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Abstract ; This paper briefly described the surface water environment numerical models, including the development history,
the application status, and the latest research results at home and abroad of hydrodynamic models, water quality models and
water ecological models. Both methods of analyzing model sensitivity and uncertainty and problems of model precision were
empbhatically expounded. It is pointed out that the systematization, integration and platform construction of the model, the
combination of innovation with emerging technologies supported by large data, and the related management issues such as

model synthesis and regulation will become the future research hotspots in the field of water environment simulation and
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prediction.

Key words: surface water environment numerical model ; sensitivity; uncertainty; simulation precision

IK IR G R E FK  R B  Evh 2 i
R HIE H T K BR G 1 A2 i BRI K BB R4 T A
(R BIFSE K PRI ] ) - B 2 A 5 B AR
02 PRI RS (EASTANL, HE rh K B 5 B A A R 473 3
HHORBE R A, HFRKIEECARR (surface
water environment numerical models, SWENM ) 3= & 43
IR BN TR AL K BT ALK A SRR, A S
SRR KBTI A SRR RN R AT E
SALZYI S SR A RR A, AR TS Y W ) s A3 A
AR ST RS R AR, 3 BT A 2% BR B2 IR - [R] A AH
HIRFR SIS TSI RE

i, ©AF & A9 2 /K BR B B BB AT B R
SR KO Y 22 S R R IR DR SR Ok T — € 9 I
M, A LHRIR SO 3 BB R A G AN AT, K

ST B S K Bl AR | A 404 S B T R K
FREAY K AR 2R PR L B 2 P R T ot v ) i LA AT
BEAVAGY, MHh, & TR RN B 52 R [ 2R A 23
BRIV RS, I, U198 LA PiAsE TR ) 3
T HE SR AR SR E AU 5 20 b BT A NG
AR PR 28 S5 249 M) T MK BRI A AR R oA
DAL R i, 45 T A% Ge A I W A I 23 JRy R A
“387 mIHH N TR R R HAR M5 LKA
A AR AL R A 7K BRI DL -5 0 45 A
KA,

1 tRKMEHFRB BRIV

1.1 K H=E5
IR IK B 1248 4 F Navier-Stokes J7 82 ( T2 FR

I H [ FEE AP AR (2017YFC0405203 ) 5 E 5 [ A RH# 34 (51579061 ,51579071)
YEE N 22— (1978—) , 55, 242, 11, BN FR IR BERAEAIATFSY . E-mail . liyiping@ hhu. edu. cn



N-S Ji#2) , Bfi 5 , Saint-Venant F 1871 4715 K 2 H
T ZEAT I K] K Y — HE K s SRR T
FE——Saint-Venant J5FE, L, K3 1A % 2L
I T 0T 520 42 60—70 4E4X, B Saint-
Venant J7 R0 VZ W, 25 FhR A 75 i BUE RS €
PR B ()RR AT BITR A ST . 1 D b DX 0] 38 22 5
Uit 1) i 5 24 KR I R S S e AR AR T
T B ) g3 R A U 2 TE W % J7 18, Hesen T 1956
AP e AR R KO T 4k K Bl ) AR 2 )R AR
RUMIEE T /K32 30, A48 KA SR R k3, LA
AL TRK W) DR 32 3 J2 A A e ) 2 B

B THEALE ARG AK S 1% 3Rk 3 7%
FETHR T  IZHAR ZRIAY RIS 4 5 T 1Y)
BB FUE T it S K Bl ) AR AR U R TR AL
flEue™) T REEE R (direct numerical simulation,
DNS) .Reynolds “F#J#Z # ( Reynolds average Navier-
Stokes, RANS ) 1 K i 15 48 (large eddy simulation,
LES) 5577345 AR AT, #E— 2B IE T N-S Jrf, it
R ZEFARIA k-2 BORUFN v2f BORIAE) 0 edh Ik
Bl A A T i U ) 1 IS HE Bl 1 ZR AL
AR TR AR, TR Y p e 4] 1 S b S 1A 3 A 2
( Princeton ocean model , POM) & & & &1 =4 /K 5
FR#Y (3D estuarine coastaland ocean model ,ECOM) , L.
T4 T Ny 5 35 19 AT B BRI R 9 VR A B (finite
volume coastal ocean model, FVCOM) , 73] ¥ /5 X,
R, KB EAE R T R R IR AT
PRI R BE 2T B i) %85 B it DA B DRI A s R B 35 B 3k
7 R VA R A

ST, 7K 3l 2 AR A AR AR (3t K SRR
R HIRAERL AR VD LA AR ) ARG L B T A
i) Z2 248 g A ASEAEL B A, A Il S A S AR A
IR SCREAS S5 1 It A Ry K Bl g 2 AR R i A%
T ST b SRR A X K R
R R S e Y [
( simulating waves nearshore, SWAN ) , AT IR AR
B — AR Sl AR T AT TR A I A 1Y)
AR TH IR s = HEK Bl BRI R ] TR ST e v
AR R AL
1.2 KRR

H 1925 4F Streeter F Phelps &37. T BOD-DO #H
EREAL(S-P R LIOR KB RIC 2 KR T 90 £
A IKBUBERYEE T K 3l g 2 A R4 ) o~ 1 i
FEMEALTS et K rh R As 3 Ay AR e s
it e, EE R4 ANREHE

S—Br Bt (1925—1965 4 ) .« fi] B A S s 7l
WrBt, R IFFE AT, AR M ARFE R BT, AN B

L.

