55 49 5 2 g K A e Al (A R ORE SR ) Vol. 49 No.2
2021 4£3 H Journal of Hohai University ( Natural Sciences) Mar. 2021

DOI:10. 3876/j. issn. 1000 - 1980. 2021. 02. 002

MR oA EBTENSHE
TOKASIDE-D & B 55

ANEF L KEW S, FHL, K AL KFE

(1. AR SORE IR, VT FE Rt 2100985 2. K FERAE B 0 KA SOK IR AR ) ,JEst 100053
3. WETTIKRIZR B 2ok SO (R B DY) &80 3 233000)

WE, ARZRBELRE & T FR@f B 5 R34 = A TR KT EF = RAH
WS E(EHEREFTRAEEN R f S0 L AXHE ) F PG MEIE EEXTHELBY
A XAEA TOKASIDE ¢ zh b i@ edmfe LIE SR EZ R FIE X £, 3 KRN E#H =R
AR WAL ML X E A6 3 S EAEA (TOKASIDE-D) | 5 ik £ 48 3 3 X #9 4k 3 & 7 3%
BATIREA T, AR AU, 5 RAEAR AR L TOKASIDE-D A2 7 f2 Jb 3 & 738K 84 st K AL bl 2 A 45
AP BRI, RARRRELSBFEY 4% I £ 56% , MR £ 6% 5 4% 1R+ £ 78% ;
TOKASIDE-DA#E A 58 4% e 4 4 R ey | LIE SR ZF S SR F 245 RAEX G325 208,

KGR AWK B2 TOKASIDE A, & =R A 1200 & R 3 44 b F JE AR
FE S ES . P338 MHEFRAERD . A SCEHE 1000 - 1980(2021)02 -0105 -08

TOKASIDE-D model of spatial dynamic combination of saturation-excess and
infiltration-excess runoff for North China region
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Abstract: To investigate the solutions to the problems of severe groundwater over-exiraction and mixed and variable runoff generation
mechanisms ( alternating dominance of the saturation-excess and infiltration-excess runoff generation with time and space) in North
China, based on the distributed TOKASIDE model, a distributed spatial dynamic combination hydrological model ( TOKASIDE-D) was
established by dynamically identifying the saturation-excess and infiltration-excess runoff generation grids through the relationship
determination between precipitation and soil water content. The Beixindian Watershed in North China is selected for the validation and
the analysis. The results show that compared with the original model, the flood simulation accuracy of TOKASIDE-D model in the
Beixindian Watershed is improved significantly, the qualified rate of runoff depth error is increased from 44% to 56% , and the
qualified rate of flood peak error is increased from 44% to 78% . TOKASIDE-D model can accurately capture the control effect of
rainfall, soil moisture and other dynamic factors on the runoff generation mode.

Key words: North China; rainfall-runoff; TOKASIDE model ; saturation-excess and infiltration-excess runoff; mixed runoff generation;
spatial dynamic combination; Beixindian Watershed
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Table 1 Optimization parameters of three models in Beixindian Watershed
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Table 2 Statistical indicators of simulation results of three models in Beixindian Watershed
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Fig.3 Comparison of observed and simulated hydrographs of partial flood events in Beixindian Watershed
KR FIRE R A5 S A A HEA T W%, shaS R B A% i = S AL . BL 1996080420 F1 1980081700 iX 2 A~ #iH#!
(LK A B8] Je s kK B B = AL B S A S A B ] 4 RIEL S s, KN4 AT DLER
1996080420 #t/K M 8 H 4 H 20.00 JFiaREAK, —HE 5 H# 2.00,FEM 8 h, Ml A AL EB B R, 7E 300
DL R 1T AT PR B TERES 19 3 h A, AR i RS S N, B E 6 H 5:00 S5 B E KR, L E
IKULIR B TR, S, A% 38 Bk S TF AR [, G R Al TR /K [ B, 25 1l W s it i il /b . i L
W] LL# B TOKASIDE-D HBEHITE 1996080420 LK AT A% 25 /K A% B2 iy, AR /K i A Hh A 10 8 o
TR T AR A A TTER K B B0 T At 2 MBE7Y . I 1996080420 FE 7K fry STl o A5 7] 1 ¢ e 92
F T X — N 5 AT LU Y RS A 5 2 0 AR 0 A S22 T2 /T 1996080420 LK 5 PAK 4 3
SN, ST A LK PR R BARIEIE S
O msps SRR
1996-08-05T00:00 ¢ - -, 1996-08-05T02:00

o
9

Y

4 1996080420 Btk IEHM1E 5BEMIEEHEH
Fig.4 Dynamic distribution of saturation-excess and infiltration-excess grids for flood event 1996080420

