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Progress in research of regime shift model PCLake for shallow lakes

ZHANG Xiaoxin, YU Ruihong, ZHANG Yujin, LI Lingyu
(College of Environment and Resources, Inner Mongolia University, Huhhot 010021, China)

Abstract; The PCLake model can comprehensively simulate biotic and abiotic processes in shallow lakes. In this
paper, we summarize the development history, technical framework, applicability, and limitations of the model
from three aspects, which include the estimation of nutrients threshold, simulation of the effects of climate change,
and biomanipulation. In addition, we present an outlook of the model’ s future development in terms of the
development of a more applicable and flexible model on a global scale, which can describe the characteristics of a
wider range of lakes, the regime shift threshold determination and early-warning identification, the applications of
sensitivity analysis and uncertainty analysis to the model, and the improvement of the model’ s accuracy, based on

discussion of the model’ s advantages and problems in combination with hotspot issues in current research.

Key words; shallow lakes; regime shift; threshold determination; PCLake model; climate change;

biomanipulation

BRGNS A RABEMPOKAES R M 28RS ZEEL R RU SRE , S
G5z — AHJZIE 200 4Rk ZEW B AL ERAEIER Fe S i i B Tsaacs™ %I/\f@#’i@%éﬁ,
AW LT IEFEE N 75% UL EMBIAC &E TRl a2 &Rl 3R, R 2
BRMABIETEE HFRD SR a4 mIiae B THAKRBIIES RS, GEmE AR
R EBIR A FRE R TUKM S IR Goxd S 55 2% 18 i ) 07 w] AR A O % 2 i A
YA A S R R ARSI, TERSE (B 1(a)) RESFER(E (b)) REREIE
o SEBEE THUR L R SR LS B RE 2 B (IR 1(e))3 FIB  Hoh oK A S R 5
IRABAL R HAT R M MERURIE R AARL B T 2SR Gl S R KRR S R

HAWH . HE B RREEA (51469018) ; NS HRFIESES (2014MS0403 ) 5 /K FIHE AN 25 PEAT P BT £ 35 (20150104 ) 5 5% 1 Rl T 550
H (20140707 ,20130428 )

YEZ A TR RR (1991—) , 2, W58 A= BF 98 5 1) /K SCOK B PR, E-mail ; hzzxx@ imu. edu. cn

WEEE . TH, B120U% ., E-mail;yrh0108@ 163. com

.19 .



KRS S WA 3 PRAS . Bl SN a8 iR 2
SR, VR AR A5 R G0 2 5 6 I 1 ke A S IR AR s )
PR A 48t | T R A F e R L P A s D) A A 35T il
A SR AT 20 229, Scheffer ) 3 T
R A S0 O 0 K B, B2 R b i B A A
HAFHEBIARE, BEXMNESRE R 240 AEL
e B 22 R A R IE I 58 TR, e 28 I 400 45 10 34 i
P B — [ SRR % e g B A Bl ) 2B iy
ARSI 2 R Ry — AR RSN AL K AR R
ENEI ek 72, i A &K i AE N
R AW B 32 DU RS IR A
YEH , BBAS 22 1H SR A= 2 R GRS LB 46 7~
AR RES SR 0

PCLake #5574 8 5 L £ X a7 e K IR I & 19
BEG 2R FEM RIS RGNS
¥4 T RE S L 23 AR AR S A AR K A4 B R 2T
e fb2s AR BT BRI A S RS
2R S S AL, A T 2R 48 1 sh A ARk, SEAER
ARSI, 24 BL45 PCLake FETUHY
RIBDIRE FARMESE 35 FH AR BR M S bt 5 3k e
S R XTI S5 AT AE () 8T, 25 6 SR IE IT I,
JEBIZAR R 1 & et $, § 7E 0 PCLake £ 28U ) A7
A RS

1 HBERRERBRE

PCLake AU Janse %51 JF %, Fe 4] LA Ao 22
BB LB KA Loosdrecht hy J5 Al 33 7 , BB A
PRI A ARG P IRIARY) PR S AN
KEYM B, VLG X & 8 57
Bl s, BEE SRR S Wt ot 2 B
TORBIRA , Janse %518 5 5 5 R L RE |0 Ak
HEYEIN T OKAAEY) B a2 e N PRI, ol
5 R 8 42 1T S B 3 7K 5 T 9 2 R RS R TE
B S FE A, I 0 A 2B R R0 AR A8 &
ESSp =AU VB ORIAS s VAR =5 S B (2 2
Vb T A A T T3 K R v Ak B 8 AR R 02

