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Problems, strategies and key technology research of flood forecasting and early
warning for small and medium-sized rivers
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Abstract: This study introduces the basic situation of China’ s small and medium-sized rivers and flood disasters, and then key
difficulties as well as urgent scientific and technological problems in the flood prevention of small and medium-sized rivers were
analyzed. Thereafter, the study puts forward the strategy and measures for the flood forecasting and early warning of small and medium-
sized rivers. Besides, prospects for the future forecasting, risk early warning, and refined risk management concepts and practices are

also proposed. It will realize the change from the hydrological element forecasting to the flood impact forecasting, from the flood

threshold-based warming to the flood risk warning, from the " prediction-response" emergency disposal to the grid refinement risk

management, from the monitoring data provision to the information product service, in which the development level of the hydrological

modernization is continuously improved.

Key words: small and medium-sized rivers; flood disaster; flood forecasting; risk warning; forecasting technique; technology

application

527 WA L B 3R 2 ), FRE R K F WA, TEORINR Z W Kdi) ok, Bk E — |
PAKIE T [ 4528 AR UCE P B B b 2 T skt e gE i P K B A BUK-F AR F . A 1949 4R
A N RSN [ i UK, [ SE R O i 1 T B A YT A5 R VTR 93 LS By bl R T4, B 7 R
o, WEE TR IR R

TAESR , /N HE TR A | B 22 i 3 Bl ks 9 T 451 6 1 Sk 55 By s Pk = rh s B
HRINTATIAE T K By 425 5 7 2 A TSR S I T B I P80 Rh S e B RIS AL L AT, T N R
MR S P i T ) SN AR A 3 AN R DA R K PR T R A K SN R 7 8 T O R TR M IO A
AR ZR S X LI AL K B AN 2 A PR oK . AR SCRG 3 I A 28 R ARG S R 80T

HETH . BFEESH AT (2018 YFC1508100,2018 YFC1508103 )

EERIA: XAEMI(1968—), 55, #, W1, %MK SRS RBUK SR EIFFY , E-mail : liuzymwr@ 163. com

SRR XUEW, XEFR, ALFERE. /IR K T B0 i) 05 0o 3 B SRR AR R [ ] T R4 ( A SRR ,2021,49(1) :1-6.
LIU Zhiyu, LIU Yuhuan, KONG Xiangyi. Problems, strategies and key technology research of flood forecasting and early warning for
small and medium-sized rivers[ J . Journal of Hohai University( Natural Sciences) ,2021,49(1) :1-6.



) CE PR SOF XS Bos

ST ASARIIZL S WEE BRI 2 /DN U TR BE A 981 B Ak e i P

VR, [ P AN P B4 AR/ INAT I PR B 5 0k A PRl — kg 28 T 70 A1 I SR IR g Lt i 1%, ok
Ffy TOPKAPL S8 S ] (1 434 3K SCBTELLL HE TR 3R 58 (HEC-HMS ) 1 5 — S B T 2y 25 I 53 R k14 1L
VLR T, 0 R R A T T 5 o R R APT) B2 1 3 2 SR R vk D R 3 LK SR A O B 7Y
FEG RGO 0 BT — /K SCR I BORH /N IR R 230 0712, 0 AR DT s A IX X /s
R R W AT A8 S AR 5C 2R (X L 0 T, B0 A O SO0 0 e A 7 e S A A A
TR IUE TS AR AR (5 BHAR N TR REF RO P R TR v/ INT 3L g e 23 43
28 A 330 TR ARG 24055 8 BB S T T XU 2 A -5 7 G Ak 8 S5O AR FH DAy 7K By 42 45 7 A B A3
g i

