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Influence of objective function on uncertainty of SWAT model runoff simulation in the Luanhe River Basin //
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Simulation and Safety, Tianjin University, Tianjin 300350, China)

Abstract: Aiming at the uncertainty of hydrological model parameters and runoff simulation results, four objective
functions, namely Nash-Sutcliffe efficiency coefficient ( NSE), modified determination coefficient ( R ), relative error
(PBIAS) and Kling-Gupta efficiency coefficient ( KGE ), were selected to calibrate and verify the parameters of the
constructed SWAT model at the upstream of Panjiakou Reservoir in the Luanhe River Basin. The sensitivity difference of
model parameters under different objective functions and the uncertainty of runoff simulation were analyzed. The results
show that the parameter sensitivity will change with the increase of the number of iterations and the change of the sampling
range, and the parameter range and the optimal value of the calibration are significantly different under different objective
functions. As the objective function, NSE and KGE are more robust in runoff simulation at each station, showing higher
simulation accuracy and lower simulation uncertainty, respectively.
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Fig.5 Monthly runoff simulation results at Panjiakou Reservoir Station
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Table 3 Parameter calibration results under different

objective functions at Xiabancheng Station

S NSE R PBIAS KGE
CN2 -0.22 -0.14 0.02 -0.05
GW_DELAY 376.92  118.73  218.48 222.31
GWQMN 1734.19  1908.47 2463.97 1631.45
RCHRG_DP 0.21 0.18 0.34 0.25
ESCO 0.64 0.83 0.94 0.45
HRU_SLP -0.11 -0.05 0.34 -0.30
SLSUBBSN -0.10 0.45 0.22 0.40
CANMX_AGRL 64.69 55.78  67.75 94,18
CANMX_PAST 50.27 54.39  94.05 39.00
CANMX_FRST 64.37 5.11  55.33 1.57
EPCO 0.46 0.25 0.63 0.69
CH_K2 90.43  350.46  277.61 161.18
ALPHA_BNK 0.24 0.87 0.24 0.77
SOL_AWC -0.38 0.34 0.06 -0.14
SOL_K -0.74 -0.36 0.56 0.03
SOL_BD 0.17 -0.27 -0.24 -0.28
SOL_Z -0.42 -0.02 -0.21 -0.39
CH_KI 5.44 45.00 189.94 173.71
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Table 4 Parameter calibration results under NSE

objective function of each site

" y s - en. I BHEO

BHC TR FEORE WRE L /f;
CN2 -0.22 0.22 0.06 -0.34 -0.49 -0.01
GW_DELAY 376.92 1.64 20.20 182.93 397.25 12.79
GWOQMN 1734.194089.79 716.55 1157.85 3582.31 4664.43
RCHRG_DP 0.21 0.99 0.79 0.10 0.11 0.35
ESCO 0.64 0.31 0.63 0.99 0.85 0.70
HRU_SLP -0.11 0.12 -0.41 0.19 0.29 -0.25
SLSUBBSN -0.10 0.45 -0.20 0.17 0.49 0.28

CANMX_AGRL 64.69 69.26 2.55 1.92  31.82 6.08
CANMX_PAST 50.27 83.81 3.49 24.77 0.85 72.21
CANMX_FRST 64.37 1.89 71.97 28.83 76.01  20.41
EPCO 0.46 0.63 0.36 0.10 0.65 0.31
CH_K2 90.43 335.24 244.81 320.23 71.65 175.28
ALPHA_BNK 0.24 0.35 0.61 0.68 0.57 0.93
SOL_AWC -0.38 -0.49 0.08 0.34 -0.39 0.00
SOL_K -0.74 -0.62 -0.02 -0.42 0.41 -0.43

SOL_BD 0.17 -0.03 -0.29 -0.03 -0.37 -0.49
SOL_Z -0.42 0.23 -0.25 -0.19 -0.41 -0.04
CH_K1 5.44 28.09 4.74  120.18 84.22 0.47
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Table 5 Uncertainty interval of runoff simulation at each station and number of sampling groups

) E 4 R N
il R M
~ PREX p T r HF IRPRELEL A p HF r FF PRSI B

NSE 0.86 1.44 2310/4500 0.94 2.34 403/500
A R 0.43 0.48 3 261/4 500 0.28 0.63 120/500
AR PBIAS 0.63 0.80 1 835/4 500 0.56 1.13 282/500
KGE 0.68 0.69 2 396/4 500 0.78 1.06 484/500
NSE 0.99 1.05 2 908/4 500 0.97 0.84 500/500
a4 Rﬁl 0.98 1.09 2 722/4 500 1.00 0.89 492/500
PBIAS 0.87 1.07 1 915/4 500 0.92 0.87 311/500
KGE 0.98 1.00 2 251/4 500 1.00 0.85 437/500

NSE 0.71 0.96 1 239/4 500 0.75 0.84 0/500

& Rz" 0.69 1.95 1 044/4 500 0.86 1.49 0/500
- PBIAS 0.62 0.74 2 008/4 500 0.69 0.62 66/500
KGE 0.68 1.03 1 607/4 500 0.72 0.87 249/500

NSE 0.65 1.02 501/5 000 0.81 0.96 77/500
S RZ] 0.40 0.59 1 820/5 000 0.33 0.54 452/500
HRH PBIAS 0.51 0.79 2 52575 000 0.47 0.61 241/500
KGE 0.50 0.99 2 456/5 000 0.53 0.85 490/500

NSE 0.86 1.86 753/5 000 0.72 1.32 0/500

N R?“ 0.65 1.64 2 520/5 000 0.53 1.47 0/500

ESCANE
PBIAS 0.64 1.67 2 518/5 000 0.50 1.33 389/500
KGE 0.76 1.43 2 394/5 000 0.61 1.05 362/500
NSE 0.47 0.35 3 924/4 500 0.50 0.45 500/500
2
W5 Tk R, 0.46 0.38 3 894/4 500 0.33 0.48 500/500
PBIAS 0.43 0.33 3 546/4 500 0.33 0.42 500/500
KGE 0.43 0.31 3 881/4 500 0.39 0.40 489/500
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