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Parameter Identification of Complicated Environmental Model
Using the Soft-computing Approach

WANG Jian-ping, CHENG Sheng-tong
(Department of Environmental Science and Engineering, Tsinghua University, Beijing 100084 , China)

Abstract: In order to study the performance and efficiency of soft-computing technology in application to parameter
identification of complicated environmental model, a case study was presented, which was an application of water
quality simulation in the Miyun Reservoir using WASP model. Parameter analysis indicated that there were many low
sensitivity parameters in WASP model and several groups of parameters were correlative apparently. For analyzing
effects of sensitivity and correlativity, four numerical experiments were designed. Resulted indicated that global
searching method could solve global optimization well and also was an efficient step to acquire auxiliary information of
parameters, And MCMC method could sample posterior distributions of parameters effectively; moreover, sampling
series could converge to the posterior distributions of parameters eventually. Case study indicated that it was efficient -
and practicable for the soft-computing approach presented by the paper to identify parameters of complicated model.
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MM BB ENFENT AR DT ERG A RER S 208 E, AR E;2) S HERE
BT  O/RP R ER B i (Markov Chain Monte Carlo, MCMC) B2— M ET I H BN SEER L f
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1.1 FBRMRGRR SRR |
ERAPRBQEMBEAY BasmEs  —— ——
RABRBLBYEE BEEEESHYEEX RYE Pe—— .
FRAE BUE TS B A0 A5 215 B SR 10 R A 3R R A P _ 7
Bt g2 g Rt LA \ SEHXESH
1.2 S¥aOH
U AL 1B MR B AR S— S F— e e
17 . 5 3R U3 R S PEH IR T S BOR B BF 20 B 4 el
FHRAEE, ARSEAHESHNAFRFLAR  sunk ﬁ——'—mﬁ;
WA B, 4 MOMC BB S B B 4 T % 2| | Mome sEFRER A
T E 2 S — SRS N ss——
1.3 BEHE SN BEVRGEREN T |
ZEHRER RS HOR A M RBETE, 55t
BB SHORD M A, SRR SR S H % B EARESHRHEARR

DA KB B ), A SR A2 R R B B0 R T A MCMC 3 #4753 805 B 40 79 R R, 4K T 2
RFSEABERST . EEAALREREEESESANHTHER BESRERNAFERERER
BERRE, S EBESBABERNHEAEEE EXEBHERNIRT, A EBESHIN AR DA
WM, DU MCMC BB T SRS RN ERA M. MR, E 1 iR, X FTEHERE, SRYEE
NHHHER TEEMNASRRABE RS RBRILSH.
1.4 BEZiIt

ESHERERWER b #TSERANERETERE.

A SCH L WASP #8507 9 75 K e K SR AR 180 B R SR SR Y, 384T S B0 B S B L B

2 HB5HIE
2.1 WASPH

BF3T R F B9 K AL B % WASP &5 R 45 . WASPY & iy
ZAEFZFRRFEGATHRAKREMHER, 2R
T —ARENSSEBRE . WE 2 Jix, WASP 7] LI 2
BIAA SR, 2 5000 B A (NH,) FHBREL 2L (NO,) A it BE |
Mk (0PO,) MR K a(Chl-a) BRAEALTE A E (CBOD) EME | | )
£.(DO) A HLA (ON) HF HLBE (OP) . 76 WASP A R 40 PHYT
KBtk EUTROS KRB HE 2 N2 % i R EEH ;”’ﬁf‘)
R E THRERFRISHER, GRIR 1A, s l

A

ls| CBOD

2.2 MERIE : ! L
A5 SCR FE AL 4 I 8 2 77 B 5, BV B B3 |

R F (B RE DR WASP ) = g Lde— o
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RFSHORFIM & BEIEFHI R

DEERSOBEERFS EUEEFCH, BRERENT BXCPRKR BERBER.

WA HE RSB IFES 8 TSR E N E m, AN E(RERBEROBEFT) M ET
—ERIRENLBE 3 . BEDLIE B K - o

¢=N(0,0),BNMEN 0, FFHEEN o WIESD i, 0 HHINZKFEREERREIMEMN 5% 1 10% .
MPE N €' (1) = C(¢) + &, BIR, MR ZE W RS EZS AR 7 2 PR . BUR 4 B #R A “5% 3
B F“10% B .

