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An inter-basin flood calculation method based on Muskingum routing method
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Abstract: When there is reservoir control in the upstream of the watershed, the storage coefficient K and weighting coefficient X of the
Muskingum method are difficult to calibrate through measured data. To estimating K and X, a relationship between the K and X and
physical characteristics of the river channel is established. Then, the Muskingum method is used to derive the inter-basin flood by
routing the upstream inflow to the downstream, and subtracting the upstream routed flood from the downstream flood to obtain the inter-
basin flood. The example of inter-basin flood calculation from Qingfengling Reservoir, Xiaoshiyang Reservoir to Juxian in the Shuhe
River Basin shows that the difference between the inter-basin flood calculation method based on the Muskingum method and the Xin’
anjiang model is minor, but the former method can consider the differences in hydraulic characteristics of different river sections for
parameter estimation.

Key words: Muskingum routing method; inter-basin flood; impact of water conservancy projects; Xin’ anjiang model

ARG I N, PR 70 D ISk R DX Sk Ry s 74 /K e 4y DI R R ied R i
iy te Sy P8 [ B/ e i o ) N € N 2 ) N Y PO T e o A o v 1 ey N = ] o o ol T T P TR DR [
S, 22 P AR AR B O K DX KOS AR TR TR BN A e ad i bR WK S I SOk
EXEEIR

DX TRIHE AR B FHER S T F /N S P AR A oK IR A 2 e EE e A0, IX )i ek | APT A5
RIS R e HEA ORI X 2 30 A X SO T SRS ZER FHEOR 0 14 DX ) K POk Sl sk i
DXTRIE K, AT PR SE DX B 0 7K SCRE RS0, iV KL, T EA T SRR A A S8 ORI ST
X 8] L P A KR AU AT 14 2 A K TR ST, T4 DX I PR K SR D7 3202 0 R Wit K Fn B LTk

EEE. AH1976—) 55 2082, 1+, FENFKSOKBEIEMISE . E-mail : ship@ hhu. edu. cn

BIEEE. BT 1977—) , %, %ﬁTﬁUFﬁ, F NI IK SOK VR E-mail ; ganqinchen@ 163. com

SRR A B BT 58, A5 BT T O 12 1 DX ) pHR HHoR O [ 0] T R A2 284 ( HHAAREER) ,2024,52(6) :1-7.
SHI Peng, FAN Xinyang, CHEN Gangin, et al. An inter-basin flood calculation method based on Muskingum routing method [ J].
Journal of Hohai University ( Natural Sciences) ,2024,52(6) :1-7.



) IR PR S SO RS 2%

PR PR AR DX RIHE K (LR TIAR ELEANBRTE ) o ECHATBRIE Z 0 1 i i 98 & 11 1, 2200 1 Btk AE i 18
HBHERS FIIEAG i A | 7E S Bris IR AN . D978 FE R R AEAT 8 v i 3RS S AL i A, = A T K
T Th AT SUAR A A B b — AN K SO O s, BRI DR, Iz T s e
FH S AR o A T T S /RO B 0 DG B R 3 AR K R & R X e . H TR B K F1 X (97
TRUM R A3 0 T BRI D7 SR S R T R e R AL, 4 B L s2 BIK R AT B, ek B R
i W T e R AR XTI B K X

BT AR AR A DX T KRS BE #0228 B TR, AR SCH I S T n L EA TRl TE A, 2 1 — Tk 1
Lh T ORI B DX B /K HESR O ik o A o PRl 90 A 70 P JIG 12k T 3R DX ] B i A 2 e [l
AR SGE N K X S TTE K TR 0 5 F R A 5 S i Uk 2 8, DU 3 52 BK M TR 2 i i X
PR RIS

1 HRFE

ARSCHGE AN O F sl LA e A KR EUER K 32 /K PER Y, Jo ik BBz M A b T G 1v
T ERE R DX [A)YRT B 5 i st ARk 1 S48, AEWE 5 I R i 2 VAR AR 3 ek i 22 VLS A (R AL T DX i)tk
AR AGE R RN I A5 B0 AR R A IX Rtk . @i S 8y K X S5 K e iy
KR JFHAARSE K XU T RIFRSEANEE) o RSB 20 S 80H Lk Kz H S Bl
BRI D R O TR K AR AR s R B R A SR A B0 Y X AR K . O S EAG kAR #
F14) DX ()P 7K 58T e VTR AR SR 1 DX TR K A T LR AT , PEA S B0 S8 i 3 I
1.1 FHRITER