£ BRI, Green-Ampt BEBULEI 7 WERBUSCR AR L HAD 2 ARCRLAL 22 | F2 21 g 7 S ML AN A5 24 1l
FRAAIE . B2 I A Sl e T ) 3 - K 5 AR 5 5 A LR I, s IR RE T o, T K R K, 56
BT, BT Green-Ampt BEBA S P AR I K2 & AR 7, 5 G M 3R AR U, S BURALL L
KRR KT 92 I i B2, TOKASIDE #5708 4R 3¢ B o wl , (E 2 HOASE 400 ik e 5 5 00 8t e A 2 55 i
TOKASIDE-D FRISS 5 1 23 FUOAAEE 7 2 MO L] , O LR A b 0 55 K o LR R B s 25 0 A, 3l
ASTAE AL, BE S IR MAT IR AL T A P AL A R, 1S B T SR i X BB e RAR
B 7B IR (BRSO K S R IR 28 TR 5 SEWE e b i — AR IR S ) A7 7 A9 T R L e
AR, T HA TS R R TT I



$2 XUEFR, 5 At X oA 208 B =5 0] 3 25240 & TOKASIDE-D HBEAIFSE 111

O srg Il EHNE
1980-08-16T22:00 ;= 1980-08-17T04:00  g» _ 1980-08-17T08:00  xx _ 1980-08-17T12:00

8

1980-08-19T00:00

-, 1980-08-18T12:00

5 1980081700 /K HIEHMIESBIEMIEHET L

Fig.5 Dynamic distribution of saturation-excess and infiltration-excess grids for flood event 1980081700
4 & iE

FEFE T W BEIERE 4 3 A AT TOKASIDE A5 50 () ZE Rk b 38 1k B FR R -+ 38 /K e 22 ] O 58 6 R B
AP W RS A IR IR B IR M T R TR o X E BRSNS S
TOKASIDE-D &5  FfAEL 2 )k A58 0, i oe 25 SR R 0, 5 R G A A ( TOKASIDE A% &Y | Green-
Ampt BH) F ., TOKASIDE-D & #0825 (8] sh AR 4 A A A 7E Jb 3 i i 38k A 1R 28 1 AR A b DXk /KA H0LRE 3 A 4
A R T

TOKASIDE-D A5 AU G AR 17 45 & 35 AR AU R B A A A 0 o5, JF AR 8 1= 498 5 K o S R 55 -1
Ak, AR L 7= L, I X R G R %5 fE R K A5 T, BE I 25k 5 R B Y ol o 5
TOKASIDE-D #5271 G 6% v i B2 B2 W | 398 75 7K a S5 sl AR DR %o 7 A =X v s s 257, 4 3% 1 Ab 7 b DX i) vp
ANTRI, AT A ARV I IR IR (8 A B 38 v 1 I FH A 1L

S

[ 1 ] World Meteorological Organization. Manual on flood forecasting and warning[ R]. Geneva: World Meteorological Organization,
2011.

[ 2] NI, BB XG55, 2RI T 5l i A RS [ 1], #1A 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) )

[ 3] 280K, M4, WAk, 4. RIG AR SO TUAE R [R = i K, (0], K Bk2=E R, 2014, 25(1) :28-35. (LI Zhijia,
HUANG Pengnian, YAO Cheng, et al. Application of flexible-structure hydrological models in different runoff generation regions
[J]. Advances in Water Science, 2014, 25(1) :28-35. (in Chinese) )

[ 4 ] World Meteorological Organization. Intercomparison of conceptual models used in operational hydrological forecasting[ R .
Geneva; Secretariat of the World Meteorological Organization, 1975.

[ 5] 8GR, SO, TR Robk— 225 e R AR WA 2 O B W20 I [ 0] 096 R 22440 (A SRR 1) ,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) )

[ 6] BRAN, REUG AR SCI, 4. 200 P /K B S A 1E 77 v LU [0 ] T R “ 2441 ( AR ,2019,47 (4) :317-
322. (XU Jie, LI Zhijia, HUO Wenbo, et al. Comparison of real-time correction methods of flood forecasting in semi-humid
watershed[ J]. Journal of Hohai University ( Natural Sciences) ,2019,47(4) :317-322. (in Chinese) )

[ 7] HASSAN SM T, LUBCZYNSKI M W, NISWONGER R G, et al. Surface-groundwater interactions in hard rocks in Sardon
Catchment of western Spain; an integrated modeling approach[ J]. Journal of Hydrology, 2014, 517:390-410.

[ 8] 28K, HMBAE, sk b 45, BT B R S [ )], T K22 i ( ASRBRA 1) |, 2013,41(3) :189-195.
(LI Zhijia, HUANG Pengnian, ZHANG Jianzhong, et al. Construction and application of Xin’ anjiang-Haihe model[ J]. Journal



12 ERCPNE N 449

of Hohai University ( Natural Sciences) , 2013,41(3) :189-195. (in Chinese) )

[ 9 ] HAO Gairui, LI Jiake, SONG Liming, et al. Comparison between the TOPMODEL and the Xin’ anjiang model and their
application to rainfall runoff simulation in semi-humid regions[ J ]. Environmental Earth Sciences, 2018, 77(7) : 279.

