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Muskingum continuous routing error correction method based on system response//SI Wei' , HUANG Sigi*, QU
Simin', ZHANG Yongkang' , CHENG Xiang’, ZHU Yanze®’, LI Ang' , ZHENG Jiale'( 1. College of Hydrology and Water
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Abstract: The system response error correction method was introduced and improved, and a Muskingum continuous routing
error correction method based on system response was proposed to solve problem of the declining accuracy of the traditional
Muskingum method in river basin flood forecasting by using the Xin’ anjiang model, due to the continuous construction of
river channel water conservancy projects such as runoff hydropower stations and ship locks in recent years. A correction
coefficient was calculated based on the difference between observed and calculated discharges at the forecast section, and
was applied to the nodes of various upstream river sections to conduct real-time dynamic corrections of the initial values of
river confluence. Taking the main river channel of the Fuchunjiang Basin, which is affected by cascade ship locks, as a
case study, the results show that the flood forecasting accuracy after correction is significantly improved. The correction
method has the best correction effect on flood peaks, and it also has a remarkable correction effect on double peak or
multipeak floods, especially on those flood processes greatly affected by water conservancy projects. The traditional
Muskingum method, combined with the system response error correction method, can effectively reduce the impact of river
channel water conservancy projects on flood forecasting, improve the accuracy of river basin flood forecasting, and solve the
problem of asymmetric information dimensions between information sources and variables to be corrected in the traditional
system response error correction method.

Key words: flood forecasting; Muskingum method; system response; error correction; river confluence calculation; the

Fuchunjiang Basin

ULAESR, 2 NG S, KA Al £ BORRBIR IR PR AR — 200 imi A
KIS o) S8 S R KR T AR ok Sl A K B, G R A T I Y B Y SRS B
AR TR AT 7 RARMEE IR 5 e ZEEA T I OK SO B RIK SCHUR B 25055 BB

E&£WA . R E SV E (2024YFC3211400) ; o @ A8 SEARBHIF AL 45 2% % 0095 2300 H ( B230201030) ; VLPG 4 “ BHE + KA B A
14135 H (2022KSG01006)
EE B 76 (1987—) , 53, Bz, 1, 32 A=K SO B0 5 R AT 9E . E-mail ; siwei@ hhu. edu. cn

.89 .



AR Z I H 2 K R AR 52 e ) U 35
PR IR 7 vk E A PR DR TS £ o0
WA HT o IZ0T R8I BOK SCR G R K
FROESE R AT 3 A, 8 57 1] A A B 47 3k K 15
R AR AT 0 oK oo e Y 52 Wi 5 A7 ] S
TRV A O (R e ) B S e
PERCEE MELLTIZ 4T N . 8L T /K SCREA gt
IKTRTITVE o DT AR K SORBER P g hin =% i K A1) T
PRSI AL 30 0od 3 A O 2 8 it Ak A AR 1Y
S N T AR 2 K R LR IS AT AR
B ARAER KR TR AR 2 H G AR L3274
R, HETCA I E 2 RADKH) TS
JRCHISZ I R AR R ] )2 iR IR 47

TR AR )72 o e K B Y %
ERFSTIPUR L E(VREIBIERE Y ORI BUR E ¥ 1D R LI BIE RS
KT, SRTAT, Fhy 3 I 45 30 1 28 7 ) T X ¥
EUK T HA B, S BUL S S R A
SRR I S N FHACR AN A RS 42
HH ) R GEA N R ZE A TE T VA e — MK (0 R G R A
TEJ7 s AL B AR 2 PR I 22 3R 42 5 T 2 A Il AR Y
P, E i R G A S Z 18] 5C R A ShaS R
RERS A AU IE il iR 22 4R THIOR E , HiT, RS
i B AR 224G 1E 5 AT 2 VTR AL 212 VIC (variable
infiltration capacity ) 15 %1/ SWAT ( soil and water
assessment tool ) A& Y2 R RR 3 BE N 20 A0 2 B0
TR P ERAS TR I A AR TERE R R B I
[F1) A5 B S 3848 1E T DA R ) e 9 K i R B
TR A A A # 2 . H FR G R 6 R
Tt K R 22 IE ST B Y B Al R RS
SR AR

BT ARSI ARG AR ZZ BT % 2
BET R G Y B AR M R AR 2 B R T 1
LT AR AT T W i S0 o A5 O A 22 (R T
TG IE A9 20, K LR T 3 B 0 4% T B 1 i LU
IEEICAE , IR B — RV R 2EFE R T8
1E 2N Bt ) i R AR, 35 2 SE ) 3l 25 i 8 1E
ROR T o U 7K TR 2, Ay it dak By ik ook i 412 it
A 13K,

1 MRFE

1.1 F=IEs

AR SR AT 7K SRR Ay 2 VTAR A 37
FHAETR I A S8 b DX P PR Pl rp B eV AR
FEAE 4 MR, ORISR 3 228
BRI ; Q= R & A AL ; B 43 7K IR
THRECR A K& KA 5 A R oy R A2 00 b it

Al N AR ; OIC A P e T AT, A
WA, MR U A T U L M A2 3 A B T
R LMK 158 2%, Al Y 3 R 5 30 AR
AT o B S i A I DX R i R Al
SN RAETAF I, AT T 477 i
MBI T, Zead gl Y s 0 s B AR i
FEAE A B TTX] I TR 77 i A DA AT 7 5K
TS, SR S 307 AR 2 06 FIr A BA 0638 aod 10
A 10 53 BEIAE S0 0 Y A5 30 e 22 41 T T )
U TG i R CIBTER: 1Y) =1 S 7 Sk o TR vk, S b2 Ll
TE H IR BRI AIF 5 X3, T A dE K Bh ) A A
AR SCR K 3027 7 154 v I 2R G 3k S st /K L R
V3 20 3 2R G0 7 1) T e MR 5 2 T R 25 1B
TET5 %, i pRe 2R A 2% el S Y A B0 A 9 ek Tk 7K
T )
1.2 SHEREGEEEREBERZE
H B T i AR A

