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Abstract: With a focus on many problems that exist in parameter sensitivity analysis, this paper first analyzes the model
construction of hydrological model parameter sensitivity analysis and the main functions in the process of its application.
This paper also focuses on the relationship between uncertainty analysis and parameter optimization. Three methods of
classification of sensitivity analysis are summarized. Four key technological methods of analysis commonly used in
hydrological models are discussed. The four key technological methods include the Morris screening method, regression-
based analysis, the variance-based method, and surrogate modeling approaches. At the same time, we discuss the
applicable conditions for different approaches in hydrological models, summarize the advantages and disadvantages of
various methods, and review the research status of various methods used in the hydrological model. In addition, a
synthesized evaluation framework for sensitivity analysis for hydrological modeling is introduced. Several future research
issues are also proposed.

Key words: hydrological model ; sensitivity analysis; parameter identification; uncertainty analysis; parameter optimization

2015 4F 11 H
Nov. 2015

KSR — PP 23k R B HBLRTT
O SR R ) S 2% AR R 26 S R E R
SIS IUAANASH 2 P GE TR K SRR
e AT X B 52 2% 2o 78 10— bl 2 A FIRE G AR A
W, il S i R 8 S B R A b
PO R B R AR R 11 AR AR — R TR
TS K ST LB R 2, 5 BB A i 7
HRAFAE AR R B AN 72 1, T 522 M e U1K 52
B AER A D A e AN W P A 2 R

U ISR AN PR B R o R T 5 1Y o
MUNARR S BT K SORER S B BT B
A EIRBR SO T AT RETE 22 | 44 SR AN 2 Al
BRI AR A SRAF AR R 22 57, BRI TR w5 2
BORORG BE AR IR, B, 75 B BT A SR R
W], Shy S A ey 2580 U A TR A 1 3 4 (L S il 52
PRI, SBCRIEURE S BT R AR R e i v Y
— NIRRT

ZHRCURE T 89 H BTE T O 2 R 28

FeLTH R E SRR R ITRI (973 $1H4]) (2010CB951103 ) 5 I R} 8 K& 101 (20142X07204-006 ) 5 EI 5K F 48 BF24 343 (51309155)
YEZ T RIEAR (1987—) , 5B VLM, PR, 1t F /K SOK VRS . E-mail ; xmsong@ cumt. edu. cn
KA K, A B ,2015,35(6)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn hitp ://www. hehaiqikan. cn - 105 -



SRR 1 SRR R ) B O E A 2
T B XA OCR B2, AR IEAE TR S
] A LA s OB & AN USSR RIS B e i
R RIEHAES L H T, USSP C 2
T HEZ U, IR G A A BB 5
/e Iy o N NP W E e
Jey & 43 A 3k A4 Sy o A i L E R D5 1 M E
I AT PR A Y T 1 R BN LA B
R T M2 R O SO 0 A LT ) O B . A
SEH ML M B9 TS T8 AT R 7K SR
TSRS E 3 AT 7 % BEAT () 2 A BB AL 45, 5
PHEURAE 73 W7 (9 73 260705 | B 10 TR 40 R 3 T 1Y 4
SAGUBNE I T OT IR A K SO v (4 15 B 45 7 i
AL s WU Z BT (9 £ B2 ER I K SO TR 24
TR 3 M ) SR B SR, AT SO o T B
AR IR AR WA I T 16

1 SHHRESFHEREEX

FETK SCRE A g ) 3 72 vp AR 2 AR AL ( 22K
b)) B4 (i 455 0 5 S b iy B R 2 B0 A7 AE 25 5, [
2 S80S T Bl i, T 2R 2
U7 P E LA AT 5 SCPR B 7 Ik,
SR U E S Hr NI TR O T AR S EL AL
TR 5 B A R b A AR AT D BT
1.1 HRESTESEHR7

H1 T 7K SO 45 K 1) 52 S P RIS 2 2 407 v
23 [A) IR 0 52 ZAR OGRS, L S B S BN
il SRR S BRI E S T i —
P2, 3 i MR 1 B, ST K SCREARL S 40T
BRUBERL L, W E S A AR, T 92 S RN
S, LA R AL SR s A RE T R S B 4 R S e
TN 8 P, 3 11 5 i BRI, Ty (AR TR ) 1oy FH 4
7o ARZ2EE B XS 2R IR o3 BT 5 12 T SRR LE A
G,V NEZ I INE R IIE S RSB AT M
A N O T R , Castaings e L1314] g h SR B AR
P RIS U S AR B Z E R
RIS MR T SHCRN S S EUR M 5 AR
PEZ AR R, 2R 2 B 20 B O7 VR X AR 24
BUNSRME TR A5 BT 5 BRAF AR 2R 58 1) A R AR
[F]BY, Rosolem %F“ﬂ iRt ST N N = R T 3 e O 52
SN ST R BRI AL S A I 2R 2 7R T
i 2 T 22 B el 07 114 52 1, 6 BB 170 1 43 B A8
RIS BURNE , A S B0 I A T4 AL B
PRI
1.2 HRESWERHEES

