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An improved method of parameter range selection and its application to WEP- L. model
DUAN Hao,ZHAO Hongli, JJANG Yunzhong, JIA Yangwen, DU Junkai, LIU Jiajia, XU Fei
(ChinaInstitute of Water Resources and H ydrop ower Research, Beijing 100038, China)
Abstract: There are many parameters in a distributed hydrological model and the parameters are not completely independent
from each other. During model calibration, there is mutual restrain of the selection of some parameters. T he WEP L, a distribur
ted hydrological model, was taken as an example to validate the efficacy of the GLUE method for parameter calibration. T he
Sobol method and the parameter range selection method of conceptual hydrological models were combined to provide a scheme
of parameter calibration for WEP- L. The scheme was applied to the Baihe basin. Results showed that the parameters of WEP-L
model could be auto calibrated with the help of GLUE method, Sobol analysis, and parameter range selection. The simulation
precision was O 633.The Sobol analysis can optimize the principle of parameter range selection and im prove the simulation pre

cision. The results can provide useful reference for the parameter calibaration of distributed hydrological models.

Key words: G LUE; parameter range; W EP L.; Baihe basin; Sobol analysis

1201803 20 120180504 12018 0516
: http: //kns. enki. net/ kems/ detail/ 13. 1334. TV. 20180511. 1102. 008. html
S = B SEOK B IR S0 T AR R 5 RE R BOR B (2017YFC0405804) 5 A B K R K L R 24 BIF AL B B AR BB L T
(WR0145B012017)

Funds: National Key Research and Development Program of China National Water Resources Stereo M onitoring System and A pplication of
Remote Sensing(2017Y FC0405804) ; Basic Research Project of IWHR National Monthly Water Storage and Water Demand Dynamic
Assessment and Prediction( WR0145B012017) .

B #1989, B, b N\, AL AR, EEEMN GRS EK TR T I T . B mail: giying624@ outlook . com
SR (1973), &, ZHIN, BARG 9 TARIN, 2 K SR B K FIE B Sk B U5 & &5 T TR . E-mail: zhaohl@

iwhr. com

* 50 KXKEIR



B % MRS ASHK BRT A% RAE WERL #A $ 65 A

IR SO T2 B 1 i AR A R 1) 5 S Bl 5
TR ORE Y o AT AR, 23 A FOK SCRERY Y 1 3 e
Wi R R BRI R AT B L B B
Tk B AL B PEST J5 7 SCE-UA 51
(Shuffled Complex Evolution)m ~GLUE (General
ized Likelihood Uncertainty Estimation) ™ #0324
o IXETTVE O 2 Al o3 A 2K SO Fp 43 31
FA' % I A5 0T 0 28R, EAER T AT A AE —
WA 7 T AT 3K SO 5 2 () 2P A A8 4L
HAT— e A e 15 53 — Dy T i 348 5 504
WS BTy ZEEOR T SO, e R B 2 s
56y 53 AT REAT 258 AR VA B R A2 3 PR . i
B ] U A FR— A E i PR A UK ST =
FERARLRAE 1, Ak 22 BUR AR, fES 50 E
AR, — DS HOE X 8] B BOE 2 5 R R
FY) A SRR T R o B, B S
FEXS HERFIK 73 AT R AL, 75 22 LK I 2 vl aa X 1A]
AL 22 IR R O BEA -

PR SR GE RER, AR5 € S 40T e XA
MBS HOHIT IR E i RE I Tk — e X &
I D E A S BOHCR, R AR %51k
CE SCEUA™ PEST! 8573 ) S 4% e b 43
BN, IR AR € R 25T T, 4RI,
RZ BONEAE T KRR RS MG, 1%
I L 2 HAN WA AUB IE R SE IR E S5 H
(0, o AR R 2 8 ) AR LA 5 R D S
b 22 HEARKSOERLE , 28R R TR th
SRS A 5 7 AR R i A 4 58 1 R 33K
KRR ()0 A 2 A R, B 2R R R K
BEH(WM ) RT3 EE KA R TS
(B) I/

