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Abstract: A meteorological early warning method for mountain torrent disasters is proposed using the fuzzy
evaluation method in this paper. The method is based on the dynamic critical rainfall for mountain torrent
early warning that considers soil water content saturation, then a correspondence between meteorological
warning levels and fuzzy scores for mountain torrent disasters is established based on the fuzzy evaluation
method. Equal weight averaging and weighting algorithms constructed based on the coefficient of determi-
nation or the relative error of peak flow are respectively adopted. With this method, together with the
comprehensive fuzzy scores for meteorological warning calculated by using the precipitation forecasts from
CMA-MESO, CMA-SH9, CMA-BJ and intelligent grid forecasting, the meteorological early warning level
is determined. The results show that the hit rate of the meteorological early warning results based on the

fuzzy evaluation method is comparable to that of the CMA-BJ and higher than other models, the miss rate
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and false alarm rate are also comparable to those of the CMA-BJ and lower than other models, the TS

scores are all higher than those of other models, through the application and verification of the mountain

torrent disaster in Hengshui of Anyang River from 17 to 22 July 2021. This method can extend the lead

time of mountain torrent prediction and improve the accuracy of early warning.

Key words: mountain torrent disaster, meteorological early warning, dynamic critical rainfall, fuzzy evalu-

ation method
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Fig.1 The simulated water system and

sub-basin division of Anyang River and

the distribution of rainfall stations
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Table 1 Data of precipitation and evaporation stations used in 13 flood processes simulation
in Hengshui Station from 1976 to 2023
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Table 3 Simulation results of 13 flood processes in Hengshui Station from 1976 to 2023
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Fig. 2 Dynamic critical 6 h rainfall threshold of the various levels of meteorological early

warning for mountain torrent disasters in Hengshui Station from 1976 to 2023
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Fig. 3 Dynamic critical 12 h rainfall threshold of the various levels of meteorological early

warning for mountain torrent disasters in Hengshui Station from 1976 to 2023



750 A % 951 %
EAIRAE R 4 s, 7E 13 it LS
3.3 %%@Bﬁﬁ*ﬁ E*J% %ﬁ %% Fj]t/j_‘ E ZI{ 7J(':F' Zj] Iﬂlﬁ‘

Hy T8 K ol B K R D AT R TR 1Y 13
Ytk SEATRE 36 20 AT o #R T 3 K S TR R R A
PAAE SR SR b e 3t & o BT fe 1Y 08 INFE 20 B
P8 - S B K U R B TSR R L K b s B
K 6 hoEt 12 h FEoK 6 50 A b g ) it
WESGILLL 6 h 12 horpg & py 4
A Ry 0 T 2 B 5 L 0 ) ) 1 U S
GONT B 36 UE T i S S B

BT HIEEKEMMENR 6 h 12 h g FL W

*x 4

T A AL 0 AT A ) A U AR R kKA 1
Yy Mo SE GO R B9 7 37, 2h 248 i 5 FR i Ll ik ok
FHARRNE IEFRIRNA 1 5. B mmA 35
DA 5l 285 ek S T s A ) il S e i LA g i g O3]
INPETE A 2 . IR 25 50T LLE 1 W&
PRI 10 3, I3 A 3 3, = iy Ik
A0 U A 7 3, BB R b 3 TR
AR TS ¥4y 40 3 A 76. 9% .23, 1% ,0% F
53. 8%, vt BH 7E 5 /K 3 LA b= 48 7K g AR FH 30 2 i 5
R AT L L R AR I & AT .