—FBORUE, ZER AT E PEH TR Z5 | 5

B TECT SR USRIt USRS A R
AN 5 P S B T SR AR AR Y o AN E M S A
T BRI S R R IR (AR S5 | S8
Rt N S5 ) of A 4D 45 SR 1) 5 W R B R
B0 T 2% PR Y SR A S PR AL 1 235 2R 1Y) T
TR, RSB BURE S5 BT AN S P 23 i
PIE RN G R TP AR AR 2 A B R S ERAIERY
Mishra' "7 XF HL AT T ASIRIASH 52 PR 5347 )7 75 ( Monte
Carlo UL \— B —HE M1 Al L R AR
BT A — B FT S5 P 0 A 3 2 ) RO A 43 BT T
(1B AL S HAR B B s o ik e 2k
o3BT A ) T /K SCRERL b i 1 45 3 7 SRR
PEST BT FIASH 22 1 53 BT B 45 SR W) & 47, U 248K
FRANTff A 1 T U T S BUR S B, R S U
SN T RN G 1 3 AT AR AR T 2 [m) 20 R AT, L4
T 1 S5 B 2 B0 AN B R MRS T S Beven
AT % B R T RSA ( regionalized  sensitivity
analysis) PO R 2 T T (GLUE %) th bk
FHF 7K SRS (1 SO 4317 T 5 Ratto 55218 9
R AR A TR S 5O U T T M B HOROE
Elsawwaf %) [a] B $E4k T 2 Fp 28 K& 1T BB R A9 L
SN RO E 1, 38 1 T P RR 23 BT 5 v RO AR a1
1.3 #HRESWESHMAN

HY T8 0 2B AN M ol A A AR AT 22
i WEAE DE A6 75 20 i S EOTF A R CRIEAR ALY
FE RS 2 RN F0I 25 S T bk PR 7 3B R
IR E R AL 50 1 R ) 5 2 0 i B &
B AN P S SRR, DA A R S R A 25 2R
X REHY TGO (4 5200, ABEAR SEAR 22 S 7K SCRE R
TR T R I DG T Y )8, 75 2 B Ak I A1 A 22
FETRRCR BT 5, AR T 30 Ao U 43 A mT LA 35
i e B S BOAT A, S R AT RCR L R
FERAESERY . G Werkhoven 5512 i By F 42 Jn) UK
PRI 7 1A i 1k T HOR BRAR S M4 ke, it 7 2
2 BRI AE , IF6 Hs D i HI T SAC-SMA
BERY; Liu 457 FIRRIE T LR HLE, %182 H AR
PESHT A Z B AR 5 S 8L FS S Morris 434
T B FNEE S BCHE Y 22 43 5% (non-dominated sorting
differential evolution, NSDE ) FH T MIKE/NAM [% [
VAR ) S EOEURAE o A FLRGE . BRILZ A, 38
AR Z /K SO IR FEAE T e S AL 23 BT i) [+
AT AU A, LU R T 2801k

2 HERMESTHENSE

G 9 TR B R 5 BT 7 b 5 A AR
3RO AT R AR AT T R g

- 106 - KA K, A B ,2015,35(6)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn hitp ://www. hehaiqikan. cn



T GO TR T2 T e A A 1 RO I 4
Wikt o 8 —Fh o R R W 43 2k, B
BT IZ AT R R A vk R 56 B S
XA ] BRPREE , T A R, 8 Bz B
AR Z S TS HCZ AR A AR T — 2
AN R BB AT BE 23 5 ) — > S B U
WzInikik Z RN, 2 RBURIE I HTIL RERS [F] IS
I8 2 R 0 AR e S s e DL K % PR 2 [ Y
AHELAE PO R iy A 52 0, m] A T A A TR T 1Y
BURFREE 36 FH T S HOR 2 MK SCREERLS 4 R i
SN AT SURT 53 by 5 1 4 SRy U A3 A R E 4
SRR, e b P A AL 48 ) 451> S IO A
TURSALLAE SR AN M 52 el AR RS DL Y
HEAUN I RIS BB R s E e Al o
S SRR AN 2 VR TR SR A LLA 2 S 400 UK
FERE, AT 45t — > AR R AL b5, an—BirBuek i e
SBUREAE

Bor Oy kR T A R AR A T A 2
PEBAR LA M N ASRAT U 38R X 25 AN e
S Wy A\ J7 225 6 A i H bR AR AR R ERT LA
Lt A ity 2 1 AR Ak At s e R O Tk
A NRSA ( nominal range sensitivity analysis ) 3£l DSA
(differential sensitivity analysis) 7%, ZEit kMR
TE SR R — BRI, I T SRR S8
iy N7 22 %0 L0 0 A OS2 R DL R NS A
ZR A, BT 2 2 80 6] i AR LA
X R, GEE 7 R R SCHETE T S BURKE Oy
2, B A SR R R 0 T RS T R A AR
FEB A B GETT o0 M5 L4 813 70 A ik L ANOVA
OIMTi T OT 2200 R B 5 1% o3 2R Il AR o3 A
Vo TP e U R g P R Ok SR LU, T
WHHIRIE AL 7 i A S A0 i ) 45 2R 152 )
o n] TR BLUE 2R i A DG 28 ORI

3 3 BT V38 PSR A8 R URS B A
SRR, DT B ELN T 2 I TS BORZ
BRI AT o — BN Ry HAFAE BRI AT E T, 25
AT RESZ A T BERF AR S MRER, ANARZE PR AFAE A
HARHIE LA R AR RSB RL K 577 35 U B S 7
TR AR 23 B, DR 2 B 22 A Bt Ok S B
BB AT BRI AR T e v 1 ]
AL SRR TR X | (ELHG 28 1 1) 5 k70 BT A 7 308 1 19
P W SRS