FEIERL 25 R S A TR MR 3 e 2 2 HuK X
AL ABEALLRE g 71T, Wu 25 1T 6 5 22 YT AR
BT THm =W R Ed R A SO0
T MNBHEE M ERE IR AR (Rev.x ) KBNS
Hla] (AHSRME, 2 Re NIEEI, 2ox 240X BUET
AT ZH Y ) HUEL X 18] 22/ AN 8 PR R IR
2 Re JY U, WS AE Y AU ] AR KL AN € 1
R, B2 AS B Re TUERS, Wu S8 AR H—
MR AT — BrEUREZRI TR AR Se K1 E S HILEL K
Ny, ABLAE R o W 58 AU Re M8 7K 2
HORHL T IR0 36 P 47 e (L IXC 1) 10 3 44 Ak 22
Jiidie S b, RT ) ETLE A B A 23 A K
SCRETY, 2 B A AR EL AR ] SE N B, PTREAFAE £
A Re BHE U ZHL, WER AR FLH B ) 46 [X A,

SHAMILE R L o AN, Se $RIRA 5 ANH 2%
Sl SRR BN ) BE 7T, Re HAGRS 509 P IR 1)
SEM PP, 22 S0 LS WA A A R R AR TLAR
e Wu 55 NIURIUIFAR 5E 4 i k2% 2 5 L i
NI SEIE

AL NS H R UEE P Sobol R4S
SHONE S IX— DR ARG &, 25 20 An 2K SR
B2 BOPE X A J7 7%, JF L WEP-L( Water
and Energy transfer Process in Large river basins)
PRI AE AT S S B AT T T IR T .
FON LT WEP L R SR IX AL Re AL
1 Sobo | 4= JRBURE it b DLike ) 22 52, LAYION 2 A
SRR R 20K SRR GE R S 25

1

1.1 AR KB R E AR

AT s AT A 5 58 2 K PR 3, R
A — 58 4y, SR B K &R, I AN 8 78 x 10°
km® (DL 1), Forbly XA & 80% BL " . i
HiAL AR 2 S KR XS X, XN 24
SERIRAE 6 CHI 10 Cz[a], FF 3% W =N 660
mm, K ZEPERE, FA T ER G VR
T R bR, - SR RO RR g RE 1 O
A 1L 4 Ak e AR EN .

1

Fig. 1 Overview of the study area
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Tab.1 The main parameters of WEPL model
ZH SR EXL ZHRTT IR
Hssm  FHEHLAH AR/ mm 1~ 9 5~ 200

Ks I AN FOK REUE IE R L 10~ 13 0~ 30

Redt  TIRMIBBEREU XIBIERE 14~ 15 0~ 0.1
Athk  SKBEEBIER 16~ 17 50~ 60
Remi AL IE R EL 18 0.05~ 0. 15
De  FIEEE/m 19~ 21 0~ 1
Rmann 18 2 T IE R 22 I~ 1.5
Omann 310 2 T1EIE R KL 23 -2
Acdt  THISKRBIBIERY 24~ 25 10~ 15
Storm_ks BT NS TH Ik R £ 26 1~ 6
Sub_rv  HPRIBIERE 27 0.01~ 0.1
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[T R K B 36, 3405 25 SO MY 5 R ) 00 43 22 1T B
®F.

DNEEST. R AR A 2K SO, AR 5T
FH 30 m 739 2 19 1 504 5 e S gk AT Rl 4
XX A G bk ) A W AU R A e R & H R
I IR H AR AT 7N R AT, A AT 1990
SRR R S AT R R A DR AR AN
WEPL (EESHEHE 11 2858 27 8, A K
P AN T X 15 LB E T 46 X ], DR TR T
TF, BRG] A& IE R (M &, B DU IE R 2k DL
PR BN S S B R B e A 250 . [T,
DRI 73 ZH AR AN [R] X I8l AN\ 73 2 BA 24 L
(a0 LI FE De fERLBIAE 73 2N 52 N Del _z,
De2_z, De3_z 3t 3 A BAREUE) , AR, A3C
X SHOHATIR 5, TEILER 1.
1.2.2 S# Ghn fiEH

KH GLUE iR S50 Ja 38 7340, A AR
FOMEL 5 S R B, LSRR R, A HDME 5 52
B ZE KT M e B ER, R ER Y.
GLUE Bk Bt R nT 2 A 002 .