Sollie 55172 3 AF A5 R rf B i 1@ M AR B, LA
PCLake FRITE/K Sl S (E45 & 5 HAb /K 3 g5
RIEC & dix &, BRI AT 7 R B Y 8 HT 8 Fl,
Prokopkin %' ¥ PCLake f5 % 5 — 7 3 1 43 J2 #5
RUFE T, %of PU AR A 09 £ Shira #E47 2h 82216 43
Br B E RS SR R ) 5 8. VP R R A
22 I K 2 W W F 5% BF ( Hydraulic Research
Institute, IPH ) Fragoso %52 5¢ 3% T TRIM2D A %!
(Tidal,, Resdual , Intertidal, Mudflat 2D Model ) , 58 1k
TENASE PR B FE B R Rk B
H A BR 22 0 v RAE R (9 HE R 4, JF % ) TRIM3D
BRY B 5 KK 3 1B 8 5 PCLake BETUAHZS &, JF
R e 2R RE, O A RE % N ] T Py 7 4
WA E S RG W =42 5 8h 124157 IPH-
TRIM3D-PCLake™ ( fij F%X IPH-ECO ), % % T
PCLake £ 8 { 3& FI T i 417 9 J5 FR, 2016 4F-, Hu
4500 PCLake 5 FABM ( Framework for Aquatic
Biogeochemical Models) #1485 &, H T AL E 4k —
Yk | = HEE IR N K SN B A kA it 7R
H il , PCLake A0 o JE A= Mot 72, A Wt R 5 R
AW RS G A AR 5K B i RS S A
3K, CR KK AR A s %
R

2 B

PCLake #5271 H 1170 458 BRI M B B 2 385321
B, o Rk R RIZVIRY 2 2 RS, 5t
PCLake R AIITAALT (&1 2) M, KR 250
RELLFE A V7 A A (6 REE &) L DIKAE Y
TEIFsh ) IR A 28 BRI A 28 S B
P RIZUTD IS DT SR s, B
TRUE AT AL A AL ) T 8 S A PRSI NP, S
HEBRG A TREE R Y BRI, [ B 25 SR firk 4
ShSAAk , PG 3R B — i R 5 A TR A
TSARVE R SO AR T | PR I RN S P | B W
HUE SR ER M S e A E A B T W B A, A A

|
\
3 a 8
jﬂ @ T # ST
T 'h\l
O st o SR AAAT O At
(a) EELEHTAE T (b) R LEGAT (o) ZRaA A

1 RS 3 MR

- 20 -



BRI AR, BUBEE AL, T
BEge T LU 2, B fi T AR 9 7 R i 6 4 4
ZEi

e S
W # ’f‘){_{’i-‘.ﬁ'l.%

| |
[l |

' im?ﬁ

HERi

—t

TH N,
K Bar AE e
B [RHE ] gy oy DR PR,
L A s
|

EHL T e

S AL 58
VE SR SRR TN, LR Sk BRI R T
05 K A B T B, T 5 B K i W

B2 PClake #28I4EHy

PCLake #5832 2 5 A AR 540 45 . K & SN
EIRER W B R TR ORI MR B R O R A
FRKIE TR R b T FRAE: i o 78 A 07
et DUKAEY) 24 E A Chl-a TN NO3-N |
NH;-N TP POy -P 44 IRAEAE Bk EE

3 REEAERRERE

3.1 EAM

PCLake #5571 AT 00 R K BIIA 2 S R GRS FE
W RS R, AH IR, K IITA B &) 32 X
TR RO AR 52 KA S BUBR AR BLAE A5,
TR TR FRE A R 8 R R A,
Janse %5 3 i PCLake #5871 X] fof 2% ¥ 7K W IA 47
TR & B0, ZE A K R 1 ~2 m P, W90 M BR i
RN AH K ERIEINE] 5 m 5 10 m A DA HH B0IR T &%
N, BEBHZKIRTE 1 ~2 m YR PN B3 2K 190 32 321 PY U
PEE SRR SE I 5B, RS, Janse! P 36 & BRUT
TR R 2 S M VA AR S e 3 B (A — A E 2
%, PCLake BRI YRR G045 U e L | V0 1 A0 5
-, FLr RS B 4 1 (B AE VD b B e Ak Hb P A
I, B PRAE U8 o b 286 b 3 4 84 BT o b A A
KOBEFRFA 20 P, S5 N IS 5= R A K
I R HEER A

