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Parametric sensitivity analysis of WRF-Hydro model in a semi-humid watershed of China
LI Zhijia, GONG Junchao, SUN Mingkun
(College of Hydrology and Water Resources, Hohai University, Nanjing 210098, China)

Abstract: To improve the simulation accuracy in the Chinese semi-humid watershed, this study took the Chenhe Catchment in the
semi-humid area as the study area and selected 6 parameters including ZSOILFAC, GWEXP, REFKDT, RETDEPRTFAC,
OVROUGHRTFAC and MANNFAC for the sensitivity analysis of WRF-Hydro model parameters. The sensitivity of these parameters
was qualitatively analyzed by studying the influence of different parameter value in the reasonable range on the flood simulation and each
evaluation index, and the modified Morris screening method was used to quantitatively determine the sensitivity of each parameter. The
results show that ZSOILFAC, REFKDT and MANNFAC are very sensitive, and it is suggested to take the value within 0.1 to 1.0, 0.0
to 1.0 and 0.5 to 1. 5 respectively.
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Table 1 Information of preheating period, simulation period and flood events

GO PR T ALY

030827 08-27T18 :00—09-04T0 ;00
2003 030902 06-01T0:00—08-27T18 :00 09-02T18 :00—09-09T12 ;00

030916 09-16T6 :00—09-24T0 ;00
2004 040901 06-01T0:00—09-01T6 ;00 09-01T6 :00—09-09T0 :00

050629 06-29T18 :00—07-04T12 :00
2005 06-01T0:00—06-29T18 ;00

050716 07-16T18 :00—07-19T18 ;00

060902 09-02T18 :00—09-07T18 ;00
2006 06-01T0:00—09-02T18 ;.00

060925 09-25T12:00—10-03T0 ;00

070703 07-03T18 :00—07-07T18 :00
2007 06-01T0:00—07-03T18 :00

070808 08-08T6 :00—08-13T0:00
2008 080720 06-01T0:00—07-20T6 ;00 07-20T6 :00—07-23T12 .00

090817 08-17T18 :00—08-24T0 ;00
2009 06-01T0:00—08-17T18 .00

090910 09-10T18:00—09-16T18 ;00

100721 07-21T18 :00—07-29T6 ;00
2010 100820 06-01T0;:00—07-21T18 ;00 08-20T12 :00—08-23T0 ;00

100822 08-22T18 :00—08-26T18 :00

110803 08-03T18 :00—08-07T18 :00
2011 110909 06-01T0:00—08-03T18:00 09-09T0 :00—09-15T0 ;00

110916 09-16T0 :00—09-21T0 :00
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Fig.2 Change curve of objective function of 6 parameters
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Fig.3 Flood hydrograph of flood event 20030916 with different parameters values
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P A, P EE K B GWEXP 35 K, i) 18 Ui it 12 K, PR A 400t e R (18 K GWEXP Fb B HUR%,
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Table 3 Simulated objective function statistics with different values of runoff parameters

20030916 5tk 20100820 F itk
24 SR
NSE Pb REP/% TEP/h NSE Pb REP/% TEP/h

0.2 0.809 -0.193 -29.09 3 0.753 -0.043 -25.05 4
0.4 0.302 -0.280 -54.32 8 -0.113 -0.364 -65.67 7