EIE S-P A

55 Bt (1966—1985 4F) ; /K ST AL A Ji2
Wb, % IETS QWA RIE SR mHLE] 20 4l 70
AR, SR A A MR T B 4 ) QUAL- 1\ WASP
(water quality analysis simulation program modeling
system ) %%%ﬂ(ﬁ*ﬁﬂiﬁfﬁh E?iﬁ”/\,ﬁ:ﬁﬁ@g%
U A AERT, B AR QUAL R SRR R H]
T GER G AT

5 =B B (1986—1998 4F) « K BT 5 B IR A
N B, B2 A A K B R R AR
RIZRGE, an, 2 IR /K AU sh A 2 1)
DUBUBLCA R RS BB G20 3T AT (K %) |
I H RS,

SFIUBBL(1999 4F R4 K B RIS AL 3
TF A4 By B, MIKE . EFDC ( environmental fluid
dynamics code) \DELFT-3D Z5A5RY4E a7k sl f12% K
B e th A S AR JF AR A R Az ORI JS Ak B
TH HREARW PG AKBURRL, N T BE
P T KSR AL () F K AR SR RRALLR
KRR T SHGRN ) B2 I 4% BT T T 4
LR

LA EFDC ARy ], K BT AR e i) i J 1)
5% B 5 V5 7K TR 7 ( CE-QUAL-IC) , 7f A4 DO |
COD .BOD, \NH,” \NO; TN PO, TP FIM-24% % a %
22 KBS s Tz T R T TR
W HbAE H KRBT R Ge. JE R I 4E BT EFDC
BRI T ERYIK P = e R R A0) 45 3R B K
I B RN IRAR VLG K 5 G B i BEAS 1 25 S THARYIK
PEIK BT, A5 R AR K A % A VB . 55 b, 2R ST
4522 T WASP K BRI Al A [7] A BE B A X
TR BT ERCERL RS B T T R B U AR s R
PR BT MIKELT K At 7K R B 2 57 1 30 3
— YLK BT | DB T AR T Gy RS YT
B2 A
1.3 KRESER

IKAE SRR R K AR RS R G AR AR B
FICHE ] () N TE S AR BIL R, Bl ik SC K BT SR 5%
R B FEH TR IR & SRk
Y E SO R GBI

20 HE22 70 AEACHIYIE A 1Y fA] RSB AR B 1 Ry
KA SR HEAT ;20 H4l 80 4RAR, LA H ATF
KT HE—M =G RSB SRR S
TAZE ST H AR Z2 A A b zs 284k, 1)
1, Delft3D BLOOM/GEM B A RE M AL 4 Fft A [
TR KA R4, =4k ERSEM ( european regional
seas ecosystem model ) fig % F T WF ¢ £13 197K 31 )



Az 717

AR K AR | T B S AR i S Hh S A
PAFRIRWIF &, TR J#r TRESE P
FB SR B R B ARL A B Sy AR R B AR
RVE IR AR S 0 T B R A AR T R Y G
K-, RIVER2D £ 8% F T U0 78 A 5% Y [
S5/ KRR B8 B AL AT K R ey £
HABITAT RS HE 7 (4 A P 3 M PP B8 | 48 JL
B3 i T K AR Ak X 7 3 S A A R e 0 A
KA MR R HE AT AE I T KA R
SRR KA AR RV RIK A S AR a2
AR

Y] P K A R AR T 5 O K Bl 7K
Fr KA SFRA BRI R, FH . ilan , KW e R AL
PR A T ) = 2 KU W A R 3 ) - 34 1Y
YK AR R B SRR T R T KR VA
S AR A B S 4 DR o i R K I R ) AL T
WE AR T e R A B B A AR R R AR
A A LUSIIA K 30 1K S 1 AL R B 5 9
FEE T KA S IR VRRN A BOIIA K 30 F1 K AR S A8

2 ERMRAKMEHFRE

T 30 4K, S8 TR IR 22 i BT I b K 3
BERU AR 40 WASP AR R ZRAT T REAK AL AL
ZRR A AR N A T2 19 EFDC ( environmental
fluid dynamics code ) B! HE R T K Fy KR
WK JeTD 4w KA T o DURR A UK AR

P, AL Se AR E AT & T 3 CIK3D
IWIND S5 R5 FHECF, 21 50 T R NS HIRY 18
UK ISR R

3 MRAKIMEHFRB N ARE R

PRRLANif S M AU o B SR B AT ST 1
P, ANTE PR ST R AR R A i v (8 AN E 1
AT AT O T SRR ST R A 2 A R 2%
Ayt AR A AR IR 1 56 2R

JK SRR AN/ E PR B F 5T 46 T 20 T 22 70 45
R, 07 Neill 5557 45 t #al T 4R B0 R A 1 S 80%
AT HTEWE SR 3 Z ), KB A
B PEAR B T R GRS SR AR [R] 04 40 2 A o
R 1 K TR RS 1 2 AR B B 43270 5 A 25
TRIMGEH I IF IR 1 KRS R A R e Vo B
(AR 5 A RIANH 22 M ST TR AR S B B
ARSI SR AT AR AL T RURAE

BRSSO A E M R 2R A 2 S A A
RERILSA AT ETE 3 T, Hh SRR 2R S
Bt AER2E I AR AT E VRS E R B
FIRNIG Z&AF AT E N, TR ES A ANRR E V2 th T
NZEXTE 2R R GUNRARBRYE , 78 R G A
R R — LE R AV R T S AL