RS G N rp /AT A 9 FEACG L , 20 A v /NI G A 7 75 0 v ) B AR A B g i R ) B 2 4
ARTRLE, 1 Xof 977 TR 8553 0 R AR, B8 1 v /DN 0 4t 7K AT 0 ) oo S-S5 e, B2 T IR A R kiR
T H = N K B4 5 0 S A B O B B RIS 5 8 9 BCRAE 2020 47 [EBE K B A R B s S R
BT AR BRI AR TIUE | RS 20 A DU A B S5 B BT 52 2k, LAIUI DA e 1 v /Nl it P K R 15
Tk I RS

kY T3 ::li .,-L; == f . - EP/J\{ﬂ«ﬁdbkiEE}\ﬁ
1 ZEH/INVARHEKREERER - — EUKERCREENL
TR NI AR 2 AR PR S — VR 2 ] KR A A 2500}
R AR ARAE 50 km?® D BT AE 45 203 4%,

2000}
BT 85% IR K RARAS i IX, JHE i ek i AR

1500 F
3000 km® DA_F (4 £ EZ A 719 45,200 ~ 3 000 km® 1000}

HINATTRSE K FE T AU

P I FET B 43 L%

BN 9956 4% FR/INTAN G U el AR/ B SO ,
— P A PRI KR TR, Btk R 2 ey M e 2000 2005 2010 2015 2020
SRR S| &, BT K 5 Rk | Mk BERKBETS | 8 i

FREMUIK AR FR I/ NA] iR k7 R E P B 1 2000 £ ASRE E /NI R E 35 RERK
K s R g E R 1 Mg[i] N ?(Eéﬁﬂ‘, — i Fig.1 Loss map of small and medium-sized river flood
FEAy i /N TR U 8 i R 2 2 5 4 [k R EE 1Y disasters over the years since 2000 in China
70% , FEAIOTAELL) 5 80% (1), 4 v S ible H Hi/INT 2 3 [ )7 90 s K A 28 A S 219, ST 4Rkl
S R ARG I, NI Sl R R , JRg R R A T /N R e P R KO R T e, 2020 A ORI T
HE] FAPETLIE)S R A s kK | 22 3 22 2% v/ N it & A b g s gt ok

PREE /NI BT e 4 R 3 FE B b A R h R I HOORE AR S, serb e [ 55 e EEF AL
/NRTRIA B, 2010 4R, 55 R R 3 1A Lt Rk FE B IR B G TR L 42 [ /N K SO DN R S
BCUH , B e e 3 Lk A b/ AR K K B RE T o (U, il T A /NI R A T 3 B o 1
BN B PERERIBOI 55 | b /N K PR BE AT BRAE , b/ NI By 3 PR S AR A 300 A SR, i A i
IR S T e A AR AR e R

2 HUNARBABHBMENER SR

2.1 HUINAT K TR TR Al S B

Zoad AR FRIE /NI K SCIE DA R CL 25 57, rh o/ INeT 3t Tk /K TR T Al A D B B, B
AR BT T K T RAP A R 22

a. /N K ST IR Z P15 ST . 2011 4R 5 Sl S8 /Nl K SCHE I R G255 H 5 186 2 i dak ifii A1
200 ~3 000 km* 7 B AT 55 A4 B s v /NI 7K SC RIS 55 58 1 28 % $2 55 21 100% W St 3ty 7K o7 3t A S B
H SRS W | SEEHAL AT iz, (K Sk 3 0 56 S AT ok AL 48 07 2, ARFEAK SO Bt s, 52
BRI K £ 2, 30 min P EA A ZOK SCE B, (5 Big il R it 95%

b. /N K B U 55 A TE R, 32 R/ INAD R S AR A K SO R T BB bR, B A1 A /Nl i it
K TR T 0 S0 FIAE BE AR X 2 VR R, DL K T8 5 3 o 78 rh o INRT K S04 7 T 38 58 mh o/ INT i K S



