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T OE IR ARAR T K K UK BRI, B SL A E iR A T 3 3k B9 BASINs/HSPF 7K SUK FUAZ #04% AL Pl Nash-Sutcliffe 2 3
RBAE A IR ATE B A E W I 2 AT R HAT 5 8T o 5% Fn ¥ S AT 45 R % W BASINs/HSPF # 2 5 % 4k #9 IE
KMEFAMMERT KBRS HNIFRABEIREE, ZRFEARGES RIS G TR TRER, T HHEAE S
BIREETRREE L A ERARZ DN SR EEE R, DLFH AT PR T e AkoAk b K Bl % 2011 48 5200 42 3 #38 *F
A A AT B, 30 9F # (2011 4F) 89 Nash-Sutcliffe 20 % £ 4 0.79, # 1% T % 2 ¥ (2012 47 ) 89 Nash-Sutcliffe 2 % % 42 (0.81)
PR PEST B 3 42 89 Nash-Sutcliffe 24 3 7 %0(0.84) , A JUAR I 45 Rt 2 AR &5 40 3 F 4 97 3t 38, BASINs/HSPF # A | J7 ] IE
R E T FRIE 6 NE R4 BASINs/HSPF 4 & % %t (IRC INFILT ,AGWRC .DEEPFR ,AGWETP #2 LZSN) ; i f IE &
M2 547 77 3% 3K 1% 19 BASINs/HSPF # A 5 3 3% & M B X 18] 4 %k % . LZSN[2.0,6.3], INFILT[ 0.084,0.167] , AGWRC[ 0.90,
0.95] ,DEEPFR[ 0.209,0.333 ], BASETP[ 0.067,0.199 ], AGWETP [ 0.067,0.199 ], CEPSC[ 0.14,0.27 ], UZSN[ 1.35, 2.00],
IRC[0.392, 0.483].
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Orthogonal range analysis-based HSPF parameter optimization
pattern for Qinglong River watershed
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Abstract: In order to evaluate hydrological and water quality situation of Taolinkou reservoir, BASINs/HSPF model
of the upstream Qinglong River watershed is developed to conduct the hydrological and water quality simulation. The
efficacy, efficiency and reliability of the orthogonal range analysis pattern for parameter optimization is assessed by
Nash-Sutcliffe efficiency coefficient and different comparisons, and the following conclusions are obtained; the
orthogonal range analysis pattern can decrease optimization efficiency and narrow parameter range for BASINs/HSPF
and can be used as a high-efficiency tool to obtain the high sensitive parameters and the satisfied parameter set. It is
also useful for developing the relative parameter optimization algorithms; the measured runoff time series of the
Taolinkou reservoir in 2012 and 2011 were used for calibration and verification, respectively. Based on the orthogonal
range analysis, Nash-Sutcliffe efficiency coefficient is up to 0.79 for verification, lower than that of calibration (0.81)
and PEST automatic calibration (0. 84 ) ; six relatively sensitive parameters ( IRC, INFILT, AGWRC, DEEPFR,
AGWETP and 1ZSN) are identified based on range analysis for BASINs/HSPF of Qinglong river watershed ; ranges of
the satisfied BASINs/HSPF parameter set by orthogonal range analysis method are as follows: [2.0,6.3] (LZSN),
[0.084,0.167 ] (INFILT) ,[0.90,0.95] (AGWRC) , [ 0.209,0.333 ] ( DEEPFR) ; [ 0.067,0.199] ( BASETP) , [ 0.067,
0.199] (AGWETP) ,[0.14,0.27] (CEPSC),[1.35,2.00] (UZSN) , [0.392, 0.483]( IRC).

Keywords: Qinglong River watershed; BASINs/HSPF model; parameter optimization; orthogonal design; range

analysis ; reliability analysis
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Fig.1 Subbasins, streams and weather station of the study area
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Tab.1 HSPF parameter ranges and values