B A E P T B R ik R A X
VR O B IR 1 A AR ik . IX 1Ky
VA TS0 A 2 MO (R 22 5 RS A8 AN 1 7
SR PR i R AT RO M 1) 2R G2 AN 1 5 1) A (HL

x1 FRMBRKIFMEHFERE

PSR BATHRHE BARRHE

FA S RN AKEhTT K KRS DIBUSE AU =4 Gt B B
Bidk  Bide  Bide B TifE M o -k B
AQUATOX EPA o H H ¥ T & Windows FON - H
]CCEM%IS;I USACE X A & B xr Mac 0S/Windows oy Wy &
CE-QUAL-RI1 USACE H &l & ¥ xR Mac 0S O H
CE-QUAL-RIV1 USACE H H ¥ ¥ T w Mac 0S/Windows w i &
CE-QUAL-W2 USACE A A J J J %  Mac OS/Unix/Windows & & A
CJK3D T KRBT 5% B A H J o JC w Windows = = H
DELFT3D WL Delft Hydraulics H H g T J s Unix/ Windows s I f
ECOMSED HydroQual , Inc. Vel A Jc oG o & Mac 0S/Unix/Windows = W A
EFDC EPA and Tetra Tech,Inc. A A A A A J&  Mac 0S/Unix/Windows = = A
IWIND EPA and Tetra Tech, Inc. el el f . vl J&  Mac 0S/Unix/Windows JE 2 f
MIKE11 Danish Hydraulic Institute H H ’ ¥ ¥ s Windows B4 P H
MIKE21 Danish Hydraulic Institute H H Jc I I i Windows w2 i
MIKE SHE Danish Hydraulic Institute A& Jc b Jo H w Windows = 2 i
QUAI2E EPA ¥ H & ¥ T & Mac 0S/Windows = B H
QUAI2K R N I T R Windows E & K
SWAT USDA-ARS J A & & AR Mac 0S/Windows = R A
SWMM EPA o H & & i 2 Mac 0S/Windows 2 0 H
WASP EPA A H & & xR Mac 0S/Windows 2= Wy A

W



MELLSEIUE BEIEAL s MR vk B TR i B AR
GE R AN E T, AR A AR R A ) AR 238 00 A R ) E A
UG H MR SR A0 | B 2 AN S350 A7 1 2k e 3k
AHfgsEtE, 524K 2 (Monte Carlo) 3 1 T8
S7 T HlEE % (Latin hypercube sampling, LHS) ') 3%
iG L SR R B 2 Al 1 7 35 (generalized  likelihood
uncertainty estimation, GLUE) "' DI & #.2ili Z2 i JE 1t
fb 58 1 (shuffled complex evolution algorithm, SCE-
UA) 4,

BRI b O 1 B3 R SRy o A O A4 SRy
OIMT T H R TR R AT 7 e A B S S A
(A 728 AL XA TR 28 S A 52 M B2 JE (ome factor at a time,
OAT) , JRRoHT 75 12 11 5 5 T St , (LA 7 45
BOF T, TCER SRR [, 4 SR o BT
SO TR AT 5 2 Bk R RE S S R R 2 B el
BTG Rk AT E RS, AR R S A T
BRSO T R SO HrH AR i 05 12,
nZ oo [m] 5 3% | we pz i TE 5 75 (response surface
methodology , RSM ) ; @ 4 J& i BE 7 , 40 LH-OAT J7
1 Morris 77k ;@R T 7 Z IS 1 5 1, nfs Bt
PR IFHUSNPERL 527 ( Fourier amplitude sensitivity test,
FAST) ,Sobol J7 ¥ FI147" i A HL I 5% i A0 P 4G 96 1%
(extend FAST) ;P F 115258 s GFE /R 43 7
I @MU TIR T A

TR 0 A B SR R R R T IRORE o A
V5, BB BA RO 24> S B0 L i ) 45 R A
BEPER DT, LHS SOk 754 R P Bt A s
ARt L, FIBCAY R AR R BEORS B0 b Sz ol A A 23 o
oA A BEE AR, SO BT A 2 1R
SRML, T LHS BB i Bl YR g A
EE | R O BELE AR 1.5 4%, — 8o )L
R/ G

21 iy [ A A B AT RSB AU B S T
HIRDIZ B, 25— AU R EFDC BRI LHS
TR BT TR IR 5 AN EESELL K
4 A EE RN A SRS I KA A 3 43 A7 )
TR AU R P, 0 B D52 L0 iy £ 1 A 2
B E A ; Gong %517 FEF SWAT (soil and water
assessment tool ) L H R ] GLUE AS#f & M4 B J7 ¢
I AT B SO BB AN S PR 52 W), R B X AN
Il () F 5% H it B2 35 IO ] ) 4K PR 2 5 Reder
SEYCR O LHS 4 R SO MR 43 T 5 (global
sensitivity analysis, GSA) 7£ 42 NS H P i 4 4>
U SR A B TP RE

B TALGE o3 A 07 v AA B TJ0  AS 1  ME
JEME ST AR R AR A 1 2 A
.4 -

X REALAS AN AR AL A RS 2R
FAE T 15 (sobol ) J&— il P By BEAS B 7 1 it
ek, Wife 7 RH B A 22T K,
AT HIE 1) 23 (8] 28 A S B0 58 X3RN 1 S8
S B 22 5, LSS & GIS-Lab A7 4R 19 &8ss
[E)ASH 5 3 K A B R RIS 7 17