0.6 -0.050 -0.349 -71.96 16 -0.619 -0. 600

0.8 -0.218 -0.397 -78.11 30 -0.784 -0.752

7SOILFAC 1.0 -0.269 -0.438 -0.908 -0.846

1.2 -0.319 -0.531 -1.006 -0.901

1.4 -0.437 -0.714 -1.076 -0.933

1.6 -0.578 -0.866 -1.124 -0.955

1.8 -0.669 -0.940 -1.157 -0.968
1.0 0.883 -0.160 -12.84 4 0.771 0.031 -18.97 3
2.0 0. 800 -0.217 -26.63 3 0.727 -0.142 -27.59 4
GWEXP 3.0 0.809 -0.193 -26.09 3 0.753 -0.043 -25.05 4
4.0 0.822 -0.168 -25.02 3 0.754 0.053 -22.16 3
5.0 0.835 -0.150 -23.31 4 0.741 0.134 -19.39 3
0.2 0.758 -0.115 6.07 -4 0.767 -0.047 7.75 2
0.4 0.932 -0. 140 -11.65 1 0.836 -0.084 -9.79 3
0.6 0.911 -0.145 -14.65 2 0.827 -0.001 -15.02 3
0.8 0.872 -0.148 -19.12 3 0.790 0.080 -17.01 3
REFKDT 1.0 0.835 -0.150 -23.31 4 0.741 0.134 -19.39 3
1.2 0.798 -0.151 -26.27 5 0.688 0.165 -21.91 4
1.4 0.764 -0.151 -28.57 5 0.632 0.182 —24.45 4
1.6 0.733 -0.152 -30.80 6 0.578 0.190 -27.14 4
1.8 0.704 -0.153 -32.52 6 0.526 0.193 -29.88 4
0.0 0.9114 -0.1452 -14.82 2 0.8273 -0.0013 ~14.90 3
0.2 0.9111 -0.1453 -14.77 2 0.8276 -0.001 1 -15.02 3
RETDE- 0.4 0.9111 -0.1454 -14.80 2 0.8272 -0.0010 -15.02 3
PRTFAC 0.6 0.9112 -0.1453 -14.73 2 0.8274 -0.0011 -15.02 3
0.8 0.9110 -0.1453 -14.69 2 0.8271 -0.0012 -15.02 3
1.0 0.9111 -0.1453 -14.65 2 0.8273 -0.001 1 -15.02 3

OVROUGHRTFAC il 3 B B, Bl 3 (e) AN, ik OVROUGHRTFAC ¥4I i 47 7% {H koK ik
PRk A AN K, B 3% 4 A, NSE, Pb #1 REP £ %2 ff sk /) #a %, HW3zuk K i TEP &R0k 3h 2 h,
OVROUGHRTFAC B, 35 38 V0 3 5418 | L 3 308 I 3t 8 300 AN it o A2 P S i 650 /1 R ke g 300 i ] 2
W {448 AT e b ¥ 5, LA A B S R o i

WE 3(f) iR, MANNFAC $8h 25 Kot R L 8 K A8 b, Bl MANNFAC 3§, Pk B (R 47 8% | 1 (A
W/, R 4 ATAL BEE MANNFAC 34K, NSE Je3 K5 0800y, Pb A2 AN, REP RIZL80/)N i B [i] 32 25 4
R, MANNFAC X B {305 A i 35 MANNFAC it /B VPR, 5 350t it 4R MANNFAC 3 KR 1R
18 b f |, b i A (E AR R /) . MANNFAC X NSE | 04 37t 2 104 LI (8] 5 AR 5200, Pb %F MANNFAC A
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MANNFAC, ZSOILFAC %} NSE Pb  itU it 5 Flg 50 i [a] 454G 48 K52 i ; REFKDT X Ph | it U Ui 2t 1 30
[ RS0 s MANNFAC X NSE | U4 37t 38 R0 BN ] A B2 e . HUGE GWEXP, HOG HE K A0 45 46 b
IR, i RETDEPRTFAC 1 OVROUGHRTFAC AHXF AR, #R X HH KB A R i 45 /)N
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AR SCHER VB IE I Morris G150 B, ABRIATR A SECR RIRE T 8 itk i 42 it et A X i 22 H
FReREL £, A REL(NSE) HARPREL fysp S E IBCEBIE (frss +fr, ) /2 P RS E A AL R85, XS
X 6 NS BRI S EBON I, A s U E SR 1 4E5h-30% . -20% .-10% 10% 20% 30% , 153 2|3 {H
L6 N SEURE IR 5 iR,



555 W R A IR WRE-Hydro A5 S 508U 4 b7 7

x4 HBILASHBARBETEIE R ST

Table 4 Simulated objective function statistics with different values of routing parameters

20030916 5 itk 20100820 itk
B ZHE
NSE Pb REP/% TEP/h NSE Pb REP/% TEP/h

0.1 0.918 -0.143 -13.95 1 0.800 -0.049 -15.86 2

0.4 0.918 -0. 144 -14.09 1 0.828 -0.027 -15.09 2

OVROU 0.8 0.914 -0.145 -14.58 2 0.832 -0.009 -14.61 3
GHRTFAC 1.2 0.908 -0. 146 -15.38 3 0.820 0.006 -15.55 3
1.6 0.901 -0. 146 -15.78 3 0.801 0.019 -16.76 3

2.0 0.892 -0.147 -16.09 3 0.779 0.029 -14.52 4

0.2 0. 662 -0.130 10.49 -7 -1.565 0.111 47.32 -5

0.4 0.804 -0.135 3.27 -5 -0.205 0.054 24.77 -3

0.6 0.877 -0.138 -3.91 -4 0.579 0.025 9.24 -1

0.8 0.907 -0.142 -10.99 -1 0.849 0.005 -4.17 1

MANNFAC 1.0 0.909 -0.145 -15.66 1 0.832 -0.009 -14.61 3
1.2 0.894 -0.149 -19.62 3 0.706 -0.018 -23.15 5

1.4 0. 867 -0.152 -22.44 5 0.556 -0.025 -29.33 6

1.6 0.833 -0.155 -25.84 6 0.412 -0.029 -34.66 8

1.8 0.794 -0.158 -30.11 7 0.287 -0.032 -39.34 10

K5 N SUMBPERRARBIFRH THERE

Table 5 Perturbation results of 6 parameters and sensitivity analysis result under different objective function