ZHUE
E i ZHIE L BTG
1 2 3 4

LZSN 3N R A 2~15 2.00 6.30 10.30 14.30
INFILT HIETBRE 0.001~0.500 0.001 0.167 0.333 0.499
AGWRC R K THIR R AL 0.85~10 0.85 0.90 0.95 0.99
DEEPFR KA R B RIEEZE I 0.001~0.500 0.001 0.167 0.333 0.499
BASETP B AER R 0.001~0.200 0.001 0.067 0.133 0.199
AGWETP WK R REL 0.001~0.200 0.001 0.067 0.133 0.199
CEPSC AW R AL 0.01~0.40 0.01 0.14 0.27 0.40
UZSN e 1 RAE A i 0.05~2.00 0.05 0.70 1.35 2.00
IRC Herh IR R R 0.30~0.85 0.30 0.483 0.666 0.849
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Tab.2  Results of orthogonal range analysis
SRk
SRR Exs
LZSN INFILT AGWRC DEEPFR BASETP  AGWETP CEPSC UZSN IRC
1 2.0 0.001 0.85 0.001 0.001 0.001 0.01 0.05 0.300 0.396 2
2 2.0 0.167 0.90 0.167 0.067 0.067 0.14 0.70 0.483 0.426 3
3 2.0 0.333 0.95 0.333 0.133 0.133 0.27 1.35 0.666 0.478 5
4 2.0 0.499 0.99 0.499 0.199 0.199 0.40 2.00 0.849 0
5 6.3 0.001 0.85 0.167 0.067 0.133 0.27 2.00 0.849 0.390 2
6 6.3 0.167 0.90 0.001 0.001 0.199 0.40 1.35 0.666 0.379 4
7 6.3 0.333 0.95 0.499 0.199 0.001 0.01 0.70 0.483 0.4122
8 6.3 0.499 0.99 0.333 0.133 0.067 0.14 0.05 0.300 0.422 6
9 10.3 0.001 0.90 0.333 0.199 0.001 0.14 1.35 0.849 0.367 2
10 10.3 0.167 0.85 0.499 0.133 0.067 0.01 2.00 0.666 0.404 9
11 10.3 0.333 0.99 0.001 0.067 0.133 0.40 0.05 0.483 0
12 10.3 0.499 0.95 0.167 0.001 0.199 0.27 0.70 0.300 0.373 7
13 14.3 0.001 0.90 0.499 0.133 0.133 0.40 0.70 0.300 0.3555
14 14.3 0.167 0.85 0.333 0.199 0.199 0.27 0.05 0.483 0.385 3
15 14.3 0.333 0.99 0.167 0.001 0.001 0.14 2.00 0.666 0.373 2
16 14.3 0.499 0.95 0.001 0.067 0.067 0.01 1.35 0.849 0
17 2.0 0.001 0.99 0.001 0.199 0.067 0.27 0.70 0.666 0.402 0
18 2.0 0.167 0.95 0.167 0.133 0.001 0.40 0.05 0.849 0.412 4
19 2.0 0.333 0.90 0.333 0.067 0.199 0.01 2.00 0.300 0.446 8
20 2.0 0.499 0.85 0.499 0.001 0.133 0.14 1.35 0.483 0.420 7
21 6.3 0.001 0.99 0.167 0.133 0.199 0.01 1.35 0.483 0.391 0
22 6.3 0.167 0.95 0.001 0.199 0.133 0.14 2.00 0.300 0.427 6
23 6.3 0.333 0.90 0.499 0.001 0.067 0.27 0.05 0.849 0
24 6.3 0.499 0.85 0.333 0.067 0.001 0.40 0.70 0.666 0.367 5
25 10.3 0.001 0.95 0.333 0.001 0.067 0.40 2.00 0.483 0.336 9
26 10.3 0.167 0.99 0.499 0.067 0.001 0.27 1.35 0.300 0.384 5
27 10.3 0.333 0.85 0.001 0.133 0.199 0.14 0.7 0.849 0
28 10.3 0.499 0.90 0.167 0.199 0.133 0.01 0.05 0.666 0.329 7
29 14.3 0.001 0.95 0.499 0.067 0.199 0.14 0.05 0.666 0.361 5
30 14.3 0.167 0.99 0.333 0.001 0.133 0.01 0.70 0.849 0
31 14.3 0.333 0.85 0.167 0.199 0.067 0.40 1.35 0.300 0.349 2
32 14.3 0.499 0.90 0.001 0.133 0.001 0.27 2.00 0.483 0.379 1
K, 2.982 9 3.001 0 2.309 1 1.984 3 2.280 1 3.092 3 2.380 8 2.226 7 3.156 1
K, 2.790 5 2.820 4 2.684 0 3.045 7 2.385 8 2.341 9 2.799 1 2.3372 2.7515
K5 2.196 9 2.059 9 2.802 8 2.804 8 2.844 0 2.402 2 2.793 3 2.770 5 3.096 7
K, 2.203 8 22293 1.600 1 2.3393 2.324 0 2.3377 2.200 9 2.758 7 1.169 8
k(=K,/8) 0.372 9 0.375 1 0.288 6 0.248 0 0.2850 0.386 5 0.297 6 0.282 8 0.394 5
k,(=K,/8) 0.348 8 0.352 6 0.3355 0.380 7 0.298 2 0.292 7 0.349 2 0.292 2 0.343 9
ky(=K;/8) 0.274 6 0.257 5 0.350 4 0.350 6 0.355 5 0.300 3 0.349 9 0.346 3 0.387 1
ky(=K,/8) 0.275 4 0.286 7 0.200 0 0.292 4 0.290 5 0.292 2 0.275 1 0.344 8 0.146 2
W2ME R 0.098 3 0.117 6 0.150 4 0.132 7 0.070 5 0.094 3 0.074 8 0.063 5 0.248 3
a7k 1 1 3 2 3 1 3 3 1
BURBEHEY 5 4 2 3 8 6 7 9 1
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Tab.3  Optimal values for the selected parameters