551 1 XGEFT, A5 /N I 7K TR FoUES [7] 55 360 SR b SCRE B AR N H] 3

MR GE10 H @ 15,5800 22 45 mh/INRTH R T BE /K PR P AR B T K SC R T K A B TR LA K
S RIS T4 T B S g /N K BRI R FE R T 200 km® DA FE A B AT 45 G HR N R EE K
TR 45 TAE ., A /N Bt K B0y 16, 412245 PO SR T v /AT i /K U RS AR gE |4 1
AT S48 (X)) FF R T Hh /Nl i i koK T st 2 Ae & A TAE .,

c. H/INTHT 3L A T TR FEEAS v, HE A R PR iR 2R . /N B K TR T B4y K R A B i
25N PR E AT R R R S, H ORGSR A R A TR XA IR S5, X K TR 5 R
BOK RFFES A FRAYEARSR, HRT, 50 R R PR 32 SR A5 A TR, R R AL R R ) 14 L A [
AR TSR A R 5t B T HP o AR 945 DX LA S M 4 A T B 36 P T4 0 J3E 3 A R 5 AR 1 ) S 22 i B
IR IARAFAERS 25 PR ANE (6 h 5 kxS km)  HERARAG (24 h Z2RFHRAER N 20% 247 ARG K %
ZW s B RS AR5

d. NPT K PR 0 T SN, TAEMERE A, 22850/ INIaT G 0 sl 8 57 s RV, il 2 R B K1)
TR GBI T S HORE , 3T BN /K ORI 22 1 T4 7 Sk LA 4T S e it /K iz sl e, Oy kG R
5o /NS ) B KT RIS, PRI S ) K BB BE VA | T K A X TR RS R R s sk SR
o B, R T K B P KR e R A TUHRARE X, AT ) A R TR 5 4 0 R RS M LA 2 v /Nl
TR B T 2K, A5 G2 B UL K TR 75 /N BT IO B e} S Sk b DX P /K T 22, TR B, /N it ik 7k
TS bRk RAME S, TAESHTR R AREE . BT, Z280h /Nl sl = 2R A7 PRUE KA 25 B SEARRAE [, 5
LN G KA BN, TR R WA,

2.2 UMK IR TR E R R AR

HINTAL IR L K 7 A WA AT XU T | ol R N Ak AR OGRS Y S e
M IX KOG b X, X o 7 HR o AR B T D3] XU T 5 ol A R A i | X s 7 B A 5K
T 5 O 1 R BE R O B M IR S AR R R R A ) R SRR A R X A AR
RGN RS A B, F B v/ INAT i PR 4R 32 LA L T A AR A5

a. PEKIRRER XE AR o /INIREHE K R 8 R AR TERCR] AR etk B AN TR 3 XL
TN TAEZER BRI T /K SCREAL Y A sh PR R 32

b. BUKTR T ZRE AR, BN K 220 K SO I R e R 1 e X, 75 40 3 D st 3k it
IR 236 TR T s | B T34 S K SCHER R 3K SRR AR X LA 3508, i A5 R 5 g A Xk e
BOR, TR R IXGHE P S N R AR AR AN AL, TR/ INAT i Bt K FURRORS B AN i , 75 BN i ARk
AL R HLEE 7Y I R s (A R A S S A s g

c. MK R W, TN K I R AR 2 ~ 12 h B GEHET 2 ~ 6 h R B A TR Oy AR M
Sof HHEAT A R TR, 75 2 4 S TR BE (10 min 30 min (1 h) o 35 W FH A G K SCHERFE & Ho A , v DUSE K
K AR UL, T BT (0 ~2 h) JERT(2 ~12 h) R K RS

d. BEKFRRG BEPEE JCRE TR, /N K PR e 28 e PR YA R, BB R A K, BUA
GB/T22482—2008 /K SCIE R AR ML Y FAE , X 28 & 1 b /K 04 T AN VRS BE V7 2, (EL 3k s LA 3 7 4 Aig B 7
TAEM SRR B,