PCLake #58Y AT A 58035 37 56 76 2 1 9 v 1) 97 34
Ak, RTESFRCE IR TIER M6 5
b, BB 388 0 5 77 0 6 PR A BRI A, PCLake 57
NS RGE R R B AR DI REALHE, 1L
FEIFIEAY (A3 S REVE LRI RIS B/
TRyt SRy e & abEads I
S i T W N 3 AN TR A 4 R Y L
Tl AT S Rl R AR AT (R R A 4
X} R 25 e BB 5 i ] Bl T s A A 16 2
T AR A R ARSI AR S R G

PCLake #58Y A B 25 5S040 A8 10 0] i A e
REI , AR A4 & A AN A A dE 4
JEPEE FRER A A A B I E 45 3 R A S A A
SR T 5N E SRR R R R A A
18- 2 1PNl N W P A i A B (2N i
SR REEANIA] A b2 B 5 A A8 A X K
W ES R RS PCLake 551 57
Ml 7 E A A SR R BR M Gl A A PRI AR, A
SR ORBHFRGT R EE Rk 2R R A B AR
YR EUE TR Z R R, PR R
AR X RS e B i ]

PCLake A5 71 ELA 5 3 A0 T0UINAS B2, 36 T 0 &2
FKAEAEBRGEIHL . BANAESRERA IR
LR = DR AL , 7 BT AN 2 LUK B E A
ZRGEXTHNER A% A AS AL (R W )3, T PCLake 5% 760 3 32
RO e AN B 58 M 0 BT, T A B X R AR 4 1)
B2 Janse %1038 ] PCLake #5816 22 ¥ 7K 151
AP EEETMAE, Y P R REMKT 0. 15 mg/L
I AEAPLAE SRR R R 86 % 5 i T 2. 2 mg/L I VER
%N 81% , Pereira 25 % i FIFHALELR CCA FIHfE
PR TPH-ECO T 122 177 Engelsholm 7 SCjii A
PR E AEWA r Afka E 28 IR 5 45 3
HH BED USRI 4 2R a % S0 s P C &
(R =0.238,0.184) , /N Ty i PERE AL (R =
0. 643,0. 554 ) , fff s PEAST R FIOIN 45 R AR
3.2 ERME

PCLake BAVEF XK AR 43 2R 0 & 57, Rk
IKMRSE TR A, AW T SEPR/AK IR B2, SEBR Ry
1, PCLake 53750 A 38 3o (A% 1% 8 5l 45 & 2 4k 1) 7K 5))
IR G IR LRI BR Al S S BRk i > B -z 7 1R
(14— AEASLLA W] R BLK A s fe K o e sl

PCLake BRI H T8 4 K AL RENLGA
Bl AR TG BRI FE SR S % X S S 401
- AN R e A P[] — B30 S5 A 3345 21, AR Tl i S
IR S PGSR A S8 (A A I B 45 R Y
P RAGERGE SRR R EE R eAbh, A e

. 21 .



RIS SEAH T I 7 S5 Ak B T T 2 HAh
BEL TRy PR o R AL S TR A AL ep (T 58 R R
FHOCRYBR AR £6 K55 A ) |, Rk, A 28 ) P A2 1)
REE 5 2808 PR S A BRI

PCLake #5515 22 Tfy 5] 2H 7 4o 32 1 1k v] e 25 &
B TRRBANZE R | P Ik 75 i — 2040 43 1 A i 4H
B, SRR AE AR Y, SRS, 7R |
WG 0B 2 Bz RBPEiEsh ¥, i
JE T AL 1Y £ S B TT e T B PR 2E R ARG 52 )
R H R 1 I 5 SR R A OK A A A R
( Elodea) F14; 135 ( Ceratophyllum ) %§ F P9 P4 E 57
RO LEE I 2