1976—2023 FEKEEFTIESKEEMENh M 12 hIFRWERBLER

Table 4 Validation of 6 h and 12 h critical rainfall based on soil moisture

saturation in Hengshui Station from 1976 to 2023
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Fig. 4 Process curve line of flow observation
in Hengshui Station from 08.:00 BT 17
to 08:00 BT 23 July 2021
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LEAREK NG 2021 457 H 18—22 H 6 h f1 12 h
T S0 R R R T (R 5) BEAT A0 AT . BE X AS — Wk
KA. 19 H 08 B ZHI A9 6 h fil 12 h e K Bt
FI 4308 36. 4 mm.49. 7 mm, A 48 I B 4
LSRN 6519 H 08—16 1.6 h B3| & H
A 08 B K F Il AR A At B N T G SR
12 h e K BRI KT i O AW N F 8 A
LR U LS RO W, 5 U A R A AT 4R
Hi A 8 h,

Bt Xt — kb K 3 2,21 H 03 BF 6 h i1 12 h
SN YR TR I RN A, TS R O L R
HIE M 7 h;21 H 10 B 12 h R 3F 5 K T 8 @l 5
o, B LS R O A $E T 13 ho22 BF 6 h B
THRT & RT3 Al A, BB L R O A, SE T
7 1h;22 H 00 B 6 h BRitE K T8 Ak AW,
TELE RO E E 0T & 7 h,02 B 12 h it
AT SN, USSR o, aEh
ShiltfEm Bt ES/ N TaamAmaE. kg
&85 T ¢ BH SR AS [) 19 42 Bsf BB ) s 5L W 1 ) 591) o
L1t 00 1 2 1) R T S A WD T DA T A
(5 i A7 1L i o A T R 2 A U ) B, DA gk
B 1L TR ARG T T i R A K L s O

£S5 22157 18—22 BEABETIESKEVTENh I 2 hiERARENEARITWE

Table 5 The 6 h and 12 h critical rainfall and maximum accumulated rainfall based on

soil moisture saturation in Hengshui Station from 18 to 22 July 2021

1] /BT + 5K 6 h i 5 F &/ mm ‘6 hfi K& 12 ho il 57 i /mm %2 h k2
R o g @, FAN ) 11 & /mm e pigul it EAR ) P+ i /mm
18 H 08 i} 0. 7200 44,9 62.4 96. 2 126.0 17.3 68. 0 92.5 144.1 194. 4 22.0
18 H 20 i 0.7981 39.2 56.3 89.4 120. 3 15.3 58.7 83.1 134.4 183.1 28.6
19 H 07 W 0.7981 39.2 56.3 89. 4 120. 3 36. 4 58.7 83.1 134.4 183.1 49.7
19 H 08 i} 0.9891 25.2 41.3 72.6 106. 2 27.8 35.8 60. 2 110. 6 155. 6 47.0
19 H 16 H} 0.9891 25.2 41.3 72.6 106. 2 24.4 35.8 60. 2 110. 6 155.6 59.8
19 H 20w 0.9995 24.4 40.5 71.7 105. 4 5.0 34.5 58.9 109. 3 154. 1 26.5
20 H 08 [} 1 24.4 40. 5 71.7 105. 4 14.5 34.5 58.9 109. 3 154. 0 24.4
20 H 20 W} 1 24. 4 40.5 71.7 105. 4 18. 4 34.5 58.9 109. 3 154. 0 31.2
21 H 03 i 1 24.4 40. 5 71.7 105. 4 25.6 34.5 58.9 109. 3 154. 0 43.2
21 H 08 B 1 24.4 40. 5 71.7 105. 4 35.9 34.5 58.9 109. 3 154. 0 49.3
21 H 10 B 1 24. 4 40. 5 71.7 105. 4 33.7 34.5 58.9 109. 3 154. 0 61.1
21 H 20 B} 1 24.4 40. 5 71.7 105.4 37.2 34.5 58.9 109. 3 154. 0 68. 7
21 H 22 i} 1 24.4 40. 5 71.7 105.4 44. 4 34.5 58.9 109. 3 154. 0 61.2
22 H 00 [} 1 24.4 40. 5 71.7 105. 4 78.6 34.5 58.9 109. 3 154. 0 94.1
22 H 02 mf 1 24. 4 40. 5 71.7 105. 4 99.9 34.5 58.9 109. 3 154. 0 121.7
22 H 08 Hf 1 24.4 40. 5 71.7 105. 4 104. 3 34.5 58.9 109. 3 154. 0 139.0
. . Xof 15 2 A6 A 1) 5 T BORTPE AN VA T L it
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2021 4E 7 1 19 H 08 By AL E AR 18 H
08 B A 25 A6 2 R 7K 5 A i A 19 Tk 7K T 4K B 4 R
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53990 R FH B AT SF- 359 B LAl s 1 2 kL T e O A AH

