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Abstract: Rainfall runoff simulation and flood forecasting of large river basins is a complex prediction prob-
lem. An integrated hydro-meteorological forecast model is developed for flood forecast test of complex riv-
er basins. Grid-based quantitative precipitation forecast products of National Meteorological Centre are ap-
plied as precipitation of lead-time period, and the Xin'anjiang hydrological model is used for rainfall-runoff
process simulation. The Muskingum-Cunge model, based on diffusion, columbar storage and wedge stor-
age theory, is introduced for channel water-level and discharge forecasting. For the test case of the upper
reaches of the Lutaizi Station of the Huaihe River in flood season of 2016, the developed hydro-meteoro-

logical forecast model of complex river basins is applied in flood forecast test. The results show that the
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developed model can perform well. Compared with no considering the precipitation in lead-time period, the

flood forecast lead-time can be increased obviously. The developed model has certain reference significance

for flood forecasting over similar basins.

Key words: flood forecast test, grid-based quantitative precipitation forecasting, Xin'anjiang model, Musk-

ingum-Cunge, water-level and discharge forecast, Huaihe River Basin

5l

hfll

HEIK G 2 A AR A K S w2 A 3 Y
HRET kRSP, RaER 5 AR ARG
JRAE il WA 7 8 2K B H L ANE T ORI HAR K H 2 —
(Sapir et al,2004) . PR PR A b — 1 22 1Y By 3t
A ARG it o 2 AR A oK i g AR 58 LB, £ Bl
TAEHIE A AR K SRR B U kK &R S
i R AR AR S s U A R Y e T B T R
— (Anderson and Burt,1985;Maidment,1993) . B#
T = ARk B R K T BT AR U TR
“3S” LA TSR A R PR T L Rl T DL A e K
G K SCHE & B LK U D7 ¥ © A YL 3 kBl
T NI it K 5 T B R Y g T A A i
Z — (Warner et al,1991; Bae et al,1995; Schaake
et al, 2006; Pappenberger et al, 2008; & iF & 4,
2003 ; 4 A L5, 2010 X K W 4, 20105 T 4 41 45,
2012; AL 21425 ,2016) .

FH » B0 R AR AR & 28 0k it s A
JE B FEOK WAl (15 d) 1y 32 SR A ol A8 Fn & %
20005 P 1% 5 55 2003 5 22 b8 & 55, 20145 B 5 45 55,
2015; Holm et al,2016; X #1145 ,2016), fEFk ., 4
SRR A R B2 T A Al A 0l 55 T e ) A5 2
AW R ABX T S 51 R K HE BTN R RAR
GEREIKME LA 4 (B A HE 55, 2014) o T X T Bk K 3
M5 BEK S04 1 B B T 7l 7 B 5 i 00 Tl o
2EFR AT RE TR AR A [F] K R0, . FEFR L Ak
R B TR LAY T 00 U R /K A 3X — O T2 v T
S b S R BE R B R AR SX CBE 5 B4, 20165 4K
FIAE,2016) B K A1 Bl 55 7 i A1 LA 7% DX 55 21 T
o F L ME LA SE AL 5 R AR Gl 3075 R4 R A
2012),

R B AR AR A K P TR AT & it X AE 2
K AR S it K ST AR G 0 B TR AR I 5t K Ao e
g — At B R, R AR LR R
2% R SBIL Dy WA Ca <1 74, 19995 (41 %23, 2009)

] A A7 2 8 0] O Bk K TR Y AR R L AR AE ST A
U S K TR AR Sy T 3 A ) A K B A R S K Bl
UL K SRR R AT UG /K ST & A K 4, B 1
$& T PRGBS A K i 9 Fi UL B (Pappenberger
et al, 2005; Cloke and Pappenberger, 2009; Bao
et al,2011;Bao and Zhao,2012; 28 F 45,2004 ; K
B AF L 20075 fE AR 06 4F 5 20105 A 21 7 1R SR
2012a) . HHi, 72 RGP . 2 oK F TR T 30 /Y
T TR O 2 kA A RS i it K 4
BT BN A0 A 4 43, XoF 1 43 PR AR SR E B
JE R E R R K WU i SR i — AR 3R T O HA
FEATE UL DXCTE P I 7K R CRR AR B A 3t 3l V5
Hh ) 4k B 7 OGS K TR AT R Y 5
P 7K SOl 55 T i o T R T A% O T 7 K SO A
B TLIK SO AL G AR 5 1984) (& 50 Tl it APT A%
T LA T GIX AR . 1984) 45, 75 Tk I 18 21 0 1
iy DB 2 VLA B 1A )2 1 3 T PR 5 TR B 5 F
A 38 Ut K KA TR 1 AL B8 OK S0 T R g S TR
9, BEADURG AR AR A o T — 4 L 4 R i I K 3l
T35 77 ¥ RE I M ik e K A AL o AHLHG o Jil T B T
SEORHE R B TR B KUK T A R
TR i e iy S % 05 vk CRLZL %, 2009) . H R 44 £E
O AR R U B0 K I A v 52 ORG24 K TR 5 K
SCK Bl TG A AR U B K BRORS E S
U AR T UL A9 2 Tk K TR 0 AR ME A 5 A
AHIE ST LAME W & & F LA b i A ] ST A Ak
RS AR K SR G B BE K TR A AL, A5 A ) T R
T WA B K B B AR e B RUBE e 7K I ]
P53 S5 BRI 5 70 P2 Ak € B B B K (B 53
85,2016 VA Ui it 7K T4 i D 350 P B Sl K L DA
TR VA T2 4 U B Sk R S U R I R A AL
2 1 73 A G5 R AT T B K il . o, B R AR
DA AU R P BT 22 YLK SCREBY s Y] T ERX M2 &
& D] CHAA AT 8 1 DX 52 2% ) 28 it /KO SR JH7K 3¢
KB I A 7 2 AL T B S OK SRR E
FIAR E L 19 Muskingum-Cunge 7K {37 I 8 58 452
RUBEAT Bildl . WEIAT 42 10 20 Bk et A1) 20 O ol 4 oK



