Gippsland Lakes Environmental Study - Fact Sheet No. 1

Modelling the Gippsland Lakes – Why and How?
Gippsland Lakes
The Gippsland Lakes are a series of shallow, interconnected coastal lagoons about 200 km east of
Melbourne. The Lakes, which run almost parallel with the Ninety Mile Beach of Bass Strait, are almost 70 km
2
long and 10 km wide at the widest point. They have a combined surface area of 365 km and drain a
2
catchment area of 20,600 km .
Since the 1860s land use and other changes have altered the quality and quantity of catchment inflows to the
Lakes. Additionally, maintenance of a navigable channel at Lakes Entrance since 1889 has allowed the
intrusion of sea water into the Lakes.
These changes have transformed what was once a freshwater lake and marsh system to a saline, high
nutrient environment. Several ecological changes have accompanied this transition of which some, such as
algal blooms and oxygen deficiency in deeper water areas, have the potential for profound social, economic
and environmental consequences should they continue to increase in frequency and extent.

Water Quality Monitoring Project
To better understand the functioning and to assess options for improving the environmental amenity of the
Lakes, the Gippsland Coastal Board commissioned the Gippsland Lakes Water Quality Modelling Project in
1999. The project was established as a partnership between the Department of Natural Resources and
Environment and CSIRO for the Gippsland Coastal Board and stakeholders including government agencies
and regional industry, catchment and water authorities, with each contributing funds towards the project. In
addition CSIRO, University of Melbourne, EPA, Marine and Freshwater Resources Institute, Monash Water
Studies Centre, and Gippsland Ports, provided inkind contributions to the project.
A series of scenarios were defined to test the likely ecological outcomes associated with major changes in
nutrient loads, freshwater inputs, or exchanges with the sea. In all sixteen broad-scale scenarios were
investigated.

Models
The prediction of the likely responses to each scenario requires an understanding of system inputs, water
circulation and ecological processes. The approach adopted by the project was to simulate this
understanding in computer models. The models referred to are a series of mathematical equations run using
the processing power of specially written computer programs.
The modelling process provides predictions of a set of environmental indicators including algal and dissolved
oxygen concentrations in the waters of the Lakes. The models applied were a hydrodynamic model required
to simulate water flow and mixing within the Lakes and a biogeochemical model that simulated the chemical
and ecological response of the Lakes.
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Hydrodynamic Model
The hydrodynamic model represented the Lakes as a three-dimensional array of grid cells (500m horizontal
and 0.5 m vertical) and solved equations for the conservation of mass, momentum and energy transfer
equations. It simulated three-dimensional distributions of water velocity, temperature and salinity as well as
nutrient concentrations and other tracers throughout the Lakes.
The model incorporated elements of freshwater and marine inflows, tidal mixing and saltwater/freshwater
balances using physical data such as water depths, winds, atmospheric pressure gradients, rainfall,
evaporation, sea level and surface heat fluxes.
The hydrodynamic model provided the ability to define exchange rates and mixing (vertical and horizontal)
over the study period (1995-1999), and also to predict how the mixing and currents would change under
various scenarios, such as increased or decreased inflows.
The model showed that flushing times for the main bodies of the Lakes vary from about 5 to 9 months during
low flow periods, but the flushing period is substantially reduced during high flow (flood) events. The model
simulations show that low-frequency fluctuations in Bass Strait caused by the passage of weather systems are
more important than tides in controlling the exchange of water between the ocean and the Lakes.

Biogeochemical Model
The
biogeochemical
model
simulates
the
environmental health of the Lakes in terms of nutrient
concentrations, algal (phytoplankton) blooms, light
intensity and oxygen conditions and how these
respond to changes in flow, loads and exchanges
over time.
Benthic (sea bed) processes and sediment along with
their interaction with the water column play a critical
role in shallow coastal systems such as the
Gippsland Lakes. Using the hydrodynamic model as
the framework, the biogeochemical model provides a
three-dimensional representation of system function
and condition over time. This provides the ability to
predict how the Lakes will respond in terms of water
quality and other environmental indicators to various
scenarios such as increased or decreased nutrient
loads.
The biogeochemical model was developed using
known chemical and biological processes in aquatic
environments. Cycles of nitrogen, phosphorus and
carbon are modelled together with physical and
biological processes such as oxygen conditions,
microbial activity and growth and aging of plants and
animals. Defining and linking these interrelationships
provides the ability to forecast the fate and impacts of
nutrients, sediments and organic matter in the Lakes.

The Lakes display a large range of diversity in terms of their physical attributes and the pressures placed on
them by the catchments that drain to them. This fact sheet is part of a series aimed at informing the
community on the results of the project. More detailed information is provided in the technical and final
reports, which are available on the Gippsland Coastal Board website (http://www.vcc.vic.gov.au/gcboard).
For further information contact:
Gippsland Coastal Board, 7 Service Street, (PO Box 476), Bairnsdale Vic 3875
phone: (03) 5152 0451, fax: (03) 5152 0444, or e-mail: gcb@net-tech.com.au