(1) 78 SUBLSR I . ASHIE 74 5 85 FH R ABL AR

e 52 KXKZEIR

SR Ens (2(1) ), i SR 0. 5.
Z(Quei= Qi)
Exs=1- = (1)
2 Qusi= Qe )*
A i 2 B R S n AL R A
Qi FE SR Qi SRR Qo SV
1.
(2) Wik ZHORI AT B e A . S B 3
F9 20 323 A LABAS 52, ARSI 506 £
(3) A4 O R o ADURAELIEG T (21, A AL
SRIE N 0. S B 5T 2 BUIO ML T, SR 1R A 4%
RN, i AR AT B 2
(4) VEESHURR M. S I et i,
Bay es B 2 B 4 77 5 S8 47 0B 110 0048 B0 S fi
(R(2)) o HIEEAS BTS %0 5] -

L(Yl 0)= L§9i| YC)LO(&) (2)

KLY ] 6) 2 FRALIRME L (61 Y) &0 A
& Lo (0) 55 SR E; C N IH—H IR A
1.2.3 2R EL T

KH Sobol 4 M #hAT S 54 7 BURNE 23 #,
REA 0o AR et /K SO 278 BB AH ELARE T R I
SHUR "™ o %7 KSR FHR(3) R .

Y=f(x)=f(xi -5 x,) (3)
rp Y R AR T B R Ay o SNASERY Pl
AHIBH. BT Z D (y) B& SR TZE NS5
FMEAEH 772 AR (X 4)

D(y)= 2D+ 2 ;Di+ 2ic; iDji+ Di2 oy

(4)

XD, RS Hx, BT ZE; Dy N, My, SHAME
YER 772 D o & p NSEAMBEAER T 2. # X
(4) VA— 4S5 RIS 3 %5 SO0 2 B0M BAE R ) UK
PEo —Fr W R AW SO 4R B A Kkl 5) -
(7) , VEAH TS IS FE AT S 50 19]

D
Si= 3 (5)
D“
Si= D—” (6)
Sri= % (7)

K D- i BB S8 . VAN S ) T 2, S /2
SR o MURYE S 2 S8~ oy MEVE I B
JEME; Sri A o SIS B R S U k.
ARICAT W FER I FE R S E A BAE A
PR RE R IR, Fl GLUE 5964 5 1000 41



B % MRS ASHK BRT A% RAE WERL #A $ 65 A

SHFEARFEXT WEP-L BRI AT U5, SR R ik
F LHS( Latin Hypercube Sampling) 5% ¥ J5 717,
SRIG T % 250 Sobol T8 HUK HIWr % 2 50 1 & 4k
XF Ens IR W) B2 BE, 0 6 10T Evs BURME & 102
Ko [R] RS UURS FE KT LR oR H0l U 1 S 5L
U BEAT VS, R 7 HE 483 A R B 5 43 it
F SRR R AT |y S0 X TA] 3 A i
&
1.2.4 2 5 EBARAENTWE DT
ZHUX ) ARIE 5308 52 BIX TR 1A 2 2 4
X [A] LI 5657« BASZSHUX ] L IEA 2% Wu
SENBITTEN AT, RIS B35 50 20 A (R 2 8, AR
RV AA X [A] AR s of IR AN F8 55 2340 IS4, BT 4RTX 1)
IFJARE 225 B K — M 2 K, 35 S HUE K5 T B
SN e gy e ) BRI RN (50% ) Wl B K
(MAXR) # /N MINR) [X [A], MAXR/MINR HEJ &
RN 2N 50% 12 Hd K/ /N X 8], 8 & e
MAXR Al MINR, K95/ 2 HOBUE 6 Bl 6 R A IR
A AR HL, FIRER A 8RR ih 28 0k 2 200
IRIX H]. X F 2N HIXE L iE, Wa AN 3
B BTN RIS H2 A AR G, B IEAS S 40X )
A AT RE 2251 S o — NS B0 X [a) 1 2O, Ji 5
A Re FEARR AT — > S HUIX 8] 142 Bln HoAth 2 3
IS, Y Re,, BEEIE 1B, RIASH X X )
BATZH Y XA A A R AR F: AR,
Re,, AFUER, REANHT 24 Y KEMIML. K
WS SR NI 51 5 AT Re RIS DL B, A
SCEETHEIN AN S50 Y 34T X R kAL 3%, T 55

