520 % 5 2 ]
2022 4E 4 A

P AL I 5 K A RE £ Cp e S0

South-to-North Water Transfers and Water Science & Technology

Vol.20 No. 2
Apr. 2022

DOI:10. 13476/j. cnki. nsbdak. 2022. 0031
LHANER , TR0 R, 2. SRR 2 AN A L

E =R R 1], m KA TE S KRR (PRS0, 2022, 20(2)

297-307. MA X X,WANG H L,CHENG X, et al. Mountain torrent disaster three-level warning model based on rainfall uncer-
tainty[ J ]. South-to-North Water Transfers and Water Science & Technology,2022,20(2) :297-307. (in Chinese)

EZRAMERRN

%ém 8 aiﬁ 9%£jb1 g‘l‘/
(1. BN R KRB 5 T AR BE FRM 450001 ;2. T jg 44 HLH4E F A PR /1L HSM 4500195
3. KRB TR A FR TR A R K A 13002D)

FEE AL b e TG BE L LAZE ) 38R (51 MR 90 356 T 2R ORI 0 {1 T 5 A7 8 2R 850 A AL B 35 i i 24 20 B8 A S
SE TP RIRE O FhRRAE O 26, -3 2 o T e RO R 0 (B 5 2% 1 ARE 3R 0 S 45 R R L 0 R G R IR PR I EE O |
RN T WAL 0 5 FhRENTZS B0 5. TERLFERE L 4535 BT B2 20 A0 AN S 1 X i S5 T o A S ) o 27 I S °R
TR | ) I S VAR S DR 4 SR R PR A T A B . B SRR - i IR e R A
g 0. 2Wo (W, SR delie K& /KR | [T 0o A H N AR i 480 50 T 28 LA S5 2 A0 T80 24 h il AR K 17, 52/~
23. 87 %6 ol J 3595 W B i J A mP I B A L R A T LA 22 5. 1996 ~6. 53 %65 RS M W &t 0. 5W., B, 15 3

<r§k‘rﬁi CE F I XTREA) 12 h il SR & LS 5% 5 (R O TE T i) K 31, 61 %0 ~48. 94 % , Y Ik Fe 1 pif 23

Jj\?ﬁXﬂLIJJ

LR o DI T A 2 D T I S AN E T Y = R B R AT A A BT AE AT O LA RN

i“jiE’JUJ/ﬁ}ﬁﬁgﬁefﬁﬁ*%%
KB Ll E U E A 1 5 3L )2 R 4L Copula #R

FESES TVI22 XEkERER: A

Lt g E S TR 1L DX A BN L il 5 25 5 | 1 A 4
K R AR A g Y 2 A AT AR
PR 3 1 1Lt e AR 7 o R N R A A =
4 VR g S B i R A AR T AR 1
TPV AT P 4 AR L U T A ) s ] b o5 B A
AL ¢ A 8, B 1 A 20 R AR 45 TR it e
R,

ot TR T 1 it U o i R R B
o T %) s 225 AN i 2 e 7 5 i) 3 A6 9 R 06 R S
] o S W R AR S B L O AR R T B B
AR R 1l o T A B AR AR . H A,
L G2 L KT R T ) 23 43 A I AT 2 1 X i S
AR S TF T ST - Yuan S5 F) AR 5% B oA
BOERAE TR, 0B 17 A (] W9 2506 I 5L W 8 119 52 1)

W5 H#A: 2021-06-07 &[5 H#A:2021-11-23

PRI I SR R s PIUEAR

TR (BRAR S ) R 5ES (OSID) :

245 S W40 IR JRD A 1 L TR ek B S R T 4 P R AR
O] S R N el O b e WA N R S L I
TR A5 Fh e TR R R A I RN L % BN [ T R A
i 55 FRT 5 AH 22 58K s Zhang 85 PEA B8 W 25 (8] 43 A
A S BT T AR LAY 5 ), e B R
2% [B) A8 S P 3, 7K SCRE A A PR BB REAIG; 13 5
%#mu&&ﬁﬂiﬁﬁﬁkﬁﬁTvmgam
A 5 B YOG R, 45 L 3R B R R 0 R
AT U I S AN . B 5 X I AR R A
TR Z 0 3 51— 0 B W B R 0 A 3 A ) 4y
A5 B = X PRI B GE T 1 25 A % 1 L i L TR
) AR A0 A1 ) Bl AL P RN AS 25 A0 G A 5 /0 TR
A Z W S T T 0 {1 R 56 O 2R X 428 T B 4B 1) 5
i) o FE L e T I AL R A E L R R R

™ 2& H ki Bt 18] : 2021-11-26

P 2% AR e 41k - https: //kns. cnki. net/kems/detail /13, 1430. TV. 20211125. 1458, 002. html

E£WHE s A RHE O H (192102310228)

EE BN DR (1963—) , &, M E B #8% , EEMNF KGR FEMSGY . E-mail: maxx@zzu. edu. cn
BEMES: LEW (1995, 2 g A 0N, EE NG KCEKFEFEISE . E-mail: wanghlns@163. com

g2 b5 o 297



#2004 %28 wALELSAMBE(FED 2022 F 4 A
BT L3RS — RS EE = T MG A&, AT IBIR D

L T Lt 9 D A D A i) I B A
£ FE DR Z2 10 55 53 I [R], S 1) 1 PR S B
1T A 7 T A2 XK 2 o A% 17 Ak £ 90 i L R i Y ek
FE . Goodarzi 51 2 pa b s 2 47 0 R 8 1 TR 2%
FETRA R HE 7 T Pk PRI, JR SOk
SN LT WAL R 78 10 L 7 0 I A A T A AR
HENT TP R A U e 4 ) B R, AR H
B35 75 I T ) 25 3 A A 2 P )l L Lt e A

