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Study on utilization of agricultural water resources with
high efficiency in Zhangwei river plain
I. Parameter calibration and validation
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Abstract As an important river system of Haihe river plain, Zhangwei river plain is among those typical regions with
severely water shortage in Northern China. In this paper, in order to optimize irrigation schedule, Shuffled Complex
Evolution (SCE-UA) was used to calibrate the crop parameter of Soil and Water Assessment Tool (SWAT) in two
stations which are to be or near the plain. The sensitivity of parameters was analyzed based on actual
evapotranspiration by remote sensing (RS), and the most sensitive parameters were chose. The next step was to
optimize the parameters and give its uncertainty analysis by using “Sequential Uncertainty Fitting Algorithm” (SUFI-2).
Based on the calibrated parameters, under the consideration of uncertainty of the model, the yield of long term simulation
of winter wheat and summer maize rotation system were validated. The results of calibration and validation laid a firm
foundation for the further research on optimization of water product function and irrigation regime.
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Fig.1 Zhangwei river plain
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Table 1 Crop parameters of winter wheat and summer maize
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Fig. 2 Comparison between simulated aboveground biomass.yield of winter wheat

and observed data in Quzhou station
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Fig. 3

Monthly simulated ET for two selected subbasins showing the 95% prediction uncertainty intervals

along with the ET monitored by remote sensing

2.2 BNEMEERFEWIE

R T 2K G S R (R TR T Y i
M AWFRUEE T 1985—2005 4EH 73 B A & /N A2
AE F ARG THE S ™ B8, 48 i TR G it
FUAR Y B A e 1 4F 45 77 5 7T BB A7 5 W 8 I 22 . {EL4)7
SR I UE A L4 SR I AR BRI B
19822005 4F, Hivh 19821984 4F Sy H 70 i #4441 .

R 5 A TS 54 /N EME £k
PRI IE X T4 /N E PR, P-factor 7F 0. 80~0. 95
Z[a] , R-factor fE 0. 82~1.50 Z[a],R* £ 0. 19 ~
0.84 Z M, Hri 2 ~FE MK R® KT 0.6,NS
FHUAE 0.05~0.78 Z [l Horp 1 ASF ik iy NS &

8000

BORTF 0.70; % FH E k= &, P-factor £ 0. 53 ~
0.94 Za, Hr 4 N F R B P-factor KT 0. 60,
R-factor 7£ 0. 76 ~1. 46 Z[a] ,R* 7E 0. 38~0. 86 Z
], Hor 3 ASF il By R* KT 0. 60, NS RETE
—0.86~0.77 Z[a), Hir 1T A~FIR A NS RE K
T0.70, BHRE,CERIES R ER AN AHE.
Kl 4 WoR T sub7 (Y4 /N T B OKR B 7 i 1 A
B P DX 8] 5 e AR S8 7 m A LB . e AT
AL BT B G AR A T B ) A BT
1985—2000 4% [i] /= & — EL R FFHE K, 2000 4E DL 5 ™
It ST A ARG S 0 T G A 4 7™ g e A (B (48] 2
1997 4F) M- m 5 Z 2 R K,

10000 ¢

sub7(%/h37) I] sub7(R T A)
6000} Huu[lg .HU u __ 8000f uu UU
odlf Pogemr gl
< 4000 & § 2 ﬁ |]
“;- s = 40!)0 -
amer » 2000}
n ' 1 1 1 1 1 1 1 1 L L 1 L L L L L L ' J n IIIIIIIIIIIIIIIIIII
1985 1988 1991 1994 1997 2000 2003 1985 1988 1991 1994 1997 2000 2004
(B} B}
o 95PPU & SEifaEss =kt
B4 HoFRrE~S&ZERNISPPUERSSRITELESE
Fig. 4 Simulated yield for the selected subbasin showing the 95% prediction uncertainty
intervals along with the yield of statistical yearbook
3 ® oL A () R 4 7 g ST 1% X3 A3 A K SR AR
8 T

X AR R A K BE PR AT F SR oy . A

PR LU ) S J5 s ) A AR DL R BEIR RS ST AR AL TN HE AR XA a8 B AR X



5 510

B A . TU P SRR L K B IR e ORI T A BT S 1 . S0 E AR AU 56 ik 19

= EE TR R L R SWAT BRI & /N2
M FRMAED S50 R 85 R, 456 8Bk
W ET B4l FH SUFT-2 J5 3 % 2 Bohs st o0 #r 1t 1t
H I S BT 50 DA RO B R M M % TR VR
AL S BOBADURG BE 1) R 15) S BB 6% 25 Hh S 400 485 2R 1 A
B MK, R Es SRR BR T NS R4, Ha 3
TUHR AR I LR R TES OB E M SR 1, B
19852005 4F A48 TH4F 4 77 1t X%F SWAT 488 7Y (1) 45
PUP= BT TR UEBLL . 50 UE S5 R R B, B
HE R i S D R . g L RTR LR
2 H bR 5325 308 0 7 i 45 31 10 A58 80 2 0K 0E {8
FE TR TV ST B0 1 3 S m] 1 ifE — 25 i AT 40