SEH AR Z W, PCLake B i 75 1E— 2 5¢ 3%
G B Gy B T P ST, DA S IR AS [R]85
[ AEAU TR T Ak (] i 52 B0 U |
REERFFE AR AR AL Bl 2 TS LR R 1 &
DL BRI TR T RO UAS I & TS
() RGN R B R R H R R R B

4 MBI HA SRR

4.1 EFHBEREEHE

Janse"'*' DA fay 22 H A7 SR 19 45 AF A9 50 3R (K
T2 m) Xt 4e FFH PCLake BRI UEAT WA IA 35 3E
T GERR Y WA E 2R SR RS
HAFAE ] A BB, I9TH h s /KRS A e 21k
S0 P B{E N 3mg/ (m” - d) , 2, H /K EE K
SRRERAASH P EEN N 0.9 mg/(m® - d) , B H
RO B, HL P B S AT AR KR K 45 B I [a]
B P, 551 M TR ORI 825 B SR OB OE L,
Witteveen 25" DU 22 ¥ /K #1IH Loenderveen NHF5Y
X4, FIH] PCLake BEHUREAY P IS, O A2 S E N
0.065 mg/(m” - d) , P& FE K 0. 028 mg/ (m® - d),
FEUTZ T 18 (BT A T i 22 A e A 1P 257K
- Janse 251V fgi ] PCLake BRI T 7 22 IR
AR E R 43 AN R E IR ER B, Feh 11 e
AU 75 % A AT A T P kK RS SR A B /KRS Y
PRI IMH 0.6 ~1.0 mg/(m* - d) , HIALL T KER
5526 AWV AL I G0 = T R T K AR S
FI KRR I AE R 2 ~ 5 mg/(m® - ), B1IAAL
T KA 56 AN AW = 7 far A T R 1
{5 RAS A Z 8], A AL T P2, AR UL Y
BB 5 E FRER AR AR L, BIAF A &N
AR ASIAR o 3 2 00 980 91 R A e 4 1) 7 7R R 1
{8, PI7E—EREE F WG BUE 52 SR AR 2 5
i R i A I A 1 (U 75 ) 9 AR R
AT, A T I IR S R S 18R (L =2 ) ) o B A

.22 .

YIRg\EE
4.2 SETANESERIZNE

A RTINS A AR AR A e de 52 e A Dy
WA B AL T SR A . IR AE R RGN
N5 B, ZRCEFVONIRIE TR SRR A K,
FAHERA T NTLRE & VRBERTIN GBI B TR, 80
TR FICIR A B 1] S AR S 548, Witteveen 25"
FIH PCLake FEAINTfry 22 V7K IIYH Loenderveen FANFSE
IR, ESETH R S AR AT 5 AR AR ARSI
i P B ELFAAR, Mooij 25 Fi| ] PCLake A57IX} il 47
BB RIRESE 20 RS TS & BRI R )
S U AR W i R R RS N, IR B AR M 7K 2]
TR RS AR B, Y AR TR 3°C I, BIE M
JFER 3.3 mg/(m® - d) R 2.5 mg/(m® - d), 1M
R IR R, WA 5 R o IR
HAMELIPKE

PCLake A5 AR LA A8 Ak X A2 25 7 46 1) 2 i)
BF, AU BEH EE IR B, A% &AM AR T XK
A KA . Fragoso 281 DL EL 7 ¥ /K 1A
Mangueira i BF 58 X, F| FH TPH-ECO 5 2 bff 57 <A
AL XTI R, 25 R B A IR T S E0T
T A RN 18% ; B %, i TR liFsh ik
A OB RE s AR WG | 17 R 4 A g e ) d 2
REARG 5 T B At AR R VR e S W AE W & 3G 0, Trolle
DV A PClake 28 5 A fi 951 0 55 Y
ENSEMBLES , B} 5% 1% Ui # 9) XoF A0 A 22 A 1) i [0 56
A EEREW YA IRIEIN SC BB 5% ~15%
I, 4R a BN 24. 5 me/m’ , =% HAA TR & B9 HH G
£, Nielsen 2553 F| H] PCLake #5581 B 5% F3 % 1 7k
WA, & ISR T S A, AR Y R SRR a ik
JE MR U T 6°C X A KA A5 1 s e 5
FREh vk BE B8N 75% W AR 24, Kuzyaka ™ F) F
PCLake 4B AR 46 %F 4+ B H WA Eymir K 52
Wiy, 45 HH IR T8 2 ~ 6°C , M43 25 a Jo0 v ]
THE (p<0.01)
4.3 EHRY

