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Application of the SWAT model into the runoff simulation based on
SUFI - 2 Algorithm in Heihe river basin of Shaanxi Province

LIU Rui-chong', HUO Ai-di', CHEN X H?>, WANG Ju-cui', XI Dan'
(1. School of Environmental Science and Engineering , Chang’ an University , Xi >an, Shaanxi 710054, China;
2. School of Natural Resources , University of Nebraska — Lincoln, Lincoln, NE 68583 — 0996, USA)

Abstract: Parameter calibration and sensitivity analysis are very effective methods to improve the accuracy of the
model, to determine the key parameters of the model and improve the model structure. Through the SWAT model, this
paper simulated the Heihe River Basin, meanwhile carried out the sensitivity analysis for the model parameters based on
the SUFI - 2 Algorithm. The results shown that: (1) The main factor affecting the accuracy of the runoff simulation re-
sults in the Heihe River Basin was the parameter of the scs runoff curve. (2) The model was calibrated and validated by
using the measured runoff data of 2005 to 2011, the simulated determination coefficient ( R*) and model efficiency coeffi-
cients (ENS) were total higher than 0.8. (3) By comparing the SUFI — 2 Algorithm with SCE — UA Algorithm, we can

find out the SUFI — 2 Algorithm with higher accuracy and using short time.
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Table 1

The actual meaning of the selected parameters

SR

Parameter name

YIHLE S Physical meaning

B4 HUEE

The initial value range

CN2. mgt ses PR I ZE B AL ses runoff curve parameter (-0.2,0.2)
ALPHA _ BF. gw FLH B BB Base flow subsided parameter (0.0,1.0)
SOL _ K(1) . sol M FIK J145 5240 Saturated hydraulic conductivity parameter (-0.8,0.8)
GW _ DELAY . gw R /K #E 5B 8L Hysteresis parameters of groundwater (30.0,450.0)
SOL_ BD(1) . sol I FI 454 Soil saturation capacity (-0.5,0.6)
ESCO. hru 399 K #MEB B Soil evaporation compensation parameter (0.8,1.0)
CH_ N2.1te FEIANE ] PR 2 T R $X Manning coefficient of main river bed (0.0,0.3)
SFTMP . bsn [T SRS EL Snowfall temperature parameters (-5.0,5.0)
SOL _ AWC(1).sol + 3] F FK S50 Available soil water parameters (-0.2,0.4)
GWOQMN. gw BIZ K2 TR BB R E Depth threshold of base flow produced by shallow aquifer (0.0,2.0)
CH_K2.1te IEA KL SR Effective water conductivity of ditches (5.0,130.0)
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Fig.2  Location of Heihe river basin
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Table 2 Parameter sensitivity analysis

SHLH S
Parameter t — Stat P - value Sensitivity
name ranking

CN2. mgt 17.3 0 1
SOL_ K(1).sol 9.2 0 2
SOL_ AWC(1) . sol -6.8 0.14 3
Alpha_ BF. gw 2.9 0.16 4
Esco. hru 2.8 0.12 5
CH_ N2.rte -2.6 0.18 6
CH_K2.rte -2.4 0.33 7
GW_ DELAY -1.3 0.42 8
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GWQMN -1 0.36 10
SOL_ BD(1) . sol -0.9 0.49 11
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Table 3  Runoff simulation result

i ) Bl . . PR T REAT

Time Simulation variable P — factor R - factor
FEW Calibration period A2 Monthly runoff 0.80 0.86 0.50 0.28
BHIEW] Verification period H 42 Monthly runoff 0.91 0.88 0.47 0.28
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Table 4  Simulated results
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-&- S Observed =448 {1 Simulated
~70r *

b oY b o N “ o
Q

o oV oY o o ;
BN NS S\ T N U

[1 1] Date(Y-m-d)

B 5 ZEH(2005—2008) A L ME S EMMERT L
Fig.5 Comparison between the observed and simulated

data in the calibration period

1401 - 920 {8 Observed -m-H1Ll{l Simulated #

1% % Run off/(m* « s™)

] [ & o ,
SRS SIS S
OV 40 (O b (oY oY (oY 0
o @A gAY GV (A (R0
ESNMEIPT\ SR\ SRIPS \ L P\ P\ PO\

H %] Date(Y-m-d)