KEIKRWBLERGE D . R =M L8125
B BBV 3 e Asc e Ji o HL A 0 % o 0 4 ) 1
AR T o BT RATE B 25 B 2 43 Bk T AT 482 R 45 A
OV AR5 R SR T 3 45 R AT A T
BEXT 8 — Rt K L #EL 43Hr 2021 42 7 H 18 H
08 A} .20 it f 19 H 08 i 3 A~ R Af k. Forp 18 H
20 BF AR I HAR AT T 24 b, 19 H 08 B AR 4 i TR
HAHTAT 12 he 18 H 08 B 7 Y 1 %2 g 51 ¥ Ay
TG 520 B R 4 1 0 9 51 CMA-MESO R # 5
T U 2R 5, CMA-SHO FIEE T 808 97 15 1Y
U 2500 Ay e, 5 I o TV O AE AF . CMA-B] il
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08 Fif e 41 Ay L% 0 Sl T o 43 T KK SE L R LA R
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01—05 i}, BRIt LIk 31. 4 mm, Z5 R Hr RV,
L K TR, 18 H 20 W 3B 4R Y if v 1l it 75
S A PO B 4 CMA-SHO 1356 T 808 1 f 12
) T 2 53] Ry €5 5 T AR AT AR A
ATLAGE 3] 18 hy KT LA SE 0 TR o 4 o g AR Ll 3t ok
TR GHBEARAT 19 H 08 B % i 7 45 R 5
B o I 25 7 I S T A T A R R A O .
BEXTES b K LA 3 B 2021 £ 7 H 20 H
08 B .20 B}z 21 H 08 B} .20 B 4 MR EFK ., 20
H 08 iy iz 1 1 % 2% 5] i/ CMA-MESO 1% fig
o A% 5% A LA S #5 f5 , CMIA-SHO 1 T OB 3F 4
BB, CMA-B] e €, 355 1 I & 100 9% 5
(21 H 20 B Fij LAy 52 40 5] 330 %8 900 o % 64) 520 H
20 B 36 4 1) 5 R DO A 8 7K YO0 i 100 % 3] R B L AR
T R W g ), CMA-MESO ., CMA-B] 13 F 4
IV H vk 0 S5 T 00 o B L 5 A o T )

FHAF . CMA-SHY SH 2145, & F i i BB g 5521 H
08 I} 2 4% 1) 701 22 4% ) CMA-MESO 1 CMA-SH9
oA AR I R U GO R T RO AN T Y PO
G R R, 5 I U GO AR AT, CMA-B] L fig
) % e K AR A 208 v T U R B S 5 21 B 20
B % 14 191 % 2% 7)) CMA-MESO, CMA-SH9 ., % fig
oA A% 648 7K T 41 R0 SR T A 325 1Y 0 ) Dy B
6 AR T TR, CMA-B] 18, 5% &
ERAT . SRRV LITE 20 H 20 B & A
Ll ¢ 4 €0 S g T, AR AT RE AT 3K 32 h KT
DL S 350 R A b i A B L Bt R G U R