SRS P U 43 BT B A R R A A
DAL T AR 3 43 v R AF iy H 45 5 00 S A 1 X
I ASECNIE SRR . X TR B H
i, O U S S A0 B A S R DL R 4545
RO 8 SEASH 1 P A0 SRR, AT A g ik /A
Y 5 S22 Wik T AR, [R] B AT 45 5 50 58 2 500 W )
TAE,

4 MRKIMEHFREEIEE R BN
ESES

Bk H S EOAN B M5 R A BT 22 A1, s i A
ARUBLIUUNE B2 A ) 2 0 0 6 5E AU 2AS 1Y 7 R4 | X s e
XK MR RS R B RO A WG A Sl R
M,

4.1 HRBURBIRIRFE

VEREA I8 MO R 2 R N B B ) A
T TS RN G R ORGSR AR RCR A
MR G EAT T 58 B sl by KRR B vy 3
BEARG AN 7K Bl Fy B AL 2 BRI K WA 12 K
o L FH A ) 2 m — AR | S5 5 T (] YR FE K
JAEAL T AN 4 S wl A B B A e 4 i
T OGS R A HIT RIS R VO REER | AR 52 ) PR 28 A
Pnl b — e R AL AL ER Y T E A
B A5 AV R ICETER A TR TR | BT DA A 1R
AN Y RE IR S PRt (], AN — 2 BB 2 T
WIEbR, I, B R e B F AR B R 24 AT, e RR A
B B A5, A 1E Y RBE AL AT X IR A —
FE ISR
4.2 MIgFEREELIRRS

) A% ol 24 K A b 22 0 1 56, L 422 2 i A HUUKG
J&E o H UL B T DS A TR A% | IE 38 2 A% =
FATE A% B 0 SRR DA%, R TR DA% 5 T A A
fET LIRS THERCR & (B IE G A A%
(il 5 BN R R B B, TE S8 i e A% 2 —Fh
FET I A b R 45 1) A 25 KA I A%, AT LA AE i AN 8 00
NF AHAIR R T 2 0 R RCRAME . = AP
DA% I T 55 2 A% b T A B IR) R, 5 468 ol I A%
W ATFERCRBAR . A RER G ) U SRS
FERE R LA A AR 0 B SRR, B S BK 8 1 By
B BUERL Y e R TR R 2R A

[=]



HRH = AMIE PR FETH 0N SR AT A2 A K
Oy NE IR N AT e e el I

e[ AR R S8 — M o VT (2) AR R | 55 % 4
(p) AebR AHBIE AL (o) A- A, 53 51155 R AN [m] 1)
¥ oz ARBRBET R ) TR B R, & T A
A MEANZ B R KR AER ) R BT A
K DI AT 2 MR T BT HE R p AR AR
BT A, (HFEIR G )2 AR KR N RR
BN FLZ Ry PR . o AARBEECSEE T IR EA
XPr)2  RERE AT AU A ISR MY (R RHERE B 1 &4
BRHWRZE , XFHUIE & 22 oK 8mT R IR A A
Frsa s, BN o-z Aads R Geid H T R BEI R K IX.
REAE RN KT He T 6 B R 22 1 52, 6 SEBR N
rh, AR R ZIE R KT MU B RS AU B 1) 22
SRR I 10 I A% S Al [m] AR PR R

240 1 73 R R R AR AL 18 25 | (H S B A i
FERPRL AR 25350 40 DX el %) B LK B R A v
AT AT e A i 2 A B B AR R R A T A B
Pk, AR BB TRUE
4.3 FEBEAE

SRR A AR e M AR S B IE] 5 K N i
JERE/IN 38 H AR B RSN B LA s LR, 5K
B 1 R I RP K 228 2, Rl B VD
kSR BB it B, AR TARZE L A
FEAAFRI FNAT PR B 5T 1 1) v OB B T 33 i
AT SRR IR 1 A (A I 1RGN
R RIELR A R 25 43 T AR i s i) A s ) 5
Xof e DX SR A 7 AR A 43, FH 22 R AR 40 SR g
R R G A B 2 B, A FRARAR VA AT L
RS2 5% ) 0 118 4 B o XA R T R A AR R A 7 AR
g3, HARZssZ o B AP A e (ER 0 T o 6 2
(I DRA% BRI R 27 A R 2 25, A IR
TR S [ %) A 3R R 0T SR A DX S A 7 BT
53, BB 2 — o RS BE 2R (H6 T 48 F =4k )
T BN VF 22 N R a5, R AR B 3
PRAE I o | 3 A AT i S AR R [R)
4.4 WBREHRBFREHE

WA A AL FE R bR A R IR 45, W Uh 4R
PR R A AER , X AN A K AR i AR ], B4R
PEAK BT, 25 R0 ARSIk 8l a4 T 2 G 1)
YIRS T B — R A sk ] L X R804SR 52 e 4 A,
BRI I, AL 126 A B s, 9828 o A P S LA M4
LR, DU K AR 8 A T — BER ) 5 i 45 SRR N
WIHARAS B« T X T 90 1 25K 8l F1ad
FEERIZU AR AR, 31 B 55 10 3R I AR DL 25 00 1R
A, W18R SRR RZ AR /N

RN RIS AL A T FY
YERI) DK TS  BOKIR K 1 5, Ferh ok B R
(R0 I 2% A 1 5 25 TR A% b A A i B B4 7 B %
i RAHR TR AR RIS 5 HRAR T N IR
TR OKA AR E TS G IR A R, R
28 X 7 Sl R ) T AN T 228 W, B V3 T R A KA Y
TSP AR AR K BB GBI R R AR
PFade BT Dy 2 i) ALK P31 5 26 0 A=l XL
VENRIRY TR [0 1 46 RS 5 BT R,
EENTREm 1 RS AL 55K 8 i 7
B IE I B AR LU BGRB8 22