BT

LT A A HETT R 2016 AR TRUB LK U A 56 833

T HE AU 7K 28 35 FH SR fifh BRI T 7K I S 30 T 4 £
& Wi 96 B 7] T ARREAE S P9 s B A B D o EEARRE
AT Bt AR A7 3 X BEAT — HER T R 3O
IR PRt R T K RIS . L 2016 AR
0 30 SR TR T K R AT TR A 36

IR SN T TR RV

THE T 3L 3 A U T I A A A L £ VL IR BN
SILEEARIL, T4 K 2 1000 km., 7 {77 37 4
gy b R R DL B B T ZE R KIS
TR 1 2 = 0] [) Sy v 30 o TR0 38 - % 3
22 W TF T L THERT R 90 T K L G R [ e 5 =] I L
TR, &6 TRETHI. 66 7 EREIIK
AN 8.86 7 km® . EFRKIMLA L e L. £
Uk i 1) B 3t SR OK T B 30672 km®
AR 3 S8 P K S B A B A AR O B i S R
A o 4 AT BT R BE G L
NF3 358 LA e 3 A4 F I 3 2 £ 8 30X JA) - i 48k
(B Do Tl ERIMEG G 7 B R 3K #il e
Ay 24 U Sk B DX M) 3t SR e W A2 3 T4
A (8 2) . WM TIRERNEE S TR
HRIE T B T B N SR 2 L K B R R AR R AR R
KRR 8000 s LB 2 4% L B %, 3 A7 it
DX 7 1 B TR B BRI . 4 4> R B X S IR
MR 2 IR . T TR v i — R I A B B
T F o B L T T S 300t kK Tt o R 11 DAy 9 T
i T E RN G B i E dEK G ER  E i
A R il FAT 47 E HE X T AR AT HE K TR

2 RSO A I L K 1 4 A 2

2.1 FRELRESEE MK

H T 500 A5 =S I b i A 3, L o K T
PO YE B SR A 3 2E 2 T (Lalaurette et al, 2009), 3@
b A G AL BB AR L B 7K T AR A o A 23R A A L
25 R R GBS AR, 20125 Yuan, 2007) , {H
PRI AR A T A 1 Y e 28 7 A X (L Y 15 22 B ) P ot
FES B 5 (Lorenz, 1972) . 5 i /K T4 K 1H
T E TR RS BB KA R R AR &
5, DA RO AR R 25 R 0 T EAT AT OE . X
2 Y i P A0 A2 e B K TR D 55 b 4R v R K TR

WERR R BTk . b T WU TR 0 2T IE )5 1Y
Wt 7K 9 X 0048 A4 RS A0 A R 38 A1 25 T RS 4l o A 55
KIS G Ak e B IR B K T — R
GV GEFR R WK AR B 2 B AR 1 N R 78 004 51 3 0
SR Y DX TR A i SR ) 32 % W Rl A AR K ST
W 7K G0 11 oA RUE R o 7K s ) 4% 43 B8 A 9k B R 7K 4%
A 1 JR A5 B RVRRAIE , 412 =i I /K T4 A0 RS 4 b A
(B 4,2016)