BT YT AR 2 MR (R ARE A P /K SO 2 i ] N T AR T4 Hp I e )32 I K SCRR AR B e VTR AU AR
PR AR B R AE R R o s T4 F 500 WA T BT AT PRI A, A5 245 T T R
B2 e B H 5 2 0 e e T S 0, A5 RN Y R A L ARl 4 SRR R 2R R T
BRI PR A S KR AL T AR e PR S PRas P B 8 2R R B SN R E

ARSCR A SCE-UA B B @I AR () ST R 2, SCE-UA Bk 58 THiE R  BEHLIE R
AW Gt Ab 5T A A, S AP, ZE S B0 AT 380 5 | A RIS A 1) 5 RE B 3 28 351 o s T
MEEI  EAT SAE AT BN LA ORI SE 48 Ak . 15 i T 7] LA RS R 3K SCRE AL 2804 R
fift , H-Ref o E 4E S B0 4 R AR IR B A Ry 2 W K SR TR B 800 1ok e 85 O vk 22—, 7R [ PN A ek
IK SRS i P AR )1z A

R Ab B30 3k X K SO Y 1 AT 2 50RO i, O R B RS R B AR S IO O T B 2 SR R
GB/T22482—2008 K SCIEHR FARFLIL) v HKE BE VT 8 bk , e BRIk i AH X5 22 (Pl bk B i) | b 0geAE Xo)
ReZE (PRI A ) I 22 S a8 M R A (AR I K o 72 5 S K G AR LA R B ) AR 1P 4
B, RAZEA R 22 R B0 L HAr R B T S8R e,
1.2 SBERRERESHMGHEL
1.2.1 B#siksk

b3 s AR K A R AR T R A

AW/di =1 - Q (1)
W=K[XI + (1 -X0Q)] (2)
Q,=C 1L +C I +CQ, (3)
o c, = 0.5A:t - KX c, = 0.5A: + KX sz_O'SAt+K_KX

T0.5A1 + K - KX T0.5A1 + K - KX 0.5A1 + K - KX
Ao, WO B 5 1 S LW Q S P W A s 1, L A A O B B s R B R A Q, L Q, 2 R
BB bf AR T W O 5 A TR B
1.2.2 K#e X 6945 5
K (AR SO UK WAL B ]
K = L/36000, (4)



5 6 10 a0 WL5 ST S RURIE R X R HER T 4 3

KL oA o, TR
HRYEAS R TR TE TR v, AT 20308 v A8
v, = Av,, (5)
Hor v, = Qy/A =RS/n
Ao A S TRTIE W TR R, HEE | = T R A 28 RT3 W 1T IR 53 473 R 137950, K v, XY
FRIEI A R TEWTE A R K 12455 S ATl Fuff s n RESR
FAX R=A/P(P RSN v, FiRLTH I A, AT TS
R = (nQ,/PJS)"” (6)
Hrp P=c/0," 0y = Quy +0.5(0, = 00"
A e WHALREL T 4,71 ~4.81 ZI015Q,,, . Q,,, 735 38 3t ik 14 e/ IME RO
X (5) (6) AKX (4) , 7175 K BIAHFEAL,
K = L n™® /3600 Q,"° S (7)
XFFARFRBRETZR, A AL
0. 6L n*” /3600 Q,"° S ViEy]
K =40.75Lc°n*? /3600 Q,"° 5" = (8)
0. 69Lc*n*” /3600 Q,"° S L/ Sy
X R T WP A E YRR, Cunge'™ & BUIFHE S H T X ST3E K JHRAE A5 R X

X=1/2 - Q,/25Pv,L (9)
¥ o, R.PACA AT X AEA
X=1/2-0,7°n/ 2487 L (10)
LAV
1/2 = 0.30,7°n /S0 ViED|Z
X =41/2 = 0.3750,°n** / S0 = (11)

