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Abstract

In the paper by Mitreski et al.' a dynamic biogeochemical model has been
proposed, which tends to describe some of the processes that contribute to the
eutrophication of Lake Ohrid. By balancing the complexity between the scope of
the model and the available data, we selected state variables and formulated
mathematical expressions. With three differential equations, we took into
account the change of available phosphorus, as well as time dependent
behaviour of phytoplankton and zooplankton concentrations in the lake. By
considering both model output and lake-wide observations, the suitability of the
model was analysed.

The main goal of this paper is to give experimental validation of the
proposed mathematical model. Four groups of phytoplankton and seven
zooplankton types were considered in the analysis. The simulated results from
the model are validated with the measured values from the lake. We concluded
that the model shows the general trends and considers the probabilistic nature of
the lake ecosystem.
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210 Development and Application of Computer Techniques to Environmental Studies

1 Introduction

The development of aquatic ecological models can be divided into
empirical, dynamic and mixed models.

Empirical models are constructed on the basis of the relationship

between different parameters, for example the depth, the rate of
phosphorus input, etc., e.g. Vollenweider^, OECD^ and Davcev et alA

Dynamic models, derived from a causal analysis of ecological and

biological fluxes, are based on calculations using differential equations.

Some of these models tend to give an overall picture of the epilimnion,

hypolimnion and sediment, by using realistic process equations, e.g.
Scavia^, Janse et al.6 and Jorgensen^. Dynamic models are often

difficult to calibrate and validate.

Mixed models combine some advantages of the previously described
models in the context of predictive modelling. The most frequently used
technique of these models is regression analysis between two or more

important parameters for a specific water body, e.g. Hakanson et al A
Our work is related to the ecological state of Lake Ohrid, which

represents rare natural ecosystem inhabited by many endemic and relict

species. For its outstanding natural surroundings, Lake Ohrid has been
placed on the UNESCO world natural heritage list. The lake faces
accelerated deterioration of its waters and a change of the trophic state of
this aquatic ecosystem, mainly caused by nutrient load. "Man-made"
eutrophication, in the absence of control measures, proceeds much faster
than the natural phenomenon and is the major reason for pollution of this
lake, e.g. World Bank̂ .

We proposed in the paper by Mitreski et aU a mathematical model

that gives general picture of the level of eutrophication in the Lake Ohrid
and shows general trends of the lake behaviour. Our model has been

inspired by some of the ecological models proposed by Scavia^ and
Janse et al.6, and by the analyses conducted on Lake Ohrid. The specific
nature of the lake has been taken into consideration and embodied in the
model. As suggested in World Bank^, the nutrient cycling in the

sediment is not included. Such dynamic model, which tends to predict
future eutrophication and the trophic state lake-wide, is the first attempt
undertaken in describing the ecological state of Lake Ohrid.

This paper focuses on the experimeantal validation of the
mathematical model over several phytoplankton and zooplankton groups.
The section 2 gives a brief overview of the mathematical equations that
comprise the ecological model for the Lake Ohrid. In section 3, the
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Development and Application of Computer Techniques to Environmental Studies 211

simulated results from the model are presented. They are validated by the
measured values from the lake. Finally, section 4 concludes the paper.

2 The Mathematical Model

On the basis of the biological and chemical processes in the lake, the
mathematical model is comprised out of three equations describing the

behaviour of the available phosphorus, phytoplankton and zooplankton.

Model equations are given below. Mitreski et al.' describe the conceptual

and mathematical models in more details.

dPh
(3)

where
AvlP is available phosphorus

P/C is phosphorus to carbon ratio in plankton
D is decomposition
Pr is production
R is respiration
Ph is phytoplankton
Cj is zooplankton consumption
Z is zooplankton
aj is feeding efficiency of predator j

and where summation indices] = all zooplankton and
n = all food.

3 Experimental results

In this section, the experimental validation of the results obtained by the
mathematical model will be presented for several phytoplankton and
zooplankton groups. The validation of the available phosphorus is given
in the paper by Mitreski et al J .
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212 Development and Application of Computer Techniques to Environmental Studies

The measured and model output values have been compared for four

phytoplankton groups. Each phytoplankton group is given in percent with

respect to all four considered groups.

Jan Feb Mar Apr May Jun Jut Aug Sep Oct Nov Dec

_+_ Measured values ....* Model output

Figure 1: Seasonal dynamics of measured values and model output for

Bacillariophyta (given in %)
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Figure 2: Seasonal dynamics of measured values and model output for
Chrysophyta (given in %)

On figures 1 to 4 both measured values and simulated output from
the model are given for the phytoplankton groups. As it can be seen from
the figures, the simulated curves from the model generally follow the

measured values from the lake.
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Figure 3: Seasonal dynamics of measured values and model output for
Chlorophyta (given in %)
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Figure 4: Seasonal dynamics of measured values and model output for
Pirrophyta (given in %)

Following figures presents both measured values and simulated
output from the model for zooplankton groups Cladocera and Copepoda.

Each zooplankton group is given in percent with respect to both
considered groups. The simulated curves from the model generally tend

to follow the zooplankton dynamics.
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Figure 5: Seasonal dynamics of measured values and model output for
Cladocera (given in %)

100
90
80
70
60
50
40
30
20
10
0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

.Measured values Model Output

Figure 6: Seasonal dynamics of measured values and model output for
Copepoda (given in %)

4 Conclusion

In the paper, we validated the dynamic biogeochemical model of the
Lake Ohrid, using four phytoplankton and two zooplankton groups. In
this way it was possible to validate the model with more experimental

data. We concluded that the proposed mathematical model agrees with
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Development and Application of Computer Techniques to Environmental Studies 215

most of the simulated cases and gives a real picture of the lake trophic

properties.

We plan to improve the model using other phytoplankton and

zooplankton groups and involve other relevant parameters into the model.
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