21 BRIAFEDSKE

BEREK PWHEE X SR EUE SREH
S0D KREER, o/ (n’ day) 2 0~3
K12C 0CHFMTHWMLEER BT’ 0.2 0.05~0.35
K20C 20°C &AM F B RS BE R B! 0.05 0.01~0.2
KNO3 RISAER G E A RB, mg0,/L 0.5 0.1~1.0
KIC FHHEYNEMERKSE/ L 2.5 1.5~4

5 XY LGHTS = 1

o | e w0 0| w-w
KIRC 20°C A1 F B A 4 9 P YR PR IR S SR /d 0.1 0.05~0.2
NCRB BHHEYANRKE, mg/mg, & ER 0.25 0.25 0.2~0.3
PCRB B WY N EBERR L, mg/mg, RN 0.025 0.025 0.02~0.03
KDC 20°C %4 F B CBOD & f@E % /q"! 0.03 0.01~0.1
K2 0CHKMT, KikMEEEEF B/ 0.15 0.1~0.2
K71C ERANEKY LERE/d ] 0.03 0.01~0.1
K83C BRAVBNY LHEE/ 0.03 0.01~0.1

E:SHHEEHES%E XA DiToro and Mtystik 1980 (Lake Huron & Saginaw Ba: )[4] , Thomann and
y
Fitzpatrick 1982 (Potomac Estuary Model)m , Bowie et al. 1985 (Various locations)m .

3 BHSH
3.1 BEREESW
SHAME ST FTEBRET Hamby ¥ A [ 75817 T, %0 SRAEELX

FHTTHRESBM LS B R ey =X DET
PR BRBRAENFE, BEAEZE S I (Differential Sensitivity
Analysis) .28 2 843 H7 1= (One-at-a-time Sensitivity Methods) . % & [H F & <0.1 ARE !
(Sensitivity Index) % .2) B T ASEBER G 4 (0 B A0S0 /70, s <05 | —MRE| 2
¥ (Scatter Plots) . H B & $ ¥ (Importance Index) . i # & & <1.0 BRE 3
(Partial Correlation Coefficient) % .3 )5 T 4y H [a] & XF #H BL B9 5 A T & # >1.0 RE 4
R4 87, I Smimov % 3 % . Mann-Whitney ¥ 30 145 . R [6] B9 5 3
ARFE RN AR, Rt S AR, RSk R B R, FNGRN AR ZH—MT
B AMRERALSERBEFEHITON  ETUT AR DBESHIRFIHEABER AL ;2)
FABERTEFHHSEREERF ) SERAHNIBRE - ITRALR, RERBEITERTHIL
.

BRRBENTERILR 2 H1THE GRERY, ERE 2N RESH(KIC, KIRC),9MERESH
(K12C, K20C, KNO3, CCHL, NCRB, PCRB, KDC, K71C, K83C) , KRS HHA KR .
3.2 BEEXHSH ‘

PR R b B 5 BRS04 T B A PR B B0M 56 3R B0k A (8 43 8 ¥k (Singular Value

REE | REH | 4%ME




Hol YOr B ERFE IR 28RS JOR S b B B BE 5 121

Decomposition, SVD ¥ ) . Hill et al.2003 X Z:50# 5 R M F1 SVD 9 BF ST 16 11 R BUE AR LR,
AR RBOR R AR BRSSP R WA, /] B A 2 RECENUBEIRBIB A S B (8] A 4, T R RE B
SERA U LS EAAR R . SVD B 1 30 IR X 46 [ . MUA B 36 R A SVD sk b TS AR b B
SeXt RBUERE X #HAT LRI, RIEHIT SVD A . SVD M A MG RN T REMAT R BNE IR
N

