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Abstract 
The Murray-Darling Basin in Australia is severely environmentally degraded due 
to anthropogenic changes. Problems include elevated river salinity levels, 
widespread blooms of toxic blue-green algae, decline of native fish and bird 
populations, and loss of floodplain wetlands. The community and the government 
are committed to improving the state of the environment in the Basin, both for its 
intrinsic ecological values, and to ensure the sustainability of production in 
Australia's most economically important agricultural region. To facilitate the 
trade-off process between users of this resource, an environmental flows decision 
support system (EFDSS) is being developed to allow explicit prediction of the 
likely response of key features of the riverine environment to proposed flow 
management scenarios. The EFDSS is being developed using the RAISON shell 
(Lam et al., 1994), and will integrate a range of simple models of riverine ecology 
which are being developed. These models will include qualitative and quantitative 
models representing the response of different aspects of the instream and 
floodplain ecology dependent upon the river flow regime. The EFDSS will not 
include a hydrology model, but will use the outputs from the hydrology models 
currently in use in the Basin as inputs to the ecological models. The EFDSS will 
provide a range of tools to allow evaluation of scenarios, as well as explanations 
and supporting information to elucidate the ecological modelling. 

1 INTRODUCTION 

The Murray-Darling Basin covers 1 million km2; one seventh of the area of 
Australia. It is mainly devoted to extensive agriculture, including large areas of 
irrigation. As rainfall in the Basin is highly variable and on average very low, the 
rivers of the Basin have bee,n impounded to provide a more reliable water supply. 
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88 Part Three Decision Support 

The Basin contains a mosaic of riverine habitats, and supports a rich array of 
flora and fauna. However; extensive anthropogenic changes have led to many 
environmental impacts. The regulation and extraction of surface water is one of the 
most important drivers of riverine ecological change in much of the Basin. 

Water storage capacity and the extent of irrigated agriculture increased 
unchecked until 1995 when a Basin-wide audit revealed that 80% of the mean 
annual flow is diverted for consumptive use (MDBMC, 1995). In addition, the 
existing flow regulation system would allow higher levels of diversion if no 
intervention was taken. As a result, a 'cap' on further diversions was agreed to for 
one year. This cap has recently been extended for a second year. Before further 
development occurs, we need a clear understanding of the levels of environmental 
impact resulting from water regulation and diversion. Both the quantity of water in 
our rivers and aspects of the natural variability of flows (which dams are designed 
to remove) are of great ecological importance. Research is revealing the flow 
variables of ecological importance. These include flow volumes and timing 
(season), as well as the frequencies and durations of floodplain inundation. 
Identifying the relationships between riverine ecology and attributes of the flow 
regime is the key to predicting ecological response to changes in flow diversions. 

In the following sections we give an example of our approach to modelling 
riverine ecology, followed by a description of the software design for the EFDSS. 

2 MODELLING RIVERINE ECOLOGY 

When deciding what to model to adequately represent a system, two of the most 
important questions to answer are: what is the objective of the modelling?, and 
how good is the understanding of the system? In this case, the modelling objective 
is to predict the effect of different flow management strategies on the future state 
of the riverine environment. Our understanding of the system is relatively poor. 
Aquatic ecology is complex and dynamic, with multiple flows of energy and 
materials through the physical environment and through food webs. We do not 
have the understanding required to develop holistic quantitative models of aquatic 
ecosystems. We have data to allow quantitative modelling of a few narrowly 
defined aspects of the system, such as how algal growth depends upon water-body 
hydrodynamics, but for most aspects of the system we are limited to qualitative 
modelling using simple representations. Even so, choosing what to model is not 
immediately obvious. One important consideration is to identify the indicators of 
riverine health can we realistically monitor into the future. By matching our 
modelling outputs to ongoing monitoring we ensure close links to management 
objectives, and provide the basis for adaptive management. Unfortunately in many 
cases, the indicators we currently believe to be most scientifically defensible, are 
those for which we have insufficient data and understanding to allow any sort of 
predictive modelling. In these cases, we will inevitably have to resort to using one 
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or more surrogate indicators. We are currently developing a number of simple 
qualitative predictive models for surrogate indicators of riverine health. 

Three aspects of riverine ecology have been chosen as the initial focus, although 
undoubtably other aspects will be considered later. These three aspects are the flow 
requirements of native riverine fish species, the flow requirements of floodplain 
wetland systems, and the flow requirements to prevent nuisance algal blooms. 

Below we discuss some of the important aspects of the flow requirements of 
native riverine fish, and how these may be represented for modelling. 

2.1 Native fish 

Fish community measures are sensitive indicators of river health, as they 
effectively integrate over all trophic levels of consumer ecology. While fish are 
known to be useful indicators, models of fish abundance and diversity as a 
function of flow are not well defined. At the reach scale, available habitat is often 
used as a surrogate indicator of response, and available habitat is modelled as a 
function of flow. The most widely used method based on this approach is the 
Instream Flow Incremental Method (IFIM), which was developed in North 
America for protection of sport fisheries (Bovee, 1982). In Australia, applications 
of IFIM have been few and of limited success, as the standard IFIM habitat 
definition is a poor surrogate indicator. Changes to the incidence of flooding and 
other aspects of flow variability appear more important, as these provide cues to 
fish for life cycle events such as spawning (Pusey and Arthington, 1991). 

