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Abstract; The distributed hydrological model provides an effective means for runoff simulation and hydrological response to
land use change. SWAT model is widely used to evaluate the hydrological response of land use change. However, the
response of model’s parameters to land use change and its effects on the simulation of runoff have not been well investigated.
In this study, Shanmei Reservoir watershed located in the southeastern China was took as a research area and SWAT models
for the simulation of the annual, monthly, daily runoff were constructed under the land use conditions of 1995, 2005 and
2015, respectively. The optimal values set for the sensitive parameters under three land use conditions were determined with

the method of SWAT-CUP, respectively. The three optimal values sets of parameters then were applied to analyze the effects
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of land use change on the simulation of different time scales runoff. The results showed that; (1) the land use pattern in the
study area changed greatly from 1995 to 2015. The garden and urban land were increased while the forest was reduced
significantly. The SWAT models well simulated the different time scales runoff process for the three land use conditions of
1995, 2005 and 2015 with the Nash-Suttcliffe (NS) was above 0.62 and the coefficient of determination (R*) above 0.78.
(2) The sensitive parameters were same for the three land use conditions which included CN2, SOL_AWC, SOL_K,
CANMX, ESCO,GW_DELAY and OV_N. The values of the sensitive parameters were varied with the change of land use
and the variation was coincident with the physical meaning of sensitive parameters. The values of CN2, SOL_K, CANMX,
ESCO and OV_N in the study area were gradually increased from 1995 to 2015, while the values of SOL_AWC and GW_
DELAY gradually decreased. The reason for the changing trend of sensitive parameters was that the land use in the study
area was changed partly from forest to garden, pasture, orchard and urban land from 1995 to 2015, resulting in the decrease
of the forest area. (3) The change of the value of sensitive parameters, caused by land use change, had little influence on
the simulation of the annual and monthly runoff but significantly on the daily runoff. The influences on the daily runoff

increased with the increase of the amplitude of land use change.

Key Words:; land use change; runoff; time scales; sensitive parameters; SWAT model
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Fig.1 Location of study area and distribution of gauges
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Table 1 Model construction and analysis of scenarios settings

(e b PR L HE B €S

Scenarios Land use date Meteorological data parameters set
1.1 1995 1995—2002 Parm95
1.2 1995 1995—2002 Parm05
1.3 1995 1995—2002 Parm15
2.1 2005 2003—2010 Parm05
2.2 2005 2003—2010 Parm95
2.3 2005 2003—2010 Parm15
3.1 2015 2011—2018 Parm15
3.2 2015 2011—2018 Parm95
3.3 2015 2011—2018 Parm05

Parm95 . 1995 4F 4 HuF 2R 2 S 8 4E Set of parameters for land use, 1995; Parm05 ;2005 A 4 HF ) Set of parameters for land use, 2005;
Parm15:2015 4F - HF| FHHE S5 Set of parameters for land use, 2015
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Table 2 Analysis of land use change from 1995 to 2015 in Shanmei Reservoir watershed

R 2 WLZEKERIS 1995—2015 £+ #F) AT

40 WRRALR b fil b it Efbﬁfnﬂ B4y KB i *u*ﬁj&
Year Area and rate Forest Garden Orchard land Pasture Water Dryland Jand
1995 T/ km? 723.34 93.34 89.43 41.92 8.25 23.27 29.98 8.53
Ll % 71.05 9.16 8.78 4.12 0.81 2.29 2.94 0.85
2005 T/ km? 638.63 155.42 102.51 52.69 29.78 25.3 10.59 3.92
el % 62.68 15.25 10.06 5.17 2.93 2.48 1.04 0.39
2015 T/ km? 634.52 155.55 97 64.01 29.69 25.45 10.61 2
e/ % 62.27 15.27 9.52 6.28 291 2.50 1.04 0.21
1995—2005 AL/ % -11.71 66.51 -14.63 25.69 260.97 8.72 -64.68 -54.04
2005—2015 AL/ % -0.64 0.08 -5.38 21.48 -0.30 0.59 0.19 -48.98
1995—2015 AV % -12.28 66.65 8.46 52.70 259.88 9.38 -64.61 -76.55