%3 SVDEAMERXR

BH v, Uy U3 Uy Vs Ve Vs Vg Yy Vo vy Ui Vi3

SOD | 0.003 | 0.130 | 0.629 | -0.167/-0.188( 0.167 | 0.007 | 0.290 | 0.527 | 0.132 | 0.098 {-0.328| 0.008

K12C | 0.018 | 0.349 | 0.253 | -0.076| 0.621 | -0.643| -0.023(-0.074{ 0.054 | 0.000 | 0.001 |-0.001} 0.000

K20C [-0.033|-0.459 0.180 | 0.144 |-0.232| - 0.424| - 0.016 0.027 | ~0.019|-0.001} - 0.001} 0.017 | 0.707

KNO3 |-0.033/-0.459| 0.180 | 0.146 |-0.231} - 0.423|-0.016{ 0.028 |~ 0.019| 0.000 | 0.001 |-0.017|~0.707

KIC | 0.446 |-0.053| 0.004 -0.019/ 0.021 | 0.024 |-0.462 0.007 | 0.002 |-0.382] 0.660 | 0.044 | 0.000

CCHL |-0.446| - 0.050| - 0.009| - 0.051| 0.066 | 0.045 | —0.426|-0.244{ - 0.310| 0.226 | 0.168 |~ 0.611| 0.015

KIRC |-0.438 0.047 [-0.004| 0.017 | -0.019{-0.027| 0.606 |{-0.040( - 0.038/ - 0.143| 0.641 | 0.047 | 0.000

NCRB |-0.031-0.465; 0.098 | -0.232| 0.326 | 0.230 | 0.045 [-0.618| 0.399 |-0.039/-0.036| 0.120 |~ 0.003

PCRB |-0.447| 0.047 |~ 0.002| 0.009 |-0.013 0.011 |~0.436| 0.162 | 0.186 | 0.344 | 0.155 | 0.636 [-0.015

KDC |-0.001/-0.023| 0.250 | 0.880 | 0.296 | 0.271 |-0.004{-0.017| 0.005 | 0.005 | 0.004 |-0.012{ 0.001

K2 |-0.003/-0.130|-0.631{ 0.170 | 0.159 |-0.166] 0.004 | 0.250 | 0.568 | 0.124 | 0.092 | -0.307| 0.008

K71C | 0.031 | 0.441 {-0.078] 0.251 | -0.498|-0.205/ - 0.069 - 0.601| 0.282 | 0.003 | 0.004 |-0.001] 0.000

K83C | 0.455 {-0.049| 0.002 |-0.012( 0.016 |-0.003| 0.197 |-0.120{-0.156{ 0.794 | 0.285 | 0.036 . 0.000

A FMH | 2.179 | 1.950 | 1.486 | 1.002 | 0.778 | 0.611 | 0.464 | 0.189 | 0.070 | 0.022 | 0.010 | 0.005 |0.0001

SVD SRR Al SEEES AR BE SR NT

DEIBE—ITATRE TUESY o, o, 8/, LHR o, BHE/N, EFEET 0. XU RBEES
RIS BUE ZIIRMA R, SN TR TN ZEZ S HEEREL.

DARA) ~ G)AFRMER/PIE =108 hAR () A AL 25 KIC 73k A0, TS KIRC B
AL AGype FE S A B VAR, A BN RL 40 1h 45 SR 0 AR /N U 2 40 KIC 1 KIRC A% RV #, i A
(2)F1(3) W] 1,2 ¥ CCHL,PCRB,NCRB,SOD #l K2 It Af 5% , K20C I KNO3 #83€ . A & ¥ A 2w R 1
M5 R K E ,K20C F1 KNO3 & BEAH K, 5720 & K H & ¥R 7, CCHL . PCRB.SOD 1 K2 H K, &5 X KIC
1 K1RC. .

Avy, =0.660A0,c + 0.641A0, 5 + =5 oy, = 0.010, (1)

Avyy = = 0.611A0cy + 0.636A0,cr — 0.328 A0y - 0.307A0, + 0.120A0yce + =, 01 = 0.005, (2)
Avyy =0.707 M0 — 0.707 A0y + **» a3 = 0.0001. (3)

Z b AR PEREGE B AMFIRNSE R IR AFE 2N RESE I N ERESHEM 2 MK
REESE KPP ERASEINFADEHHECHE FRISECh 10 MHF R SOD.KNO3 il CCHL
SISEER, BHRERZRBUEMHXEL MBS EORBEMIERE.

KT TR RS &G TS BARFIMERE RS R, BRI T U T WA ERE .

RE T 7 5% K3 &4 TH 5 10 2 %: K12C.K20C, K1C. K1RC,NCRB, PCRB, KDC. K2 .K71C Hl
K83C. ARFERIZFT 5 K.

R 10%WHFAHETRH 104N S8, 2HF L. ABERETS K.