& 1

BT LA AL AR SCHE S0 A I 3 5 00 R 11 2
filh b o B AL A il AR T 2 L A XU 445 AR 5 e
TR AR BRI A (] A 5 255 5 TR R N S
oA IR S AR ATV I BESE 2 M SE PRI R
SR S e S W i M i B R i e AR )
IS S RTINS 2 AN 5 1 1) — R U AR L LA
/N DB BB SR R S . DFT R AL
K1,

R B %

Fig. 1 The research approach
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Tab. 1 Linear distance from rainfall monitoring station to basin outlet
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Fig. 2 The location and drainage distribution of Luanchuan basin
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Fig. 3 Lorentz curve
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Fig. 4 Generalized rainfall patterns at Yangpo station
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Fig. 5 Conditional probability distributions constructed by the Copula function at each site
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Tab. 2 Rainfall spatial scenario setting of each station
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Tab. 3 Statistical table of flood simulation

results in verification period
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Fig. 6 Critical rainfall under various rain patterns
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Fig. 7 Critical rainfall corresponding to different rainfall spatial distribution scenarios
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Fig. 8 Critical rainfall results under different risk combinations probability
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Fig. 9 Critical rainfall of each warning period
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Fig. 10 Early warning information of rainfall and mountain torrent disasters
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Mountain torrent disaster three-level warning model based on rainfall uncertainty
MA Xixia' , WANG Huili' , CHENG Xu' ,ZHANG Ming® , XIAO Yao®
(1. School of Water Conservancy Engineering , Zhengzhou University , Zhengzhou 450001, China;

2. Henan Province Airport Group Co. ,Litd , Zhengzhou 450019 ,China;3. China Water

Northeastern Investigation s Design & Research Co. »Ltd. sChangchun 130021, China)
Abstract; Mountain torrents are recognized as one of the most harmful natural disasters in the world, which often cause serious
casualties, public facilities damage,and environmental disasters because of their sudden occurrence, quick disaster,and great de-
structive power. In recent years,due to the increase of locally heavy rainfall and the change of underlying surface, frequent flood
disasters occur in China. Critical rainfall is an important index of early warning of mountain torrents,and the temporal and spa-
tial distribution of rainfall has an important influence on it. In the process of critical rainfall calculation, the regional design rain-
fall pattern is often used to generalize the rainfall process,or only one of the temporal and spatial distribution of rainfall is con-
sidered, which is lack of simultaneous consideration of both uncertainties. However, for the actual early warning of mountain
torrents, the temporal and spatial distribution of each rainfall is different, which leads to the deviation of critical rainfall.

To improve the early warning accuracy of mountain torrent disaster, Luanchuan basin was taken as an example. Using the
Gini coefficient and the position coefficient of peak rainfall intensity,nine characteristic rainfall patterns,including partial front
uniformity and partial concentration were generalized, and the Copula joint probability distribution of total rainfall and peak
rainfall intensity was constructed,and the peak relationship under the risk combination probability of 5 return periods of total
rainfall and 7 conditional probabilities of peak rainfall intensity was calculated. Five kinds of rainfall spatial distribution scenari-
os were set up in which the rainfall center of gravity shifts from upstream to downstream. HEC-HMS mode was taken as a rain-
fall-runoff model,and the critical rainfall under different conditions was determined by trial method. The influence of the uncer-
tainty of temporal and spatial distribution of rainfall on the critical rainfall was discussed. The critical rainfall data set was estab-
lished,and the three-level critical rainfall early warning model was constructed and verified.

The results show that: When the soil water content is less before rainfall, the rainfall center is in the middle reaches, and
the rainfall pattern is uniform, the critical rainfall corresponding to the rainfall process in which the position of the rain peak is
in front of it is 23. 87% larger than that corresponding to the rainfall process wherein the position of the rain peak is in back of
it. When the peak is in the back of rainfall, the rainfall process with uniform distribution of rainfall is 6. 53% larger than that
with the concentrated distribution of rainfall. At the same time, the critical rainfall corresponding to the rainfall process with the
rainfall center in the upstream is 31. 61 % ~48. 94% higher than that corresponding to the rainfall process with the downstream
rainfall center . The conditional probability of the peak rainfall intensity increases when the probability of the total rainfall in the
risk combination probability is constant. In the process of verification, the early warning is carried out according to the third-level
critical rainfall early warning model of mountain torrents, all four floods can be warned before the flow in the river near the
warning object reaches the disaster causing flow.

It is shown that the temporal and spatial distribution of rainfall in the basin has a significant impact on the early warning of
mountain torrents,and the critical rainfall values under the different temporal and spatial distributions of rainfall are quite dif-
ferent. So the critical rainfall should be properly modified according to the actual rainfall process in the practice of early warning
of mountain torrents. The three-level early warning model considering the uncertainty of rainfall is reasonable and reliable,
which can provide technical reference for the early warning of mountain torrents in other small and medium-sized watersheds.

Key words: mountain torrent disaster; uncertainty; Gini coefficient; Copula joint function;critical rainfall; warning model
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