Hy Ll ¢ 3 RO T 45 R A5 R K I (3R 8) W]
U s BT ROMIVEAN 1 ok I 22 05 2 e K T 48 1 501 1) <
S Ay op R 5 CMA-B] 83040 2, 55 T H A
HLFIR B AR AR S CMA-B] #0H Y, K T 3L
B, TS PR 3 T HABR X . L5 kEFE. 5k
JFH B — B AT 285 SR 00 19 Lt o R I 45 R
FHEE o B FBORIPFE 4 325 1 1L 3k 9 35 RO T 45 R 3%
Uf o R B SE A 19T U0 0 L 4R e UEORG

=6 2021 F7 A 1821 HEKBETFESERBAEZNEAFRBRNUEARESETERIE

Table 6 Verification of mountain torrent disaster meteorological early warning results

based on the precipitation forecasts by multi-source forecasting methods
in Hengshui Station from 18 to 21 July 2021

3 55 U 4 5

AR W ] /BT

CMA-MESO CMA-SH9 CMA-BJ 2 e W+

18 H 08 i x P 7 o )

18 [ 20 i HWE e T X W

19 H 08 Hf T T & T e

19 H 20 i W B, A, H 5

20 H 08 B} A, fiaadih FARG) H A i)

20 H 20 W A i) FAN ) AN W A

21 H 08 i} W e AR AN 46N

21 H 20 i B A 1, it i, T (4,

®7 2021 57 R 18—21 BEKSETEMTENENLERESKTERIE
Table 7 Verification of mountain torrent disaster meteorological early warning results
based on fuzzy evaluation methods in Hengshui Station from 18 to 21 July 2021
e R - A 7 Pk ZR B0k i AL TR T 0 A AT % 22 4 P A R LR
/BT ?f%*ﬁ ORI VT 22 4?%1‘?1 Tﬁ*ﬂiﬂﬂa’r% ?f%’fﬁ Tﬁ*ﬁ]ﬂim& )
WIE Sy T 5] WIE 5y T4 25| WIE Sy T 24 531

18 H 08 i 10. 8 ¥ 10.8 J 10.8 ¥ i
18 H 20 B 28.4 WA 28.4 WA 28.4 WA o
19 H 08 i} 8.0 G 8.4 % 8.0 TG L)
19 H 20 # 45.7 o 43.4 gl 42.9 A J
20 H 08 H} 71.2 & {0, 71.0 oAl 71.1 P& A2, Wt
20 H 20 B 72.4 P& {4, 71.5 A 72.4 1D, A0,
21 H 08 i 77.3 18 A, 79.0 iRl 79.4 ol JisqE
21 H 20 B 54.8 A 53.7 g 54.1 A iR EN
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Table 8 Validation of mountain torrent disaster meteorological early warning results

in Hengshui Station from 18 to 21 July 2021 (unit: %)

AR TUE 75 X AR IR &S R TS W43
CMA-MESO 37.5 57.1 25.0 12.5
CMA-SH9 37.5 57.1 25.0 12.5
CMA-BJ 50. 0 42.9 20.0 25.0
i I s 25.0 71. 4 33.3 0.0
BRI 1 50. 0 42.9 20.0 37.5
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5 CMA-BJ B0 Y AR T H AR X, TS #7555

THAMB . L5 KF 5K B — KRS R
A B L PRI G T 4 R B 2 T ORI A
TR BB ICE RGP A R RE A S K T LY
B WU 12, O L 8t 9 g B b 5 R 0
PR B2 SR o IR 5 AR O 3R /D Lt
G TE 55 FR A T — Bl i S i

2%k

(LLLZE 2R EFHT 25,2017, J T 43 A 2K SCBET A /N 48 1L
R B S AT BT R E L 36(2) 1 156-163. Bao H J,Li Z
J.Wang L L, et al,2017. Flash flood forecasting method based
on distributed hydrological models in a small basin and its appli-
cation[ J]. Torr Rain Dis,36(2) ;156-163(in Chinese).