3 KNEBRSHHERESHTE

2 SRy U S AT D5 EEAE K SO Y 3 T H 4
Wz AR AR TR, — T e &

TESEMRS MR, 5 — 7 R A TR,
JIr A ST [ AR Ak, %2 i A AR T
W SEA IR YR 2 R, HASSZ BRI
SR TR, BE 0% X HE 28 P A E SR AR B R AT
B 2030 TR e 7K SRS R S R S BT Y
BT (e o B s, U Bk, 56T 7 2209 53
Bro7 ik LA B ACERABE R L ) | 40 #r Ho 4% B DI ik s K
TN AT, A IR A B RO RS
3.1 fRiESHAE

e H F A8 43 87 77 7 02 Morris 5 2875, )
S Morris ™ 7E 1991 AR5 (1, VR — R PR 42
SRR AT TR Tz 0, T R SR i % 5 U
HHURMI S EC(A) . H Morris 5 5 15 2R H A~
THRFR bR BN Y BIE p FIPRUEZE o HIDRHIWT 2
B R U E . B TR S RO IR 3
{8 p AFFE RN, FE— PR L2 S EOTH 45 177
1Efw 22, A, Campolongo 25 SR A& IE A ME w*
TR SHOT R L A R RGN, BERAESEN
FAFRE TR E 5000 OB HE T | T A v 22 R AE
SR AR EAE O RE I AR 22 RIEITZ S80S
HASEAE EAE K, e 22/ N B % 2405
HALS A EAE R /N, #2883 14 5387, Morris
775 35 7 P i R a2 I P A AL X6 7 B, 11330 B AN
KT SHARZ B BRI 38 & i D iy
BT AT AR AT Y S 50 8 M HE Y, AT
S AR A S E R B R AR B H Y, %7
BBV REIA B E S HHM N EE S HAS
UK T BB HO R R B SRR R
SEANEE Y W, T JE ik 45 o JE4E R . Morris
AR E B SRR U O NHE AR a7 B
B4, AT SRR e fURR /N S, R PR SRR A
X R A S 7 1 1 2 R U AT

Morris i 176 725 75 7K SCHE AL rp (%) i BE DL
USRI AR 25 08 HL R FH T 0 A X At 28 3 35 45 78
R 22 AR A ( H RCEE AN RO ) B9 S 80U v
A3, 38 A YR AR TR S 5 A B T R v A AR R
PEM K3 R S0 — 0 o A B A TR R Y
B, Yang %“'gb{%ﬁ\:ﬁjﬁﬁ:}:qﬂ ] Y 1 T 37 ek A 40
1BAKTE Margecany it 38 ) WetSpa 155 7 (1Y) 2 H50 i ik
PG, DABE AN 2 S8,y SDP J7 i iy it —
A0 PR HE 7 . Ruano 25 [a] B¢t A FH Morris
PR AR BRI I EE S, BT LR
BN AL, Griensven 551" 5] A LHS $hFE ik, #2
T LH-OAT % JF8 U T SWAT AR f)— 4 i
A S Tz HE)T B SWAT B R 48
WO SWAT BERBUS b i £ 2 T H a2

ARA R A B 2015,35(6)  Tel ;025 -83786335  E-mail ;jz@ hhu. edu. cn hitp ;//www. hehaigikan. cn - 107 -



ARSI B BAE AN %0y it T A
IKSCHETR S H0 50 B, A AutoWEP FE7 ) iR
TR e
3.2 EAEASHHZE

[ 051 53 B 5 v i T U A 7 i 2
— B T 2R AR, AnbR v A R £ SRC
( standardized regression coefficient ) | fii #H ¢ & %L
PCC ( partial correlation coefficient) , L X AH W #Y #k A8
#t SRRC ( standardized rank regression coefficient) Fl
PRCC ( partial rank correlation coefficient) , — 5% 1
7 ,SRC Al PCC i F T2 OC A%, i A1 L A9 Bk 22 6t
FEPRNGE H FAER HEE R AR R, A5
B2 EARHISE, W) SRC AT PCC P45 e — 30, &
M SRR 22 57, P ) £ 2L IX 1) & PRC AT H
IR DG 1) B e i3S T AR AE A DG OC R I S 4L,
SRC MILIE R T AR RIS EL

[ 734 7 5 R IE A T REAE BT A5 i A [R] 52
M tH AR DL T, 23 BT I AR | (]I RE RS i
RS A S TR 0 G 2 I TSR ] AT 1, 07 vk
T ARG OC R SR L 56 RN RBOR B 22, ||
VX HB A3 Lt 5C 3 AT LA i kAR $e kA7 4 B, 1B
WAFTEA AL, BRTCYE A R o3 E 5 A5 B 0 J0 125 4
2k LI 0 ) [ A A v 47 o Tiscareno-Lopez e L48] )
FHIENE AT 715 0 B WEPP 7K SCAR RS i 2 5 ik
P48 S Hh T Y 158 25 T SRR A AN 2 1k
He %% % H Spearman’ s RGN E &
SNOW 17 A5 ) 2 SO, AR A0 [ U 2% ) 25
PERG 36 235 R 52 9 i A PR R 1Y SO M HE T 5 Muleta
SEUVUSR LHS R D5 ik R 2 1A 53 BT O
SIHT SWAT HERL [ SR ; T B4R K
T3 BT SR TT R T AR R A SWMML A5 A ) 7K SC
SR A R BUR R UM R v i U S B LAyl 2
JR B BHCRE T
3.3 ETHENBNAE

BT 200 R R AR E &R R Y
T3 22 TR FOR AL 11 2 By O E AL — FhOJr
LD AR Ry 25 A R e L Gl
2203 R B JT 1R H — B U B S U PSR R
PEUT R S0 BN, — B SRR -2 e —
SO 2 R 0 TR TS AR D) 2
e SN EIE 2 RS PO I ERE OB EI A
— SR A I S H) — O R LA S S By
TR | T 3 SRR S — B R R 1 22 (B AT LA
VP BEIY A BAE R 2