2.3 dUNARSAFIRRERIT R S5

TEBREL T rf/INIAT L K S I 4 T A DG U BR AEAE T A A L, R — 20 2R 7 i /K S I
FALFE S, #DFFAK SC I 3450 WE I BE 7, 32 T+ TR U F AR K | B AR 7 S M) o417 394 1 2R 4 T A
b, AR BEE RS ALK SRR TR A5 BRh G KBS 7B A H AR Pk & 8 | FF R v /NiaT i 22 RUBE W
1o B2 3 R K A 5 TR A AN Ak 43 A1 XK SO R AR R R | A /K R TH4T 15 XU T PPy 258 1 Ay T
RE , TR 284 i R/ INI AL T K TR B R B R BE 7, F— 2B b a R

a. FEITEE KN, E TR 2 B ORI B4 E AR 1A K S () 3 5 5 IR /K I S AR i e
AR S5 B 75 L ALK PR 75 2K, 08 A U Nl SECRI A /N SRS 7K S W T3 D 2 1

b. HESHE WIS AR, JEF TR ERIA M R A S 2 I Ok R BRSNS A A A
A T R /N I Tk A SRS W, A A G st A i R WA R SR HTE I BN 2 R R Y e lEk
I R TR TCLR SE A M SRR SR as Mb— AR IR T T A R — kR



4 WK E el (AR RS R ) 549 &

c. RIEAGOKIGEEG TGRS, A 8wk v | I 25 03 PR AR 5200 15 10 w4k 37 , Al S T o) e/ N 3 3
PR TG BN 2 T B IO M /K T, 418 g 9 3 K TOURORS 188 6 T Dy ol e v A0t /i S I B8, 45 5 R Bt 4
A & SRS LB FHT AN R K SO DRI BT 25 T v/ INmn it K 234 XK SCii
A

d. AE /N K R U RS, R BRI m P RE TR B A3 BT A K SR A
AR VAL 588 o T ST v /NI R K R SR | T KR W) ST R XL, 90 | M R T S AE A I A T
— AR i1 4 [ NI K R T R

e. JFREH/INAIRUESE bR e AR TRV S i I B0 I8 2, 35035 By b X R FEAE B0, 1 72 A5 By
PEAE 55 B9 v/ N R T B RO AL | PRAIE AR R A5 B AR AR (A, B2 /K R RE ) 25 VB R A, S T i b/
T LK U TARHR BRI SCHE

3 HuNET S K TR P K B AR RI R A

2020 AEMT, IR E KA T 1998 AR LK fi™ 8 BT , RVL R ORI AR VT A A Tk AR i v
K A 26 D6 836 ST KA L) FK BRI AE L 8 R, N 1998 4E LISk £, Hirp
269 SRR AN 78 DT SR AT, KZ R /NN B K, DR IR B, 4 K SR T TR e 4R, 25 1) W
P, R 58 35 < L HEWR A SR R ST IE” BRI TAENLS], BT & AR 1184 433 1933 A Wrim/E
Tk 35 T kiR, B A K HUE 1904 1K

T 2020 4F K B A b ) SRR S A I« Hh o/ NYRT gt i K B AR 5 0 S A P OB R I 9 S e i H
LG FE SR BRI & s AR S, IR 55 B AR, B0 B BIF & 1 6 eF s 3 4% 240 1 e o4 3 4%
A KGR AR RS TR -5 Ak TR 2R . 0 A LR AT TR A T 420 O 7K SRR TR 45 S e R Y e R g b
4 A>T P A B R TR R KR A R T ARG K SCHRR T TS B IR B CR
KB TR B T A B AR S
3.1 ERIGEFEALRERRIFEAR

ZHARIET Z VM5 B A T S008I BESMEE AT GRAPES-3 km A5, 3 it foe fIE il 5 3 AR )
BRI GORS A AL RS B K LG, IR 22 ROBE I I B AR R4 T 43 Bh G0 30 B3 /K F3i4f, B R 5K 2 h 38 10 min
S EEALRR KT, RIS K SCRE AR B R E5 (T4 45 S AN B K Pl 25 S A TR G, I T T4
JEVRE T 3% ~5% , K FR A LI MGT 250 1d ZERK 3 3d, ZFEARE 4T 2020 454 H EXBCHHES
GG AR IR K TR 5514 2R 2R 43 , e TN A 1E X% b 1 58 98 R A [ /K 2R 48 - 15 148 AL 55 1
H, M2 K A AR AL RE K R I 30 TR B (b R S 9%,