5 MWRAKREHFAENLRESR

H A, MK IR B R E W15 BG4k 275
b R T ) 2 i | BT R ) B 2R R B AR 4
SR ZHMEORINEE G 145 b R oK PR35 B0 155 Y
() SR Fe i T HLIE 5Pk .

a. BB RGN R G LG Gk, K3E
BRGSOk 3L K37 AW MBS 2 40
DL I AR B — 1, BLAUL 0 22 FALALLIG &%
AR DI04 8 T AR A AR 5 40, HL U 24 5 KA AP
FEFH & (PPCPs) OB RS YL ke ik i A
LIRS WERTE S a4 i BB L 5 Ak A
AR 36T ORI ) = 4 K A S AR &, LA
KMAGE—F- 5 14 B A2 R AL A T s i 5
PRI PR I SR B B R I R TR
I 25 S A R K B B A AR S A

b. S5EMEARNES ., REWEFE61M2 51
2SR SUR TS L IR c B S LR TN S (3 1 e}
B IR RN T RS 1 R R 2 s 3 42
T FE K I B A AR TR ORI JE, Eb st
FERE LR KRTE BB IS 3R AL S BN VR HER
Fu TSR A B R BT S BT APETR
WITHE, SR B + 7 2= 5 AR 16l
T, “3S” FR 5K AR BB i) I & i ik
T IREE R 2 1] A B A S A AR i P A
BT, 38 SR AR 114 7K 50 B2 i A R 0 T R b —
AL K FREE W 2 8 (0 HE 7, e 8 S A 7 T |
PUN R R KA 5805 e R B i  RRUEE |
R AR, 1E GIS-Lab B AR M T A LS
AT, HIE JR)Z &S HE RN % B S N4
AT, AN 22 T AT I DA 4 S M A 1] DX s A 4 1k &
iR X VR uR Y I RERS WA 3 D1

c. VEMEHAF, KT GIS R BRI RS B R
e ST AR K IR BRI GE kLA BLE RS, H
1, 56 B E R B R4 7 (EPA ) 4 97 Tl 2K 3%

«5.



BEA A B G AR B WO I B o X
BRI RE SRR E U TS A T RGuif
17, WEASHEEWIEE A T HI2. 3—2018( 3
B IIEM BRI HbEROKIREE) | IR HERE 138
FHFAGR G50 AT R B AR A
J T A MEAUE B EH TR, AR
IR E R R A e = e

S E Lk

[ 1] EE0, R UK A BB BB AR ] AT 57
] KRICR#BE e, 2015,32 (6) : 20-24. (CAO
Huiqun, ZHAO Xin. Overview and applications of
simulation models for basin water environment[ J . Journal
of Yangtze River Scientific Research Institute, 2015, 32
(6) :20-24. (in Chinese) )

[ 2] /A58 ARALE. P B K 3l B8 KR i Jr iRt
[J]. K%, 2003,19(3) :5-9. (LU Shigiang, XU
Zuxin. Hydrodynamic model for plain river networks and
its solution [ J ]. Water Resources Protection, 2003, 19
(3) :59. (in Chinese) )

[ 3] LI Y, TANG C, WANG ], et al. Effect of wave-current
interactions on sediment resuspension in large shallow
Lake Taihu, China [ J ].
Pollution Research,2017,24(4) :4029-4039.

[ 4] JALIL A,LI Y,DU W, et al. Wind-induced flow velocity

effects on nutrient concentrations at Eastern Bay of Lake

Environmental Science and

Taihu, China [ J |. Environmental Science and Pollution
Research,2017,24(21) :17900-17911.

[ 5] Z—F P, WE), 5. FKE R W (Eucalyptus)
NILARIXK P 58 e Mz SR PRI 2R [ ) ] #a #F
2£,2018,30 (1):15-24. (LI Yiping, LUO Fan, GUO
Jinchuan, et al. Mechanism of “black-water” occurrence
in the reservoirs with Eucalyptus plantation, Southern
China[ J]. Journal of Lake Sciences,2018,30(1) :15-24.
(in Chinese) )

[ 6] HATZE, 2222 UL, 55, JE T EFDC 9 M 7K /K A
USRI S SRR T 5T [ )] VT B S PR 05T,
2013,22(4) :476485. ( GAN Yanjun, LI Lan, WU Jian,
et al. Water temperature modeling and influences of water
temperature stratification of Ertan Reservoir based on
EFDC[ J]. Resources and Environment in the Yangtze
Basin,2013,22(4) :476-485. (in Chinese) )

[ 7] ¥, T, %%, %, CFD By ki & R st 5 e
B[], S12= R, 2011,41(5) :562-589. ( YAN Chao,
YU Jian, XU Jinglei, et al. On the achievements and
prospects for the methods of computational fluid dynamics
[J]. Advances in Mechanics,2011,41(5) :562-589. (in
Chinese) )

[ 8 ] JUNG J. A numerical simulation of wave run-up around
circular cylinders in waves [ J ]. Journal of the Korean
Society of Marine Environment & Safety,2016,22 (6) .
750-757.

[ 9] YAO Z,ZHANG X, HE F. Anisotropic turbulent model

6 -

based on V2f model for natural and mixed convection in
enclosed spaces[ J]. Science and Technology for The Built
Environment ,2015,21(7) :986-992.