VE R4 JRy Pk 43 A J7 15, k35 22 70 i 19 Sobol
Jri: FAST Jrik f J& FAST ik fgig 45 th 4 W &

() PP RIS BRI 2 b BT 05 2 0 i i
FOBRAELFE M, TRIRL 2 Ah | S vr i A R R TR 8
(BLIX [E] AR Ak, 7T 2% B A PR 2% A0 o 155 190 o i i)
SO IR 2 W — 5 ik . A R K
EAINRY RS s N EPO R N VAL E b S =
5452 3R Sobol J5 7434 T TOPMODEL £ %1
SRR )8, R I J FAST 05 00 0 1%
LATAI R S EURTE B8 T 78 3% e R i ik
Frh T B SOCHE AL S Werkhoven %517 R
JH Sobol J5 501 T SAC-SMA 87 f) 2 s vt
Wagener 25 75 JLHEAlt 142 T £ H bR R B
THY SAC-SMA HR BRI ZHEUURAE 73BT, BEA R i A
FIZ B A T] H B i 157 1) 5 00 B2 ¥ 5 Francos 2507
FIH Morris 7535 H FAST J7 3R PPAl SWAT 57!
(SRR PIRR 7 125 A 245 5 R A A8 7 328 113
BESH, I T SR E = URE ST
3.4 ETREEBERNAE

BT AR BR 1Y 7 i AR R R Rk 1Y
— PR 3 B, A R B R — S e
TIER IRV T R AU Ty A S HC S B 8
HH 22 1] P R 30RE) 17 S 2R, ) FH 2 o 280 7 5 25 3
PR TR 1y B i R A Y R A A ) T St Bt |
G — L T ) Al T SRR A A5 R Y
SOMRERE T AR SR U HE AR . AR Bl
FH Y 5 7 A AR AU R (Y vk, o N T
(response surface method , RSM ) #4) 4t — /™ fiij B 455 7Y
R IR B A B i 5 s A A Z
[ F89 9C 28 , 72 1T BE PR IEAR BY B A Rp iE 1Y [+ B I
TR A I RE | MR A IS B R T
RE , YA EIPPAN PO B CRAR 2 TSI )
AT B2 . R T K SO &, B AU O
RS8R 3 A PRI 320 12 3 P Tk S
RU AR PE 43 AT (IR i e VR DE A, B0 43
BB HAl ) 2758 AR i Tk i
AT Z2 R AU AR AE , Hodz FH w1z i 1T A9 A 3%
WA R AR URE T B 1 i A L 5 R A
F, KER A3 I A A AL 2 D B B2 T HA S8
A M 17 p T e AR MRS 3] S bk

M 7 Y A 5 A A 107 P o e v ) O B 1R
B LG T R AR BT ik A IR
SR AB RSl S5z e 52 B 1) i A 2 (] ) R e
JO7, BIAT A Sy HEE AR LS b S P 5 22 (R DG 28, 2
JEZHhom g i B A X T RIRE R O iR
WL PR S BB BE S XTI RE 42 J7 (L MR AF | TR 3
ZHGE RN BUE , A 300 R AE T 54 Monte Carlo
%, Latin Hypercube 1, Sobol #EREHLIF 51 R AL

- 108 - ARA R A B 2015,35(6)  Tel ;025 -83786335  E-mail ;jz@ hhu. edu. cn hitp ;//www. hehaigikan. cn



TEFATHURIE A g R v, ik 885 AR E 5 — b5
W7 ik 2E AT 45 & DL, W Sobol % FAST k.
Sathyanarayanamurthy %50 45 & 3 Fh 40 3 5 A
( Kriging A7 728 [a] JEpft 25 ) 466450 78U 1 S 5[] 12 4L
HRD ) RIS 5 22 19 E it BB 70 M 7 % (Sobol
FIFAST i) 2387 1 52 2 ) TR A 78 ) S 1) A
Li SO0 F I IE 22 2 50X 07 ik W 1 — > BE AL
) HDMR ( high-dimensional model representation )
P4 ANOVA JE ORI 19 2 BUBURE ; Rattto
4192005 SDP ( state-dependent parameter ) 72 Hl Sobol
Bah G as W A T OB ROR R R R
AL A ] PSUADE 4T Sobol 325 11 K
THASERY (S HRF 1] AL SVM, £ JC H 3& N 8] 5 FE 5%
MARS) F T /K SIS ) UM o B v FRAS TR 52
[ Sobol TEM LB i 1A ARI PPN 503

4 KNEBRSHEH RIS ITIELR

— T, K SO A SRR E 3 B B EE
AR LA AT O 2 438 1 S 50U BUE
Fil s QIR Y I S ECIAE T 1 @A BB BRI PEA A
A @Iz TR ; O BRI S5 US4 BT 8L
P ; @RISR T 1 s O BT 1 S 40 Uk
PEIFH L IPAGZE IR o i B SO U 5 2
TR AT A, AR JRVAL, i 22 7K SCAsE A
SR D B 0 P B S, PR AN BE A O T S 5L
{14 SBCIEL 9 T TS 78 2 50 SBC{R 0 D 422 5 i) 39
BRSSO (285 5 mT s 3 oA AN T B Y Rl
XoF 4385 SR PR 55 M R A 1 Wi S 8 ) B