3.2 MELIEHETRERARKIER AR

AR X AN ] K SO G DX 38T /T 300 7= S Ao R A AL 75 5K, 4 Y o A i rh vy
PR BC i, J T My T AR /K 22 0 R 5 T TR K 2 ST T b 3K TR 5 b R /K R W 5%
M) N AR . SR 5 AR AU DX # T AR TR e LK P b i DX 35 7 3t ) K SCRE Y AFF % 9 A
BT AR AEAS 5 sh A AL A B AR RIS B8 sh S L A2 FE A | SCBL T X R 18 7 i R il
DL P ] 28 o SR 31 R R b 2 /KR TRR 2 35 5 1 7K R SR T ()G A4 220 i, A A58 v T T R R
15 Sl ) 5 56 b DX (A S KA TRARORS SR 25 RS 3R /K T AR5 b /KGR SR OBUEE 5% i) ¥ B0 3%, S L
FH DA 3 W A BATT AR A0 SR, T /K T i e (2 T U AR E , Wi AR 1650 km? ) Pt 1L A ASE 410
BRI R 25% L L,

3.3 BAELMETRRS EeEATRBAR

ARG 1K 20 Ak A% TR AR TR 5 5 R A A 7R A 2 2 A R 3 /N T AR 0 S BE TR S B
w3 AT AR TR S PR , BB AT AT Sk N AT AT — A b S A i SR A, T B 3 TR S5 1 2R S R
TRSCIRHRARAY | 5% T TR AR Y | B2 AR AR L R RS TP A AR 3 1) B e, 250 A 2T B i (H08G 40 1 I A% B A 1y
PR R RO, DA SRS A K SO . B8 BT I 3 T4 K AR R IR G R AT AR R
USRS i SR T e - P (A 0 ) e 0 1K 1 P 5 T E 3 £ s R RV
T K B4 1 S8 B 55 TR



5511 XGEFT, A5 /N I 7K TR FoUES [7] 55 360 SR b SCRE B AR N H] 5

2020 AFFHIY, /NI P05 RE IR P 6 18 LRI AR U TP B TR R TS0 20 KT 3T
3 B AR TR [ PG 8 9T SO AT 25 o /N TR AT SR ST P P R A B P BRI O R R A A Y XA
TLAUSR N, SEHIT 8 h #EBA AR 2020 47 - 77 R KPR, BHEHHRIRZ/INT 5% , S2BL T AR XU Y S22
i BRAIE T 25 5 R 5 b

4 & iE

2 SUEAEAC A B 2R, 3 [ op /AT st K R B A BB, 65 A SR A BT TR T A e 2
ALY 2 R TE o /MR BE K R U2 B s K i AR TR — , O EE R KA S
O Ak i AR ) 2 T XU B P Bk (D, TR A BAT B Bl I B | R rh /NI I K B 4 5 0 A
S B TR | S U RS IR N A F T, B R INAT A K B T Y o | T RS
JEE ¥ AN BE S il B I K B A R TAR R 2R o 57 R 3 A HoAR A5 0, UK SCHE I B A 50 2
BIL,ADFF 2K ST 1 5 M 0 E 7, 1 e 8t K PR T B AR AT, W D b /N i A it K I RE 1 2l Tt S i
P& I PRUEN R A a0 7 22 AR PR R, 0 B HARR A Y

JREARA 3 i BIF A /NI KON A0 -5 B S P A 0 D 32k, BT RIS I s A0 A B R, 4R 7 it
JK B3 2 ) SR R T RS R BE AR /K- | ] Hh /DN it it K AT T A I A KK SO K JR B, MU R
P55 e Ji& | S B v 7K SCEEZR TR 1) kK S Wi PR e A, by 2 T I 1 L ) T i it A XU T 9 JE <
= X IO o AL 1] PRS00 A RS LA 78 by M 000 5030 B A3 1 £ 87 i IR 5 S e oy 7 TR 8 1) L 52
M55 Sty it oK % DR JRE AT ThT A R, b KR T Aol 5238 iR S AT SE R S £ B AR, B Ak ST
AR K-