BRI RZ F R SMEMEE SR
AJE IR S R 2 (RS S 46t R] i 2 22 3115130
REGUEFRERIFE W, LA G T R GE 3% il w3
SR A RGLH . Janse 25 Il PCLake
FRRIBIF T T for 223K YA Zwemlus SEJ6 A Y EE 0 HT
JE W YRR AR 5 SRR A, R B 1987 AT iR 52
it A RS I 328 T b o R RIS G A o
RUE KRS WA 77 7 oI it 258 Sy D R o
( Elodea) AR EERIUL/KAEY) , 1989 4EUT/KAEY)
B LT3k 100% |, [R] B a2, 1) 1990



AEHAE YA T 395 kg/hm? St A= MR\ RT, N
P EE AR TR A e B s T ok 52
ii(Tha /B N e 1N o - D W] N5 3 o i o) N LD 1
221 Veluwe 7€ 20 22 60 4R H T 5 19 5 5%
R I AR 3 728 SR i IR A, 30 4F 5 o
HIDE P, 45 A A WAL, BIIA R 2 B ACIRE
Janse 451" 3@ iE PCLake BELABL 40 22 117 Veluwe 24
PO\ 5 W0 A R A A e A, L (E 4 B A
3.4mg/(m’ -+ d) 1.6mg/(m” - d), 5EFH I L
6 XL K4 TR0 ) P A 3R A 2. 7 mg/ (m® - d) &
RICFA—2 ., APHERUE BRTIR B 0 2545
Jiti, LB 55 7k 07 e I ROAE 45 6 AT g S BN
P AR S ) 1 ACIR A e Ap e

5 MIREE

a. HHT PCLake B 32 BN F ff 2%, 8 43 NL
FHTFHE 2% IR 2% AR A i S5 R [ K 1)
TP . 3K 2 b XA R AE 2R B A AR A
L R ZERUN, KRR . TR R BokED
HLAF 28 43 A A2 5] L IX, PCLake #5087 JC 1 FH
EFINH, AP K PCLake B FHYE B, 7 & 28R
JEE R AR 3 75 T 22 W R A R SRR
JRE 1 EE A5

b. PCLake #5571 &1 X JE 43 J2 e K 1A 1 I %
FEARZE BRI 1) 1 1) A 23 ) S ot R RE AR
FOKAEEBREMLPRER . BT, PCLlake £7
5 TRIM3D J FABM %5 /K 8l BRI ZE & ik &, 7R Ab
TJRERLAE 53 B W BB, R SR i PR PCLake A5 7Y
5SS AL | A R AR A= ) 2R AR A S p
AR S A, {849 PCLake 5 AU AU fiE
T K WA R A e ke 1] (I TR0 , 3 fi FH T 1 iR LA
ARSC AR 3 e BRAR N SR AR R R XTS5
e 5L T Sy T HLUTE RS AR A

W45 T4 bR B X B B
. PCLake HE%8 {5 77 FF 74 49 B (0

FE L AREHEAT VBT 5T, KRR AT PCLake #2175
Gt Oy A E & T RS FE 4 (8 T 25 A oY
Horr PCLake #5574 0] M 22 RUEE ] BH RS S e (L B i
£y 3 W Rl Ko v S 1 21 DS 7 AR B € NS i/
THEMEEE W LUE R R A G TR A R
R o S VAR AR R B I o IR B s FH AL 2
PR Bl 0 110 1k () SRy B TR SO BT AN
PEOAT R RE S TR | LA A R A B B

S .
[ 1] Z3As, @, BI4ET 45, HoK a4 S RGPk i 21

WHIEREE[T]. BAERE=,2005,17(1) :9-16. (QIN
Bogiang, GAO Guang, HU Weiping, et al. Reflections on
the theory and practice of shallow lake ecosystem
restoration[ J |. Journal of Lake Sciences,2005,17(1) :9-
16. (in Chinese) )

[ 2 ] UK BFEAE, it , 2. FRIFWIA & & LG 5
PR e WFoT kR [ 1], R EERL A 5 HR, 2010, 33
(3):92-98. (ZHAO Yonghong, DENG Xiangzheng, ZHAN
Jinyan, et al. Progress on preventing and controlling
strategies of lake eutrophication in China [ J ].
Environmental Science & Technology, 2010,33 (3).92-
98. (in Chinese) )

[ 3 ] SCHEFFER M,CARPENTER S,FOLEY J A. Catastrophic
shifts in ecosystems[ J]. Nature,2001,413:591-596.