1/2 = 0.350,7"n%5 / §¥105, W

KA X AR Q, Rl A AR R L A S RTARE SCIN 5 E ik DEM 42 IS 25 o rTARYE
TSRS PE AT Be] AR I B RS R A 2 s o th TR /N, LB T3 45 RN SURR, S Pr i 58 i n] 48—
Ha.75,

2 SEIBEIIE

2.1 HRERPRAEER

PEPETF IR /M B 28 L DX A A A S B DX 3, 3R L
WA T W 7K ATV BE K, IR AN A 1 AN R R 3 7K
SC (FA T A ) | X TR AR 625 km (B 1), B EA
TR T, PRI I 48 0 T 25 XL DX e e g P 00k o7 Tt
B TR 2 A X, A i 00 3 P BRI 20, DU s (L T W, &
FERTERE N R EFER T PRI 2 A M RIKEA 2
VT T TR BB, 25 S T4 B 20 B KT B B X o R
P VO BE F 7E 12 XA 8 T L2 55 %2, W ek 4 o s Ak 2 A & ACl;

~
KL A TR R AR 1.8 ~ 14 °C 4 r | BB
S 41 °C AR -25. 6 °C . 2R KE 825.2 mm ,6—9 J mo70s

2 i AFRK R 74. 5% AR TR 300. 3 mm, T3 4F

BREN17.3 1/ m’, Bl #HREER

Fig.1 Overview of study area



4 IR PR S SO RS 2%

ARSCREK AR M FE R AR ) 2000—2020 AFRHERRIOK SCAESE . BT EREBETT R L& (5 S e
JATT B PR S (BB 2530 mar HERECT R A AR SO A BT | RS A R
2.2 ERSHEFERIERMETMH

FEWFFE TAEAS HERT LV T R X )tk 75 225 W08 7K e 55 /v BH K 22 1 1 P o | B Sl o
ALK RN 1) . otk %EORE T 2000—2020 4F 4k 13 35tk | FF 6 kK A 4045 & Fh i 2%, e
10 FUK (55 1 ~8 11 ~ 12) TR ZITRRI S HCRE 3 Bk (558 9 ~ 10 13) A TB AL IR, A2
BORELE R 2 BRI 3,

F1 HRmEEKER R2 HRIBRBSHERELER
Table 1 Flood statistics of study basin Table 2 Parameter calibration results of Xin’ anjiang model
‘ — BB H Wi RS A
e S BeokdiE/mm T T
(/)  FHeld ke /IMEBHAKE WIRAE RO R B 0.5~1.2 1.05
1 20000626  114.9 295 15.5 9.30 LRSI mm 10~30 13
2 20050626 104.0 191 24.0 7.20 IRk kA mm 60 ~90 6l
320060703 128.3 310 14.5 7.10 APy HI KRR mm 100 ~180 13
4 20070627 92.5 133 18.9 7.70 IR AT AL 0.1~0.2 0.16
S 20080817 70.8 22 20.9 510 TR IR EE KA RN TR 0.1~0.4 0.3
6 20110826 1226 558 0 345.00 | HEKEAER oo >~30 30
720120109 66.5 102 14.8 0 AR ET LO-1.5 1.2
8 20120802 103.0 205 1.8 7.40 A FH7K7J<EF*%%"T"'(}ILH‘{/IL§§&, 0.3~0.6 0.24
9 20120002 67.2 120 ’1.8 4.70 H HIZK K R AR I T i R B 0.2~0.4 0.46
10 20130704 53.8 280 24.0 117.00 JTEEIE A5 0-1-0.90.54
11 20180818 150.8 1190 626.0 318.00 IR R 0-5-0.9 0.80
12 2019810  266.3 974 283.0 51.20 WTARHE AR 0.995~0.999 0.9
1320000813 1357 1050 153.0 112.00 o HE b ! !
SRR T K AL R B ] h 1~10 6
SRR R A R 0-~0.5 0.453
X T WA 7K 2R A/ IV BH K 28 &3 HRIHBEUER
BB S s AR S5, T 4500 B Table 3 Simulation results of Xin’ anjiang model
(R B R LAY T 7] — S 38R, Ay s WH e R R W s
" . R%/% %% ME/M A%
31:”2%\' \‘ \ﬂ: . 2%\' 5 3 P S I3 E‘Z% —]
MZHGL 238 MBHORE N 5 2 [ 20000626 2.3 7.29 1 0.947 2
Pl A v y V
A4 45 ) - SO AR AR 2% BT LAAE 20050626  -18.61  27.64 1 0.796 %
LTI v SR ] — 20T T 5 3 2 5 20060703 0.7 3.31 1 0.917 i
oy 8 . : \ 20070627 -16.54 19.13 1 0.766 &=
T s AR e Fp it K B[R] S 4
Eﬂ%,ﬁﬁ?ﬁ{itiﬂ{:\ykzﬁ%% T 550 20080817 6.75 -10.84 -2 0.845 2
R EEE R . RER] 20110826 0.44  —11.09 -6 0.877 %
MG GB/T 22482—2008( 7K U1 i 20120700  —4.44  -11.72 2 0.735 =
=
A R R 37 20120802 9.49  -17.69 0 0.772 £
?Jjﬁﬂ:ﬂg)}ﬁﬂﬂ’]ﬁf;‘?mﬁ fE, EB;E _J 20180818 0.52 -17.09 0 0.823 2
R GE WA M RO 80% , B Ik 8] A 20190810 7.95  2.32 1 0.728 2
100% ,~ -39k 90% , #4025 S 4 b, mf 20120902 -0.8  -13.77 -1 0.707 2
- NN L 201 4.01 4.4 .94 =
HRBONG RIRoRBFgE, PP e O a0 e
20200813 8.2  -12.45 3 0.749 2