(L0 Mo 98, 55,2020, B T Vi It 7 1 v /T O B0t 3l 2
LT R B A S [T ]. A4, 46 (11) : 1495-1507. Bao H J, Lin
J.Cao S, et al, 2020. Topography-based dynamic critical area-
rainfall threshold for small to middle-sized river flood warning
[17. Meteor Mon,46(11) :1495-1507(in Chinese).

FLLLZE , ERF L PR 55, 2016, R K SR A 1Y B8 K TR BF 52 30k
BRI 5%.42(9):1045-1057. Bao H J, Wang L L, Shen X S,
et al,2016. A review:advances of flood forecasting of hydro-me-
teorological forecast technology[J]. Meteor Mon, 42(9) :1045-
1057 (in Chinese).

L0 i fE 7 VR RS L 4, 20210 [ R HK SCR G TR 55 R i
JE 5Bk, K% .47(6):671-684. Bao H J,Zhang H D.Xu F
W, et al, 2021. Progress and challenge of national level opera-
tional technology for hydrometeorological forecasting[J]. Mete-
or Mon,47(6):671-684(in Chinese).

BRIE S L5 PhAR AL L 55, 2023, R DU 58 776 + 267 1Lk 5 5 1 58
M B TR AE B FOE LRI LT ], KRR, 47 (1) 1 1-19. Chen B
Y,Chen Y,Sun J S,et al, 2023. Characteristics and formation
mechanism of the sudden rainstorm inducing the “6 « 26” moun-
tain torrent disaster in Mianning, Sichuan Province[ J]. Chin J
Atmos Sci,47(1) :1-19(in Chinese).

W B 5 2006, 7 [ 1L XK RBF M S A5 B AE 5 U] i
% .24(5):531-538. Chen G J,2006. The trend and main task of
study on the development of mountain areas in China [ ] ].

Mountain Res,24(5):531-538(in Chinese).



754 A

% 951 %

FEAR G W IR IC, 45, 2010, 5 it B K TR 5 K SCREBURR & 1
NG BRI e AR B B (], 4. 36 (12):56-61. Cui C G,
Peng T.Shen T Y.et al.2010. The flood forecast test on QPF
coupling with hydrological model in flood season in medium and
small catchment[J]. Meteor Mon,36(12) :56-61(in Chinese).

PRI =2 RN - 22 T 45,2028, ©23 « 77 AL AR R 5% 1T L 72 1 55 4R
FORFAE B 3l 03 FR ) SR 0T R LT ). R4 . 49(12) £ 1435-1450. Fu
J L,Quan W Q,Mai Z,et al,2023. Preliminary study on the re-
fined characteristics of rainfall intensity and dynamic and ther-
modynamic conditions in the July 2023 severe torrential rain in
North China[ J]. Meteor Mon,49(12) :1435-1450(in Chinese).

MR=45 52001, AR SCTAR M. db e . o B /KR K L Rt Lin S Y,
2001. Hydrologic Forecastingl M]. Beijing: China Water & Power
Press(in Chinese).

TR0 AR AT LT ZE L A5, 2024, T 500 3K B0 9 1L DX 5% T 1 gk ok v
RE 5 e X RG I W s L1 ], G244, 82(2) - 257-273.
Liu H Z,Xu H,Bao H J,et al,2024. Early recognition of the
mountainous areas susceptible to flash flood and sediment disas-
ters during rainstorms; data-driven methods [ J]. Acta Meteor
Sin,82(2) :257-273(in Chinese).

XUMURE VT35 5% AT 57 RS 455 2017, 38 T 40 A 3K SCRERY fY 1y 3 150
M F R 4t B L ] )i R 2 2 3 CH AR B2 A0 45 (5) : 384-
390. Liu SY,Jiang S H,Ren L L,et al,2017. Calculation of crit-
ical rainfall for early-warning of mountain flood based on dis-
tributed hydrological model[J]. ] Hohai Univ (Nat Sci) ,45(5) :
384-390(in Chinese).