B o6 IEHA(2000—2011) ARFRSEME SELEXTLE
Fig.6  Comparison between the observed and simulated

data in the verification period

Wt 3 53k 4 9XF L, v LAA H SUFI - 2 &
XS TR BE B A A SE K, A L SCE - UA 35

¥, SUFT - 2 553 5N 3 )+ BT i x5+ 52
TR NI A S B K SO AR TR] s E A
SUFI - 2 SkiF A7 28 8 B RS AT A R 1 min, 1)
FASEHRY B 35 S B R GE A T T 5 B 18] Ry 3 min 245,
FE B R IE B T DA R b s AR
ALK SUFT - 2 J5 AN — R m R 38 Jy it —
HHES R

5 ZiwSihe

SWAT F3 A 2R B 7K SCREADL 7 22 K d HAT 25 1]
S AT R Hh 26 S B0 I U 2 [ 40 £ R DA
SEBGHARIR K S AR B AR I A HER AR o 3 FH ARk
PESTHIT , BB B b FHL AR 25 0K K S R 1) 53 i
B G ) — S F B SR, b e T RERLE S fE
W Bk 8 e PR a1 T I AL T SUFI2 559
AL, -5 SWAT B [ 47 I ik g b 4%, aT LAA 3]
PATN 458 .

1) SHCRE S E AR PE 1) HE IR
K128 Ty A R b 1 A 18 ] I

2) M PG 22 BT A 4R 2005—2011 4F fl S2 42
T B X AR R AT RS VR RN E , ) A% A AR 4
] S ERCHE AH X R B R? A Ens BT F 0.8,
FHILT SUFI - 2 B 3L SWAT B Xf T 2 9] i 35
TR BRI 25 R R A

3) ¥ SUFI -2 B3k A 2 SWAT BRI 47
BRI BH 5% 5E , [7] SCE - UA By, %A vk
WS PR, e B, e s I i M S A g%
FERCR, [fi15 SWAT 5 [ 3 28 1 IR B3R KR
PR UHUR SRR R 2 W I S E0R X
TSR B R R A AT . R,
A2 R T, o E WAk

Bigh: K2 XFMEE KRERZDHEF A
R TARRE T R Y A BB A 2R
BIFAET o Eoal A e T AEFET
(41072183) &3 B ) X ) L4, 3 EAA A
1509 K 1 34 B0 m 84 Bift

(T#% 22 W)



222 T 5 b XAV AT

LRV

BBGETNE & /N E FEAE T HIE S LXK
EILHE AL AT AE—E 22 5%, & IR AT IE
it e — 2 BT S v DU U R 1 e & /N HE L
U SN S B 0 5 A /N A2 T A T T A AL
FY L, FFARIBCE 22 480y (9 B8l , o A R R AT i
TRBVEWERE I RAOlk RG IR S0 AR IR
b A 200, Horlh TAEAQUR BR T3P E
XA A7 3 SRR | I 5 E LR SRR AE 2K
6 S5 Z N R B T R 2R S

S % X #k:

(1] B W8, ALARER ARl 55 L 5 R Wy 12 0 5 oy ) a0
[J]. 9 %% ,2008,23(4) : 117-121.

(2] BRBIRE, BRI AR AE GRS 42 ERE ™ 4
BRFELT]. ARG LARMIE 5 5K, 2006, (2) :108-112.

(3] W W, PhAAL . TR U 8 AR 5 1 9T e g 5
XEHELT] . HBRFL R 1995, 10(2) £ 123-132.

[4] Nearing G S, Crow W T, Thorp K R, et al. Assimilating remote sens-
ing observations of leaf area index and soil moisture for wheat yield es-
timates: An observing system simulation experiment[J]. Water Re-
sources Research, 2012,48(5):1-13.

[5] MRz, B4, B30T, 5 . R RE R 4 Bes & N Z 4l
PAERE )] A TR, 2004,20(1) : 172-175.