JiiE A 8) &Koo
Lyx
Re, = 1- L v, niial (8)

R Re, | RBHX K A B 5y K 6
PLHIB AR R, Ly 2R FIZ M AR i FOIX ] 22
FAl ZHUV A X 10845 L U5 1 2 80 Y RO I )
KBE, Ly 08 T2 BRI A X 160 6 )5 10
Y S M KT K

4 Re, REGUER, Wu 55 ABIN Se #h55K %
I 2 B 00 S0 R (3R (9) )1, X Se e
KRR B0 K1 . 28R AR 2 o i
N8 A TR 0 R 1 B e, 2 T
Sobol 43 HFH Hy— MR .
E//\’S Max — ENS Min

Ens va— Enswin
N Se & SEUX AR ST E vs BIBBUKEE, Ens wa Al
Ens winse W) 46 X (815 21 E s 5 K E A B /IME,

Se= 1-

EJ/\*S \1ax$u EJNS Min %ﬂg 'ﬁt’ﬂﬁ}ﬁ |Z ]‘ETJ ?Efiu Eﬂ] Ens %k{ﬁ
A/ ME -
1.2.5 % & Sobol % H £ S %X 4 {f i
AL Sobol 4RI FZHE BORAMR th 7041 31X
RSO 22 25 J X TR DLide IRl 5 FH 4 R Ui
Sobol FREUE WEP- L 155 2 HU0f 4 f& 1) UK 2 3
AT 5E, XHBUREE AR S 4 A An X TR, AN dtAT
SHIX ) Al 4 R BA Bm U R B4,
B RE SN EATE H, #2501 Sobol 22 JR U
TREON, K 2 B/ S BB X (8] . BARE 2
HA e AL B 2.

2 WEPL
Fig.2 The parameter range selection procedures of WEP-L model
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3 WEPRL Sobol

Fig.3 Sobol index of WEP I, parameters for Baihe basin
(S e, PEE pb R BURME BRI 15 N2 8. [
5, Sobol £ B30 3¢ Wi H 73 2 301 — WU 4 7
54 U REHE e A BORE 7, 1K T o0 A UK
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HilE) FAT R 5 o
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R R 2, IR NFE A (B 4(a)) ; Hssm_( 1)+

4

Ks_(4)% SR IEA 50 (40 b)) s bSO
WRMI5T 530 85 B s 43 L .

’ Tab.2 Sorting of parameters by first order
sensibility and full order sensibility
o SHE X sag e ST
19 LIEEE Del_z 1 1
14 WRMRBEREY XIEIERE Redt_(1) 2 4
17 ESKEREEIEZRE Athk_(2) 3 5
12 RIS K RS E R Ks_(3) 4 2
20 HIEEE De2_z 5 3
16 &KEZEREEERK Athk (1) 6 6
13 BIEWAIS K REUEIE R Ks_(4) 7 7
24 TESKRBBIERK Acdi_(1) 8 8
1 b R Hssm_(1) 9 9
15 WM BEREY XIEIERE Redt_(2) 10 10
2 HHLERRIR Hssm_(2) 11 15
3 EMEEIR Hssm_(3) 12 11
23 WHETEBIERH Omann 13 12
10 BRI Sk R $ls TR 3 Ks_(1) 14 13
22 JIEE TEIERH Rmann 15 14

