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A STOCHASTIC MODEL FOR ALGAL BLOOM IN LAKE BIWA

EREX k&Y
Hideo HARASAWA™ « Hisashi SUMITOMO™*

ABSTRACT ; One of the major concerns of lake management in nutrient rich areas is the potential
for algal blooms. Large algal population can clog filters in water supply systems and cause heavy
damage to various uses of water resources. Simulation models can be used to predict the potential for
algal blooms and thus can be used to help estimate the effective use of alternative management
strategies.

This paper discusses a stochastic model for simulating short-term variation of spatial pattern of
harmful blue-green algae in a lake. This model is theoretically derived on the basis of the Markov
process and simplified for practical application. The basic idea of this model is as follows; (1) Algal
growth mechanism in two-dimensional water body is separated into two functional elements-growth
and transportation of algae, which are formulated as growth probability and tranport probability
respectively. (2) Growth probability is estimated by the analysis of the data observed in the actual
occurrence of algal bloom and transport probability by the lake flow simulation model considering
wind effect. Each probability is described as the matrix notation for calculation. This model is
applied to the southern part of Lake Biwa, and the ability of the model is examined. As a result, it
is found that this model is a helpful tool to predict algal bloom and from the standpoint of simulation
the initial condition setting is dominant factor for prediction of short-term spatial variation of algal

bloom in lake.
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TABLE 1 Types of stochastic water quality model

AN ERL L KELELEFLvicAT RS =
37 EBEAIGH U7 Loucks® Kl 3, ¢ CTIRZERM
HREAZROZ @l 2R RELILEFVITOO
TEFVLOBEW, RUFBERLIDSHEBEEL TS5
LRI1DES>KN B, CHoOHREOELE, —KRT
BB THEULAAMNEMRE LT, KBEHB
& LTI BOD, DOXHY LFTW 3,
ZRABTOEBEH R KENMEORRNEE % &
ABLEVIRAT NI TBRBICLIEER/N T TV
BIEETHD, a7 BEZEERRNEF VLD
HEBELTOEHRICHOVT, HRET 5 HRKIE,
KEZEAORRETBKEEE, RUBRNICEKSE
B BEFORBICLIDERETEILEZZOLDILNE S
R2ERTLHIRELL BN EZ—REHRNIFZEL,

TYPE

CHARACTERISTICS

'RESEARCHER

(DHarkov process
* Harkov chain
* randos walk

* birth-and-death

fomulation of water quality by
state and transition probability

Loucks et.al.
Thayer et.al.
Custer et.al.

(1966}
(1967)
(1569)
Schofield et.al. (1972.4)
Stochastic Incorporated
(1971

Goda et.al. (1969)

process
@ ARINA model application of Box and Jenkins' Metha et.al. (1975}
time series analysis method
OMonte-Carlo a large number of numerical solu- | Kothandaraman et.al. (1969)

simulation

tions generated Monte-Carlo
procedure

Shih (1975)
Whi tehead et.al. (1979)
Fedra (1983)

@Variance (Error )
propagation
equation

evalvation of variance propagation

Chasberlain et.al, (1974)
Burges et.al. (1975

@Kalman filter

real time control and prediction

Beck et.al. (1976
Boweles et.al. (1978)

®stochastic
differential
equation

theoretical and nuserical calcu-
lation of differntial equation
with error term

Tiwari et.al. (1976)
Finney et.al. (1982)
Papadopoulos (1983)
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TABLE 2 Stochastic water quality models based on Markov Process

RESEARCHER WATER BODY VAR, STOCHASTIC VAR,] METHOD NOTE
Loucks and Lynn river, 1-dim. Markov chain assessment of wastewater systems
(1966) stationary DO, BOD | DO evaluation of environmental standard
Thayer and Krutchkoff |river. 1-dim. DO. BOD. line | random walk evaluation of probability distribution
(1967 stationary DO, BOD { source, B.S. of river water quality
Kothandaraman river, 1-dim. deoxygen and Monte-Carlo combination of revised Streeter-Phelps
and Wing (1969) stationary DO, BOD | reaeration coe| simulation model
Custer and Krutchkoff | tidal river DO. BOD, line | random walk evaluation of tidal effects on water
(1969) 1-dim, nonsta. | DO, BOD | source, B.S, quality
Goda, Somiya and river, 1-dim, formulation by tra-| considering uncertainty of water
Nishizawa (1969) stationary BOD BOD nsient prob. quality variation
Stochastic tidal river DO, BOD, line | random walk evaluation of tidal effects
Incorporated (1971) 1-dim, nonsta. | DO, BOD | source, B.S. segmentation of water body
Schofield and tidal river DO, BOD, line | random walk
Krutchkoff (1972) 1-dim. nonsta, | DO, BOD [ source, B.S.
Schofield and tidal river several | all water continuous 2-dimen-] enhancement of Markov model to deal
Krutchkoff (1974) 1-dim. nonsta. | water v, | quality items | sional random walk | with several water quality items

B.S. : bottom sediment
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RELKRALZ v(m, n,i,k), Pr(m,n i k|m,n,i,
k) &BK,
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