22 SWAT FBIAZIE 5Kk

3 A ISR T AR A REAR A SR NS 3, AR A] RUBEAR B NS #9KT 0.62, R*EIR
T 0.78, | Rel BI/NT 25% , W] SWAT BRI L SR FERIAR A B R AR S BEBBUSOR B4, Tl L& B
e WA AERAN [+ of 391 A ] s 1] B8 AR T A

#3 IHIMARAZFHTIARNEBREZREMER

Table 3 Runoff simulation results of different time scales in three land use conditions

] R 1995 4 1 # A 1] Land use 1995 2005 4E LRI Land use 2005 2015 4E LRI Land use 2015

time scales NS R? Re/% NS R? Re/% NS R? Re/%
4F Annual 0.92 0.94 -9.91 0.91 0.96 -6.89 0.62 0.91 -15.95
H Monthly 0.90 0.93 -10.50 0.96 0.97 -7.22 0.88 0.93 -15.52
H Daily 0.65 0.80 -10.70 0.87 0.88 -7.46 0.77 0.78 -15.53

NS 9950 Z %50 Nash-Suttcliffe ; R? . T B R %X Coefficient of determination s Re . X122 Percent bias
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B RS SEBURE R RN LA B R, FCFRIZ S B S — XSG U P R R i S E IR 1 B (5 K
- HAEMAZE 0, RFHSEIE T, — R, 7F P /N T5T 0.05 WSO T %S B U 22 5 i 7
PEKTET 0.3 WIBMN T, ZSBARHUZ™ | ik 4 ], AR LR T &0 T EURSEUE—RER, 7090
J3 CN2 . SOL_AWC ,SOL_K ,CANMX .ESCO .GW_DELAY ,OV_N, HHFFHA—2, HESH GWQMN .GW_
REVAP EPCO SLSUBBSN ALPHA_BF 45 % #2 i AN EURS %45 SRR U, 1 Hb A1) AR A6 2 800 UM E I
N

F 4 GERAE TS A AR S E SR E WA R (HOR[R] R 250 R S50 BUE A
A, W3k ar 20 T T RY SCS 723 T £R % CN2 AYMH, Bl % A FH A9 A8 fb i AR £k, 78 1995—2015 4F[i]
BTG R ; TARANE i 240 SOL_K 7E 1995—2015 4E[AIZHT AR /1N, 3 SERURME S BB A8 fL AL S5 B
WAE T G — e,
2.4 SHUBARXT AN B 1] RUBE A2 SR A HUAASCER 1) 5 i)

A 1,3 Fp bR AT RS H A 2 AL RCR 52 F A an i 3 i, s e =M IX
BWONARGBEIX  FIRBCRFREL NS /T 0.55 50 RP/INVT 0.7, BIVBCRURIIACR 25, ANl AR AU TR 22
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A 3 TT AT K 3 R S E SIS L MR 2500, & A AR NS B RP 3476 A6 5 (X I, 3=
B4R A AR RIS Ay BN S EO A xHE R m i/, I H B WA NS K RP¥FEfi S £ 4
FIFHVCHC 4 S BRI T P4 76 35 XS0, RIS BT, i AE 8 -5+ HR FHAS UG ) S8R NS
Ko RP¥TEAE T @ XN, BVBBILCR 25 9 FRSDLES R 28 (ko Bifi 2 - bR A A0 T 5 B bR bk i 2, ELR e ot
16,1995 4F 4+ Ho B FH 2674 F, parm95  parm05 | parm153 20 A [7] 2 BUAE AU A2 A 0L 45 51 NS /1 0.65 F [ 3]
-0. 7375 [%%]-0.77, [FkE R 0.80 F[%% 0.41 FEFEE] 0.39, £ 2015 4F +#u F FH 514 F , 2505 parml5 .
parm05 . parm95 FYRLIULE R NS Hi 0.77 FFEF] 0.23 FEfFH]-0.19, [FFE R7 /1 0.78 T3 0.50 FFF%1] 0.3,
2005 A A MR FH 2 R 2R A A AR TR R 3

R4 WEKERBSHERESTREEREE

Table 4 Analysis of sensitive parameters and optimal values in Shanmei Reservoir watershed

