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Abstract ; Hydrological Simulation Program-Fortran ( HSPF) model has many parameters and complex interactions.
The traditional parameter optimization is insensitive to the optimization parameters and the optimization algorithm is
easy to trap into local problems, which affects the precision and efficiency of optimization. In this paper, a new
optimization approach is explored by integrating Qinglong River watershed, parameter sampling, sensitivity
analysis, and parameter optimization. Response surface optimization software Design Expert was applied to sample
the parameters of 9 HSPF models, and 130 sets of parameter sets were obtained. Multiple quadratic regression
models were used to establish the nonlinear relationship between the parameter sets and the efficiency coefficient of
nash-sutcliffe (NSE) , and the optimal parameters and their dense value ranges were identified by contour lines and
response surface. The NSE mean value, maximum value, and minimum value of the response surface optimization
parameters as well as the optimized interval reduction rate were all superior to the orthogonal range analysis method.
LZSN, INFILT, and AGWRC were exiremely sensitive parameters, while DEEPFR was sensitive parameters. The
interactions between LZSN and INFILT, INFILT and AGWRC, INFILT and UZSN, and INFILT and IRC had
significant impacts on the results. The dense value range of parameters were optimized as follows: LZSN[2. 00,
2.65], INFILT[ 0. 400,0. 475], AGWRC[0. 870,0. 885], DEEPFR[0. 101,0. 176 ], BASETP [ 0. 001,
0.120], AGWETP[0,083,0.120], CEPSC[0. 166,0.244 ], UZSN[0.83,1.22], IRC[0.53,0.63]. The
response surface method synthesized three aspects, i. e. , parameter sampling, parameter sensitivity analysis, and
parameter optimization, which considers the nonlinear relationship of parameters, the interaction of parameters, and
the optimization accuracy and efficiency, thus opening up a new way for parameter optimization of HSPF model in
Qinglong River watershed.

Keywords: Qinglong River watershed; HSPF model; parameters sampling; parameter optimization; response
surface optimization method
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Fig. 1 Location of Qinglong River watershed
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Tab.1 Parameter ranges of HSPF model

SRR E 21594 Hfy HEYE
LZSN TN 2R A inch 2.0~15.0
INFILT +HEF B R inch/h  0.001 ~0.500
AGWRC Hb R K THIR R 2K 1/day  0.85~1.00
DEEPFR /K4 FBEEEZMEZE  —  0.001 ~0.500
BASETP LR — 0.001 ~0.200
AGWETP BKFELEFRE — 0.001 ~0.200
CEPSC FEREAN B 25K — 0.01 ~0.40
UZSN 3 bR A inch 0.05 ~2.00

IRC Herh iR R AL 1/day  0.30~0.85
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Tab.2 Variance analysis results of response surface regression analysis

EIOE e Ry 5 Seit E ) 3475 2% FAH P1E RAYE
mYER S 2.31 45 0.062 4.87 <0.000 1 1 7 1%
A(LZSN) 0.75 1 0.75 58.99 <0.000 1 e 7 1%

B(INFILT) 0.29 1 0.29 22.81 <0.000 1 e 7 1%
C(AGWRC) 1.07 1 1.07 84.04 <0.000 1 e 7 1k
D(DEEPFR) 0.18 1 0.18 13.79 0.000 4 R
E(BASETP) 1.960 x 10 ~3 1 1.960 x 10 ~3 0.15 0.695 7 NRE
F(AGWETP) 4.225x10°° 1 4.225x10°° 3.320x10°* 0.9855 AR
G(CEPSC) 4.422 x107* 1 4.422 x107* 0.035 0.852 6 R
H(UZSN) 0.018 1 0.018 1.41 0.239 1 RRAY
J(IRC) 2.970 x 10 ~* 1 2.970 x 10 ~* 0.023 0.878 9 Rt
AB 0.17 1 0.17 13.06 0.0005 R
AC 5.512 %1073 1 5.512 %1073 4,331 x10 3 0.947 7 AR
AD 1.369 x10 3 1 1.369 x10 73 0.11 0.743 8 KRR
AE 2.205 x10 ~* 1 2.205 x10 ~* 0.017 0.895 6 Rt
AF 6.125 x10 ¢ 1 6.125 x10 ¢ 4.812x107°* 0.9825 AR
AG 4.441 x10°1° 1 4.441 x10°16 3.489 x 10~ 1.000 0 AR
AH 3.486 x 10 3 1 3.486 x 10 3 0.27 0.602 1 AR
AJ 3.125 1074 1 3.125 1074 0.025 0.8759 AR

BC 0. 060 1 0. 060 4.72 0.0327 A
BD 0.019 1 0.019 1.50 0.2239 KR
BE 1.891 x10 74 1 1.891 x10 74 0.015 0.903 3 KR
BF 4.513 x107° 1 4.513 x10 73 3.546 x 10 3 0.9527 AR
BG 1.513 x10 73 1 1.513x107° 1.188 x1073 0.972 6 NREK

