A/10* km? 2.00 0. 000 0. 000 0. 000 0.325 0.325
AR ] h 0.83 0.216 0.882 0.044 0. 000 0. 000
BEAK T m?/s 12.01 0. 000 0. 000 0.322 0.332 0.198
R 99.00 0. 000 0. 000 0. 000 0. 002 0.430
P SoNEE:EN 53.92 0. 000 0.054 0. 841 0. 002 0. 000
K F IR ] 97. 86 0. 000 0. 000 0. 000 0. 003 0.563
3R 25 km 2.64 0. 000 0. 005 0.001 0.014 0. 996
T R (°) 4.15 0.614 0.132 0. 000 0.001 0.020
U A% I_

(a) PEAKPIAFL b

(¢) JKIIHF2 h (d) BtKIE6 h
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Fig.7 Risk level cloud maps for downstream area of dam breach under typical flood durations
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Fig.8 Frequency variation of risk levels under different flood durations 24.00 107 112 103




55 3 1 eI SET S WA S BB IE A4 0 ST 85

AR SL/T 829—2024( 7K PR AIIURUR: S5 4K 4315 PPAG 5 00) 207 | 7K P LA 4t 2 XU A 25 2R 43
A0 e RS | e RS P XU AR AR 3 4 2, AR SOR FH KU R I 2 PG RIS A T30 9 B KU 1205 TR 453 7% 1
EAUAT REME RIS SR M, AETUAT RBE T ID, YS UK TR S 2 4 K R PTUERE 00 2 2R, T
PR I PR R 2 4 K PRI A TAS 3 RS, DRG] R Oy« ATl I 22 2 ok SBgoh 2 , E
B3 SR TR TS T, YS KR BE BN A A B AR AL 100 N A il 2 7 PR D AE O < UOMENE SRR
S5U20 AR KU , 5 YS K A= A XU Sy i AU o 28545 Y'S K PR ST A T 1t BT 2 32 XU DPA 45
RATE B WLPR

4 & iE

Gl LA AL A AL Bl S 1 B K R e b 8 Bl A8 Ak, REAT 281 15t DAL i 46 2 KURS 34 v A
KARPRI WAL, AL R et K e A rh KU ORI K ™ B FE AR A AN i ik e
o 8k 2 XU NI BB AR (8 AR 7 15 3000 391 2Kk B WA 0. 414 J5 52 BRI B D8 3, T Pk /k ™ S i s 9 A )
BT EERS M 0. 145 ZHTIEINZE 0. 288, HARFRIR AU P sl B/ 415 WAL A5 80 J5 5 BEAT RCAE B KU
PG R P A BE AL RSO (R L, S T Bt U R A Sh 2 KU A, #0075 17 Y'S K P35 U 90t XU F) e 2
IR A AR  BEK DTS 0~ 2 b, i KURSE DX W, F2 28000 T N I B A X K DT 2~ 4 b, e XU X
FELZ /1 s BEK DI 4 ~24 b, XUBAR Jry 12 i e TR , KA 7 M X AR FIRRUER X YS 7R A B AR dm it 2k 49
107 N, SEGEHRINEA L, A SCO7 Bl B WA A AR AU, 58 1 P E R A= A 10 2k 19 8 25
SN o AU AR B PPAG 2]« YS ZK RIS AT REME SR 2 9%, It 0UR R B MR SR N S5, 25 DAl A= 4w W

S Xk

[ 1] PR, R BE S, A5, Bla SR B2 48 5 D1 307 0 25 54 35 00 0 R XUR: 20 [0 ] 0T R 2222 4 ( FHARBE# i)
2024,52(4) :13-21. (Chen Yun,Wang Yijun,Zheng Xiazhong,et al. Risk analysis of dam break accident combining case mining
and Bayesian network[ J ]. Journal of Hohai University ( Natural Sciences) ,2024,52(4) :13-21. (in Chinese) )

[ 2] BP8F RT 8 KB L, A5 ST 2 BS LA )3 [ BUACAK s f 74 B PR s B9 [ ). KR 285, 2025,43(3) : 84-
93. ( Huang Dechun, Zhu Yuang, Zhang Xiuzhong, et al. Research on the construction of modern reservoir operation and
management matrix in China from multiple theoretical perspectives[ J]. Journal of Economics of Water Resources,2025,43(3) :
84-93. (in Chinese) )

[ 3 ] Brown C A,Graham W J. Assessing the threat to life from dam failure[ J ]. Journal of the American Water Resources Association,
1988,24(6) :1303-1309.