2.3 FAHK KL R R Gt H

TEME & SHRER o AT AL B Al b, 05 24
DX (B AT RIE 32253 K, 43 ) & IEZS 0 A Al Fa
DA FHISEMR L. K ILGHT Redt_(1)1EAR

Fig.4 Boxplot of part of WEP L parameters

5

Fig.5 Probability distribution of different types
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3 Redi_(1) 1 000
Tab.3 Performance of WEP L under 1 000 calculations
with different range of Redt_( 1)

ZHX [H] Ens®KME  Enstm Tl FE LG
WG X [H] (0~ 0.1) 0. 587 0. 057
MINR(0~ 0.01) 0. 598 0. 108

MAXR(0. 01~ 0.06) 0. 584 0. 034

[FJ X [ 261 IR TS 45 o 1% S5 X TR R
0~ 0. 1, IR B £> A, HAERE 234 £ERT 4R IX [A] R BiR
Jrla) B, H A N RS HUX RTC MBS, MUK AR
SR BRI E MINR 1 MAXR R4 1% 5
B[], 45 REIR, S 8AE MINR XA 1 H 25
R, 2400 X8 EE BE R B, 7EAH R 715 X
BT, Ens IERCKAETR & T 0. 011, Ens w11 7

BRI ELB g 7 0 051,
SN H AT S B (R Rk, SR 5
A8 TR A Ji5 1 2 50 X TR) P O A7 1S B AR, A
o 5 2 45 X ] P ade B 45 SR g . 25 R
7, A AR S5 ) X JE] EAT B, 76 1000 IRIE3R T~
Ens [t KA IR 2 0 615, Ens 15 T I FHE 1 EL 451
P 2 Q 145, BB 0 AR 19 B8R HL AR &
EEAT S HUX AR IE )G, THEBURS R Re
AU R 4) (RAIH AN S 3 i S5, 4531
R WEP-L BB S8R 47 /£ BN B 1A T
W, Wl Aedt _ (1) 5355 Hssm_(1)sRedt _(2)~
Del z = NSHA M, Hssm_(1)5 Ks_(4) \Redt
(2)FNSHEE WM. Nk, ESHER e, TEE
82 HR) AR AR PR £ 15528 A% 4L e

4 WEP L R¢
Tab.4 R, index value of WEP-L model for Baihe basin
S Hssm_(1) Ks_(4) Redi_(1) Redi _(2) Athk_(2) Del_z Acdi_(1)
Hssm_(1) - -0.20 - 0.43 -0.12 - 0.08 -0.29 - 0.01
Ks_(4) -0.19 - - 0.26 - 0.03 - 0.43 a1l 0.28
Redi(1) 0.18 0. 06 - -0.22 - 0.06 013 0. 27
Redt_(2) -0.12 -0.22 -0.35 - -0.23 0 03 - 0.04
Athk_(2) 0. 25 0. 09 0. 09 0. 26 - 0 20 0. 30
Del _z 0. 67 0. 34 0. 34 0. 65 0. 47 - - 0.44
Acdi_(1) 0. 10 0. 05 0. 06 0. 12 0.17 Q01 -
Re Y& 0.15 0.02 - 0.09 0.11 - 0.03 0.03 0.06

2.4 ZAHKK ML

M E Z g 1 8 b 28 A B M B R, A
SCH PR T 2845 SR T B2 B0 i 4 4 1 7
SHEATRI G — P SR Wu 258 A RI0E, K3 Re
PME (AIE SR 2 2 S BN AR X ), 55— Fh 7 %
FEAHR Sobol 4 JRRBURR FEEFE AR /N, N e A fr
BANSH IR S € e SR L 45 R 3k
5 7 o AU ik 23 BOHUE J5 820 ) A Rk AT A
1, 45 B G, KU Sobol 4 SRR R MRV R
&S X T8), B R R Bl (1 6) , Evs = T