[4] B& XK, ZER & INNESRERER RS
RSN FRFFE R T]. ARSI 44],2014,23(10) :
1697-1707. ( ZHAO Lei, LIU Yong, LI Yuzhao, et al.
Survey on theory and driving factors of regime shifts on
lake ecosystems[ J ]. Ecology and Environmental Sciences,
2014,23(10) :1697-1707. (in Chinese) )

[ 5] ISAACS J D. Some ideas and frustrations about fishery
science [ J ]. California Cooperative Oceanic Fisheries
Investigation, 1976 ,18 ;34-43.

[ 6 ] DE YOUNG B, HARRIS R, ALHEIT J, et al. Detecting
regime shifts in the ocean; data considerations [ J ].
Progress in Oceangraphy,2004,60:143-164.

[ 7] W BOKHNAA S RGN w3 A SRR S 1S
Bt 5T [ D). iDL w1 B2 Be oK AR A= W 0F 5 B,
2009.

[ 8 ] SCHEFFER M, JEPPESEN E. Regime shifts in shallow
lakes[ J]. Ecosystems,2007,10;1-3.

[ 9 ] SCHEFFER M. Multiplicity of stable states in freshwater
systems. [ J . Hydrobiologia, 1990 ,200 :475-486.

[10] Xk, FRMR, e, 45, WA RS R G 8l 1 A BT
FEHERELT]. Wi AR 2524412, 2005, 16 (6) : 1169-1175.
(LIU Yong, GUO Huaicheng, FAN Yingying, et al.
Research advance on lake ecosystem dynamic models[ J].
Chinese Journal of Applied Ecology,2005,16(6) :1169-
1175. (in Chinese) )

[11] MOOIJ W M, TROLLE D,JEPPESEN E, et al. Challenges
and opportunities for integrating lake ecosystem modeling
approaches[ J]. Aquatic Ecology,2010,44(3) :633-667.

[12] ZEE B, XK, B0, A Bk AR S R g e e 4
BECH) 2 796 [ ], A 255 4R, 2013, 33 (1) ; 3280-
3290. (LI Yuzhao,LIU Yong,ZHAO Lei,et al. Survey on
threshold detection methods of regime shift in shallow lake
ecosystem [ J |. Acta Ecologica Sinica, 2013,33 (11):
3280-3290. (in Chinese) )

[13] JANSE J H. Model studies on the eutrophication of shallow
lakes and ditches [ D ]. The Nertherlands: Wageningen

.23 .



[14

[15

[16

(17

[18

[19

[20

[21

[22

[23

[ 24

[25

University ,2005.

] JANSE J H, ALDENBERG T. Modelling the eutrophication
of the shallow Loosdrecht Lakes[J]. Verhandlungen des
Internationalen Verein Limnologie, 1991 ,24 .751-757.

JJANSE J H, ALDENBERG T, KRAMER P. A
mathematical model of the phosphorus cycle in Lake
Loosdrecht and simulation of additional measures [ J].
Hydrobiologia, 1992 ,233 .119-136.

] JANSE J H. A model of nutrient dynamics in shallow lakes
in relation to multiple stable states [ J ]. Hydrobiologia,
1997,342.1-8.

] EHE JESHT ISR T RN S E R
JE S e il e B [ 0] K BEIR PR, 2016,32(5) < 14
(WANG Shoubing, QU Yunfang, XU Ziran. Algal bloom
control in eutrophic lakes and reservoirs based on
biomanipulation[ J ]. Water Resources Protection,2016,32
(5) :14. (in Chinese) )

] JANSE J H,LIERE L V. PCLake:a modeling tool for the
evaluation of lake restoration scenarios| J |. Water Science
Technology ,1995,31:371-374.

] JANSE J H,DOMIS L. N D S, SCHEFFER M, et al.