KT SHAFE R85, — AR B o 5
DAELEAFRXT N A 2 ECh A 7 1%, 40 Morris 43 A7 1%
X1 Morris one-at-time fHIAFE: , flIAE 7 ik Y LR 5
S EARE 7 5 R A AT SR | A 4 R O MR
GINEER I R S I AN N VA il = o £ < i
2200 Wl N AR USSR

AP B3 S AR AR S U 23 BT e 0 B A
REIRURS 35 in OB S PN A DO E g RN R/ e DN
RV SR AN W I, ] v 25 b 50 B A AR A
We 5| 1Ok 2 0 S, R A m R T EAL TR
FATIHH R LA R AL B T R AE 4F  Be Ak, dnul e %
B IEA R T AT I R AR — T
1B — A SEEIRNE ST PATRCR S S5
BAEZVINCR 0SB L PATR80eR
SHEAR, PR JE e BER ] — S T BOR BRI S 4k
NS — Lot MR REZ
B 5 SR R e 125, LU R 43 ik, e A2
J7 2507 . AT DR — S8 B2 BRI S 4k

PR, NSECT — 2 o W R I3k mt B FI S5
TURRA: S AT AE B Ty 1 R 7 i A3 AT 2T, SR —
S MR AT B 0 T 1 SR i ARG B ) S e
M R AP 2R (B 1) o IRFEAT SEbF 5T 4 X0 45 Fh 2 B
I Pt — 2 27 R ER G AT 8L 2 T iR 4R A
I, 40 Morris /55 Variance-based 7515 195 iU
FHECH # L, Francos %50 5% FH T 25 43 Fr 7 2, B
Morris 251 FAST 12 948 SO0 JH T+ SWAT #2584 1 2
BUPUBAE ST 3 Zan S0 824 Morris 35 1 7 il
A1 {23 F1 Sobol 25 43 A1 X B8 1 4% 7K SO R R BT
BT ) S U 5T

L] A3 250 e A B R UM IR 25 3, D S 4R
A AT E 25 SRR USRS T i e A A, B
BRI UR R F2A KB AR IR L SBUE S B4
R, AT EA [ A 75 KR AN TRl i R385 2

[ mmsns

| OO NEIRE [ A

: |
§ﬁ%ﬁﬁ&ﬂﬁ&}ﬁ#¢ﬁ¢ —{ By |

IBATARICERL |

B I |

...............................................................

B BT

| itk

Rttt fomgy |

CREE s

B1 &£8EERE
5 MIRRE

IR SO 2 BAURE 23 S K SCRE R 3 5
FHEGSCEEERY , H H AL T80 € S BN T 45 1Y
SEMAREIE | DT S0 R AN B 2 2 80, b S B
FEAR S B AN 5 PN, 2 T 488 A TR IO, IR
SHRUBIBNE T T 12 AR 22, ] e 45 LA L% B v 2
AT R K SCRE TR E A B 5B, Bl 7K SRR

KA K, A B ,2015,35(6)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn hitp ://www. hehaiqikan. cn - 109 -



TR LA B R R AR (14 i o o, BT 45 4
H 52 %% , S ROk Z U BBl ok, 51
X F AR SCRETU 2 SR e A AN A2, AR ZK 3
WIS BRSO BT T 5 1) 204

a. THANCRIAE, X TR A
ORI R — EL NG BB b K oA, B T B
YRR 1) R R I A T B e T F) — A4
MERL, ARG S TERETT B LAY, B B T
Jrik A AL, LA e A5 2 B0 R 23 B f) 3 A
U0 AT E IR 4 AR TR B AR WIS LR i 2 12
HE R IAE &5 B R A — L8 ) i 1)
it ZARRE, ARSI F) 35 W | AT LA B R
SENEE, A e 3k T R S5 I B B 7K 3
BT A — B

| TR T3 & ST O iR o T R PN T
Ph— BRI 5G 1 , HAR KR AR 52 1 57
R ST HER P . 725 IR BORT ST, 5 ZEAR B
ATV B 2R PE AR 25, B[R] ) SR R
M7 AT IR, DT 45t B AT 5 A SRR 23 T 4
o MO, Z FARFAE T BB RIPEAR R 2 52 R
TR T AT AEPE S . BT R9IE 2T TE 2 B
BRI T, AT RE S BOCTE 43 1 M 5 R A 20
BRUREIRDRE , X /K SCIRE R =, AP H AR
AN [ 85775 T S5z BR A S0 235 2R B 5 IR, A MG DA A 388007
XIS 2 AR RIT E2 A FR A5 F S8
R AT

c. ZHRBIMICPERIE , V8 2 09 BURE 7 7
T BB TR RS AR iy A S B R Je AH E
1, SR 1 D0 T K SR S ]2 (A7 AE AR 53 FY)
FIE, X LES R AR L FVEHT, A
ARSR B PR R e — 5 FE B b AT REFE AR B 45 2R
AR . BN T O 50 22 YA R, LS 0 O
PR RIS 25 AR B AN Z YN AR R 4%
JEURIE] R HR 2R A M B W 2, F AT, BT AR G
SR AT, AR — A Ak e B i BRSO
¥ U A TR 2 (BT R T 2 0 TAE LA B
AR TS I IR S R

SE Lk

[ 1 ] SONG Xiaomeng,ZHAN Chesheng, KONG Fanzhe, et al.
Advances in the study of uncertainty quantification for
large-scale hydrological modeling system [ J ]. Journal of
Geographical Sciences,2011,21(5) :801-819.