6

5

Tab.5 Comparison of parameter ranges in different schemes

24 PZHMIEH S R IEAS  Sobol fHEH A

Hssm_(1) 18 50~ 23.59  18.50~ 23.59  23.46~ 29 40
Ks_(4) 0 09~ Q22 0. 09~ 0.22 0.08~ 0.22
Redt_(1) Q0 00~ Q01 0. 00~ 0. 10 0.00~ 0.02
Redit_(2) 0 02~ Q05 0. 02~ 0. 05 0.00~ 0.05
Athk_(2) 52 46~ 55.51  50.00~ 60. 00  52.70~ 5542
Del z Q0 00~ Q21 0. 00~ 0. 21 0.00~ 0.21
Acdt_(1) 10 21~ 12.17  10. 21~ 12. 17 11.24~ 14 17

Fig.6  Comparison of performances of different parameter schemes
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FUERIEE B 35 ) 0 37, Evs i KAEN Q 633, X2
T 4% Sobol 4% J& BURk B2 15 HOR i 7 K 518 2 4
T AR BB eI 2 0T 42 =3 IS i), (3 Re 35
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3

AL GLU E BiEH HSHUE% A, M 24
(1] Sobol 73 HriZi 5 Wu &5 AH& H IR & K S 1Y
S N 7 i R T3 A5 3 K S R
B WEP-L, JF7E (I 3 AT T 5850, 19 i) B 2
i

(1) I8 X ZHUG 58 53 A0 TE 5 I 4 R U
()53 AT, FEAE 22 58 i B o 2 R 2 B[R] (%) AH EL RS
WEP L A8 0 SC 2 01 3 30 208, B8 g 0%
ZRETIE Q 633,

(2) 4 Sobol 4= R UM TN H T2 S 51X
(I RAE, B e #5420 2 B e U, ] o d b Ak
W EP- L ARA 240 A AH B 5200 o

(3) R4 Re S5 {H e 155 84 2 B AL 6 X ), 3
W b B T SRR A A T R R R
FE, RS SRl ATLECRE R 2 77U s, ik Bk EL
BB, Re S0 77 S IR AA B .

A, AT 52 HE 47 1 Sobol TREH & T AT
BEZMIHE B ES ERIR AR Rt Sitms
AR EMCRE. [N, HT2F GLUE TS5
KA SRR A — E BIBENLNE, Z07 E875 5E 2 RL
FASK HEATHEAIE

(References) :

[1]  fRTHE, FPREE, A, 55, BT 8L 5% 1 TOPMODEL &%
PRALLT]. =0 K% 2 4R BAR B 22RR), 2008, 30( 1) : 16 20.
(XIEH Hi, HAO Z C,FENG J, et al. Parameters optimization
of TOPMODEL based on genetic algorithm | J] . Journal of Chr
na Three Gorges University (Natural Sciences), 2008, 30( 1):
16-20. (in Chinese))

[2] EPR, BE, 2B, 5 5 20K SRR 1 2 B0 E J U
PESHTERIT )], BAR BRI ZER, 2007, 22( 4) : 649 655. (WANG
Z G,XIA J,LIU C M, et al. Comments on sensitivity analysis,
calibration of distributed hydrological model[ J]. Journal of
Natural Resources, 2007, 22(4) : 649 655. (in Chinese))

[3] ZEz R, 5K5, ZEH1 5. BRI o A0 2K SOREL 1 2 B AR 5
PR E[T]. KT U5 5 305, 2013, 22(5): 565572, (LT Y

* 56 KXKEIR

[8]

[10]

[12]