Qp,=C0, +C0 . +C0x (1)
K. Qp, HEHCR FWHEI R E; Qo .0 .,
Sy e=1 BEZ0AE b RN T Q ., Y
A 20 U T A e, R TV 3 S T A R A
FE;C,. C,. €,y H T 30 5 AR AT B I 9 A% 4% B (]
(KE) | Eh 3 st bR B i i b i R 40 (XE) i H 5 i
B AR SEL, C+C +C, =1,

B ) MR
Qr, =M(Qy,,X,_,,0) (2)

A X, ARG R ASAE ) 5, RIGE b B iE )
IR ;0 M E AR S 4 KE il XE,

TESE BRI K TR H R o B S I AR 1
T BRI NS i (i=1,2, -+, N) NTECT W
T i R R

Qv =M(Q 1, ,, X, ,-1,0) (3)
. Q ., Y AT 205 @ AT B T U
X, N T B R IRASE

SRy DS o [ R 5 AR AR R P S B, A S
5 DT R S B ASBEIT B ARk, (HAEASAH AR
W T 39 0 38976 AN ] F PR A I BRI IR
RN L R WD 4G i A AR, TS
H R T S A 0 (X T S YO 4 SR R )
AR S S G T TATE 0 46 A A/ T
S5 KR TR T 3 V330K B %) s i), 2 1 4 15 D
T K TRARORS

W TR AR A I i s R 3 S A A L o R
ge R S st R R R I R 8 @, 5 SR
WP Q, Z A HIR%E AQ X h 3 5T AR YAl 3 i 47

RIEIEATIE IE MR 4 2R 40 e Iy 152 2 18 1F J7 25 1 D



HEAEFHE IR R V5 AQ ZIAIRYIENIC R,
RIFAGE] VB IER AV’
AV' = (U'U)'UY(Q, - Q.) (4)
AP U B IR AR 5 0 R GE0 AR R
BIERIAER VI
V' =V + AV’ (5)
KBIE R ME R VAABRRE R 0 F
B AR R S RHME IE R ROR . A SCh B IE A i
N A B ORI IE S A IR T X

gQ F1,t-1 QTl,t—l H
X, =8¢ : P (6)
EQ LN, -1 QTsV,r—lH

MTRZBIERE BRI AQ,., N—HEi i,
5 AX,, FORERE 4R B AN — 2, Jokad M as JeR
AT EI BEOD R R A A THE @7, o RN R G
IR ZEAE IET7 VR HEA T oS0t 38 3 >4 T A 220 S 000 O
Q, FntHiE Q, MW ZE AQ, , TTHH B IE Bl &
BB, (K(7)) IR R T2 BLyT i IR S A 1
MM IE SR 5 SR HEA T S AR 2 08, 1 BB IE
Je BRIV T TR 4 2R
B =40/0,=(0,-02.)/0, (7)
AR ST 5 AR A8 AT BB e 54 iy e 280 S 00 3 A
TR R 22 (T3R8 1E H ) 3R 55, I8 0 2
AT BN L, LA RSN B4 B IERICR i ke
T ARG RGN AR ZEEIE T 5 BOR IR RHE 1E
AR () 2 FE R X RR I R AL, B IEJS Y X, AT LA
V)

gQH,H QTI,:—lH
X, =X_, +AX_, = (I+pB,)¢8 P
B O
(8)
ENL A SRR A ET

B X TR AU T AR Y v B 3y R
SRR TR F WS TS A B
QTi,t :M[QLi,H(I-'-ﬂt)Xi,z—l’g] (9>

2 LB

2.1 HFREXHR

WAL A, T W VA thE R, M3
28°15'N ~29°46'N 118°03'E ~ 120°40'E , &b T E& I
PAN SN e B Y A S N (T I R S e A =
DALt Ry 3 PEES L DR 2 7l AR R K H 80 | i
AR R K AR X 50w T K P R K
(A P il ks 28R 7K Sl 3] Dl VTR U 1 [ i
B FE 24 85 km, AT T8 PN AT R it KT 0 el 7 52 el ¢

KETEERAE 6 JE AN 1 frzs . 038 b i X g
MR A AROK IR IE 4> X 22 | ] 18 M4 T, TR
I 2 35 kg 3, i R 0 3 4 7K 2 g YT T /K R DA AR
s A Y SLAE A T, A A LR (4 Yl S AR KR TR, R
THES AR, BAFFE AR B UK ERAE X Se 2
S0P AETATIE r () AL 3 0 B R R /N A
S, AT BR300 35 P R BRART T (A R e IR
PRTRT A B2 DA 00 28 T Wit AR MO % | b I A TR
UG PR AT 52 | A7 BRI S AR
B AL Ot 2 KU R R B
FAERTE 3—10 A, Wi 1970—2022 4 Z4E - 2%
JKE K 1625 mm, Z4F AW N 907 mm , 4FF-
IR AECH 0. 56, & FILH BB LR, T
BHRE 1B, = K URE 2 TR R 32 0 ek S
HEK U

AL )\1\
2%
X
DEM/m
1602
&5 .
o ZER Y —E
0 50 100 km QF M KHFA 7Kk
WA ] o PRl

1 BETIRER
Fig.1 Overview of the Fuchunjiang Basin
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Fig.2 Box plots of various evaluation indicators for simulation results of flood events before and after correction
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Fig.4 Measured flow and simulated flow for typical flood

events before and after correction
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