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Study of water transformation simulation model of irrigation and drainage system
LI Wenhui, SHAO Dongguo, XU Baoli, HU Nengjie, YANG Xia
(StateK ey Laboratory of Water Resources and H ydropower Engineering Science, Wuhan Universiiy, Wuhan 430072, China)
Abstract: The process of water transformation in irrigation areas is com plicated due to the influence of natural and artificial fac
tors. Taking the irrigation area of Zhanghe Reservoir in Hubei Province as a case study, w e described the water transformation process
of a typical irrigation and drainage system from both vertical and horizontal perspectives. Based on the principle of water balance, we es
tablished a simulation model that was composed of multiple modules for boundary treatment and simulation of the w ater transformation
betw een multiple soil layers of the rice field, ponds and ditches. The model was calibrated and verified based on the data of Tandian irrt
gation and drainage system in Zhanghe district from 2014 to 2015. After sampling the model parameters using Latin hypercube, w e corr
ducted sensitivity analysis of the parameters using partial correlation analysis. The model calculation showed that the multiple corre
lation coefficients of the simulation results for the branch ditches in calibration and validation periods were 0. 83 and 0 70 re
spectively, and the Ens coefficients were 0. 81 and 0. 68 respectively; the multiple correlation coefficients of the simulation re

sults for the tertiary ditches in calibration and validation periods were 0 79 and 0 68, and the Ens coefficients were 0 73 and
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0. 62, indicating that the model was suitable for simulating the water transformation process of irrigation and drainage systems.

As compared with the SWAT model, for the same study area, the proposed model improved the multiple correlation coefficient

from 0. 11 to O 73 and the Ens coefficient from = O 71 to O 70, proving the proposed model was superior to the SWAT model.

This study provided valuable information for the study of water transformation in irrigation and drainage systems.
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Fig.2 Vertical diagram of water transformation in the irrigation and drainage system
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Fig.3 Digital Elevation Model of the study area
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Fig.4 Division of sub basins in the study area
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Tab.2 Land uses of Tandian irrigation and drainage system

e i%@%ﬂ JFHARE  ERaR A4 ER P W)
HER S/ % EE HUE 5 %
1 K G H 70. 14 K G H RICE 70. 14
2 55 H 9.52
3 Wikl 0.44
) i DRLD 11. 64
4 B2k 0.72
5 ) 0. 96
6 i 1.35
7 JEM 6.74 JEM POND 10.78
8 HABG] 2.69
9 IEIAHM 3.36 WE A URHD 3.36
10 Mt 4.08 Mt FOST 4.08

(3) TIERTY,
G EHE R G LB E R AR B R L2
FINEE SR, A e, Ak AR 3.
3 [25]

Tab.3 Physical and hydrodynamic parameters of each soil layer

e ’f@%uﬁ@j\é‘ WE%7K AN K 34 T B2

KEO,, o, kea/ (mme d')
BHEJZ (0~ 20cm) 0.52 0.35 648.0
K )Z(20~ 35 cm) 0.45 0. 31 72.6
EEJZ(> 35 cm) 0.41 0.24 115.2

2.2.2 AKXAZ¥HE

G FEHE RS — 2 SCVAAN 2 AL 1) R o
A1, I A BREHE R G0 S A AR
Fio SCUR AR HE 7K I B E S B A, AR VA
- e b e K i, OB R kK N 0
HEHER B R E K ERA I &2 200 R4
2014- 2015 452 BIE 2th i 7531

AL FT AR TR SRR T 35 T [ A K56
2014- 2015 4F B I8 H B R & f e Ul ek
AR AR B L R AR R R H R
2.2.3 fEF¥

LG FEHE R4 LUK REE A FERAEY, HAED
bR TR BR FEY R B0z HA 2, TR AW
B REEDT KR E k. E.

4 ke
Tab.4 Crop water requirement coefficient ke of

middle season rice in Hubei Province

A 5 6 7 8 9
k. 1.03 1.35 1.50 1.40 0.94
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2.2.4 KFEEALEBTHEENERE

AR v % T N K R R R B S v
KIZEREE, T B S R H R, A
BN HE E T SR K 2R BE, BRI 5,

5
Tab.5 Field water depth of rice at different growth stages

WL R R~ WL LR~

AN FH HEA 11 2578/ mm
IR W 526 % 607 5~ 30~ 50
53 BERT 6 08 % 717 5~ 30~ 50
Sy BEJG FI8E 723 i
Zfd F24E&12 5~ 40~ 50
Eilip 8 135 828 5~ 40~ 50
T 8 29% 915 5~ 40~ 50
A 916 & 10-12 %t

2.3 BAEZHA
2.3.1 SHER ML

TEHAT SECBUR AT i, ST N S 3R 2 H R
RER, S NS HOM i 45 28] A R AR A 52
B Ahfan N SE R, PR SRR T BRI 20 BT S
NS HURr 45 TR A e AN o 1 A fe ik
BN SR a5 ARG SR R, A0 ) At AR N
ZELIIFER o i AH DG 20 B gl 2 428 ) A 2 201 5%
Wi, SR A5 NAZ BT i ) 465 SR A DG M 1 4 R R
IR 7 e ANSCR A 2 045 2 0k 47 UK
PEI BT, TR SRS SHOHEK D AR SRR I s F2 1 o
Helk 22T i Sl sl Ak B5 2560159 2 1 2 85, DA RO HE
KAARE FRR BN 28U, BRI 6 A2
B AT 73 Ar, AR AR 5T X 35 S Bl 100 1 o2 2 K1) L
{EIE B DA R TG 1R, Bk WK 6.