S E Lk

[ 1] EZEPIIGTR SR IN A S, TRk Be K AR AR L3 F -5 FREEAT ST BT, (ki & i Y40 U 3 Rk 3 S B
[M].Jbnt: Bleadifist, 1994,

[ 2] B, XAER. mr/INAAL L I 10 B SR B SE [ M. dEst: Blas i iiiet,2010.

[ 37 ATE, kAT, SRS, 5. He T SCS AT VIAS Y (1 T ot TS 48 B 255 5 S A BB U [0 ] K B AR 47,2020,36 (3)
28-33. (YU Yan, ZHANG Xingnan, ZHANG Peng, et al. Comparison of comprehensive dynamic threshold of rainfall warning
indicators based on SCS model and Xin’anjiang model[ J]. Water Resources Protection,2020,36(3) :28-33. (in Chinese) )

[ 4] W37, F0E R A TR A B T 28 36 % ik /K 504 09 i3 7 [T 1. 7K R 7K e BH 452 4 i, 2019,39 (1) : 1-6. ( RUI Xiaofang.
Inspirations of successful experience of numerical weather prediction to flood forecasting[ J]. Advances in Science and Technology
of Water Resources,2019,39(1) :1-6. (in Chinese) )

[ 5] 85, XUARR. rh/INAri it e I - 0 B BRI ST M. Jest . Bha i ek, 2010.

[ 6] 280K RS, TRIm. MEbR -2 2 e o T A2 S AL At e A0 I T [ ] T R 224 ( AL ARRE L) ,2020,48(5) :385-
391. (LI Zhijia, HUO Wenbo, ZHANG Ke. Improvement and preliminary application of Green-Ampt rainfall-runoff model[ J ].
Journal of Hohai University ( Natural Sciences) ,2020,48(5) :385-391. (in Chinese) )

[ 7 ] LIU Zhiyu, TODINI E. Towards a comprehensive physically-based rainfall-runoff model [ J]. Hydrology and Earth System
Sciences, 2002, 6 (5) : 859-881.

[ 8 ] SKANAL, 225, BRVESE, 55 FET S 10 B o W 18135 1 52 o I 52 i 3t 0 /K (67 FUARASE AL [ ] K BEUROR9,2019,35(3) :53-56.
(ZHANG Youcheng, LI Qiong, XU Wangyang, et al. Forecasting model of flood peak water level affected by scour and silt based
on guide standard section method[ J]. Water Resources Protection,2019,35(3) ;53-56. (in Chinese) )

[ 9] XIEH, 250, R AL R, &5 2 00 2 1 52 4 X TOPKAPL A5 i JE /K BEABL[ ) ). 7K J7 & AL, 2016,42 (1) :18-22. (LIU
Yuhuan, LI Zhijia, LIU Zhiyu, et al. TOPKAPI- based flood simulation in semi-humid and semi-arid regions[ J]. Water Power,
2016,42(1) :18-22. (in Chinese) )

[10] USACE. HEC-HMS hydrologic modeling system user’s manual[ M]. New York: Hydrologic Engineering Center, 2001.

(1] XSRS, A RS, WA . e Tl 28I S R ek g /Ny O L i 058 5 3 B R T[] U s R 2244 ( A SR BR 2Rl
2010,46(3) :317-321. (LIU Zhiyu, YANG Dawen, HU Jianwei. Dynamic critical rainfall-based torrential flood early earning
for medium-small rivers[ J]. Journal of Beijing Normal University ( Natural Science) , 2010,46(3) ;317-321. (in Chinese) )

[12] CARPENTERA T M, SPERFSLAGE J A, GEORGAKAKOS K P, et al. National threshold runoff estimation utilizing GIS in



6 CE PR SOF XS Bos

support of operational flash flood warning systems[ J]. Journal of Hydrology, 1999, 224. 21.