[10] RIPPETH T P, VLASENKO V, STASHCHUK N, et al.
Tidal conversion and mixing poleward of the critical
latitude (an arctic case study) [ J]. Geophysical Research
Letters,2017 ,44(24) :12349-12357.

(L] 2T AR B R 068 BRI 10 4 A i 522 i 20 R A5
FBEZELT]. BITLR A K L A7 Be 242, 2017,29 (4) :12-
19. ( NIE Xuefu. Numerical simulation on influence of
river discharge and salinity in residence time in Oujiang
Estuary[ J]. Journal of Zhejiang Water Conservancy and
Hydropower College ,2017,29(4) :12-19. (in Chinese) )

[12] #pfitat, R EAE R, 5. B TK SOK S 122884 it
IS RIS B i HI [T ] r 7K AL 5 7K R B4
2017,15(1) :72-78. ( YANG Tiantian, LIANG Guohua,
HE Bin, et al. Study and application of a flood forecasting
model based on coupled hydrological-hydrodynamic
approach[ J ]. South-to-North Water Transfers and Water
Science & Technology, 2017, 15 (1) 72-78. (in
Chinese) )

[13] Z=—F i 5H  XIF % KR EERAULT]. 0
A2 ,2008,20 (1) : 117-122. (LI Yiping, PANG Yong,
LIU Xingping,et al. Numerical modeling of waves in Lake
Taihu[ J]. Journal of Lake Sciences,2008,20(1):117-
122. (in Chinese) )

[14] ES50, T KR, = 4K 3 1 b B m K LA BRIT.
ORI L T ], A B KRR R A 2 5 B 2 41, 2006 , 4
(4):246-252. (WANG Chonghao, WEI Yongkang. Three-
dimensional modelling of sediment transport in the Pearl
River Estuary [ J]. Journal of China Institute of Water
Resources and Hydropower Research,2006,4 (4 ) :246-
252. (iin Chinese) )

[15] KHAN L A. A three-dimensional computational fluid
dynamics ( CFD ) model analysis of free surface
hydrodynamics and fish passage energetics in a vertical-
slot fishway [ J ]. North American Journal of Fisheries
Management 2006 ,26(2) :255-267.

[16] WANG Q,LI S,JIA P,et al. A review of surface water
quality models [ J]. The Scientific World Journal, 2013,

2013(3) :1-7.
[17] JE4E, ik W48 A K A AL QUAL2K B 5% 25 4
[1]. K BEIERI2~,2010,28(6) :22-24. (ZHOU Hua,

WANG Hao. Review on the comprehensive stream water
quality model QUAL2K([ J]. Water Resources and Power,
2010,28(6) :22-24. (in Chinese) )

[18] VANDENBERG J A, PRAKASH S, BUCHAK E M.
Sediment diagenesis module for CE-QUAL-W2 ( Part 1) :
conceptual formulation [ J]. Environmental Modeling &
Assessment ,2015,20(3) :239-247.

(19] Sk, R, 2ot 4, 55 N TR RETE /K TR 2 ke ik
B [T ] T BH Tk R 2727 4i, 2004, 26 (5) : 543-
546. ( CUI Baoxia, GAO Hongyan, ZUO Chuanjin, et al.
Applications of artificial intelligence to water quality model

improvement [ J ]. Journal of Shenyang University of



[20]

(21]

(22]

(23]

[24]

(25]

[26]

[27]

[28]

[29]

[30]

Technology ,2004 ,26 (5) :543-546. (in Chinese) )

T R, B, AR SRR
LER[T]. KEREIE R, 2006, 17 (4) :574-580. (WANG
Jianping, CHENG Shengtong, JIA Haifeng. Advances in
study  on methods  for

parameter  identification

environmental models [ J ]. Advances in Water Science,
2006,17(4) :574-580. (in Chinese) )

ZHENG W. Control model of watershed water environment
system simulating human neural network structure [ J].
Neuroquantology ,2018 ,16(5) :783-788.
JERY sk, RGNS 5. BT EFDC BEAL Y IR 7K 4
HEIEEALLT]. WA R, 2014,26 (3) £ 393-400.
(TANG Tianjun, YANG Sheng, YIN Kuihao, et al.
Simulation of eutrophication in Shenzhen Reservoir based
on EFDC model [ J]. Journal of Lake Sciences,2014,26
(3) :393-400. (in Chinese) )

RICH, LT3 AR S5, T T8 B A4 T U /K BT Y
WASP BRI BF 5 [ )], BRBE Rl %2,2015,36 (4) : 1326-
1331. (ZHU Wenbo, WANG Hongxiu, LIU Cui, et al.
Improvement of river water quality by aeration; WASP
model study [ J]. Environmental Science,2015,36(4) .
1326-1331. (in Chinese) )

RIEAR. LT MIKELL B0 3 3k — 4 K BRI [ ] ].
IKBEPE AR, 2013,29 (3):6-9. (ZHU Maosen. One-
dimensional water quality model based on MIKE11 for
Liaohe Basin [ J ]. Water Resources Protection, 2013, 29
(3) :6-9. (in Chinese) )

ANAGNOSTOU E, GIANNI A, ZACHARIAS I. Ecological
modeling and eutrophication; a review [ J |. Natural
Resource Modeling,2017,30:e12130.

BLAUW A N,LOS H F J,BOKHORST M, et al. GEM:a
generic ecological model for estuaries and coastal waters
[ J]. Hydrobiologia,2009,618 (1) :175-198.
TRIANTAFYLLOU G, YAO F, PETIHAKIS G, et al.
Exploring the Red Sea seasonal ecosystem functioning
using a three-dimensional biophysical model[ J ]. Journal
of Geophysical Research-Oceans, 2014, 119 (3) . 1791-
1811.