2.3 ODHRERRESHMEE

ARPE(8) AN (1) #EAT T RIS RS, 1 Somh BT H Il /K A/ M K 2 22 B BT Be Y 1.S
o S5k 2K, LS Jd 30 m J3HE3 DEM B S2 0, n ARGE T RERFAE 2 B AR R S IR R, 0,
X EEAHIR T3 R ATE B 25 30K A BE, (A5 55 1 A 2 BRE R S Wi Be 4 24 1
U, RBHOTHLRILE 4,

Xt OB TR AR E 9 S 30 sURS RO S Bl 554G B B 2 40a) A, AR D7 I M S B B BN
LT OGS W 2 ] B A AR B, SR T[] — 2 S, T2 Al S e 4 A BB A 38 T 248, 5 08 T i Bk
FIZAAFIXT SRR T W 7K 2 22 BT BOR RT3 R 20, K RS B, /M BH K 2 22 8 BT B 52
U, ELATE PR T BRI B AT/ BT L K BN X B8R AR B SRR



5 6 10 a0 WL5 ST S RURIE R X R HER T 4 5

F4 EKNSEMDHRIRESH

Table 4 River hydraulic parameters and Muskingum parameters
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Fig.2 Measured flood and inter-basin flood hydrograph
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Table 5 Statistics of inter-basin flood estimation results
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20000626 284 284 1.000 286 0.993
20050626 177 177 1.000 176 0.935
20060703 296 296 1.000 297 0.995
20070627 127 128 0.999 133 0.914
20080817 236 236 0.998 236 0.988
20110826 350 373 0.905 441 0.339
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20120802 290 201 1.000 295 0.984
20120902 94 94 0.999 94 0.998
20130704 172 171 0.919 140 0.510
20180818 485 506 0.973 658 -1.147
20190810 940 939 1.000 933 0.956
20200813 975 926 0.997 786 0.942

T B0 M R RO B ST RE R A 45 R A IS A R AT A B
TSR P AT BEAR AL S T 250, 5 AN BBt R TS — B TR HHER ) DX [ i e A B B i
R TR O
VAT PRI R A DXL K 228 I I 3 22 T AR R Y 5 AR A S DN B 3 o 28, S
BOIGEA, HXETA 2 BRIt AR o Z2 N BEREAL , S EUfRBCR A, SRSk B
PR TE AT VRS 240, 5 A B, A AR AT B S 3 ORS8N [R) T BEA /K 7R R ]
Phiz A O BORHA e A OK SRR I 2K s v