AW 7 5% M sh &4 TFIRH 13 3% K12C,K20C . KNO3 . K1C,CCHL, K1RC . NCRB . PCRB .KDC,
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K2.K71C.K83C #1 SOD.RB EHZ1T 5 IK.
REN:E 10%MHEFET RN B3I, 28R L ABEEEITS K.

4 BHERER

BABEYOAN R R IR AR BN R BRI M e 2 — 1 A SOR R B I8
BRSO R R RARRETSHERNMER.

RE] ~VHSHLRERERLENRINES. HRABEHINEZEBHT (seed) WEMW, &
—4RABBEHLBILT 5 K. HE S WHATEE H AR RBUE M AR 2 P39, “brie 22/ F 3 (E" R BR H A5
REEMEHEE, THRIERERET RSB 2RRNE ERATWT

DNk 4 K 5 FiR, B REE I b2/ FHE"EEE 0.0% ~0.05% ,5 AT R K 5 il s 3
SR PO SE > Biw R B B R 2 R

)4 BRLRREER(-)

o o B 1 Rl
&% | BOE | pam | ore [mwen| o | PEE | 7E RuRE| S0
K12C 0.2 0.219 0.001 | 9.52% | 0.26% | 0.19 0.000 | 1.9% | 0.02%
K20C 0.05 0.053 0.000 | 5.56% | 0.08% | 0.063 0.000 | 25.84% | 0.00%
KIC 2.5 2.419 0.000 | 3.25% | 0.02% | 2.764 0.000 | 10.57% | 0.00%
KIRC 0.1 0.097 0.000 | 3.27% | 0.02% | 0.112 0.000 | 11.98% | 0.00%
NCRB 0.25 0.262 0.000 | 4.99% | 0.11% | 0.220 | 0.000 | 12.03% | 0.01%
PCRB 0.025 0.027 0.000 | 9.90% | 0.06% | 0.025 0.000 | 0.06% | 0.02%
KDC 0.03 0.029 0.000 | 1.77% | 0.10% | 0.032 0.000 | 7.71% | 0.06%
K2 0.15 0.185 0.000 | 23.30% | 0.10% | 0.158 0.000 | 5.00% | 0.01%
K71C 0.03 0.030 0.000 | 0.45% | 0.06% | 0.029 0.000 | 3.73% | 0.03%
K83C 0.03 0.032 0.000 | 6.73% | 0.03% | 0.032 0.000 | 6.98% | 0.02%
BinE 79.681 0.002 - 0.00% | 350.57 0 - 0.00%

E“BEBRAE"NEIE T A RE NS EEUE ;P E" R S REBRSEHFSROTHE; FREE"N S KilkS
FORBIG R MERE M REN RUBETHE - ZREME/SHERE BRE" REERRLERKBREH
" ARXRE R T SRR R “Beh B AR B R WA R P ER R T SRR AERORBEE, R
BERK, WS HRA A HE—.

DEREN FEMWREMBER T, G ERAPRGEERGRUHETEELERER B ASH
S KREBS B RERERE 5% U T, EABHRMIHBR, SHRFREBK ANFHISHRE
BAMERRE RS R AR .

NSPRBENE W L L RAERGHUNERE T, RRSHNEATE TRUL RN
1o, REZ/N, ZSEMETURB S AFRHRERBRE - EBE BRI T X— K550 AMAELR
MRS, T EHEEEAREELBE, - T ARCEEUATREK L BER, DS HRBET
BXH - BRABAROR R, ARRBESKARRS BEEROE, ELRERBENHIT
T ABRA L —NEEHR: RESBENSIREN BR BB E MR T2REEE—EERRETHIEK
BE,SERTANASN FERUNE, U LSRR EB R RERMBEZERMHER THELEK, & BT
R AT —EBENKRE, 7TUHER, KREPESEOAHEIBK.

HBPAARERE W FEHRBREREY, SEMX2FBSREEAE— AERAELTE .02
PR FEESBMACL R PRER P HE R B, X R 4 3R 5 BIFT B @3.2 W H K
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SRR AJLAMXSE, ENNREE/ITHE EXTREESE, AR s RETREN SRR ER
WIEH THXHENFEE, B3~ B 6, MR ARBIHE 0.99 M L ; QUM ST BE A0 XM R A ™
HHSH, W0 K12C . KDC . K71C 1 K83C & , ¥ A3CR G RN HEREEHSHHXEEERKTEE