(6] FEHAMR. PAEA IR S/ N2 ARG [ M B IN « BT AR

(7]

(8]

(9]

[10]

(11]

[12]

[13]

[14]

Jikt:,2010: 147-148.
Richard M W, Sam M, Juan A, et al. Effect of drought and the pres-
ence of the 1BL/1RS translocation on grain vitreosity, hardness and
protein content in winter wheat[J]. Journal of Cereal Science, 2008,
47(3) :457-468..
RAEHE, ZE AN . 1961—2000 4F 5400 [ 4 /N 7 Y R R
[J]. BAR FE2E 4, 2006, 15(6) : 235-240.
TR, 0 BRPR 2 T R ER ARAE A AT (0] T R X
RALBFSE ,2010,28(5) :247-253.
BRI S BIAE, VF A, 45 TS 5GPt DOR [RIAEAR/ N2 it
P A PER ML) . 5 1 XA 5T, 2012, 30(1) :
159-163.
Sun W, Wang P X, Zhang SY, et al. Using vegetation temperature
condition index for time series drought occurrence monitoring in the
Guanzhong Plain, PR China [J].
Sensing, 2008,29(17 - 18) :5133-5144.
2, EMEHT, XIIRE, AF T AR MM BOR BT BN AN
FEAFNYT R EWSCRIEN 1. B A HE P R
HAG AL R AR IS, 2013,31(6) :159-163.
M, EMERT, XNIRW], 45 BT A B R R FE R & /N
FRAF I T R IR 11 . 2o i )2 0o s s
SARRA A WAL )] T Bl X AL TF 5, 2014, 32(1) : 236-
239,262.
WO5h, EMEE A RSP RUNE A E ] VICT AU 3
e /N 7= 18] A A S MR 5 [0 ] 52t Xl B 5
2011,29(6) : 173-178.

International Journal of Remote

(EBF 217 W)

2 % X #k:

(1] XUEB, FBLL B, b AR, 45 i K IR 35 40 A SR8 [ M ]R8
I < BRI KR H A, 2006

[2]  Amold J G, Srinivasan R, Muttiah R S, et al. Large area hydrological
modeling and assessment part 1: model development[J]. Journal of
The American Water Resources Association, 1998,34(1):73-89.

(3] EHR,E F XIEW, % 0 KOk ORI 280 E M
T (1] B AR BEIR7HR ,2007,22(4) :649-655.

(4] 2 B9 %, F5W%a 5 SWAT B S Ut 1 5 F 33
SE T ZEPERTFE )] K BEIR 57K L4, 2012,21(1) : 79-82.

[5] AEF53C, 25, M e, 55 . SWAT B2 8 2 JU U 43 #r Sy
LR R L CL/ /PP I PR 2 22 R AR 218 SCER L 2011
262-268.

(6] & Wi, &, k0, % SWAT BLRL R G HE 43 7 BB fe v
ROBEFIS N —— LA = BLan T N s o i L] K LR d
WF5E,2011,18(1) : 161-165.

[7] Abbaspour K C. SWAT Calibration and Uncertainty Programs[MJ .
Duebendorf, Switzerland: Swiss Federal Institute of Aquatic Science
and Technology, Eawag,2007:95.

[8] Schoul J, Abbaspour K C, Yang H, et al. Modeling blue and green
water availability in Africa[J]. Water Resources Research, 2008,

[9]

[10]

[11]

[12]

[13]

[14]

[15]

VOLA4: W07406 . doi: 10. 1029,/2007 WR006609 .
Yang J, Reicher P, Abbaspour K C, et al. Comparing uncertainty
analysis techniques for a SWAT Application to the Chaohe Basin in
China[J]. Journal of Hydrology, 2008,358(1-2):1.
X5 ALT SWAT — SUFT A7 Y 2 - 5 Dt S 700 i 8 A28 i
PR BB TR G IT R [ D] VA5 : Pe bR MR R
#,2012.
ZEREMG Aot LT SWAT BRI SUFL - 2 B0k A 1 ] 3 5
AARTAAEAU L] AR R 224 (B AR B4R , 2012,
48(5) :490-496.
Duan Q, Sorooshian S, Gupta HV, et al. Global optimization for wa-
tershed model calibration, in calibration of watershed model [ M ].
Washington DC, American Geophysical Union, 2003.
Sorooshian S, Duan Q, Gupta V K. Application of global optimiza-
tion to the Sacramento soil moisture accounting Model[J]. Water Re-
sources Research, 1993,29:1185-1194.
Duane Q Y, Sorooshina S, Gupta V K. Optimization use of the SCE
— UA global optimization method for calibrating watershed model[ J] .
Journal of Hydrology, 2001,251:103-109.
M, 0 5 SWAT BERL S 80 1 2l % i ke S5 i L))
i O A5, 2009, 30(H 2):271-275.



