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The catastrophic model of water bloom:a case study on Lake Chaohu
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Abstract : Along with its rapid economy expanding, China is also facing the increasingly serious problem of cultural eutrophication,
especially in aquatic ecosystems of lakes and reservoirs. Water bloom is the worst result of lake or reservoir eutrophication and
sometimes leads them to death. To assess and forecast water bloom by studying the extent of eutrophication is crucial to the
assurance of people’s drinking water and thus it is of great importance. With a case study of Lake Chaohu, the fifth largest lake
in China, as viewed from the whole aquatic ecosystem, this paper synthetically considered TP, T, Chla and DO as a whole,
which were the outstanding factors in eutrophication and water bloom of Lake Chachu, to construct a water bloom cusp model.
Using this model, the process that eutrophication brought on water bloom in the lake was simulated. According to the result of data
fitting, monthly data of the ahove four water quality parameters, obtained from a certain sampling site from 2000 to 2003, fitted

characteristics of cusp model. The model was tested to be accurate for its relative error was around 10% . What is more
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convincible, according to the catastrophe discriminant of the cusp model, it could be judged that a discontinuous jump of the
aquatic ecosystem had occurred in July, 2003 in Lake Chaohu, the conclusion was consistent with the fact that water bloom have
arisen in August, 2003 in the lake. The case study of Lake Chaohu, on the base of data fitting, deduced that some water quality
parameters fitted characteristics of cusp model in the process that eutrophication brought on water bloom. The research indicates
that water bloom cusp model could reflect the actual state of water bloom caused by eutrophication, describing the dynamic response
mode between different factors in the aquatic ecosystem and further revealing the outbreak mechanism of water bloom in the lake.
This paper suggests that using catastrophe models to fit water quality data of a time serial would be a constructive approach to
forecast and judge the outbreak of water bloom in lakes and reservoirs. In addition, by constructing and studying such catastrophe
models, lake or reservoir managers would be able to simulate the effects of different protecting and curing projects and further
supply the scientific warrant for the optimization of these projects as well. The outbreak of water bloom is the results of mutual
exchange reactions of many inducements and long-term accumulative action of nourishments. As the only system theory studying
how gradual change causes catastrophe, catastrophe theory satisfied the mathematical logic of the water bloom and provided us with
a feasible solution for the numerical simulation of water bloom. This paper put forward a new idea for the study of the water bloom,
which has never reported neither at home nor abroad so far.
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Table 1 Monthly eutrophication state of Lake Chaohu in 2003 Table 2 Optimization functions of the 7 basic catastrophe models
Month DO(mg/L) T(C TP(mg/L) Chl /m’* 3
A 12 Mont (mg/L) T(C) (mg/L) a(mg/m’) ] &C‘ﬁﬂil! 'b;’iﬂiﬁ 8
1 9.56 3.2 0.391 30.0 Model forms o cnavior Optimization function
2 13.50 5.5 0.436 23.0 factor factor
3 7.91 8.6 0.328 20.7 11 & R Fold 1 1 V(z) = 2° + us
4 8.21 17.0 1.130 23.1 KRR Cusp 2 1 V(x) = z* + us® + »x
5 4.99 214 0711 6.8 MR R 3 O Y T e S
6 4.99 25.5 0.218 46.1 Swallowtail
7 1.41 27.0 0.456 36.7 B 4 2 4 ) V() = 2® + &x* + un® + va?
8 7.52 30.1 0.755 2040.0 Butterfly + wx
9 7.71 21.0 1.010 51.7 XL H B S s 3 2 Viz,y) = 2+ 9* + way -
10 6.80 22.5 0.296 10.6 Wave crest ux - vy
11 7.05 19.2 0.251 25.3 1 4 2
V( » ) = = - w
12 1072 11.0 0.859 15.5 W A Hair 3 2 ( : yz) CR A
11 % 7k i #% % Second A
level of water quulily 6mg/L T 0025mg/L I'ng/'m3 m%mﬁﬁﬁ s ) V(xy_’}’) - xly + y4 + M‘L +
Mushroom byt + cx + dy
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RHRBERE MIBEE5 V(x)=124" +2u =0 B SI il =
x,BPRT 183 5 £ B, B .
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= X j‘t‘ > fd
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551:4 ’ *Eﬁge)\l‘iﬁﬁ E‘Jﬁﬂ%ﬁ‘ﬁ/é}iﬁ : Fig.1 The general form of the cusp catastrophe
B =8P + 27 02 <0 1. Upper surface;2., Middle surface; 3.Behavior space; 4. Lower surface; 5.
BRIy iT R, mBERE KT , M i58R 3% & Jump: 6. Control space; 7. Behavior factor; 8. Control factors 9, Control
% Zi EET% Eo factor; 10. Bifurcation
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Table 3 Result of data fitting and catastrophe identification