[13] XEERT, B8R RO, /N Bt K BUE TS PRI E 5 HRECRDIFE [ M ], Jbat . Bho it 2016.

[14] LIU Zhiyu, HOU Aizhong, YI Zhijie, et al. Manual on flood forecasting and warning[ M ]. db3¢.: o 7K F) 7K B, HY RRAL,
2011.

[15] L%, 8o ARal 25 Db GB35 BoR BERE T ], P BTG, 2020,30 (1§ 71 1) :4047. (BAO Hongjun,

CAO Yong, LIN Jian, et al. Operational technology advances in meteorological early warning for flash flood disasters[ J]. China

Flood & Drought Management,2020,30( Supl ) ;4047. (in Chinese) )

XU, GRZ T, EF K. FET 0 A UK SRR /MR KRB AR [ ] 7K3C, 2015,35(1) :1-6. (LIU Zhiyu, HOU

Aizhong, WANG Xiuqing. Flood forecasting for small and medium-sized rivers based on distributed hydrological modeling[ J ].

Journal of China Hydrology, 2015,35(1) :1-6. (in Chinese) )

(17] RUEEEE WiE7ZE B2 2. 5 18T 1B BT 3 15 2 W 1k DX K St s AU ) ). K BT AR 97, 2019,35 (6) :68-75. (WU
Binbin, YU Haijun, MU Jie, et al. Flood simulation in river and flood storage-detention area considering infiltration[ J]. Water
Resources Protection,2019,35(6) :68-75. (in Chinese) )

[18] YU Yufeng, WAN Dingsheng, ZHAO Qun, et al. Detecting pattern anomalie in hydrological time series weighted probabilistic
suffix trees[ J]. Water, 2020, 12(5) : 1464.

[19] RIS, ZEE05E, XNAER , 2. AP 5 s [ S AR 5[ 1], WA R ,2020,32(3) :826-839. (LIU Yuhuan,

LI Zhijia, LIU Zhiyu, et al. Spatial combination model for semi-humid and semi-arid watersheds[ J]. Journal of Lake Science,

2020,32(3) :826-839. (in Chinese) )

XUAETN 2 . UK 52 i TR A0 XURS T H & 50Mb 45 SE B [ 1], 7K 3¢,2020,40 (1) :1-6. (LIU Zhiyu, HOU Aizhong.

Concept and practice of impact-based flood forecasting and risk-based flood warning[ J]. Journal of China Hydrology, 2020,40

(1) :1-6. (in Chinese) )

[21] 28K, W, TKIT, S5, HET RS RS A0 A R AR 7K SRR R HAE MK Bl b A 2 P [0 . 03 R 272440 ( A AR
W), 2017, 45(6) : 471-480. (LI Zhijia, YAO Cheng, ZHANG Ke, et al. Research and application of the high-resolution
rainfall runoff hydrological model in flood forecasting[ J]. Journal of Hohai University ( Natural Sciences) , 2017,45(6) : 471-
480. (in Chinese) )

[16

—

[20

[

(USRS B .2020 - 11 -22 S . k)

- B -
ABREZHEREFNERESA LT IREREZT ML E

2021 1 A 10 B, MiHERFHESHZIFWE R T EFLTRRA T T EIH THREAF 5 &
WAL E B Fh LI BAL R BT 57 IR A) 18 i 45 2GR SR AR A
ZRAEE S N ERMIEF LT A AR e T XK, AXRB BN ERMTHHEFEIRE
RETELIE RBRELALTXNARBREA PSS RNEFTAIT L) AR 9 Arh, 5 HILH 5T
REITE BRTAGREEHIZAS —ZRANRB AR E,LT2020 412 A30 H@E T PEELT
FRFAWMBHBRERA PS8 MRS AFEFHIE L AR RZ SR FHORR L AHRR A F B AR
SKF
(KT % 4130445 )