HATEUBNE S0 M 2 10, 75 LR Gi vt 5 S5 B
SHCIATRE, B T8 37 7 flAE 7 VR e 0g 4l iR
(1) 5 3950 o0 AR E B VS 1> SR SR FH $2T H
SETTHIARRERTIE I 6 MR 2 B AT 2 B RE,
L M atlab 4 F2 B8 HLAE B 500 240 ¥ 500 4

5

FHRE SH e A By N ST o6t L 28, I
B NFI AR A, 53] 500 i H S, Sk ELE
RO A o S HE K T e (L 0 R ) 1) DA
SO EIX =ANE 5, K WA KTk i 2
Hon A 45 S (0 RUSE o

&5 Bh SPSS 4 43 3 A, R M AH 5% 43 AT v
BT ARZR MRS 7, 49 HH % 2 800 fan R AR ) ) i A
KRB, Forb R 5% Z 4 B R K 38 B S ik 1
TR, 248 o /N DI B RURR Pk /)N R SR R BN
IE, R SH G A RN IEMH KK R, R2Z, i
KABON TN AT, g R ILE 7, B
LK 5.

6

Tab.6 Value range and initial value of parameters

¥ ZH WU

- ' S HIHE
1 hww  /KHEHEBEEK)Z TR/ mm 0~ 30 5.00
2 hee KH KB K R mm 0~ 60 25.00
3 H, KHEHKHEE mm 0~ 150 50.00
4 CNg Bz 0~ 100 85
5 su  EHE AR E mm 0~5 3.00

6 DPy, HHEERLHGMEKHERKE/ mm 0~ 10 2.00

7
Tab.7 Sensitivity analysis of parameters
i A
S5, o N S
28 A i e A (1] HAARE
5%

rl BEE o BENE O oME REN
1 hwn  0.083 0.064 0.028 0.528 0.064 0.153
2 hiee 0.014 0.753 0.069 0.127 0.022 0.633
3 H, 0.014 0.753 0.069 0.127 0.022 0.633

4 CNg -0.083 0.064 - 0.028 0.528 - 0.064 0.153
5 su 0. 407 0 0. 171 0 0.453 0

6 DPy - 0.178 0 -0.080 0.074 -0.174 0

Fig.5 Histogram displaying sensitivity of parameters

He 7 A S a] A, SHEER R S, 8 su
FIDP o FRF BN, AR S RE050 5 v 0 407
- 0178, BEVEMRMEN 0, 45 KAl FE, su Hig

(B B (8] 2 IR AR G, su 39 ORHe 1 W It B 308 K
XA A EE BT KE RN, A5 F A A K K
HKEIR, WK TIEERE. S8 DPu 5
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WAL B A5 7R 25, D Po, 1 KO 0 37 5 0k
/B, X AR ISR I O, 5 Al K
R, HEAKE RN, TN T B &

SHEAR INHE] 17 5, 6 N5 805 H K H 5% R %
HRt5 /N, BUBE A, B DAL 6 A SO AR N (1]
IS AN K o

SEEAR TR S, S50 su i ABUK, A% &
BN 0. 453, DPo A X BURK, (i M55 R HCR
0 174, BE MR N 0, G5 RTHE, su 5857
Tk 2 ) 2 EARDE O B, su 6 OKE A M4 B 1Y
K, XA B LT KR FEHHE J2 35 ) K
A0, FH Lk KBS K, HEZKE I, M K T B
WM. S8 DPu 582 R E 2 R fR %, B
D Po. 38 XK 35 A3 B /N, I R R 1 35
VR TR, A 45 IV A K B R, HEAK BRI, A
TR /N T S AR
2.3.2 HAEELSHAE

FESHUBURANE 43 47 55 5 S RE b, ) FH B 4

6

ARG 2014 5 354 0 AV HEK O RAR R SE B
M I Kl G AR AT S HORGE, € R R E SR
HUE WK 8, S8 AR g A S6IE 1 HE K D A2 30
LR S E 5 BB X EE SR 1B 23 ) IR 6L 8T 7
HGE Ja, A HEK DSAIARIA IR 5 52 PR s UK,
JFUA FT e AEAR VA0 B (4 DX T AR /0N, A B v HH
S e JEE, b7 R <5 P ) 7 LA i X [X 3K B 40 T
RER MALK, TS P 2 bR e i A Bl 3k, F3X
R RCR AME