SR E (% ;3]
ot room o B
1 9.56 3.2 0.391 30.0 1.5 72.4
2 13.5 5.5 0.436 23.0 1.9 138.7
3 791 8.6 0328 207 -59 4.5
4 8.21 17.0 1.130 23.1 3.5 50.5
5 4.99 21.4 0.711 6.8 -1.9 18.1
6 4.99 25.5 0.218 46.1 11.1 - 15.9
7 1.41 27.0 0.456 36.7 -0.8 -2.6
8 752 30.1 0.755 2040.0 -95.5 343
9 7.71 21,0 1.010 51.7 364.2 44.1
10 6.8 22.5 029 10.6 -4.9 3.7
11 7.05 19.2 0.251 253 -39 37.1
12 10.72 11.0 0.859 15.5 3.6 86.3
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EEMEBRURESTEBREKERITH G MBI , 36 7T LXK 550 By 6 # i 59 55 # % Rt AT BT,
MALGERBGEFT RO MR EERERS2IKE,

(DAEHTIFTHR BERAEHHRTHG, YEHEEHEHIIR A =84 +27," <00, H35]E
RELEVWER . RENSRERT, BEAXFTETHWEMKEREEME . Chla, = TP, + T, - TP2 +
DO, TP, ,MNRERTHE THREEHET T DO HAELER FARTHELEME A =84 +270" =87 +
271D0, <O(F R . ZEHENE ST BN L ERNLEEHHME), BRI ZEANESHEERILERT
RE R4 KB HFT B .

(2) % SR B f B LA Ge s

B KERZFENGEEER, AMHOKENH R OO ARARAN T E, ETEDR . EEFT, FAIR
BOXANEREE R RIS L HBR, RS S EmN i E S,

INRTATR , AR5 IR RE , RO FRHEH AR T HE,FRIE A =84° +270 >0, EESIRE, £W
Xof SR 1 Tt B S e 280 R T LG ok X SE MRS A A B E TS AT X B, MR R K BT IR TG R
B LR EANK ASONER,NIARMESFRATRAENEE, UBHUREFN FRENRENEEBR
FLOEE A>OWARKMGRTRT , W E AT MMUr & B4R

minZ = Cost(T, ) + Cost(DO, )
s.t.:A = 8u’ +270° = 8T +27D0% > 0

AP LB A MM B EE ARtk B EE S E SR KXETEHNER
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E%%B‘Jfﬁ?ﬁ%ﬂ@ﬁ%*ﬂ#ﬁ%&ﬁ%,{Bi}!%ﬂ%’%‘ﬁéﬂ@ﬂﬁiﬁﬂﬁ&ﬁﬁ,Eﬂ7k$ﬂ@%%§2ﬂhﬂ,m$é‘ﬂﬁl§2ﬁﬂm%?b
%M.

4 itig .

MARENBHTARRARNKESRENTR KESEARETY IR E MAEYRE KERYBRE K
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REMKENARETRAREMIEEM T B BUHGE BEXNEYR BB BE LR pH IS L HXLNE
RIEA—TMRERGEHE . LIRS M AT M ST, 218 2840 TR & 154545 7k 42 2 (6] 49 X9 BE 2 B &5
RAEMN, AERBRAEN2HT,

HR KERKEBRETEFRYRKYBERNER  RERLEERM KBRS WRERE, 2 —1
HBZBRE HH TR REHRENFKTE, SUBRRAOB SRR ENX SN NEXN
BT,

MARRERE T, M EETE NER LM EASHEE FRANMAIB LR, NEELES
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ARUEBRBHFES, MU TXLERTAR, MOREHURBE LMY A, RAER BN ELXH
—TURBEAFEMNRHOFEEL, AR BN —THRRREEHEFRIERENREED, REH
WEBEHRA LR FERMENER AN ERERT AR EEKTR, MEEEISHRMY T — MR
FARRMEL AESEURREMEEN RITES . RTEERNKEASRBUET —£FHHTBE,
A SCH B S 450t IE B T iR 38 U7 Bk 7E S /K AR B 5T b B3 R 1 o

AXRAFKREFRTTEN— K ZR, RBUNAEENEEASMSRARE, XFHEREERHT
BREHMBBHETH KRR E -SRI B T HIR RS T7 85 BT IR , 2 SUR B ST I K R
BEMAUERT Chla TP.T R DO FILAMEMEEFRMCE WAERRAIRHMILAEF, MLHRE pHKX
SLBEREERAY EERTH-FFENTE,
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