[ 4 ] Dekay M L,McClelland G H. Predicting loss of life in cases of dam failure and flash flood[ J ]. Risk Analysis, 1993,13(2) :193-
205.

[ 5] Graham W J. A procedure for estimating loss of life caused by dam failure[ J ]. Sedimentation & River Hydraulics, 1999,6(5) :
21-43.

[ 6] Ak, 8 e it TEBIUA: Ak P IRE ST )], % SR, 2007(3) : 145-149. (Zhou Kefa, Li Lei,
Sheng Jinbao. Evaluation model of loss of life due to dam breach in China[ J]. Journal of Safety and Environment,2007(3) ;145-
149. (in Chinese) )

[ 7] Li Zongkun,Li Wei, Ge Wei. Weight analysis of influencing factors of dam break risk consequences[ J]. Natural Hazards and
Earth System Sciences,2018,18(12) :3355-3362.

[ 8] B8, fRAER, U, 55, JET AHP-BN 12 i Bt LR 46 % XU P4 [ 0] KM DR 24 ( T2 R ,2021,42(3) :8-12.
(Ge Wei,Jiao Yutie, Hong Xingian, et al. Risk assessment of life loss caused by dam breach based on AHP-BN method[ J].
Journal of Zhengzhou University ( Engineering Science) ,2021,42(3) :8-12. (in Chinese) )

[ 9 ] Zhu Yantao,Niu Xinqgiang,Gu Chongshi,et al. A fuzzy clustering logic life loss risk evaluation model for dam-break floods[ J].
Complexity,,2021,2021 ;7093256.

[10] Ge Wei,Wang Xiuwei, Li Zongkun, et al. Interval analysis of the loss of life caused by dam failure[ J]. Journal of Water
Resources Planning and Management,2021,147( 1) :04020098.

[11] Yin Qiaogang,Li Yanlong,Zhang Ye,et al. Assessment of loss of life caused by dam failure based on fuzzy theory and hybrid



86 WK E el (AR RS R ) 55 54 &

random forest model[ J ]. Stochastic Environmental Research and Risk Assessment,2024,38(9) :3619-3637.

[12] 0%, s 25, LM, SR A MR = KA [)]. TFRHIFE S & € ,1995,32(6) :15-20. (Li Deyi, Meng Haijun, Shi
Xuemei. Membership clouds and membership cloud generators[ J]. Journal of Computer Research and Development, 1995, 32
(6) :15-20. (iin Chinese) )

[13] BEss B el , 55, A5 v W (B A1 5 AU ) 5 Ak ) JBE 38 KUR: 23 BT vk [ ] KR4z, 2025, 56 (3) :309-
316. (Kang Ling,Liao Wufeng,Zhou Liwei, et al. A method coupled Gaussian-Extreme distribution with Cloud models for risk
analysis of flood control operational scheme[ J]. Journal of Hydraulic Engineering,2025,56(3) ;309-316. (in Chinese) )

[14] FE, 5K AT, 5F. T oA E -SRI B RBP4 5 P [ )] TR 224 ( A SRR ,2023,51(2)
56-63. (Wang Yuan, Zhang Zhihui, Ren Jie, et al. Comprehensive evaluation of large-scale aqueduct safety based on dynamic
weight-cloud model[ J]. Journal of Hohai University( Natural Sciences) ,2023,51(2) :56-63. (in Chinese) )