k5 BHLRBERERR(D)
vs | mit T W s El
#% | BRUE | yum | pE | mxtiez o | THE | wEEREE| S
K12C 0.2 0.217 0.002 8.55% | 0.95% 0.200 0.003 0.06% 1.55%
K20C 0.05 0.071 0.018 | 42.77% | 25.83% | 0.085 0.026 | 69.62% | 30.74%
KNO3 0.5 0.386 0.118 | 22.70% | 30.46% | 0.405 0.141 | 18.98% | 34.75%
KiC 2.5 2.419 0.002 3.25% | 0.09% 2.759 0.006 | 10.38% | 0.21%
~ CCHL 30 29.309 1.914 2.30% | 6.53% | 31.206 2.081 4.02% | 6.67%
KIRC 0.1 0.097 0.000 3.27% | 0.11% 0.112 0.000 | 11.76% | 0.25%
NCRB 0.25 0.269 0.018 7.44% | 6.60% 0.216 0.016 | 13.45% | 7.56%
PCRB 0.025 0.028 0.002 | 12.72% | 6.43% 0.024 0.002 2.59% | 7.79%
KDC 0.03 0.029 0.000 2.53% 1.00% 0.034 0.001 12.11% | 1.63%
K2 0.15 0.200 0.000 | 33.31% | 0.04% 0.127 0.009 | 15.53% | 7.35%
K71C 0.03 0.030 0.000 1.02% | 0.50% 0.030 0.000 1.61% | 0.86%
K83C 0.03 0.032 0.000 6.54% | 0.14% 0.032 0.000 7.71% 1.30%
SOD 2 2.342 0.006 | 17.12% | 0.24% 1.397 0.157 | 30.14% | 11.21%
HinE 79.23 0.037 - 0.05% 349.70 0.159 - 0.05%
0.098 4.0
00975 b 35
P U g 30
! R =099 ¥ .5t
00965 b+ |
0.092(?410 2.4:]5 2.4.20 2.4I25 2430 16.04 0.(‘)5 0‘(;6 0.(‘)7 0.(‘)8 0.69 0.10
K1C K20C
B3 KICKIRCRFEGAR ) 4 K20C-I/KNO3 XRE(R®ET)
0031
0.030 -
0.029
m
§ 0.028
0.027
0.026

B 5 CCHL-NCRBXZEGREI)

BERRENA, BRARREVEALRARREAR, ERFHRI2RHINHE, BERBSEHHER

0.025
27

E 6 CCHL-PCRBXEE(REI)
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HMERFE.

5 BRAHERSN

SCHk R P RAE B EE " Metropolis-Hastings % 1 £ 1& i Metropolis . #: . Metropolis-Hastings B %
(BHRM-HE)REFNHSAEELTHASEAWESN BT BB K —K MCMC REEF . BE R
Metropolis % ¥ ( Adaptive Metropolis, i#K AM 1% )& Haario £ 2001 4F 48 i iy — Fh (3 B MCMC Frea
MHWESE M-HEE AMBEEAERESERES RN EEI G MEAERSHENH T EZEBERMEER,
MHSHRLSER, REMER AFTRA AMERTEHERAARE SHEREEDNR 1 iR, &
TR 20000 K, FATIEFT 5 W, BIERALET B R 10000 U, 53X 5 AT IR IERE T 50000 MEA M T2
BE RSG5 MCMC BB E8UERA T REZERGHNOT .
1) Gelman 3R 4% J7 51 it SCH i e T o R 00, A 7

2

b e are || BOR ESRIE, MR i < 5000, R RS 50V R (1
i LG R o :::,‘:H :E;RB 45 /N8 43 , Scale Reduction Score) A5 4L EBIZI, M .1.6 ~2.0
B

—Ie B TR 1.05 4, 0 > 5000 5,/ RS S TR BAR
' ' FH-MRAXFILOMBEL ESEHEA B —HHE,
"o 5000 10000 15000 20000 WAARFISH N MCMC REFFIERE RSB SHENE
| BB BAH L
M7 HOIgENES R R DBPERAHFHEITLERIME 6 Fin, UK T hH%
WO RPAHNGEH T EHE A A S BRE BMIUR T NE S SBE, EPARRARER
BEX LRI HAMEERENR, MR SEEHES N 254, BREXERHN— AP EIRE. B2 R
BEADTHEEBEXE, #TSHENMAHEES T, 0% BEFENSBXEN(5%E 57 K,95%H 5
H180%BEFEMNSEXAN102EH, 9082, RERAE. RePHE/NMIMBEXKEER 1P
MESEHREEEELA B UHSHESABBERER. A R PHTFHEMABFAEREEH, HH
BRERSTHENKRSG  KEPSUERESHA,AEECER TR -5, BEH#TSHAIHEE
AT, SR A AEOAT BT AR A B '