L,ZHANG Q, LI X H. Mult objectives model calibration for
distributed hydrological model in the Poyang Lake watershed
[J]. Resources of Environment in the Yangtze Basin, 2013, 22
(5):565572. (in Chinese))
HEHE, B, H B, . WEP B S5 A )b DL
TIR LU ROR L ] . KR 25, 2009, 40( 12) - 1481-1488. (LET
X H,JIA Y W, JIANG Y Z, et al. Parameter optimization of
WEP model and its application to the upstream of Han River
[J]. Shuili Xuebao, 2009, 40( 12): 1481-1488. (in Chinese))
DOI: 10. 13243/ j. enki. slxb. 2009. 12. 004.
JEHE, i, B NAR, S BT GLUE J7 34 A5 Aok e
BTOPMC S A& Y4y B 1] . /K L BEUR B 22, 2014, 32(8) :
2633.(ZHOU L,FENG J,LI X D, et al. Parameter uncertairr
ty analysis for distributed hydrologic model BT OPMC based on
GLUE method[ J]. Water Resources and Power, 2014, 32(8):
26 33. (in Chinese))
EFIRUE, WREE D, SR E, 2. PEST £ WetSpa 7347 2K SCHE 7
ZHRE PR [T]. K 3¢, 2009,29(5): 4549. (SHU X J,
CHEN Y B, HUANG F H, et al. Application of PEST in the
parameter calibration of WetSpa distributed hydrological model
[J]. Journal of China Hydrology, 2009, 29( 5) : 45 49. ( in Chr
nese))
I, i, TR, S SWAT A S M H 3 e MBut 5
S I]. B S 5, 2009, 30( 1 2): 27F 275 ( BAI W,
LIU G Q,DONG Y W, et al. Parameters auto calibration with
modified SWAT model[ J]. Chinese Journal of Agrom eteorolo-
gy, 2009, 30( supplement issue 2) : 27F275. (in Chinese))
JA R, MR, A B, S BTOPMC/SACU 4 Ai 2 sk
SO IR R R ARG VL] T . AR T FE243R, 2015, 31(20) : 132
139. (ZHOU M C,XIAO H Y,HU Y M, et al. Principles of
BTOPMC/SCAU distributed watershed hydrological model
with system design[J]. Transactions of the Chinese Society of
Agricultural Engineering, 2015, 31(20): 132 139. (in Chr
nese)) DOL: 10. 11975/ j.issn. 1002-6819. 2015. 20. 019.
VAN LIEW M W, ARNOLD J G, BOSCH D D. Problems and
potential of autocalibrating a hdyrolgoic model[J]. Transac
tions of the ASAE, 2005, 48( 3): 1025 1040. DOT: 10. 13031/
2013. 18514.
SONG X, ZHANG J,ZHAN C, et al. Global sensitivity analy-
sis in hydrological modeling: Review of concepts, methods,
theoretical framework, and applications[ J]. Journal of Hy-
drology, 2015, 523, 739 757. DOL 10. 1016/ j. jhydrol. 2015.
02.013.
wifh, B, S E, %5 BT PEST [ HSPF /KSR H bR
HERHERTIE [J]. B 2R %R 2% i), 2014, 29(5): 855867.
(GAO W,ZHOU F,DONG Y J, et al. PEST based multtobr
jective automatic calibration of hydrologic parameters for
HSPF model[ J]. Journal of Natural Resources, 2014, 29(5) :
855 867. (in Chinese)) DOI: 10. 11849/ zrzyxb. 2014.05. 013.
TLA I, B2, Zariak, 2. oA 2K SO AL IR R G 57 45
R[] . HOERRL HERE, 2014, 33( 8), 1096 1100. (JIANG J C,
ZHU A X, QIN C Z, et al. Review on distributed hydrological

modelling software sy stems|[ J]. Progress in Geog raphy, 2014,



B

EEe MERHHSHKX BER T ERE WEPL R #5 5 A

[13]

[14]

[15]

[ 16]

[17]

33(8): 1096 1100. (in Chinese))
2014. 08. 009.

ZHAO R J. The Xinanjiang model applied in China[ J]. Jour
nal of Hydrology, 1992, 135, 37+381. DOI: 10. 1016/ 0022
1694(92) 90096 E.