=% WL Rl A 7K S A AR S 5l 5 AR X
3 R AH 214 1 REL DA A a5 R R K AR 7 . A
FH A GPON R 45 6 TR O3 32 055 ik X TR . 1R
S RS 3 0 A A R K I TE A T FR il s R
FH 53 55 90 S B AN 5 L0 Wt 0 T AR IE 75 U8 T 45
SR AR TN TR O3 2 W TE DX T A . ke A0 BT 5 R
o IR B A5 2 1 T TR DR AR A 0 O 5 g s 1 A
UL R 5 T e T M e B LR ) 9 XS
LR 25 AR 5T AR B R AN T L A g AR 0L Y 75
X A (E LR 25 T 525 % WA o T 3 KA

R K R RUBE A 2 A0 BT RS 4t 2 (] RUBE ) B K
W AR KRB FHBERIRE

A
N

e EXHL

32

° kit
K

0 20 40 80 km A

113 114 115 16°E
ES I W R 23 R P ]
Fig.1 Sketch of the upper stream
of Huaihe River
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Fig. 2 Sketch of the river basin from Wangjiaba

to Lutaizi Stations of Huaihe River
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Table 1

Model parameters calibration results of sub-basins in the Upper Reaches

of Huaihe River above Lutaizi Station
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Fig. 3 Forecasts hydrograph of Bantai Basin
(Flood number 20060720)
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Table 2 Flood simulation results of the channel between Wangjiaba to Lutzizi Stations

R HE

LRI R R

HERTE S Be7T
s KX KALTAR bR X R SIE P VR DS I € VA1 S 1 % £ it 2 TR
WE/m O HEWRE RE/% 1 P R AL WE/m O WEERE W%/ % 7 Tk R A
1996062408 0.23 0. 90 —9.1 0.98 0.23 0.93 —0.7 0.91
1998062808 0.21 0. 89 —5.9 0. 90 0.27 0. 89 —13.2 0.85
1998072808 —0. 31 0. 94 —5.5 0.97 —0.24 0. 86 2.5 0. 94
2003062008 * —0.17 0.91 0.1 0. 89 0. 29 0. 82 11.9 0.79
2003081608 —0.34 0.91 —8.7 0. 89 —0. 37 0.83 0.6 0. 87
2004071608 —0.41 0. 74 20. 6 0.73 —0.43 0.68 —14.1 0.56
2004080208 —0.29 0.82 —2.1 0.91 —0.35 0.79 —4.2 0.79
2005062608 —0.19 0. 85 5.2 0.90 0.28 0.83 —9.3 0. 82
2005082108 —0.27 0.92 30.6 0. 90 0.22 0. 82 16.3 0.81
2007062608 * 0.19 0.91 0.9 0.95 0.17 0. 94 5.4 0. 88
2 % T2y 0.26 0. 88 8.9 0. 90 0.29 0. 684 7.8 0. 82

o AT E BAER .

Note: * represents flood diversion and flood retarding areas were used.
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Fig. 6

Flood simulation results of the Upper Reaches of Huaihe River above Lutaizi Station (Flood number 20160630)
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Table 3 Simulation results of sub-basins in Huaihe River (Flood number 20160630)

T4 W7 187 JPN PE I /md . 7! LR/ % R GRE/ N U P ] 32 22 /6 h 7 P R B
jspst 1970 —8.0 —8.1 0 0.94
bl 1160 —7.3 29.5 —1 0. 80
BRE 1780 —4.2 —0.8 —1 0. 98
T HE 3k 4440 —12.0 —1.8 —1 0.98
R4 20160630 &tk FiRBUR G HFFAEER
Table 4 Simulation results of the main channel in Huaihe River (Flood number 20160630)
g WS OEBLDE W MR WRRE  SOWRGE RAKRE KGR OKfiE
/mi s /% B22/0%  REBE/6h RN Kf/m O MBE/m HBE/6h RN
£ M 2265 —0.6 2.5 0 0.97 26.69 0.07 —1 0.92
MERCIE-S 2600 10.7 1.0 0 0. 84 24. 28 0.31 1 0.96
e R 4800 —6.2 2.9 0 0.91 22.68 —0.17 —1 0. 96

7 H 1830 H 1k R /K 3 ZEAE 5T i Sk
U5 70 s it 2 Bl W T 1| L kYT BE A
RICI] B BH 3 A KT R I A S B S
T 1 b 7K ok A o i AL 3 O e 11 sk T SR AR L
TR HE Sk S & A T R KL A . R 5 Ik 6 WA
TOUHR 0BT T TR G TR AL fH GRR AR B TR] 7 18 H 08
B o R LUE AL SR 1Y 6 A Ui T 1Y it
g 3R 25 AR T TR % 22 /N1 2006, 6 /4 19T 4 97 18 17

e IS [ DR 22 AR AE 1 AN )25 4 LAY HLB A 1 A 2K
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Table 5 Same as Table 3, but for sub-basins (Flood number 20160718)