[10] 2805 T, T 45 T W SRRl -5 i T4 A9 20 Al UK SCRORIRIESE[ I, /K ) ka2l 2012, 31(2) :5-13. (LI
Zhijia,HU Weisheng, DING Jie, et al. Study on distributed hydrological model of solving physical equation on grids[ J]. Journal
of Hydroelectric Engineering,2012,31(2) :5-13. (in Chinese) )

[11] WILLIAMS J R, LASEUR W V. Water yield model using SCS curve numbers[ J]. Journal of the Hydraulics Division, 1976,
102(9) :1241-1253.

[12] CHEN R S, PI L C. Diffusive tank model application in rainfall-runoff analysis of upland fields in Taiwan[J]. Agricultural
Water Management, 2004, 70( 1) :39-50.

[13] R, EME. TR RAHAER &N A [T]. K3, 1997,17(3) :1821. (BAO Weimin, WANG Conglinag. Vertical
mixed flow model and its application[ J]. Journal of China Hydrology, 1997,17(3) :18-21. (in Chinese) )

[14] FEBAE AR R 2 THIAR I [ R A7 WL 9 20 A5 SOKSCHERL L T ] i R 24241 (A ARBH2A R0 L, 2009, 37 (4) +386-

390. (WANG Guizuo, REN Liliang. Distributed hydrological model based on grid vertically-mixed runoff generation[ J ] . Journal

of Hohai University ( Natural Sciences) ,2009,37(4) :386-390. (in Chinese) )

AR FLEEE, SR, X B R A et [ ], /K 3C, 1998 ,18 (4) :20-24. (LI Zhijia, KONG Xiangguang, ZHANG

Chuwang. Improving Xin’ anjiang model[ J]. Journal of China Hydrology, 1998,18(4) :20-24. (in Chinese) )

RO WA, TR A5 T AR ARG AR A R TR AR D K SORE R e LA b A SR rh B8 1 T [0 ] YT DR 2 4l ( F AR B2

fR) ,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) )

[17] B4R, 2R, W, 45, 1 A8 0 Rk SCRE Y, 5 e [ 7] /K 3 &2 41,2013, 32(4) : 4-9. (HUANG
Pengnian, LI Zhijia, YAO Cheng, et al. Application and comparison of hydrological models for semi-arid and semi-humid
regions[ J]. Journal of Hydroelectric Engineering, 2013, 32(4) :4-9. (in Chinese) )

[ 18] CLARK M P, SLATER A G, RUPP D E, et al. Framework for understanding structural errors ( FUSE) : a modular framework to
diagnose differences between hydrological models[ J]. Water Resources Research, 2008, 44(12) :1-14.

[19] EUSER T, WINSEMIUS H C, HRACHOWITZ M, et al. A framework to assess the realism of model structures using
hydrological signatures[ J]. Hydrology and Earth System Sciences Discussions, 2013, 17(5) :1893-1912.

[20] LIU Yuhuan, ZHANG Ke, LI Zhijia, et al. A hybrid runoff generation modelling framework based on spatial combination of

[15

[

[16

[

three Tunoff generation schemes for semi-humid and semi-arid watersheds[ J]. Journal of Hydrology, 2020, 590 ;125440.

[217] ZEB0R, EMAE 5k, 5. BRI B BB 2 A A AT [ 1], AREI,2015, 37(10) : 1-6. (LI Zhijia,
HUANG Pengnian, ZHANG Yongping, et al. Study on spatial combination model of infiltration-excess and saturation-excess
runoff in semi-humid watersheds[ J]. Yellow River, 2015, 37(10) :1-6. (in Chinese) )

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

[23] GREEN W H, AMPT G A. Studies on soil physics[J]. The Journal of Agricultural Science, 1911, 4(1) ;1-24.

[24] HZ W& Frald, 55, B0 JoE sl o A s A28 45 K SCREBI R IBIESE [ 7). BRI SERR 5 TR AL 2440, 2007
(4):457465. (XIA Jun, YE Aizhong, QIAO Yunfeng, et al. An applied research on distributed time-variant gain hydrological
model in Wuding River of Yellow River[J]. Journal of Basic Science and Engineering, 2007 (4) :457-465. (in Chinese) )

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

[26] KFFAKSCIR. K SCREHRITRAIL : GB/T22482—2008 [ S]. Jbxt: AR H AL, 2008.

(e B 1912020 - 12 -22 Sl Xl hesa )