WU QF,LIUS G,CAIY, el al. Improvement of hydrological

DOI: 10. 11820/ dlkx je.

model calibration by selecting multiple param eter ranges[ J|.
Hydrology and Earth System Sciences, 2017, 21, 393-407.
DOIL: 10. 5194/ hess 2F 393 2017.

TR, BT WA L 1961 2005 AR AL 1L R
BT[] A mARE K %5 4Rk, 2008, 30( HE T 2): 82 87. (LI
Z J,LIX B.Trend and causation analysis of runoff variation
in the upper reach of Chaobaihe River Basin in northern China
during 1961-2005[ J]| . Journal of Beijing Forestry University,
2008, 30( supplement issue 2): 82 87. (in Chinese)) DOTI: 10.
13332/j. 1000- 1522. 2008. s2. 001.
KPR B K B GRA UT AN I 5, TR K
FIZE G2, W1 8 K B R K b R R R (1989- 2000
)[R, KB KRR K FIZS 5123, 1989. (Water and Soil
Resources Protection Leading Group Office of Miyun Reser
voir Upstream, Haihe River Water Conservancy Commission,
M WR.Planning of water and soil conservation of M iyun res
ervoir upstream of Chaobai river (1989 2000) [ R]. T ianjin:
Haihe River Water Conservancy Commission, MWR, 1989.
(in Chinese))

AR, A HTIR, APUL I, 55 BN R AR A 1 i
PRI E B[ J]. &L TR 23R, 2012, 28( 22) : 252
260. (ZHAO Y, YU X X, ZHENG J K, et al. Quantitative
effects of climate variations and land use changes on annual
streamflow in Chaobai river basin[ J]. Transactions of the

Chinese Society of Agricultural Engineering, 2012, 28(22):

[ 18]

[19]

[20]

[21]

[22]

252260. (in Chinese))
2012.22. 035.

UM, Tk, 51, 55 A UK SOBEAY R B S
[ M]. db3t: A E KR K R H R #E, 2005, (JTA Y W, WANG
H, NI G H, et al. Theory and application of distributed hydro-

DOI: 10. 3969/j. issn. 1002 6819.

logical model[ M]. Beijing: China W aterPow er Press, 2005. (in
Chinese))

SK/NTN, 258, A0, 5. BE T Sobol 752 AU 22 YL Y 2 4
TS ] KRR 5 KR RHEE, 2014, 12(2): 20624,
(ZHANG X L,PENG Y, XU W, et al. Sensitivity analysis of
Xinanjiang model parameters using Sobol method[J]. South
to North Water Transfers and Water Science and T echnolo-
gy,2014, 12(2): 20-24. (in Chinese)) DOI: 10. 13476/ j. cnki.
nshdqk. 2014. 02. 005.

/N, S AR, B, S BT LHS I AR R K s
ANHTE MY HT T ] . K SCHB R T R ST, 2009 (2): F 6. (SHI X
Q, WU J C,JIANG B L, et al. Uncertainty analysis of ground
water models based on the Latin Hypercube sampling teclr
nique[ J]. Hydrogeology and Engineering Geology, 2009(2):
F6. (in Chinese)) DOL 10. 16030/ j. cnki. issn. 1006 3665.
2009. 02. 008.

R A6, BRAEBE, JEVE I, 5. £ T Sobol ¥4 i) TOPMODEL #%
B4 SR BUR ST T] . ARAKIT, 2010, 41(19): 9+ 94. ( REN
QW,CHENY B,ZHOU H L, et al. Global sensitivity analy-
sis of TOPM ODEL parameters based on Sobol method[ J].
Yangtze River, 2010,41(19): 91-94. (in Chinese))

TANG Y,REED P, VAN WERKHOVEN K, et al. Advarr
cing the identification and evaluation of distributed rainfalk
runoff models using global sensitivity analysis[J]. Water Re
sources Research, 2007, 43, WO06415. DOI: 10. 1029/
2006WR 005813

KL KEIRE < 57 ¢