3 & iF

BN LA K2R S IR A P KR REE  I , EHE IR IA AR Y A4 DX TRIHE AR BB A IR, 5 5
WA A T TS, S S ST s OR SR K X ST K AR A OC R R T — M T SO AR i 14
DX HERHER T8k o B2 IR T e/ IvH: B 22 2 B IX TR A T DX TR b KK I 5578 22 VTR 4K
X TRIHE K R AEA TR L, S5 5RR I , PR 7 12 4HR 0 DX TRt /K G R 22 0450 I (E T 5 i ARk 19 DX ] it /K
SR T AT 25 AN )R K] BOK T RHIE 928 5 BEA TSRO, al i) BITCBOR M DX B S5 i U iR S 20 o | 4K
1 X TRt K AT iz T N I RO AT, S il /K SCP MR SRS H

SE k.

(1] REH,FEE IR, 45, JeTKSORR S GORRAI TR T ]. R4 4 (A ABLARR) ,2023,51(6) :1-8.
(WU Yongtuo, LI Zhijia,QI Zhenya,et al. Design flood calculation of watershed with lack of data based on hydrological model[ J].
Journal of Hohai University (Natural Sciences) ,2023,51(6) :1-8. (in Chinese) )

(2] XURGSE, i, 4508, 45, B X 7 DX5 1 5 7 T DX i e K A S0 LA [ 0] /K BE AR, 2021,37(2) :89-94. (LIU
Zengmei, WANG Shangwei,CAl Yuting, et al. Coincidence rules of rainfall in waterlogging area of tide-affected area and upstream
flood in flood area of drainage receiver[ J]. Water Resources Protection,2021,37(2) :89-94. (in Chinese) )

[ 3] 81 CH] M, R I A AR AR SR M B K M XA BT [ ] AT 2 4 ( A SRR ) ,2023,51(3) :19-24.
(HU Yiming, YANG Chenxi, LIANG Zhongmin, et al. Analysis of regional composition of design flood under non-stationary
conditions[ J]. Journal of Hohai University ( Natural Sciences) ,2023,51(3) :19-24. (in Chinese) )

[ 4] IFk, v 2R, 55, S iR R L AE S VDT 11. 037 [ 4% 38 8 18 5t g b /K G F o g 1 L 7). 7K e RE VR B2,
2022,40(3) :71-74. (YANG Kaibin, XU Hao, LI Tianqing,et al. Application of Muskingum methods in dam-breach flood routing of
“11.03” Baige barrier lake on Jinsha River[ J]. Water Resources and Power,2022,40(3) :71-74. (in Chinese) )

[ 5] 28R 052, FIRGHR 45 I3 HER G 575 PR TR ] Ry il v it iy e [ 0] 09 R 272440 ( A ARFEA ) ,2020,48(2)
95-101. (LI Zhijia,HE Meng, YAN Fengxiang, et al. Applications of channel flood routing methods in middle part of Huaihe River
and Hutuo River[ J]. Journal of Hohai University (Natural Sciences) ,2020,48(2) :95-101. (in Chinese) )

[ 6] 4 & X0 TTRE, & T D st iRk i VS [ 1] NRBER,2023,45(11) :3942. (YANG Fei, LIU Bolun,



5 6 10 a0 WL5 ST S RURIE R X R HER T 4 7

JIANG Enhui, et al. Muskingum method bhased sediment calculations in Sediment Laden rivers[ J ]. Yellow River,2023,45(11) :39-
42. (in Chinese) )

[ 7] HU Yiming, LIANG Zhongmin, HUANG Yixin, et al. Assessment of first-order-moment-based sample reconstruction method for

design flood estimation in changing environment[ J]. Water Science and Engineering, 2023,16(3) :226-233.