8
Tab.8 Calibrated parameters

S5 ZH YIMR{H HEME
1 Ponin 5.00 11. 60
2 hi 25.00 15. 18
3 H, 50. 00 37.96
4 CN 4 85 86
5 su 3.00 2.36
6 DPq, 2.00 6.22

Fig. 6 Runoff process of branch ditch during calibration period and validation period

7

Fig. 7  Runoff process of tertiary ditch during calibration period and validation period

2 1 19109 280 R® R Nash-Suttclife % %
(Ens) V¥ At A B 7E 08 I B0 E 3 F2 b 1 AR F0L 2%

S NG I 31 AR TR B SUICR PR SR AR 45 R LK 9,
R FERT TG T B BRI ROR, 124

R ZORHKORRER R’ > @ 6 H Ens> 0.5, 2 BUE AT #EHE RG0UKE A PR

* 138 ¢ A5 ok R Mk



FXESL  FEHR R AL WENER R

9
Tab.9 Simulation effect

VI8 P FE AR FEH Lo ]

. R? 0. 83 0.70

N
Eag) Ens 0.81 0. 68
s R? 0.79 0. 68
HA Ens 0.73 0.62

3 SWAT

SWAT (Soil and Water Assessment Tool ) #5784 &
— T A I OKSCRY, |3z BT AR S LXK
SCERERAUTE AL o Ayt PR T AT iy

8 WTIDS SWAT

(17 WTIDS A8 Sk Ve S s, bnt 1R —F 721X
B, FATEE T SWAT  (/KEGA AR, DL AR FOURF 721X
K AR, FEXE E AT AN AR AL R
WF 50 X I OB JEE HE R 48, SWAT AR i A%
Gt D8 J5 ik, T HU T FE U ) e X 4 7 5
IKER A Bt A, 6T J e e gty X, Jeadn kil 3 A
W SR S e 6 S S S N TN
WTIDS #5554 W) 75 53 25 FE 18 B Y& B BRIV 70 A1 45
NN BRI S E HE R Ge /K SO FE 52, 74 HAE N
TESCHEHE R S G B K HE . X TR #EHE R
Zt, SWAT B8 IR 4 FIfiI8 23 4>, WTIDS i 4Y
Rtk 7 Ao FEARKI 215 L P 8.

Fig. 8 Boundaries of the study area as defined by WT IDS and SWAT models

3590 ) P A B B AL T B H HE K AR
2, I RH R® A1 Ens Sind ELBE R R AR, B A d
EE R LR WL 9, HIE 9 W1, SWAT A5 A 45
PUEMIEEE R A Q 11, Ens A8, 1 WTIDS 4
RIS H B R? A Ens 43 51124 0. 73 A10. 70, 15

9 WTIDS

TR >0.6 H Ens> Q5 BZ R, 5B AH T T
SWAT BLAL, WTIDS 8 68 5 45 % i EHE R 48 T
IR 53 FI7K 2255 A 0L, B 58 R T Stk e B HE
R MK A RS, & A ek, Ba —2 Mk
B

SWAT

Fig.9 Simulation results of WTIDS and SWAT models

(D) A3 Hr 1 HEHE RGUKE AL RE, DUKE T

iy R, WA T HEHE RS AL B REfE XH (] 2
JZ - e LR HE K VAE 22 8] 22 A4S K AR R A
B, M T AR LA RE R R gl S B T A5

ok Rk . 139 -
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FF Kk, 1 Hig 3 5 R —H —8 — 3K %1k
TR BORE A BB, IR B AL XS0 A 4
TS S AT B B (1) 2 58 B B0AIE, K I S VA R E
HHAN IR BAREIL 25 SR & A O & 2y il o O 83,
0 70, Ens 2E05 7908 0 81,0 68, 3} 4 & 5 Hi AN 46;
UEHAIL 25 5 (B AHOC R 18 0 79,0 68, Ens
REUrHIN 0. 73,0 62, R ZHALE H TH#HE R
GrK e tbad FERE AL

(2) 5 SWAT BB 45 Btk AT XT bl s L%
TR WAL X3, AL, IR A G R E il 0 11 48
mEQ 73, Ens REH- 0 71 #£5F 0 70, #—
BOIE TAZBE R Se 1, A REHER GK e A PR A
05 WL TR AL 18T ¥

(3) N A ZE I WT IDS AR RIS, AT 75 3R 58
()2 Hedee /b s Hoth 5 HE/K D142 it 7 4 ml 1) 432 41
K SHL, G 3R U AN S KR AR LS K &
AR S Sk 4 2 3015 2, 5 TR, &l sk
B FHAE B, WT IDS BB 7E w7 K R EHE R 4t
B BUFRER Y, W] B 58 08 ot 5 R A0
K AR ZR BIRE T LA B A2 AR LEAS [RIRIF 921X k) i
FAME, ¥it T — DR AR .
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