ST

Bt P B AR R B A B S I KA B S PT X 4R 3K
BAEZHAIEFRETERET 9B . FLXF
KA RE TR ZHRLHELESET FAO 23 3
F& P B R AR B A S B R R K B R B R T AR L
BRI RMRET HETARKRZZRR X B, Swiss
Federal
Technology (Eawag) # Dr. Abbaspour 3t 4 # % &
¥ SUFI-2 F# TR F. PEARLERFFRS
BT F IR L A RAL 09 L9 8] R AT K I 3 5
WMNBFRATT R EH E RO,

institute of  Aquatic Science and

2 £ X #

(1] TR, 5. R0 A7 8 SWAT #E R # #H
(V). Rl 22 Uk ,2008,27(4) : 1-6
(2] Feplat. ¥ TR i K B8 U5 JF & ) FA G 5k L) ). ¥ T 2K i, 2003,

6:9-11
(3] FrhaR. 08, R, 3T DEM M5 fi 27Kk SCHE R 5% 4%
LT BRI 2EH] .2003.18(2) :168-173

[4] Tripathi M P,Panda R K,Raghuwanshi N S. Development of
effective management plan for critical subwatersheds using
SWAT model[ J]. Hydrol Process,2005,19:809-826

[5] Wu K S, Johnston C A. Hydrologic response to climatic
variability in a Great Lakes Watershed: A case study with the
SWAT model[J].J Hydrol,2007.,337:187-199

[6] Ficklin D L, Luo Y Z, Luedeling E, et al. Climate change
sensitivity assessment of a highly agricultural watershed using
SWATLJ]. ] Hydrol.2009,374:16-29

[7] Moradkhani H,Baird R G,Wherry S A. Assessment of climate
change impact on floodplain and hydrologic ecotones[ ] ]. ]
Hydrol,2010,395:264-278

[8] gy, 5kT7 B . SWAT MM S kv 43 B & v L) ). T2
X ¥ ,2010,33(1).8-15

[o] EHR%, AR VLM, BT SWAT BRI B0 K % 9

XA AL A REL) T, T 5 X B . 2010, 33(1) 1 158-163

[10] BB A58 IR AR, 55 X IR 26 80K 4 A 2R H0 2 G 3 Uk
IUELT]. Al TR 4% 42 . 2009,25(10) :154-161

[11] Schuol J, Abbaspour K C, Srincasan R, et al. Estimation of
freshwater availability in the West African sub-continent using
the SWAT hydrologic model[]J]. ] Hydrol,2008,352:30-49

[12] Arnold ] G, Srinivasan R, Muttiah R S, et al. Large area

hydrologic  modeling and assessment-Part 1. Model
development[ J]. ] Am Water Resour Assoc,1998,34 (1);73-
89

[13] Neitsch S L, Arnold J G, Kiniry J R, et al. Soil and water
assessment tool theoretical documentation[ R7]. Texas Water
Resources Institute, College Station, Texas. TWRI Report TR-
191,2002

[14] Duan Q, Gupta V K, Sorooshian S. Effective and efficient
global optimization for conceptual rainfall -runoff models[]].
Water Resour Res,1992,28:1015-1031

[15] JUi%ak . 5k, D, & AR TH T /K S VR 45 10 728 K
WS A /N2 A e [T . ARl C R 4R, 2007, 23 (6) 1 95-
100

[167 skAA. 7k ith 8 AR 4 /N 2 A EL 6 K K 43 B I &% W 55 [ D .
demt: fE gL K%, 2006

L1710 # va k. g B RUE TR 398 a8 1 1% 2 1) A S5 e b il 2 6 4 2K 1) B
BB D], Jb 50 v E &0l KA, 2000

(18] JUi&us. AR T K MR &0 T A K i KB WP 5 [ DL
BRVE A7 %« UL AR MRRL 4 K2, 2005

(197 SKMHIR . & € Fk A - % SWAT 880 R AL 3 A A e 7 =
PR P B B2 I (D). 7K LA pil 4, 2010, 30(3) 1 122-127

[20] Chu T W. Modeling hydrologic and water quality response of a
mixed land use watershed in Piedmont physio-graphic region
[D] . Maryland: University of Maryland, College Park, 2003

[21] Morris M D. Factorial sampling plans for preliminary
computational experiments[ ]J]. Techno Metrics, 1991,33(2)
123-131

(227 | Hamm . = 4, J8 B, K SCRE RS AS A o M 43 BT 0 22 1 DU (L 9%
F¥& GLUE J73:[ 7. 1UJIl K2524R ,2007,41(4) :89-96

[23] Vrugt J] A,Gupta H V,Bouten W, et al. A shuffled complex
evolution metropolis algorithm for optimization and uncertainty
assessment of hydrologic model parameters[J]. Water Resour
Res.2003,39(8):1201

[24] Beven K, Binley A. The future of distributed models-model
calibration and uncertainty prediction [ J ]. Hydrol Process,
1992,6(3):279-298

[25] Abbaspour K C,Johnson C A,van Genuchten M T. Estimating
uncertain flow and transport parameters using a sequential
uncertainty fitting procedure[ J]. Vadose Zone J,2004,3:1340-
1352

(267 mangs, Brdefli , 25 O L 380 I 1 J5LAC /N A2 2R R - K U A
FARCRBA A TLT ], B R FE#,2006,39(3) :552-562

[27] W25 AERL, £ 55 1t 11301 54l K 9 U5 w55 280 T Ay 482 0L 0
5. 1. K 43 A 7= R St 7 R E W 1R B2 )t Ak L. o 1 ARl
K2R .2011,16(5) :20-25

(riEHmE . EX L)