1.2

k6 BHEBRINEITER

HAR
5 10 2 50 75 % | 9

SH | RAR | PHE | AR | WEE ) ME | BME | BRE

KI2C | 50000 | 0.2187 | 0.2000 | 0.0762 | ~0.1575 0.0501 | 0.3500 | 0.0890 | 0.1145 | 0.1603 | 0.2204 | 0.2814 | 0.3213 10.3357

K20C | 50000 | 0.0660 | 0.0518 | 0.0364 | 1.4486 | 0.0101 | 0.1998 | 0.0228 | 0.0305 | 0.0428 | 0.0566 | 0.0783 | 0.1170 |0.1478

KIC | 50000 | 2.8747 | 2.5500 | 0.6006 |-0.0471] 1.5010 | 3.9999 | 1.8732 | 2.0771 | 2.4303 | 2.8615 | 3.3637 | 3.7051 |3.8456

KIRC | 50000 | 0.1208 | 0.1010 | 0.0338 | 0.2504 | 0.0500 | 0.2000 | 0.0681 | 0.0780 | 0.0959 | 0.1176 | 0.1444 | 0.1686 |0.1819

NCRB | 50000 | 0.2491 | 0.2340 | 0.0288 | 0.0356 | 0.2000 | 0.3000 | 0.2048 | 0.2095 | 0.2242 | 0.2483 | 0.2740 | 0.2893 [0.2944

PCRB | 50000 | 0.0253 | 0.0274 | 0.0028 |-0.1216| 0.0200 | 0.0300 | 0.0206 | 0.0212 | 0.0228 | 0.0254 | 0.0277 | 0.0290 |0.0295

KDC | 50000 | 0.0422 | 0.0370 | 0.0225 | 0.8603 | 0.0100 | 0.1000 | 0.0141 | 0.0179 | 0.0256 | 0.0355 | 0.0549 | 0.0794 |0.0891

K2 50000 | 0.1542 | 0.1580 | 0.0275 | -0.1762| 0.1000 | 0.2000 | 0.1078 | 0.1144 | 0.1318 | 0.1564 | 0.1778 | 0.1906 |0.1948

K71C | 50000 | 0.0457 | 0.0262 | 0.0225 | 0.6897 | 0.0100 | 0.1000 | 0.0173 | 0.0212 | 0.0281 | 0.0401 | 0.0610 | 0.0817 {0.0907

K83C | 50000 | 0.0387 | 0.0334 | 0.0155 | 1.5413 | 0.0100 | 0.1000 | 0.0210 | 0.0241 | 0.0290 | 0.0347 | 0.0438 | 0.0597 (0.0732

BES~E 11 3 AMBERL2RESBERTHRBASEEE N/ ENE, UBE K20C M1 K2 AR A
K ABERBEESE . SH KRCHERE, ZE 10 MRS EER T ZMHEEZwWE /N, ME 13 MFR
FEBEERTESSHKNO BEHX . NE8)FME ()T UF L, ERB I MDD, i FEZSHHEH
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HI BN, BHK20C RBEE BN, BEY B AREERSER, SHAHEEBEE K. B 10(a)
FE 11(a) , 1 FEMAXIESH KNO3 MW, SHAREET R SRRBENEMESLRR A
HHL AT SR K, a0 8(b) ~ E 11(D) P B K2 MERL T, BMRBESHSHANAREEM K EAR

¥, AR, ARk
AL, MCMC % BB AR RIF RSB S BB B4, B 6 TERER NS EORF A5 E 5 57 ot

i
16 7
(2)K20C (K2
12
g g
i =
w8 %
® *
® ®
4 Std.Dev=0.04
Mean=0.066
=50000.00
0.013 0.044 0.0750.106 0.1370.168 0.199 0.100 0.116 0.133 0.150 0.167 0.184 0.200
s RABEISHKOCH K HEEIH
10 6
(a)K20C (k2
3 5
# ®
i b
4
-3 3
2 Std.Dev=0.04
Mean=0.076
ol N=50000.00
0.013 0.044 0.075 0.106 0.137 0.168 0.199
B9 XK S¥ K0CH K2 BFRMH
10 6
(a)K20C (b)K2
Std.Dev=0.05
Mean=0.091
: N=50000.00
0.013 0.044 0.075 0.106 0.137 0.168 0.199 0.100 0.116 0.133 0.150 0.167 0.184 0.200
H10 REBISH KCH K HERSH
6 /Mg