[ 2] RBEAE, b 4248 FLL, 55 RRBEKIEFEE R 5E A
B PERTFE L[ T ], 742, 2011,66 (3 ) :396-406.
(SONG Xiaomeng, ZHAN Chesheng, KONG Fanzhe, et

al. A review on uncertainty analysis of large-scale

- 110 -

hydrological cycle modeling system[ J]. Acta Geographica
Sinica,2011,66(3) :396-406. (in Chinese) )

[ 3] BECK M B. Water quality modeling: a review of the
analysis of uncertainty [ J ]. Water Resources Research,
1987,23(8) :1393-1442.

[ 4 ] SALTELLI A, SCOTT E M, CHAN K, et al. Sensitivity
analysis[ M ]. Chichester; John Wiley & Sons, 2000 13-
15.

(5] LU RIBAR, o5 A, 55 K SO S HUgU M ekt
FE 1 PEAL 1) RSMSobol J5 ¥k [J]. Hu #2424k, 2011, 66
(9): 1270-1280. ( KONG Fanzhe, SONG Xiaomeng,
ZHAN Chesheng,et al. An efficient quantitative sensitivity
analysis approach for hydrological model parameters using
rsmsobol method [ J]. Acta Geographica Sinica, 2011, 66
(9) :1270-1280. (in Chinese) )

[ 6] TONG C. Self-validated variance-based methods for
sensitivity analysis of model outputs [ J ]. Reliability
Engineering & System Safety,2010,95(3) :327-267.

[ 7] FREY H C, PATIL R. Identification and review of
sensitivity analysis methods [ J]. Risk Analysis, 2002, 22
(3) :553-377.

[ 8 ] IMAN R L,HELTON J C. An investigation of uncertainty
and sensitivity analysis techniques for computer models
[J]. Risk Analysis,1988(8) :71-90.

[ 9 ] SONG Xiaomeng, KONG Fanzhe ,ZHAN Chesheng, et al.
Hybrid optimization rainfall-runoff simulation based on
Xinanjiang model and artificial neural network[ J]. Journal
of Hydrologic Engineering,2012,17(9) :1033-1041.

[10] YANG Jing. Convergence and uncertainty analyses in
Monte-Carlo based sensitivity analysis[ J]. Environmental
Modelling and Software ,2011,26(4) :444-457.

[11] PAPPENBERGER F,BEVEN K J,RATTO M, et al. Multi-
method global sensitivity analysis of flood inundation
models[ J]. Advances in Water Resources,2008,31(1) :
1-14.

[12] CONFALONIERI R, BELLOCCHI G, BREGAGLIO S, et
al. Comparison of sensitivity analysis techniques: a case
study with the rice model WARM [ ] ].
Modelling,2010,221 :1897-1906.

[13] CASTAINGS W, DARTUS D, LE DIMET F X, et al.

and parameter estimation for

Ecological

Sensitivity  analysis
distributed hydrological modeling: potential of variational
methods[ J ]. Hydrology and Earth System Science,2009,
13.:503-517.

[14] CIBIN R,SUDHEER K P, CHAUBEY 1. Sensitivity and
identifiability of stream flow generation parameters of the
SWAT model[ J]. Hydrological Processes,2010,24 :1133-
1148.

(157 X%, Wit 77, ARG . PRI AY 2 KU 5 A if 1k
SHTLT]. R, 2002,23(6) :6-10. (LIU Yi, CHEN
Jining, DU
uncertainty analysis in environmental models [ J ].
Environmental Science, 2002, 23 ( 6 ). 6-10. ( in
Chinese) )

Pengfei. Parameter  identification  and

KA K, A B ,2015,35(6)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn hitp ://www. hehaiqikan. cn



[16]

(17]

[18]

[19]

(20]

(21]

(22]

(23]

(24]

(25]

[26]

[27]

(28]

ROSOLEM R, GUPTA H V, SHUTTLEWORTH W ], et
al. A fully multiple-criteria implementation of the Sobol’
method for parameter sensitivity analysis [ J]. Journal of
Geophysical Research,2012,117,D07103, doi: 10. 1029/
2011JD016355.

MISHRA S. Uncertainty and sensitivity analysis techniques
for hydrologic modeling[ J]. Journal of HydroInformatics,
2009,11(3/4) :282-296.

T, B2 R B 2 SO U 5 A E
SHT[T]. M FREF ST, 2010,29 (2) : 263-270. ( WANG
Gansheng, XIA Jun, CHEN Junfeng. A multi-parameter
sensitivity and uncertainty analysis method to evaluate
relative importance of parameters and model performance
[J]. Geographical Research,2010,29 (2):263-270. (in
Chinese) )

BEVEN K, BINLEY A. The future of distributed models .
model calibration and uncertainty predication [ J ].
Hydrological Processes,1992,6(3) :279-298.

SPEAR R C,HORNBERGER G M. Eutrophication in peel
inlet- I .
generalized sensitivity analysis [ J ].
1980,14(1) :43-49.

RATTO M, TARANTOLA S, SALTELLI A. Sensitivity
analysis in model calibration; GSA-GLUE approach [ J ].
Computer Physics Communications, 2001, 136 (3) ; 212-
224.

ELSAWWAF M, WILLEMS P, FEYEN J. Assessment of

the sensitivity and prediction uncertainty of evaporation

Identification of critical uncertainties via

Water Research,

models applied to Nasser Lake, Egypt [ J]. Journal of
Hydrology,2010,395(1/2) ;10-22.

van WERKHOVEN K, WAGENER T, REED P, et al.
Sensitivity-guided reduction of parametric dimensionality
for multi-objective calibration of watershed models [ J ].
Advances in Water Resources,2009,32(8) :1154-1169.
LIU Yang, SUN Fan. Sensitivity analysis and automatic
calibration of a rainfall-runoff model using multi-objectives
[J]. Ecological Informatics,2010,5(4) :304-310.
SALTELLI A, RATTO M, ANDRES T, et al. Global
sensitivity analysis, the primer [ M ]. Chichester; John
Wiley & Sons,2008,18-20.