XURAG R 75,2021, ZURFEARAE T Sk ¥ L HERE DL o i 107 %
P[], K4, 47(7):817-829. Liu S N, Wang J, Wang H J,
2021. Application and comparison of multi-source rainfall data in
the simulation of {lash flood in Mentougou of Beijing[J]. Meteor
Mon,47(7) :817-829(in Chinese).

XUFHHE » B0 L X6 L 46,2023, 23 « 77FF KB UL K AL B0 Pk
KRG TR 52 3543 A7 [0, AL 5T 7K 454 (6) :22-26. Liu Y T.Liang S
Q.Liu Y.et al,2023. “23 » 7” extremely heavy rainstorm flood
a review of Beijing mountain flood disaster risk forecast[J]. Bei-
jing Water, (6) :22-26 (in Chinese).

X 20120 (0 Pt BUEFERFADE 75 0L . E Byt 5. 22
(2):41-45,50. Liu Z Y.2012. Research and application of moun-
tain flood warning and forecasting technology[ JJ. China Flood
Drought Manag,22(2) :41-45.50(in Chinese).

XS S K SC WA 2010, 35 T 3 25 1 5t 0% rh /)Nl g L it T
Ty 1k B NI AL B K~ 22 4 CE AR B2 /D L 46 (3)
317-321. Liu Z Y, Yang D W, Hu J] W, 2010. Dynamic critical
rainfall-based torrential flood early warning for medium-small
rivers[J 7. ] Beijing Norm Univ (Nat Sci) .46 (3):317-321 (in
Chinese).

AR TRAL K, X 5t 5, 2023, JE T 9K RS LIS 1Y 1 K8 -
1771 BT E N 23 L] N BB, 45(12) 1 41-46. Ma W D,
Fei D Q. Liu F G, et al, 2023. Analysis of the causes of the

Datong August 17 mountain flood disaster in Qinghai Province
based on disaster system theory[ J]. Yellow River,45(12) :41-46
(in Chinese).

FEST B XIHZ 5 2000, B0 AR K STRE LB AR (i 78 LT 1L o7 i K &
2R CHRFLEMD ,28(5) :1-6. Ren L L, Liu X R,2000. Trans-
formation of hydrological modeling techniques in the digital era
[J].] Hohai Univ (Nat Sci),28(5) :1-6(in Chinese).

INRIEE, 2002, IR PUR LML Kb« [ B B8R AL, Sun ]
X, 2002. Information Analyzing Mathematics [ M]. Changsha:
National University of Defense Technology Press(in Chinese).

NER 1 W 1 3%, 45, 2021, T8 AR L i 1 2021 4R KR <7 -
20745 KB T 3 1 A RUK BEW i % RRAE 23 BT LT . RARE .45
(6):1384-1399. Sun Y,Xiao H,Yang H L,et al,2021. Analysis
of dynamic conditions and hydrometeor transport of Zhengzhou
superheavy rainfall event on 20 July 2021 based on optical flow
field of remote sensing data[ J]. Chin ] Atmos Sci,45(6) :1384-
1399(in Chinese).

TR R PRI L 45,2023, 2020 4F AL T A TRBT 2 A SKE OK T
WP [)]). R 5B .39(1):10-16. Tan Z H, Lu Z Y,
Lin H F,et al,2023. Verification for precipitation forecasted by
NWP models in Liaoning Province during the summer of 2020
[J].] Meteor Environ,39(1):10-16(in Chinese).

FHBF 40, XA L 8 4 L 25, 2019, BURE TE 452 28 T A4 K 35 T O 8Bl A4
AR BERDFSEL]]. K30, 39(3):1-7,57. Tian ] Y, Liu J, Yan
D H,et al,2019. Flood forecast in using a coupled atmospheric-
hydrologic modeling system with dual correction models in
Daginghe Basin[J]. ] China Hydrol,39(3) :1-7,57(in Chinese).

