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Abstract: Addressing the dual challenges of inadequate simulation for torrential rainfall forecasting and incomplete risk-
benefit assessment system, it is of great significance to carry out intelligent forecasting, risk-benefit evaluation and
regulation based on radar and intelligent technology. This paper proposes a systematic decision-making idea of “intelligent
forecasting-analytical assessment-harmony regulation”, and constructs a research framework for storm risk-benefit
assessment and regulation of in river basins or regions. The framework consists of three main components: @D Intelligent
forecasting; The main methods and intelligent models of rainfall, runoff and flood forecasting simulation are summarized,
and the integrated intelligent forecasting system of rainfall-off-flood based on radar and intelligent technology is proposed.
(@ Analytical assessment; The risk-benefit two-layer evaluation idea is proposed, and the evaluation methods of risk and
benefit are systematically sorted out, coupled economic, social, ecological and other multi-dimensional perspectives,
forming a risk-benefit assessment system combining intelligent models and harmony theory methods. 3 Harmony
regulation: This component proposes a joint risk-benefit regulation strategy based on harmonious regulation theory, by
developing a harmonious regulation model aimed at optimizing the balance between the risks and benefits of torrential
rainfall. Driven by the integrated intelligent prediction of rainfall-runoff-flood based on radar, this framework integrates
intelligent technology and the method of harmony theory to systematically evaluate the potential risks and benefits associated
with torrential rainfall events, conducting research on harmonious regulation based on the risk-benefit of torrential rain can
provide systematic solutions and research paradigms for the management of torrent rain disasters in basins or regions.
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Fig.1 Research approach for rainstorm risk-benefit assessment and regulation
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Fig.2 The research framework and technical route for rainstorm risk-benefit assessment and regulation

.24 .



Bt e S BRI s AOM) 5 9 B 4 T [ A
P R SR ) O SRR 2 TR AL

b. BB -2 o S A AL, T XU -
MR HICR B BBEWX AT S ASERS
PRAEAIFR R, 48 75 2 R 2 R GURSUZ R 5 4
2l & s M S g i, M XRG04 B 5 BRI 19
TSR FAMA R iR R WXT 25 AL FES RGN
SN ST FE B O EERL A AR

c. Zk R AU -2 i M IR PRI, 7 22 48 T
b FEA L, AT AR H b R B A i R AR
PRITNAE S AR , Gl 1 2% 1 A XIS -3 45 A AR
JEE | A S M ) 217 S O 4 SR R TR XU AL
TR 428 18 T A0 i R e e 18 SC B ) R

2 TR AR TR RS R R
RABK

TN G R8T RCHE IR WSS FAR K
AISCHBEROR (K 1, BAT S R P58 23 18] 73 A T B 4
i, P HE AT AL R R G A S 4y PR S
R O 002 R 4 3 i 1% 7 e R R 4 s B
EOR,

2.1 MW

Iee T PO ) B T R A K o R R PR
A5 e FCn) 23 A8 Ak e TR TR ok 3 4 45 B0 T A
 GETH RS AL TR Ik L A DT vk B
TRV T 52 AR 4 ) B AR S B W BB %)
PRI HUR B R R 2 = E AR IO
> ECMWF ( european Centre for medium-range
weather forecasts ) % 20| 3¢ [ GFS ( global forecast
system ) #& 3 A1 7 [E GRAPES ( global/regional
assimilation and prediction system ) #5321 510, 45 44
Pl oA I s R B I GE T L, R 2
TCGEVH AN ) 7 51 23 BT , A S T AE 5 552 R o i
iz, ALAHWE [T 5 | Logistic 51 F1 5 115 5K A1 2
PPRRIY A5 s BT 2K [l 1 4 7 ik S AR 4 24 i
Z W25 SR AR FR 3K [ 39 78 2 Ok I 220 1) oL ¥ 1T
J |, SEPBR R TR , 4 O BRER 1 S8 UG DOl
VLT LR RN
2.2 Fmwk