WREEWN, S, 5 &, 55 ARSI REUE AT ]
MO AR A %, 2004, 15 (6): 1056-1062. ( XU
Chonggang, HU Yuanman, CHANG Yu, et al. Sensitivity
analysis in ecological modeling [ J]. Chinese Journal of
Applied Ecology, 2004, 15 (6 ): 1056-1062.
Chinese) )

TR A, MR, BT WEUR. 25 T Extend FAST J7 i 87
LA SR R U/ M [T ] iR a i A
SRBL R, 2010,49 (3) : 127-134. ( REN Qiwei, CHEN
Yangbo, SHU Xiaojuan. Global sensitivity analysis of

(in

Xinanjiang model parameters based on extend FAST
method [ J ]. Acta Scientiarum Naturalium Universitatis
Sunyatseni,2010,49(3) :127-134. (in Chinese) )

BRUN R, REICHERT P, KUNSCH H R. Practical

KA Kb A R ,2015,35(6)

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Tel:025 -83786335  E-mail ;jz@ hhu. edu. cn hitp ://www. hehaigikan. cn

identifiability analysis of large environmental simulation
models [ J ]. Water Resources Research, 2001, 37 (4) .
1015-1030.

WOTAWA G,STOHL A,KROMPKOLB H. Estimating the
uncertainty of a lagrangian photochemical air quality
simulation model caused by inexact meteorological input
data[ J]. Reliability Engineering & System Safety, 1997,
57(1) :3140.

MOKHTARI A, FREY H C. Recommended practice
regarding selection of sensitivity analysis methods applied
to microbial food safety process risk models[ J]. Human
and Ecological Risk Assessment,2005,11(3) :591-605.
CANNON A J, MCKENDRY I G. A graphical sensitivity
analysis for statistical climate models: application to Indian
monsoon rainfall prediction by artificial neural networks
and multiple linear regression models [ J ]. International
Journal of Climatology,2002,22(13) :1687-1708.

RIGEAR , o5 A B A K SO SRR E
ARSI E S N [ M. Jb st EKRK HL H R
#,2014.

SONG Xiaomeng, ZHAN Chesheng, XIA Jun, et al. An
efficient global sensitivity analysis approach for distributed
hydrological model[ J]. Journal of Geographical Sciences,
2012,22(2) :209-222.

MORRIS M D. Factorial sampling plans for preliminary
computational experiments [ J ]. Technometrics, 1991, 33
(2):161-174.

CAMPOLONGO F, CARIBONI J, SALTELLI A. An
effective screening design for sensitivity analysis of large
models[ J ]. Environmental Modelling and Software 2007 ,
22(10) :1509-1518.

ZHAN Chesheng, SONG Xiaomeng, XIA Jun, et al. An
efficient integrated approach for global sensitivity analysis
of hydrological model parameters [ J ]. Environmental
Modelling and Software ,2013 ,41.:39-52.

RIGHE LI, 54 55 TS 3ie ik i 7k 3.
BRI S RUHURAE ST [ 1] KBl 30 i, 2012,23(5)
642-649. ( SONG Xiaomeng, KONG Fanzhe, ZHAN
Chesheng, et al. Sensitivity analysis of hydrological model
parameters using statistical theory[ J ]. Advances in Water
Science,2012,23(5) :642-649. (in Chinese) )

SONG Xiaomeng, KONG Fanzhe,ZHAN Chesheng, et al.
Parameter identification and global sensitivity analysis of
Xinanjiang model using meta-modeling approach [ J ].
Water Science & Engineering,2013,6(1) :1-17.

YANG Jing, LIU Yangbo, YANG Wanhong, et al. Multi-
objective sensitivity analysis of a fully distributed
hydrologic model WetSpa [ J ]. Water Resources

Management ,2012 ,26 :109-128.

RUANO M V,RIBES J,FERRER ], et al. Application of
the Morris method for screening the influential parameters
of fuzzy controllers applied to wastewater treatment plants
[J]. Water Science & Technology,2011,63 (10) :2199-
2206.

- 111 -



[41] van GRIENSVEN A MEIXNER T,GRUNWALD S, et al.

[42

[43

[44

[45

[46

[47

[48

[49

[50

[51

[52

- 112 -

]

]

[

]

—

]

[

]

]

[

[

A global sensitivity analysis tool for the parameters of
[T
Hydrology ,2006,324 (1/2/3/4) :10-23.

HOLVOET K,van GRIENSVEN A,SEUNTJENS P et al.
Sensitivity analysis for hydrology and pesticide supply
towards the river in SWAT[ J]. Physics and Chemistry of
the Earth : Parts A/B/C,2005,30(8/9/10) :518-526.

NOSSENT J,BAUWENS W. Multi-variable sensitivity and

identifiability analysis for a complex environmental model

multi-variable catchment models Journal  of

in view of integrated water quantity and water quality
modeling[ J]. Water Science & Technology,2012,65(3) :
539-549.

SINGH A,IMTIYAZ M,ISAAC R K, et al. Comparison of
soil and water assessment tool and multilayer perceptron
(MLP) artificial neural network for predicting sediment
yield in the Nagwa agricultural watershed in Jharhand,
India [ J ]. Agricultural Water Management, 2012, 104 .
113-120.