DBFFELL WASP BRI %z K K BRI B R N BT T AR SR KW, B RABREN
BEHEREREA BEEHRLFINAE, EXRSEHBFEENERETE.



126 ARG TRELS LB 2006 4 2 A

()K20C K2

4
- -~
& £
= ® 3
& kol
¥ #
g B,
Std. Dev=0.05 Std. Dev=0.03
Mean=0.092 Mean=0.150
: N=50000.00 N : N=50000.00
0.013 0.044 0.075 0.106 0.137 0.168 0.199 0.100 0.116 0.133 0.150 0.167 0.184 0.200

11 RENS% K20C# K2 WERSTH

2)RBIFFFREI , MCMC BRI BB SRR RO ETRE, REFIIRERAANSHER A L,
B MCMC 2847 A B T SRR BE MM X SR H FE . WA, B R R K R/ MIM R KE
5P REEES R, AHSREABAERER.

NG ERW AXREHETRITARARMEXEB S BRI B ABR R RN LA EAREL
A0 B R DU RS A 2, A0 T B R MCMC 35, R AR BUE AT XA T2 RERERSE.

SEUW:
[ 1] Reichert P, Omlin M. On the usefulness of overparameterized ecological models[J]. Ecological Modelling, 1997, 95: 289 - 299.

[2] Tieméy L. Markov-chains for exploring posterior distributions[ J]. Annals of Statistics, 1994, 22: 1701 - 1762.
(3] Ambrose R B, Wool T A, Martin J L, et al. WASP5.x, A Hydrodynamic and Water Quality Model Model Theory, User’s
Manual, and Progr: *s Guide[ M] . Draft: Environmental Research Laboratory, US Environmental Protection Agency, 1993.

[ 4] DiToro DM, Matystik J W F. Mathematical Models of Water Quality in Large Lakes _Part 1: Lake Huron and Saginaw Bay. U.S
[R]. EPA/600/3-80-056. Duluth, Minnesota: Environmental Protection Agency, 1980.

[5] Thomann RV, Fitzpatrick J J. Calibration and Verification of a Mathematical Model of the Eutrophication of the Potomac Estuary
[R]. Prepared for Department of Environmental Services. Washington, D.C.: Government of the District of Columbia, 1982.

[ 6] Bowie GL, Mills W B, Porcella D B, et al. Rates, Constants, and Kinetic Formulations in Surface Water Quality Modeling, Second
Edition[ R]. EPA/600/3-85/040. Athens: U. S. Environmental Protection Agency, 1985,

[7] Hamby D M. A review of techniques for parameter sensitivity analysis of environmental models[J]. Environmental Monitoring and
Assessment, 1994, 32: 35-154.

[ 8] Hamby D M. A comparison of sensitivity analysis techniques| J|. Health Physics, 1995, 68(2): 195-204.

[ 9] Hill M C, Osterby O. Determining extreme parameier correlation in ground water models| J1. Ground Water, 2003, 41(4): 420 -
430.

[10] Duan Q, Sorooshian S, Gupta V K. Effective and efficient global optimization for conceptual rainfall-runoff models{J]. Water
Resources Research, 1992, 28: 1015 - 1031.

(1] EB8F, BHE, 5% KEERSHERANREFRIAREHSESITI]. FHERE, 2005, 26(3): 65-69.
Wang J P, Cheng S T, Jia H F. Parameter optimization of water quality model: Implementation of genetic algorithm and its control
parameters Analysis[J]. Environmental Science, 2005, 26(3): 65 - 69.

[12] Haario H, Saksman E,Tamminem J. An adaptive metropolis algorithm([J]. Bernoulli, 2001, 7(2): 223 - 242.

[13] Gelman A,Rubin D B. Inference from iterative simulation using multiple sequences[J] . Statistics Science, 1992, 7(4): 457 -
511.