BB O 2 A B IR R AT L AT S RIEEE [ )] NSRS ( A ARBRARR) ,2022,50(6) :33-39. (GONG

Ding, LI Zhijia,ZANG Shuaihong, et al. Comparative analysis and research of channel flow confluence routing methods[ J]. Journal

of Hohai University (Natural Sciences) ,2022,50(6) :33-39. (in Chinese) )

[ 9] EZ, E301, BRAR, 5. Z2 500 R4 Bo i S5 MOHAE S s AR B S T iy BT [0 ] op AR A KR K
2024(2) :1-7. (WANG Jun,WANG Wenchuan,QIU Lin,et al. Multi-strategy fusion improved golden jackal optimization algorithm
and its application in parameter estimation of the Muskingum model [ J]. China Rural Water and Hydropower,2024(2) :1-7. (in
Chinese) )

[10] I, AR R, XT38, 2. D s RS Bt 2255 [ T]. A EAAT KFIK L, 2016 (7) 1 72-74. (SHEN Dandan, BAO
Weimin, LIU Kexin,et al. Research on parameter robust estimation for Muskingum model[ J]. China Rural Water and Hydropower,
2016(7) :72-74. (in Chinese) )

[11] RS AP — AT el 45 ZR G IR0 SRR 7 EEAE A BH AT SWAT RS (i FH LD . /K B ARG, 2023,39(2)
118-124. (QU Simin, YANG Qingyi ,ZHENG-HE Shengyuan, et al. Application of system differential response parameter calibration
method in SWAT model of Jianyang Basin[ J ]. Water Resources Protection,2023,39(2) :118-124. (in Chinese) )

(12] TR A B S5k, 2. S 307 U AR ASE R o 50t 17 2 8038 T ik L], P R A K FIK L, 2013 (12) (14 (WANG
Junsheng,BAO Weimin, LAl Shanzheng, et al. Parameter estimation method of Muskingum routing model based on parameter
function surface[ J]. China Rural Water and Hydropower,2013(12) :1-4. (in Chinese) )

[13] 55 28K, WDLIL 55, JET SCE-UA Bk 19 ST U S B AL I ik MAR PRS2 B 0] K ) A L2 41,2013,32(2) :43-
47. (ZHANG Hao, LI Zhijia,KAN Guangyuan,et al. Muskingum parameter estimation method based on SCE-UA algorithm and its
realization in programming[ J]. Journal of Hydroelectric Engineering,2013,32(2) ;:43-47. (in Chinese) )

(14 ] HM0. SR £ e Bk B0 3 7 S HT nURBE N S AL A AT LD ] A A K AR AL, 2020 (12) :35-39. (YANG Liu. The
application of improved hybrid leapfrog algorithm to the parameter optimization of Maskingen model [ J ]. China Rural Water and
Hydropower,2020(12) :35-39. (in Chinese) )

[15] DUAN Qingyun,SOROOSHIAN S, GUPTA V. Effective and efficient global optimization for conceptual rainfall-runoff models[ J ].
Water Resources Research,1992,28(4) :1015-1031.

[16] FRALSE BRI, A1 0T, A5, i Ll o0 A1 Qe () R 45 7 AL S R T [ ] K A BE TR, 2021 ,39 (1) :35-39. (ZHANG
Xumin, QU Simin,SHI Peng, et al. Distributed vertical mixed runoff model in the upper reaches of Huaihe River and its application
[J]. Water Resources and Power,2021,39(11) :35-39. (in Chinese) )

[17] TODINI E. A mass conservative and water storage consistent variable parameter Muskingum-Cunge approach[ J]. Hydrology and
Earth System Sciences,2007,4(3) :1645-1659.

(18] FLILHT, e, 3 {0 B e ik (9 5 0 O R S A 070k [0 . P Il R 2 2 41, 2008 , 37 (4) :494-497. (KONG
Fanzhe , WANG Xiaozan. Method estimating Muskingum model parameters based on physical characteristics of a river reach[ J].
Journal of China University of Mining & Technology ,2008,37(4) :494-497. (in Chinese) )

[19] WILSON B N,RUFFINI J R. Comparison of physically-based Muskingum methods[ J ]. Transactions of the ASAE,1988,31(1):
91-97.

[20] CUNGE J A. On the subject of a flood propagation computation method ( Musklngum method) [ J ]. Journal of Hydraulic Research,
1969,7(2) :205-230.

[8

[

(WsFE H 2024 - 03 - 28 Zidie . X IBea )