SHAFR T LA I H X [a]
LZSN 2.0 [2.0, 6.3]
INFILT 0.001 [0.001, 0.499]

AGWRC 0.95 (0.9, 0.95]

DEEPFR 0.167 [0.001, 0.333]

BASETP 0.133 [0.067, 0.199]

AGWETP 0.001 [0.001, 0.199]
CEPSC 0.27 [0.14, 0.27]
UZSN 1.35 [1.35, 2.00]

IRC 0.30 [0.300, 0.666]
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Fig.2  Factor index trend
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Tab.5 Orthogonal range analysis

(WL 3) Ay 2L Al B INFILT . DEEPFR , AGWETP | L
BB BT Ay L 5 B i A s INFILT ~DEEPFR AGWETP  IRC NSE
Z ) ) ) > ), M IR ~ 3
IRC 412 A H 2R B = 1 0.084 0.209 0.034 0392 0.470 3
- " N 4
FISEUE , HoAh 5 DS EOEELERFA AR N Lo(3*) 1E 2 0.084 0.250 0.067 0483  0.483 4
RHIATIE AR, B8O & Ly (3*) iE38 % 3 0.084 0.292 0.100 0.575  0.491 2
% 4T 4 0.167 0.209 0.067 0.575  0.473 8
2y 5 0.167 0.250 0.100 0392 0.493 9
x4 FEINSHEE 6 0.167 0.292 0.034 0.483  0.5137
Tab.4 Parameter values used for further optimization 7 0.250 0.209 0.100 0.483  0.533 8
oy 8 0.250 0.250 0.034 0.575  0.433 4
BH 9 0.250 0.292 0.067 0.392  0.446 8
1 2 3 K, 1.444 9 1.477 9 1.417 4 1.411 0
INFILT 0.084 0.167 0.250 K, 1.481 4 1.410 7 1.404 0 1.530 9
K, 1.4140 14517 15189  1.398 4
DEEPFR 0.209 0.250 0.292
E(=K,/3) 04816 04926 04725 0.4703
AGWETP 0.034 0.067 0.100 k,(=K,/3) 0.4938 04702 04680  0.5103
IRC 0.392 0.483 0.575 k(=K;/3) 04713  0.4839 05063  0.466 1
- : — — - WM R 00225 0.0224 00338  0.0442
B SEUEAE L9(3 )EX%%EPJ}E/TTEHFﬁu,ﬁ" ok 2 1 3 2
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Tab.6 Phase 2 optimal parameter values

SRR 5B B
INFILT 0.167
DEEPFR 0.209
AGWETP 0.10
IRC 0.483
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0.50
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0471

0.46 L .
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Fig.3 Factor index trend

®71 FAHRINEHNSHERE

Tab.7 Parameter set value after 2 phases’ optimization

SHAR Wk Bt S5 S E B X (7]
LZSN 2.000 —
INFILT 0.167 [0.084, 0.167]
AGWRC 0.950 —

DEEPFR 0.209 [0.209, 0.292]

BASETP 0.133 —

AGWETP 0.100 [0.067, 0.100]
CEPSC 0.270 —
UZSN 1.350 —

IRC 0.483 [0.392, 0.483]
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