T i W T S LI /m® e s iRz / % BWIEIRE/ Y% U P ] 1% 25 /6 h f 2 1 R A
J= =" 3240 —6.6 —9.3 0 0.98
W 750 14. 4 28.1 0 0. 81
iR 446 —4.7 —3.8 0 0.95
EIH 317 0.2 —0.7 2 0.25

Fz6 [k 4,185 20160718 XFifk
Table 6 Same as Table 4, but for main channel (Flood number 20160718)

7 1719 S $TAF S B mEmEIE WEME  SSWEE Eos KA KOIEILEE KA E
; /m? e s /% W2/ % mBEZE/6h PERE K AL/ m XiR#Z/m  [AiRE/6 h R
FEZRM 3570 —4.8 —1.3 0 0.99 27. 86 0.17 —1 0.99
Ve ] 45 2800 3.8 4.6 0 0. 84 23.62 0. 34 0 0. 85
a8s 3970 —8.6 —2.2 0 0. 83 19. 86 —0.13 0 0.70
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Fig. 7 Precipitation observation (a) and forecasts (b—k) in different lead time

from 08:00 BT 19 to 08:00 BT 20 July 2016
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Fig. 8 Flood forecasts in different lead time at Xixian Station
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Fig. 9 Flood forecasts in different lead time of Wangjiaba Station
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Fig. 10  Grid-based quantitative precipitation forecasts for Huaihe River Basin
in the lead time of 24 h (a) and 48 h (b) starting from 08.:00 BT 21 July 2016




A

842

%

%143 %

30°N

& 11

TR 24 h TR 80 R K AR

Fig. 11

forecasts for Huaihe River Basin in the lead time
of 24 h starting from 08:00 BT 22 July 2016
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Table 7 Flood forecasting results of Huaihe River in rainfall season of 2016

) o L /h
B 240 216 192 168 144 120 96 72 48 24
iR 25/ % —19.9 —32.4 —80.5 —62.7 —45.3 —76.9 18.3 2.7 —6.6 —6.5
. REIRE/% 12.1 —1.36 —43.18 —17.6 3.2 —25.2 19.9 11.5 —4.8 —4.8
- WL 2 /6 h 4 1 1 1 1 1 0 0 0 0
Wi 1 B Bk 0.06 0. 82 0. 32 0.57 0. 74 0.36 0. 83 0.99 0.98 0.98
PR/ % —4.5  —16.1 —61.4 —53.1 —45.4 —79.1 —13.1 —20 —4.8 —4.8
BRIRE/ % 36.0 0.33 —40.2 —36.4 —32.8 —53.8 19.8 —2.0 1.5 1.5
WEIBT 2% /6 h 3 2 2 2 2 2 —1 1 0 0
TR HkTEERK  0.67 0.93 0.38 0.50 0. 60 —0.02 0.96 0.93 0.99 0.99
kiR 2%/m  —0.30 —0.39 —2.16 —1.71 —1.68 —5.26 —0.35 —0.49 —0.17 —0.17
f KA 22 /6 h 3 2 2 2 2 2 1 1 —1 —1
KOiwhEERE 0,05 0.82 0.63 0.72 0.73 —0.56 0.88 0.94 0.98 0.98
PR 2/ % —32.5 —25.7 —45.3 —37.1 24.8 —42.3 —19.8 —18.6 —13.4  —5.7
BREIRE/ % —27.3  —22.4 —38.1 —32.4 —21.4 —35.6 —19.2 —14.7 —15.6 —8.7
WL 2% /6 h 3 2 2 2 2 2 1 1 0 0
T WETENERESK o.16 0.52 0.18 0.43 0.61 0.01 0.72 0.78 0.79 0. 84
B AR /m —0.41  —0.47  —1.75 —1.26 —0.98 —2.87 —0.32 —0.38 0.38 0. 34
F R K22 /6 h 3 2 2 2 2 2 1 1 —1 —1
KOHEE RS 0.22 0.49 0.34 0.42 0. 60 0.07 0.78 0. 82 0.82 0. 85
g5/ % —29.7 —23.5 —48.7 —29.4 —22.6 —39.2 —18.4 —19.3 —15.9 —9.1
BREIEE/ % —26.4  —31.9 —42.5 —31.8 —21.9 —32.1 —17.6 —18.1 —17.4  —5.1
WL 2% /6 h 3 2 2 2 2 2 1 1 0 0
GBET WEWEMRR 0.14 0.21 0.27 0.52 0. 64 0.09 0.74 0.79 0. 80 0. 83
KA R%E/m —0.35 —0.38 —1.81 —1.13 —0.94 —2.13 —0.32 —0.39 —0.29 —0.13
% KA 2 /6 h 3 2 2 2 2 2 1 1 0 0
KO EE RS 0.18 0.56 0.37 0.51 0.65 0.08 0.68 0.69 0.70 0.70
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