VLG, S8 oF Xl bl | 4%, 3 R i R e dE e e A=
SIS AN J12E3Hr [ 1] BeF B S5 IR,
2017,47 (1) :168-176. ( JIANG Zhichao, GUO Yanfen,
LIU Yuanyuan, et al. Nonlinear ecological model
structuring and dynamic analysis on red tide algae in
offshore area[ J]. Journal of Mathematics in Practice and
Theory,2017,47(1) :168-176. (in Chinese) )

COWAN W R, RANKIN D E, GARD M. Evaluation of
central valley spring-run chinook salmon passage through
lower butte creek using hydraulic modelling techniques
[J]. River Research and Applications,2017,33(3) :328-
340.

Bk, HE T HABITAT BEAL A A WG S bE 4 - LY il
W TR AN B[] FMRRE,2014,20(5) :37-42.
(HUANG Wei. Ecological habitat assessment based on
HABITAT model; a case study of Schizothorax Yunnansis
[J]. Environmental Protection and Technology,2014 20

[31]

(32]

(33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

(5):3742. (in Chinese) )

TSR Sk, R E K AR S BT R (1], K
HUBB IR} ,2013,31(2) :57-60. (ZHANG Yi,ZHANG
Heping,GUO Lin. Research advances of water ecological
footprint in China[ J]. Water Resources and Power,2013,
31(2) :57-60. (in Chinese) )

WANG J, PANG Y, LI Y, et al. Experimental study of
wind-induced sediment suspension and nuirient release in
Meiliang Bay of Lake Taihu, China [ J]. Environmental
Science and Pollution Research, 2015,22 (14): 10471-
10479.

JALIL A, LI Y, DU W, et al. The role of wind field
induced flow velocities in destratification and hypoxia
reduction at Meiling Bay of large shallow Lake Taihu,
Chinal[ J]. Environmental Pollution,2018,232:591-602.
TR SRIT, Rd 5 WRAR A S R GK B
KA ZSECERRBESE )], AR ,2015,33(5) :814-
818. (WANG Shengyuan,ZHANG Wanshun, WU Yang, et
al. The hydrodynamic and water ecological mathematical
model of lake wetland ecosystem [ J ]. Henan Science,
2015,33(5) :814-818. (in Chinese) )

FB K, ] B8R, %% 1 W, . EFDC ( environmental fluid
dynamics code ) BT 7E W] 42 K PR 4555481 v iy Rz ) o e
[J]. HFPEWITH %, 2016 (6) : 12-19. ( GONG Ran, HE
Yue, XU Ligang, et al. The application progress of
environmental fluid dynamics code (EFDC) in lake and
reservoir environment[ J]. Transactions of Oceanology and
Limnology ,2016(6) ;:12-19. (in Chinese) )

PIANOSI F, BEVEN K, FREER ], et al. Sensitivity
analysis of environmental models:a systematic review with
practical workflow [ J ]. Environmental Modelling &
Software ,2016,79 :214-232.

O’ NEILL R V,RUST B. Aggregation error in ecological
models[ J ]. Ecological Modelling,1979,7(2) :91-105.
BECK M B. Water quality modeling: a review of the
analysis of uncertainty [ J ]. Water Resources Research,
1987,23(8) :1393-1442.

LINDENSCHMIDT K, FLEISCHBEIN K, BABOROWSKI
M. Structural uncertainty in a river water quality modelling
system [ J ]. Ecological Modelling, 2007, 204 (3 ) ; 289-
300.

RECKHOW K H. Uncertainty
Vollenweider” s phosphorus loading criterion [ J ]. Journal
(Water Pollution Control Federation ), 1979, 51 (8):
2123-2128.

KIM S H,SONG M S,SUN G M, et al. A proposal on
the
uncertainty analysis with Monte Carlo simulation technique
[J]. Journal of Nuclear Science and Technology,2016,53
(2):295-301.

SHEIKHOLESLAMI R, RAZAVI S. Progressive Latin

hypercube sampling: an efficient approach for robust

analysis applied to

accuracy estimation method for sampling-based

sampling-based analysis of environmental models [ J .
Environmental Modelling & Software ,2017,93:109-126.
BEVEN K, BINLEY A. The future of distributed models:

.7 .



model calibration and uncertainty prediction [ J .
Hydrological Processes,2010,6(3) :279-298.

[44] GELLESZUN M, KREYE P, MEON G. Representative
parameter estimation for hydrological models using a
lexicographic ~ calibration strategy [ J ]. Journal of
Hydrology ,2017,553 :722-734.

[45] BRIF IR, 200, A5 BRSRIRL b UM o B 07 12
PEAR[J]. BREERL #2017 ,38 (11) :4889-4896. ( CHEN
Weiping, TU Hongzhi, PENG Chi, et al. Comment on
sensitivity analysis methods for environmental models[ J ].
Environmental Science, 2017, 38 (11 ) ;4889-4896. (in
Chinese) )

[46] CRYER S A,HAVENS P L. Regional sensitivity analysis
using a fractional factorial method for the USDA model
GLEAMS[ J]. Environmental Modelling & Software , 1999,
14(6) :613-624.

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

[48] HELTON J C,JOHNSON J D,SALLABERRY C J, et al.
Survey of sampling-based methods for uncertainty and
sensitivity analysis [ J |. Reliability Engineering & System
Safety,2006,91(10/11) :1175-1209.

