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STUDY ON A MATHEMATICAL MODEL FOR PREDICTION

OF EUTROPHICATION
— ANALYSIS ON TEMPORAL SCALES OF INPUT FUNCTIONS AND SPATIAL
SCALES OF SUBMODELS —

BN ok B F OB Ihyx*
Koji OKUGAWA*, Isao SOMIYA**

ABSTRACT ; Accuracy of a mathematical model for prediction of eutrophication, which is affected by
temporal and spatial scales, has been analyzed in order to provide basic data to determine those scales
more objectively. The analysis method is to evaluate accuracy of each submodel for temporal and spatial
scales which are different from those in the standard simulation. The following results are obtained. (1)
Accuracy of water quality balance model is little affected by temporal scales of proportion of diatoms,
water temperature and light intensity. (2) Accuracy of each submodel is strongly affected by a temporal
scale of precipitation. (3)Effects of temporal scales on accuracy vary with retention time of a lake.
According to the simple model, if retention time is less than 5 times temporal scale of an input function,
variation of an output is greater than 109 of that of an input. (4) Accuracy of outputs on water quantity
is little affected by a spatial scale of the watershed of South Lake (the southern basin of Lake Biwa), but
accuracy of outputs on water quality is strongly affected. Accuracy of load model is more important
when determining a spatial scale of a watershed.

KEYWORDS; Eutrophication, Mathematical model, Temporal scale, Spatial scale.
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Table 1 Temporal scales of input functions.

Classes of input functions Observed data Temporal scales of input functions and data processing
—
Precipitation Daily data © Daily (Observed data) —Monthly (Mean value)
Light intensity Daily data © Every 5 day (Mean value) —Monthly (Mean value)
Water temperature (South Every 10-30 day data | © Every 5 day (Interpolated»Monthly (Mean value)
Lake) value)
Water temperature (North Monthly data © Every 5 day (Interpolated—Monthly (Observed data)
Lake) value)
Eoportion of diatoms Monthly data ) \I;Igﬁlrey) 5 day (Interpolated—Monthly (Observed data)

© Temporal scale in the standard simulation.
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Fig. 5 Results of analysis on temporal scale and spatial scale and results of sensitivity analysis for parameter ».
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Analysis on spatial scale
- Decrease e. 1 watershed for South Lake(, »: presumptive values by the
+ Increase and decrease are the same degree. simple model) . .
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Sensitivity analysis for parameter »
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Lake). Each concentration is shown by the ratio for annual mean in the
standard simulation.
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Table 2 Spatial scales of submodels.
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Fig. 13 Variation of retention time for
South Lake and North Lake.

Fig. 14 A simple model for water-
shed.

Classes of submodels

Spatial scales

Water quality balance model (South Lake)

Water quality balance model (North Lake)

Water quantity balance model (Water level,
discharge from South Lake)

Water quantity balance model (Discharge
from North Lake)

Load model (South Lake)
Load model (North Lake)
Tank model (South Lake)

Tank model (North Lake)

© © O © 0 0 00

1 box

2 boxes (Upper layer,
lower layer)

1 box (For South and
North Lakes)

1 box (For South Lake)

—Constant

23 watersheds —1 watershed

1 watershed —4 watersheds

23  watershed —1 watershed

1 watershed —4 watersheds

© Spatial scale in the standard simulation
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Table 3 % n-values of load model (the watershed of South Lake)

T-N T-P T-COD
Mean values for ‘23 watersheds ' L=169Q"% L=22.1Q%" L=455Q0%2
Presumptive values by the simple model L=169Q"° L=34.4Q08° L=617Q""*
Values determined assuming that each total _ . _ y _ 903
amount of pollutants load is equal L=253.5Q' L=55.25Q% L=728Q>"
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