A28 it T AN B T P AR A ) AR Ak TR R AR K
e IR R AR IR RN /K S FR A S, A28 U T
R T AR AR B U A U 70 U
RUFVE REAIAY AL 5K SCRAY LSS #1528
SR ECE T R R SRR R R g R, B
SRR SCR Y Ja M 8 P 7K SCASE R Y S 4 , g 3t
BB T AR SRR R, FEASRK

FARSRL  SCS-CN A58 L) B 22 YT AS L1200 45 G
A K SO B 3R (AR T 281Uk 55 ) Al
TR (AN | IR R MR RS S R
FHAE ) 23 T AN $59 2 A % 7K SCRSEALL ) 52 00, = 840 45
MIKE-SHE ( system hydrological european ) 5% %Y
SWAT(soil and water assessment tool ) 5 75 21212530
o3 A1 AR SO — Rl T4 5 A OK SCRERL I
A7 2K OB 2 [A] R AY | 25 ff P B B A — 2 1Y
Py Bk SC i R, B BARER PR B9 JE TOPMODEL
(topography based hydrological model ) 7K SC# 112
B RERIRUA 2 52 PR oK SRR kA 5 R ny BR 1
DL 9K 3l 1) 7 32 A A5 i 1 B T 9 52 Ak
Atk R, W N T M 24 M 4 (artificial neural
network , ANN ) | < % B 1242 ™ 4% (long short term
memory , LSTM ) , Transformer %5 25 Ffi i £ (el
2.3 BKEBE IR
PRGSO E T b e o (K Az ) it
HBERS ] R (AR ) | HEOK O R LR B
SET5 T, FEAUSR K SORRL K 3 ) e R D) R e
BEAY K SO BA I 28 AR AR B 7K SCS4O
P A SR ASE A 1 P 9 2 8, e AR T A AR Ok
R U I DI K SO Y I 23 A8 A 32 A A
HEC-HMS ( the hydrologic engineering
B 7. TOPKAPI
(topographic kinematic approximation and integration )
PRS2 K Bl 2 AR ek SRR Ay Ly
AR Iz 3l AR B K T R R | 1505 T 2
JRyER KR , 3 2L HE MIKE 11 MIKE 21 Flow3D
RREA G ST R SR A A TR K TR AT A
K SCS FREAL 5 BB i BR ], A %2 48 7 1
S R AR R 4R TR K TR ) R
P, FEALSE BEHLARAK (random forest, RF) | 3§ 1]
1ML ( support vector machine, SVM ) | 45 FH it 25 ] 2%
( convolutional neural networks, CNN ) 5 7 £ 132340
R AR I UK FRASALL 5 SR XS e R 1 s
BT DL B, IRR A HOK SRR G B
WA BT A | T o sl Bk Sk WA | &
Gefig b 25 TR -V MK AR 1) 22 R H BT
i, ST A 3 T s 1 A - KR B TR A
R, H AW QF BRSO R TR . S xR
PRI R RLIN S8 1V 5 2 RO 4k, AR 1A 1]
WA= T -5 7% Sl A8 A, b 2 28 7 1Y) RE B W
TOARASTAY g A F I8 SR AR P - 5 b T R R T
DX 73 A7 ) A AR S P i A5G 3=, IS TR R - b K A 32
PRI R A BURRERE . Q3 TR RER A Y42
TR o SR TOKSCIR IR, 255 75 JERE I IR I
.25 .

9’
center’ s

hydrologic modeling system )



R1 PEW . RRIEKBIRGEX LS

Table 1 Comparison and analysis of rainfall, runoff, and flood forecasting methods
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Table 2 Rainstorm risk analysis
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Table 3 Rainstorm benefit analysis
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Fig.4 Rainstorm risk and benefit analysis
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Table 4 Rainstorm risk-benefit assessment methods
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Fig.5 Rainstorm risk-benefit dual-layer assessment system
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