Critical phosphorus loading of different types of shallow

lakes and the consequences for management estimated with

the ecosystem model PCLake[ J]. Limnologica,2008,38 .

203-219.

JOHNSTON C A. Sediment and nutrient retention by

[

freshwater wetlands; effects on surface water quality[J].
Critical Reviews in Environmental Control, 1991, 21 (5/
6) :491-565.

VERHOEVEN J T A, MEULEMAN A F. Wetlands for

[

wastewater treatment; opportunities and limitations [ J ].
Ecological Engineering,1999,12(1/2) :5-12.
SOLLIE S,JANSE ] H,MOOIJ W et al. The contribution

[

of the marsh zones to water quality in Dutch shallow
lakes:a modeling study[ J]. Environmental Management,
2008 ,42:1002-1016.

] PROKOPKIN I G, MOOIJ W M, JANSE J H,et al. A
general one-dimensional vertical ecosystem model of Lake
Shira (Russia,Khakasia) ; description , parametrization and
analysis[ J]. Aquatic Ecology,2010,44 ;585-618.

] FRAGOSO Jr C R,VAN NES E H,JANSE J H, et al. IPH-
TRIM3D-PCLake: a three-dimensional complex dynamic

e
Environmental Modelling & Software ,2009,24 .1347-1348

] HU F J, BOLDING K, BRUGGEMAN ], et al. FABM-
PCLake-linking aquatic ecology with hydrodynamics[ J].
Geoscientific Model Development,2016,9 .2271-2278.

model for subtropical aquatic  ecosystems

.24 .

[26]

[27]

[28]

[29]

(30]

[31]

(32]

[33]

[34]

[35]

[36]

ARBRII RIS R0, 45 W SRR WA AR 2 e
BEE G R B ARV ], B R 05T, 2006, 19
(1) :67-70. (NIAN Yuegang,SONG Yingwei, LI Yingjie,
et al. Regime shift theory and ecological restoration
discussion in eutrophic shallow lakes [ J ]. Research of
Environmental Sciences, 2006, 19 (1 ): 67-70 ( in
Chinese) )
JANSE J H, SCHEFFER M, LIJKLEMA L, et al.
Estimating the critical phosphorus loading of shallow lakes
with the ecosystem model PCLake : sensitivity, calibration
and uncertainty[ J ]. Ecological Modelling,2010,221 ;654-
665.
PEREIRA F,FRAGOSO Jr. CR,MOTTA M D M, et al.
Pairing multivariate data analysis and ecological modeling
in the biomanopulated lake Engelsholm, Denmark [ J ].
Water Management and Research,2013,69.15-19.
WINDER M, SPAAK P, MOOIJ] W M. Trade-offs in
daphniahabitat selection [ J ]. Ecology, 2004, 85 2027-
2036.
OMLIN M, REICHERT P A. A comparison of techniques
for the estimation of model prediction uncertainty [ J].
Ecological Modelling,1999,115 :45-59.
WITTEVEEN B, WATERNET, M N. Possible effects of
climate change on ecological functioning of shallow lakes,
Lake Loenderveen as a case study[ J]. Land Reclamation,
2007,38:95-104.
MOOIJ W M, JANSE J H, DOMIS L N D S, et al.
Predicting the effect of climate change on temperate
shallow lakes with the ecosystem model PClake [ J].
Hydrobiologia,2007 ,584 :443-454.
FRAGOSO Jr C R,MOTTA MARQUES D M L,FINKLER
FT, et al. Potential effects of climate change and
eutrophication on a large subtropical shallow lake [ J].
Environmental Modelling & Software, 2011, 26, 1337-
1348.
TROLLE D, ELLIOTTA, MOOIJ W M, et al. Advancing
projections of phytoplankton responses to climate change
through ensemble modeling[ J]. Environmental Modelling
& Software ,2014,61:371-379
NIELSE A, TROLLE D, BJERRING R, et al. Effects of
climate and nutrient load on the water quality of shallow
lakes assessed through ensemble runs by PCLake [ J].
Ecological Applications,2014,24(8) :1926-1944.
KUZYAKA E. Modeling impacts of eutrophication and
climate change in lake Eymir using PCLake model [ D ].
Ankara, Turkey ; Middle East Technical University,2015.
(ke F91:2016 -08 -25 it Bk TE)