[15] JE 222, SR, 3. LAy WS A7 42 4 V- 9 ek 20 5 WA = B AL [ ] K I K L BB 9E i, 2024, 44 (6) :86-92. ( Zhou
Lanting,, Guo Feng, Wang Hao. Improved combination weighting-cloud model for operation safety evaluation of earth-rockfill dams
[J]. Advances in Science and Technology of Water Resources,2024,44(6) :86-92. (in Chinese) )

[16] AEE3E skt ARk, 55, 2 R8 RA R S 240 sh i g (b Bk [ 1] i EPL TR 51T, 2025, 46 (4) :966-973.
(Zuo Fengqin,Zhang Damin, Deng Jiaxin, et al. Osprey optimization algorithm based on global search and dynamic disturbance of
cloud model[ J]. Computer Engineering and Design,2025,46(4) :966-973. (in Chinese) )

[17] ek, 20, B A 55 TP C R TR IR B ER G AR KRBT AL [ ] 22 272740, 2025,35(2) :81-88. (Sun
Bin,Li Hao,Mao Zhanli,et al. Fire risk assessment of large complex based on order relation analysis method[ J]. China Safety
Science Journal,2025,35(2) :81-88. (in Chinese) )

(18] BEA SKHGS, TR, 55, 20l 5 K HE RGUIE N PP : USROS XA B[ 1/ OL ] i R4l (1 ARBEEERR) .
2025-02-05. ( Huang Li,Zhang Yizhe , Wan Xuzhe, et al. Adaptive evaluation of multivariate compound disaster systems:a case
study of the Guangdong-Hong Kong-Macao greater bay area[ J]. Journal of Hohai University ( Natural Sciences ). 2025-02-05.
http://kns. cnki. net/kems/detail /32. 1117. TV. 20250205. 1544. 032. (in Chinese) )

[19] sRIGEIE RS, IR, 55, JE T AHP-RAE: i BB P 1 17 DTG /K B2 77 22 2 HARACIE [ ) ] KR K Bk ot g, 2024,
44(3) :80-87. (Zhang Xiaofeng, Shi Yongjie, Liu Jun, et al. Multi-objective optimization of flowing water dispatch schemes in
western polder area of Wangyu River based on AHP-entropy weight method[ J]. Advances in Science and Technology of Water
Resources ,2024 ,44(3) :80-87. (in Chinese) )

[20] SEUCH, e FEd R FE B A R A 5 R [ D). KR, 2010(8) :24-26. ( Wu Huangiang, Fu Qionghua,
Dong Jianliang. Discussion on the methods of estimating loss of life in dam failure in China[ J]. China Water Resources,2010
(8) :24-26. (in Chinese) )

[21] K EWH, A, BRiRT:, 55, HEC-RAS R 3 M W B [ 1], 5% TF2,2023,41 (3T 2) . 233-237. (Zhang Yutao,
Bai Jing, Chen Zhenyu,et al. A review of the principle and application of HEC-RAS model[ J ]. Environmental Engineering,2023,
41(S2) :233-237. (in Chinese) )

[22] MEHEEE. FET R YoTk MU REFG TN [ D] BN KM DR, 2020.

[23] BRI, BT HLaR 2] 5K -] R BORTRS & 75 i i Bt U RSP AR FE [ D] P4 P2 B TR %, 2022,

[24] BUEESC, BOEES , FRBTEIL. 6 T SRR ZH 5 A 0 e PR S i BN BERL[ ). A )57 5 TR 4R , 2016, 35 (B4 T 1)
3092-3099. (Wei Bowen, Huang Haipeng, Xu Zhenkai. Two-dimensional evaluation model of rock mass based on combination
weighting and cloud model[ J]. Chinese Journal of Rock Mechanics and Engineering,2016,35(S1) :3092-3099. (in Chinese) )

[25] HEAvEk. BET Ut /K G AU N FSEEXERTAD Y 5t S0 AE A R A [ D] BN RN R, 2021.

[26] SL/T 829—2024 7K I A543 7 514G S NI [ S .

(KR A 912025 -05 - 14 Gk X0t )