SR g HUZMEHERF Sensitivity order FefE(EH Optimal value
Z 7 i
Parameter name Value range Parm95 Parm05 Parml5 Parm95 Parm05 Parml5
=) (Lﬁ/l’{ﬁ) (lﬁ/l’ﬁ) (tﬁ/l’fﬁ) arm arm arm
R_CN2 (-0.5—0.5) -72.58 0.00! -71.56 0.00" -49.96 0.00! -0.23 -0.1 -0.08
A_SOL_AWC (-0.2—0.2) 14.51 0.00? 14.11 0.00? 10.86 0.00? 0.18 0.15 0.13
R_SOL_K (-0.8—0.8) 13.65 0.00° 10.05 0.00° 4.96 0.00* -0.64 -0.24 -0.2
V_CANMX (0—100) 6.97 0.00* 9.51 0.00* 8.90 0.00% 57 61 72
V_ESCO (0—1) 3.12 0.00° -5.55 0.00° -2.89 0.00° 0.6 0.9 1
V_GW_DELAY  (0—500) -1.95 0.05° -2.16 0.03’ -2.28 0.02° 27 17 17
V_OV -N (0.1—0.8) 1.73 0.087 2.56 0.00° 1.50 0.137 0.18 0.58 0.57
V_RCHRG_DP  (0—1) -1.11 0.26° -1.02 0.30% -1.25 0.21% 0.5 0.3 0.3
V_GWQMN (0—5000) 0.23 0.81" -0.70 0.48° -0.74 0.45° 600 500 900
V_GW_REVAP  (0.02—0.2) 0.58 0.55° -0.36 0.71'° 0.48 0.62"3 0.15 0.09 0.08
V_EPCO (0—1) 0.42 0.66"! -0.29 0.76" 0.59 0.55" 0.1 0.3 0.6
V_SLSUBBSN (10—150) -0.57 0.56° 0.21 0.79% -0.52 0.6 37 52 42
V_ALPHA_BF (0—1) -0.08 0.933 0.28 0.77"? 0.60 0.521° 0.1 0.048 0.036

V_: 1B replace; R_: 3 (1+x) multiply by (1+x) ; A_: I add; CN2: #2 3 HIZk %X Curve number of moisture condition I ; SOL_AWC; +-3E/2H %K
JKZE 5 Available water of the soil layer; SOL_K ; #fi F1¥835 22 L hydraulic conductivity of the soil ; CANMX ; iz K5 /2 # i & Maximum canopy storage ;
ESCO ; 1355 & #Ms2 28 Soil evaporation compensation factor; GW_DELAY : H T 7K # J5 B[] ; Groundwater delay time; OV _N; & 7* 3% i MUK 2 %k
Manning's n value for overland flow; RCHRG _DP: ¥R & /K278 15 & #X Deep aquifer permeability coefficient; GWQMN ; 7 )2 #b F /K 1528 & R $k
Reevaporation coefficient of shallow groundwater; GW _ REVAP: Hli T 7K #f 28 & % #{ Groundwater revap coefficient; EPCO: 18 #% W 7K #b {3 5 %
Compensation coefficient of vegetation water absorption; SLSUBBSN: Bifi I 7K ¥t 1 £ Average runoff lag time; ALPHA _BF: JEJii o % 41 Baseflow

recession constant

25 B RY, NS A R T A UG C A SR I A [] A ) RG24 3 1) o 7 IS () 4 | ) e s ] IRUE
BRSEMREN B HAR R0 0 2, HLR A 1R A2 A5 B ROR BN SR i AR A i 2

3 RESHEEXS TR BN EY S

M)

IR+ HUR 2 USRS B R a5 0 (36 4) R0, - R AR A0 42 I 2 B0 UM AT B
i), XU S B BUE A BTG, BRI b A FH A8 P X R S BB A 52 i R HEA T 0BT e
3.1 URSEORUE R A A R

CN2 &+ 5K/ 5544 TR SCS R0 M 2%k, 2 13805 B R | 1 HoR] FH 2R BRI 1 498K 7 F 4 i 25
AR, CN2 B P TR ) 32 4 AT, CN2 W5 b R FH 928 Ak 7E 1995—2015 4F [A] 35 it f , 3
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Table 5 Regional differences of values of sensitive parameters
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