FEARAE L FB bR, 2014, KGR SCHERLHE & 18 85 0 = 46 (8] Bt /K U
R AL]. R 5SS EE R %.37(2):8-13. Wang Z Y, Zheng S
1.,2014. Application of the meteorological and hydrological models
coupling in the flood forecasting in Sanmenxia-Huayuankou
Reach of the Yellow River[J]. Meteor Environ Sci, 37(2):8-13
(in Chinese).

Bt JA SC TR/ RE L 55,2022, %21 « 770 R AR K 5% T R K AR AIE B A O
AL, K% . 48(5) :571-579. Yang H,Zhou W, Wang X K,
et al,2022. Analysis on extremity and characteristics of the “21 »
7” severe torrential rain in Henan Province[ J]. Meteor Mon, 48
(5):571-579(in Chinese).

W52 RS AR KL 45 2023, /0N G I i3 O XU T Ty 1
MM A5t Bl kL. Yang Y T, Yang D W, Han J T,
et al,2023. Risk Warning Methods and Applications for Small
Watershed Flood Disasters[ M ]. Beijing: Science Press(in Chi-
nese).

g B AR W R 2014, R T Bl 2 SR A A0 Lt TR D7 SR T
H5RiMI]. 5%.40(1):101-107. Ye J Y, Li Z J, Chang L,
2014, Research and application of flash flood early warning
method based on dynamic critical precipitation[ J]. Meteor Mon,
40(1):101-107(in Chinese).

T AT AR E 2022, 2021 AEFRIN T « 207 b 3 B2 T T U



%6

F AR AF T RT3 9CH LR B

ik 75

B
ol

TR AIE B HX T 5 i R KA I B R L) ], R AR, 46 (4)
1002-1016. Zhang Z,Qi Y C,Li D H, et al,2022. Raindrop size
distribution characteristics of the extreme rainstorm event in
Zhengzhou 20 July, 2021 and its impacts on radar quantitative
precipitation estimation[ J]. Chin J Atmos Sci,46(4):1002-1016
(in Chinese).

rprAe N\ RS [ K R EB . 2009, 7K SR HR AR MLYE - GB/T 22482—
2008 S]. b 5% : A [ 5 #E H B AL, Ministry of Water Resources
of the People’s Republic of China,2009. Standard for hydrologi-
cal information and hydrological forecasting: GB/T 22482 —
2008[S]. Beijing: Standards Press of China(in Chinese).

rhAe N RSN E K A L 2018, K 4% 1% {5 5+ SL 758—2018[S]. b
ot [ K F) K B H R #E. Ministry of Water Resources of the
People’s Republic of China, 2018. Signals for hydrologic infor-
mation warning; SL 758 — 2018 [ S. Beijing: China Water &

Power Press(in Chinese).

JEIR 4 L B A - 2023, SRR AR s K A 5 K SO R SRS B FL
XtLI]. A4 ,49(3) :257-266. Zhou B Q,Zhai P M,2023. The fu-
ture projections of extreme weather, climate and water events
and strategic responses[ J]. Meteor Mon,49(3) ;:257-266 (in Chi-
nese).

SRAE A AR pE B L 2019, TR AE B Sl ik Ok A A R AEBF ST ] P
B APTE . 29(6) : 40-45. Zhu H K, Li H X,2019. Study on the
distribution characteristics of historical f{lash floods in Henan
Province[ J]. China Flood Drought Manag,29(6) :40-45(in Chi-
nese).

Hall A J,1981. Flash {lood forecasting, operational hydrology report
No. 18[R]. Geneva: WMO.

IPCC, 2021. Climate Change 2021 the Physical Science Basis[ M.
Cambridge: Cambridge University Press.

WMO,1994. Guide for hydrological practices| R]. Geneva: WMO.

WMO,2021. State of the Global Climate 2020[ R]. Geneva: WMO.

(AR ST« A WO