BH 0.15 1 0.15 11.69 0.001 0 R
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CE 7.200 x 10 =3 1 7.200 x 10 =3 5.657 x10 73 0.940 2 NRE
CF 0. 000 1 0. 000 0.000 1.000 0 Rt
CG 4.441 x107"° 1 4.441 x10°"° 3.489 x10 -1 1.000 0 AR
CH 4.050 x10 73 1 4.050 x10 73 0.32 0.574 2 Rt
cJ 3.610 x10 ~* 1 3.610 x10 ~* 0.028 0.866 7 KRR
DE 5.281 x10 ~* 1 5.281 x10 0.041 0.839 1 R %
DF 9.112x10 3 1 9.11210 3 7.160 x 10 73 0.932 8 RR
DG 4.441 x10°16 1 4.441 x10°16 3.489 x 10 -1 1.000 0 AR
DH 9.680 x 10 ~* 1 9.680 x 10 ~* 0.076 0.783 4 AR
DJ 6.125 x10 ¢ 1 6.125 x10 ¢ 4.812x107* 0.9825 AR
EF 1.361 x10 4 1 1.361 x10 4 0.011 0.9179 AR
EG 8.882 x1016 1 8.882 x 10716 6.979 x 101 1.000 0 AR
EH 5.062 x 10 ¢ 1 5.062 x 10 ¢ 3.978 x 10 °* 0.984 1 AR
EJ 5.000 x 107 1 5.000 x 107 3.929 x10 3 0.995 0 Rt
FG 1.512x10 3 1 1.512 x10 3 1.188 x10 73 0.972 6 R
FH 3.125 x10°° 1 3.125x10°° 2.455 x10 4 0.987 5 Rt
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GH 2.592 %1073 1 2.592 x10 73 0.20 0.6529 AR
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HJ 3.042 x10 73 1 3.042 x10 73 0.24 0.626 2 KRR
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Fig.2 Normal distribution of residual error and comparison between the predicted value

and the actual value of regression model
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Fig.3 Response surface of HSPF parameters and their interactions
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Tab. 3 One-stage optimization parameters of the response Tab.5  Optimal parameter values and dense intervals of the response

surface optimization method surface optimization method after two-stage optimization
ZHRAHR /NI IRRIE T4 SRR TR A RUE X [A]
LZSN 2 4.6 2.088 LZSN 2.000 [2.00, 2.65]
INFILT 0.400 2 0.5 0.499 INFILT 0.400 [0.400, 0.475]
AGWRC 0.87 0.89 0.871 AGWRC 0.870 [0.870, 0.885]
DEEPFR 0.101 [0.101, 0.176]

DEEPFR 0.100 8 0.200 6 0.113
BASETP 0.101 [0.001, 0.120]

BASETP 0.080 6 0.120 4 0.101
AGWETP 0.088 [0.083, 0.120]
AGWETP 0.080 6 0.120 4 0.088 CEPSC 0.199 10,166, 0.244]
CEPSC 0.166 0.244 0.199 UZSN 1.020 [0.830, 1.220]
UZSN 0.83 1.22 1.020 IRC 0.551 [0.530, 0.630]

IRC 0.52 0.63 0.551
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Tab. 4 Comparison of one-stage and two-stage parameter

intervals of the response surface optimization method

SRAE —RKFBUEIXE R SOCBREXE ik SE

LZSN [2.0,4.6] [2.00, 2.65] 2.000
INFILT ~ [0.4002,0.5]  [0.400, 0.475] 0.400
AGWRC  [0.87,0.89] [0.870, 0.885] 0.870
DEEPFR [0.1008, 0.200 6] [0.101, 0.176] 0.101
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Tab. 6

Comparison of optimization results between orthogonal

range analysis and response surface

— EASH 2 RS

M T — Y S

NSE - #4544 0.52 0.59
NSE % K1H 0.79 0.86
NSE /)M 0.01 0.10
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Tab.7 Comparison of HSPF parameter dense intervals between response surface optimization method and orthogonal range analysis

method
P— _ EW&%&:‘W%\ - _ ”W@ﬁ%ﬂﬁ?ﬁu _ SR X ]
K] KRR eI ] R4
175N (2.0, 6.3] 66.92 [2.00,2.65] 95.00 [2,15]
INFILT [0.084, 0.167] 83.37 [0.400, 0.475] 84.97 [0.001,0.500]
AGWRC [0.90, 0.95] 66.67 [0.870, 0.885] 90.00 [0.85,1.00]
DEEPFR [0.209, 0.333] 75.15 [0.101, 0.176] 84.97 [0.001,0.500]
BASETP [0.067, 0.199] 33.67 [0.001, 0.120] 40.20 [0.001,0.200]
AGWETP [0.067, 0.199] 33.67 [0.083, 0.120] 81.41 [0.001,0.200]
CEPSC [0.14,0.27] 66.67 [0.166, 0.244 ] 80.00 [0.01,0.40]
UZSN [1.35,2.00] 66.67 [0.83,1.22] 80.00 [0.05,2.00]
IRC [0.392, 0.483] 83.45 [0.53,0.63] 81.82 [0.30,0.85]
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Fig.4 Comparison of the measured flow in Taolinkou Reservoir

and the simulated flow
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Fig.5 Comparison of the simulated values and the measured
values of water quality indicators in Taolinkou reservoir
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