S s ’
Srse S (fxsg+/py ) /2
ZSOILFAC 0.14.0.16.0.18.0.20.,0.22 .0.24 .0.26 5.28 7.54 6.41
GWEXP 3.54.04.55.05.56.06.5 1.08 0.10 0.59
REFKDT 0.49.0.56,0.63.0.70.,0.77.0.84 .,0.91 0.26 2.45 1.36
RETDEPRTFAC 0.07.0.08.0.09.0.10.,0.11.0.12.0.13 0.001 0.0002 0.0006

OVROUGHRTFAC 0.14.0.16.0.18.0.20.,0.22 .0.24 .0.26 0.05 0.09 0.07
MANNFAC 0.56.0.64 .0.72.0.80.0.88.0.96 .1.04 5.32 0.03 2.68

M3 5 A%, HARRBUR R, SEIOBURE AR —RE, T fi , BUBEE K/NHEF 4 MANNFAC \ZSOILFAC |
GWEXP REFKDT ,OVROUGHRTFAC .RETDEPRTFAC, ZSOILFAC MANNFAC 1 GWEXP J& T & U & 51
REFKDT J& T-#U%Z%L, OVROUGHRTFAC 1 RETDEPRTFAC ¥JJ& T A BURS 5, Ui % T 9 A 2 %%, 52 mi
BRBISE LA MANNFAC  ZSOILFAC  Fll GWEXP, X} T f,, , 8B K /NHEF  ZSOILFAC  REFKDT
GWEXP . MANNFAC . OVROUGHRTFAC , RETDEPRTFAC, H: 1, ZSOILFAC F1 REFKDT J& T & 8 2 8,
GWEXP 1 MANNFAC J& T Z44UR S %L, i OVROUGHRTFAC F1 RETDEPRTFAC J& T A BURSH, 1 xF

TRV AR X IR 22 5 M A K IS4 ZSOILFAC Fil REFKDT,

TIGE IR, B S TN S, BT SEAE Ry e A U PEAN FE b, 7T LIS 6 S8R AU I/ INHE 7
Jy ZSOILFAC \MANNFAC .REFKDT ,GWEXP ,OVROUGHRTFAC . RETDEPRTFAC, A, A& B4 H bR ek
BAE N EURE PEM S AR, ZSOILFAC ¥ 8 TR 8U& S8, i OVROUGHRTFAC 1 RETDEPRTFAC #BJ& T AN
RS,

4 & &

a. WAESHRE I iR R EE S B 2GR R | 77 iS50 ZSOILFAC \REFKDT ,GWEXP FliL
S E MANNFAC 28k 21 il B AR eRECE K AR, J2 H B URR I S50, HA S B0 X AN Uk

b. MHLAIHEIK 53472k F , WRF-Hydro 1 A i U S A ZSOILFAC . REFKDT #il MANNFAC , TEHUE
X[ N % 3 DS EOTEANE KGR, BAN RPN T 05 1) S4B A 2251, % T NSE, ZSOILFAC
GWEXP il MANNFAC HF % 8, %} T Pb, ZSOILFAC A1 REFKDT A % U8 %} F ik ié 3 & , REFKDT #1
MANNFAC. E 5 U ; X F g BRRT [a], ZSOILFAC F1 MANNFAC JF 5 Uk,

c. MRAEME IE Morris 0 26 15, LA fyse B £, B9 I0ACT- 349 {8 S B0 FE 7 4 48 4%, ZSOILFAC , REFKDT
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MANNFAC J& T S #URS 5, GWEXP R #UR S %0, OVROUGHRTFAC J& T H 458U 2%, i RETDEPRTFAC
& TAIRSHL,
d. 7ERFSEUEL, ZSOILFAC JEFITE 0.1 ~ 1. 0 Z AR B4 s GWEXP HUETE R 3.0 ~ 6.0 Z [A]44
PR s REFKDT BUEAE 0.0 ~ 1. 0 Z [AIF IR AL LT s MANNFAC HUEAE 0.5 ~ 1.5 Z (AR AT
e. TEIRIE TN F WRF-Hydro AU W 151 ZSOILFAC .GWEXP .REFKDT il MANNFAC iX 4 4~%
BORE , S AR SCHIBUE X ] 525K
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