LEI Xiaohui, TIAN Yu,LLIAO Weihong, et al. Development
of an AutoWEP distributed hydrological model and its
application to the upstream catchment of the Miyun
Reservoir[ J ]. Computers & Geosciences,2012,44 .203-213.
TRZE WRTED AR, 45 56T LH-OAT 434 507K 3¢
RS HAUENE T[] NRIKIT,2012,43(7) :19-
23. ( XU Huijun, CHEN Yangbo, LI Zhouyang, et al.
Parameter sensitivity analysis of distributed hydrological
model based on LH-OAT [ J]. Yangtze River, 2012, 43
(7) :19-23. (in Chinese) )
SALTELLI A,SOBOL’T M. About
transformation in sensitivity analysis of model output[ J ].
Reliability Engineering & System Safety, 1995,50(3) :
225-239.

TISCARENO-LOPEZ M, LOPES V L,STONE J J, et al.
Sensitivity analysis of the WEPP watershed model for
rangeland applications 1; Hillslope
Transactions of The ASAE,1993,36(6) :1659-1672.

HE Minxue, HOGUE T S, FRANZ K J, et al.

Characterizing parameter sensitivity and uncertainty for a

the wuse of rank

processes [ J .

snow model across hydroclimatic regimes[ J]. Advances in
Water Resources,2011,34(1) :114-127.
MULETA M K, NICKLOW J W. Sensitivity

uncertainty analysis coupled with automatic calibration for

and

a distributed watershed model[ J]. Journal of Hydrology,
2005,306(1/2/3/4) .127-145.

TGRSR AR AR TR AR AR A S A
JRARBIEH[T]. P E ISR, 2008,28 (8) : 725-
729. (WANG Haochang,DU Pengfei,ZHAO Dongquan,, et
al. Global sensitivity analysis for urban rainfall-runoff
model[ J]. China Environmental Science,2008,28 (8) :
725-729. (in Chinese) )

SALTELLI A, TARANTOLA S, CHAN K. A quantitative
model-independent method for global sensitivity analysis of
model output[ J]. Technometrics,1999,41(1) :39-56.

KA Kb A R ,2015,35(6)

(53]

[54]

[55]

[56]

[57]

(58]

[59]

[60]

[61]

[62]

[63]

[64]

SOBOL’T M.
mathematical models[ J]. Math Model Comput Exp,1993,
14(4) .407414.

fEREAR, Be v B, W W W, S5 B T Sobol W
TOPMODEL £ 71 4 Jay S0 P » [0 ], AR KT,
2010,41 (19):9194. ( REN Qiwei, CHEN Yangbo,
ZHOU Haolan, et al. Global
TOPMODEL parameter based on Sobol method [ J ].
Yangtze River,2010,41(19) :91-94. (in Chinese) )

van WERKHOVEN K, WAGENER T, REED P, et al.

Characterization of watershed model behavior across a

Sensitivity ~ estimates  for  nonlinear

sensitivity analysis of

hydroclimatic gradient [ J ]. Water Resources Research,
2008 ,44 ,W01429 ,doi:10. 1029/2007WR006271.

WAGENER T, van WERKHOVEN K, REED P, et al.
the

for

Multiobjective sensitivity analysis to understand

information content in streamflow observations
distributed watershed modeling [ J ]. Water Resources
2009, 45, WO02501, doi; 10.1029/
2008 WR007347.

FRANCOS A, ELORZA F J, BOURAOUI F, et al.

Sensitivity analysis of distributed environmental simulation

Research,

models : understanding the model behavior in hydrological
studies at the catchment scale[ J ]. Reliability Engineering
& System Safety,2003,79(2) :205-218.

RBEAR, o 4t . G5 BRI SCE-UA
Jrik R K SCBE RS Z B [ 1] Bk 3d 4, 2012, 57
(26) :2530-2536. ( SONG Xiaomeng, ZHAN Chesheng,
XIA Jun. Integration of a statistical emulator approach with
the SCE-UA method for parameter optimization of a
hydrological model[ J]. Chinese Science Bulletin,2012,57
(26) :2530-2536. (in Chinese) )
SATHYANARAYANAMURTHY H, CHINNAM R B.
Metamodels for variable importance decomposition with
applications to probabilistic engineering design [ J ].
Computers & Industrial Engineering,2009,57 (3) : 996-
1007.

LI Genyuan, ROSENTHAL C, RABITZ H. High
dimensional model representation [ J ]. The Journal of
Physical Chemistry,2001,105(33) :7765-7777.

LI Genyuan, WANG Shengwei, RABITZ H, et al. Global
uncertainty —assessments
representations ( HDRM ) [ J ].
Science,2002,57 (21) :4445-4460.
RATTO M, PAGANO A, YOUNG P. State dependent
parameter metamodelling and sensitivity analysis [ J ].
Computer Physics Communications, 2007 ,177 (11) ; 863-
876.

RIGE AL 5 e 17l TR 77 0k B4 93 A1 2R A2 3 2 K SOt
RURHHE PERALPTSE [ D], FH K42 ,2012.
SHIN M J, GUILLAUME J H A,CROKE B F W, et al.

Addressing ten questions about conceptual rainfall-runoff

by high dimensional model

Chemical Engineering

models with global sensitivity analysis in R[ J]. Journal of
Hydrology,2013,503 :135-152.

(R H 9122014 -06 - 13 iy FREF)

Tel:025 -83786335  E-mail ;jz@ hhu. edu. cn hitp ://www. hehaigikan. cn