[49] MEINRATH G, EKBERG C, LANDGREN A, et al.
Assessment of uncertainty in parameter evaluation and
prediction[ J]. Talanta,2000,51(2) :231-246.

[50] Z=—F WA, Rl 5. Aok sl Jy BB A4 A %
PEAHENERBUEYE T[T ] EEREER 24,2014, 34
(2):410416. (LI Yiping,QIU Li, TANG Chunyan, et al.
Uncertainty and sensitivity analysis of input conditions in
large shallow lake hydrodynamic model [ J ]. China
Environmental Science, 2014, 34 (2 ). 410416. ( in
Chinese) )

[517] LI Yiping, TANG Chunyan,ZHU Jianting, et al. Parametric
uncertainty and sensitivity analysis of hydrodynamic
processes for a large shallow freshwater lake [ J .
Hydrological Sciences Journal ,2015,60(6) :1078-1095.

[52] GONG Y,SHEN Z,HONG Q,et al. Parameter uncertainty
analysis in watershed total phosphorus modeling using the
GLUE methodology [ J ].
Environment,2011,142(3/4) :246-255.

(53] FAFUE, 7 %, 5Kk 5. GLUE HE4E T {BL4AK o 00 7K
SCRERUANT MR R0 [J ] K B0 K TR A4,
2018,29 (1):25-30. ( JIJANG Qianni, LI Zhanling,
ZHANG Yongyong. Effect assessment of different
likelihood parameter
hydrological model under the GLUE framework [ J ].
Journal of Water Resources & Water Engineering, 2018,
29(1) :25-30. (in Chinese) )

[54] REDER K, ALCAMO J, FLOERKE M. A sensitivity and

uncertainty analysis of a continental-scale water quality

Agriculture  Ecosystems &

functions  on uncertainty  of

model of pathogen pollution in African rivers [ J ].
Ecological Modelling,2017,351:129-139.
[55] ikt e HEAE Y, £, 55, B TR AN o P ek
ST L) B i s e 5 A 2016,46 (5) : 194-203.
.8 -

(NI Xianglong, KANG Jianshe, WANG Guangyan, et al.
Sensitivity analysis of uncertainty based on entropy theory
[J]. Journal of Mathematics in Practice and Theory,
2016,46(5) :194-203. (in Chinese) )

[56] TANG Z,LU Z,PAN W, et al. An entropy-based global
sensitivity analysis for the structures with both fuzzy
variables and random variables [ J |. Proceedings of the
Institution of Mechanical Engineers Part C: Journal of
Mechanical Engineering Science, 2013, 227 (C2) . 195-
212.

[57] MINH L. Q,PHAM L T D, GONCALVES J,et al. A two-
stage approach of multiplicative dimensional reduction and
polynomial chaos for global sensitivity analysis and
uncertainty quantification with a large number of process
uncertainties [ J ]. Journal of the Taiwan Institute of
Chemical Engineers,2017,78 :254-264.

(58] BAWIE, B, /NG, 45 LT AreGIS 5 Delft 3D (1
THT Tt 2 IX P K BB AL ], v AR 7K A K
H,,2012(10) :145-147. (ZHAO Mingdeng, ZENG Wei,
TANG Xiaochun, et al. Numerical simulation on flood in
flood area of the Wei River downstream on the base of
ArcGIS and Delft 3D [ J]. China Rural Water and
Hydropower,2012(10) :145-147. (in Chinese) )

[59] TIEE o, ik £ 8, 55 ELCOM A AU 7 i 1% o] 7K 12
AR W R T[], BRI AR 4P R 2%, 2009,35 (4)
30-33. ( DING Zhengfeng, QTAN Xin, ZHANG Yuchao, et
al. Application of ELCOM model in simulating water
temperature of Liuxihe Reservoir [ J ]. Environmental
Protection Science,2009,35(4) ;:30-33. (in Chinese) )

[60] Wi#ks, &b, B8R, 5 UL H-B 1S &K E
B 228 VA I R Ui (B E AL T]. K30 12
WroE 5 k. A B, 2016, 31 (2): 188-201. ( XIE
Senyang, WANG Jinkeng, WANG Cui, et al. Numerical
study on suspended sediment concentration in Jiulong
Estuary-Xiamen Bay and sediment transport mechanism in
tidal inlets with multi-fork [ J ].
Hydrodynamics,2016,31(2) :188-201. (in Chinese) )

(611 XUWEAR, Jallel , HEAEL Ak, 45, DU SURE AR T 7K 3l 1 By
s B E A S U [ T]. KL RE TR RN 22,2014 ,32
(11):111-114. (LIU Xiaodong, ZHOU Yuanyuan, HUA

Zulin, et al. Advance in numerical simulation of shallow

Chinese Journal of

water flow and mass transport on quad-tree grids [ J].
Water Resources and Power,2014,32(11) :111-114. (in
Chinese) )

[62] TKEE. W R R BRI R 14 s AL RE S LT3
BT SR = e PRI R [ D] B0 sRBUR %,
2015.

[63] fAlorfi, g5 IR Z , 45 A RIS R =
PERFAE B X AR AR TTRR [ J]. AT 441, 2018, 38
(5): 1939-1948. ( HE Zongjian, CAl Jingjing, NI
Zhaokui, et al. Seasonal characteristics of nitrogen sources
from different ways and its contribution to water nitrogen
in Lake Erhai[ J]. Acta Scientiae Circumstantia,2018,38
(5):1939-1948. (in Chinese) )

(iR H 91:2018-09-10 4 : AEZK)



