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On the use of coupled software tools to control water quality ...

variables v, v», and v; respectively. M(ax;, ¢hxa, cax;) = (vy, va, vi) denotes the
system transfer function. Following goal functions are considered:

—  phytoplankton biomass f;(7) = £,2, v;{(x, 1) = min..

— orthophosphate phosphorus f>(1) = Z,2, v-(x, 1) — max.,

— nitrate nitrogen f3(r) = 2., vi(x, f) = max.

Corresponding to the input variables following restrictions are valid for the
parameters «;, ¢ and ¢ & = 1, & and ¢; vary in the interval [0,1]. The
information exchange between ISSOP and MATLAB is presented in fig. 4. ISSOP
uses the model variables and target values as input data and gives optimised state
variables back to the simulation system.

Optimisation optimised state variables > Simulation

system L system
1SSOP < 1| MATLAB
variables, targets (HavelMod)

Figure 4. Information exchange between coupled simulators

3. Experimental area and data interpolation

Applying the coupled simulator on water quality problems of shallow lakes
a stretch of the Lower Havel River between measuring points Hv0140 and Hv0180
was chosen (fig. 5). The River Havel belongs to the greatest tributaries on the right
hand site of the River Elbe. It is strongly influenced by the River Spree. The length
of the River Havel is about 325 km. It is characterised by a very small elevation
difference between source (63 m above sea level) and mouth into the River Elbe
(22 m above sea level). For low-flow situations a slope of the water level of
2 cm/km was observed. The watershed is characterised by shallow lakes, wetlands
and marshy country, as well as by high evaporation rates. Only 25% of precipitation
contributes to flow. Hydraulic works and banked-up water levels influence water
flow and the intensity and kinetics of nutrient dynamics along the course of the river.
The active sediment layer is given by 2 cm to 6 cm. For the water quality simulation
framework the river basin of interest was divided into several segments of different
length (fig. 5). Time series of water quality data from 1997 are taken into
consideration as references, while time series from 1998 to 2002 with daily, weekly
and two-weekly sampling intervals from different measuring points along the course
of the river were used for modelling and parameterisation.
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LAWA concept: f; = 48.762 ug/l, f> = 0.166 ug/l, f; = 0.08 mg/1.

As a result the LAWA concept leads to significant lower nutrient
concentrations but to a slight increase of phytoplankton biomass. In opposite of that
an eutrophication control according to the limiting nutrient concept results in lower
phytoplankton concentrations but higher admissible nutrient inputs.

5. Conclusions

The use of combined simulation-optimisation procedures to manage the
water quality of rivers, lakes and reservoirs is an approach promising more
theoretical understanding of complicated natural processes and software engineering
methods. Mostly, decisions are based on scenarios computed by water quality
simulation models. A sustainable management to control freshwater ecosystems can
only be achieved by using powerful informatic tools where simulation model and
optimisation procedures are directly coupled. But some problems exist in
formulating optimal management conditions which are most appropriate for rivers
and lakes, and how far different goal functions are equivalent. In this context the
study of goal functions can be seen as a study of mechanisms of land use changes in
the catchment, rather than a study of water quality indicators as they are observable
at a given instant of time, or at a given site and situation. Up to now, ecosystem risk
has not been considered in the simulation models. Therefore, perspectives of
development of informatic tools for water quality management on a river basin scale
may be seen in combinations of water quality simulation models including risk,
multi-objective optimisation procedures and visualisation tools.

Generally, freshwater system identification and model parameter estimation
should be based on regular sampled or monitored data series. This prerequisite is
mostly not fulfilled. Therefore, pre-treatment of data plays an important role to get
valid simulation and optimisation results. Especially, filling of data gaps has to be
regarded as a necessary task before applying a water quality model to solve
management problems. Interpolation methods discussed in this paper lead to
equidistant time series of water quality.

References

Cembrowicz R.G. (1988) Siedlungswasserwirtschafiliche Planungsmodelle. Springer, Berlin,
Heidelberg, New York.

Gnauck A. (1999) Vergleichende modellgestiitzte Untersuchungen des Stoffhaushaltes
durchflossener Flachseen des Havelgebietes. Deutsche Gesellschaft fiir Limnologie
(DGL), Tagungsbericht, Tutzing. 514-518.

Gnauck A., Heinrich R.. Luther B. (2002) Water Quality Management of a Sub-Watershed of
the Elbe River, in: Environmental Communication in the Information Society.
W. Pillmann, K. Tochtermann. eds.: Internat. Soc. Environm. Protect., Vienna,
524-531.

179






IBS AN D