To capture knowledge of flow requirements of native fish we are developing 
qualitative models based upon information derived from interviews with expert 
ecologists. As an example, the flow requirements of Golden Perch (Macquaria 
ambigua) based on preliminary interviews are discussed below. 

Golden Perch are native to the Murray-Darling Basin. They are representative of 
a number of common species in their flow needs, and have suffered a marked 
decline in the last few decades. They are therefore a useful indicator species. 

Experts identified different habitat requirements for eggs, larvae, juveniles and 
adults of the species, and also identified the requirements for successful spawning. 
The habitat requirements for eggs and larvae are based on water quality variables 
and so are not within our current focus. The habitat requirements for juveniles and 
adults are based primarily on depth, and although habitat area (defined by depth 
alone) will drop with reductions in flow, this is unlikely to ever become limiting. 
The key flow requirements are firstly, the spawning flow (the important variables 
being the season, the rate of change of depth, and the duration of this rate of 
change); and secondly, the need for an overbank flow event after spawning to 
allow access by juveniles to the food resources of floodplain wetlands. For each 
variable the range of values for optimum response was estimated, and the lower 
and upper bounds for critical response were estimated. For each variable there are 
ranges of values between optimum and critical. Assessing the expected response 
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for various combinations of these ranges, and linking them to a measurable 
indicator such as fish abundance, is the focus of ongoing model development. We 
envisage expressing the model as a set of rules. It is important to maintain a level 
of simplicity appropriate to our level of understanding, yet ensure that critical 
aspects of response to flow, including temporal and spatial variability are captured. 

3 SOFTWARE DESIGN FOR THE EFDSS 

The EFDSS requires an approach that is flexible and adaptive so the system can 
evolve as concepts and models improve. We will use the hydrological models (eg. 
the Integrated Quantity Quality Model (IQQM) (Podger et al., 1994)) used by 
resource management agencies to simulate flow conditions. The computed flows 
will be input to the ecological models (Fig. 1) to predict ecological response. By 
associating the ecological outcomes with flow conditions we can identify water 
allocation policies which protect the environment. This will provide the basis for a 
trade-off between environmental water requirements and other demands. 

Figure 1: Study area in Australia; imported file of IQQM results and other data; 
water temperature plot; monthly mean flow plot; map of the Border Rivers area. 
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The framework of the EFDSS is shown in Fig. 2. There are three types of input: 
information, data and maps. The information provides a description of the 
parameters used in the hydrological model. This includes information about the 
river network, and transfers and extractions of water. The input data is the output 
(predicted flows) from the hydrological model for a range of scenarios. The maps 
provide input information on wetland locations, flood extent and vegetation 
patterns. To build up the linkages with the ecological models, some pre-processing 
is required to convert the calculated flow into other important parameters such as 
frequency of drought and overbank flow, and water depths. 
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Figure 2: Framework for the environmental flows decision support system. 

There are several ways of ·implementing the ecolo.gical models in the decision 
support system. One way is to write computer code for the individual ecological 
models based on mathematical relationships of water depth, temperature, and other 
numeric attributes. The second way is to write each ecological model as a rule
base, using optimal decision tree algorithms (Pearl, 1988), with if-then rules that 
accept numeric values, qualitative descriptions or fuzzy membership functions for 
the attributes. A third way is to re-structure the rule-base and use other artificial 
intelligence algorithms such as the frame-and-object approach. These methods all 
have their advantages and disadvantages. For the first method, the disadvantage is 
inflexibility, because only numeric values can be used and it requires specific 
coding for each model. The second method allows both quantitative and qualitative 
inputs, and the rule-base offers a more flexible structure to modify models. The 
third method allows even greater flexibility in modifying the ecological models, 
because changes can be made to a class of attributes (eg. fish instead of perch, 
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carp, etc.), and the rule-base is more suited to object-oriented programming and 
databases. However, since the third method requires more information to re-work 
the ecological relationships, we have adopted the second method initially, as it 
offers the flexibility required and is readily available in the RAISON system. 

As shown in Fig. 2, the ecological model can be rewritten as a rule-base by 
making use of the data from the IQQM model outputs and from the map 
information, through some knowledge processing to render them into an if-then 
format. By executing the rule-bases and using the outcomes, we can rank or assign 
a score to each of the ecological indicators. The ranking method and the weighting 
scheme for combining different ecological scores can be selected by the user. By 
repeating the execution for otber flow conditions, collective scores for all stations, 
years and model scenarios are assembled and presented to policy makers and their 
advisors to help decide on possible new policies on water control and allocation, 
based on both flow conditions and ecological benefits. If new model scenarios are 
required to ascertain some of these potential policy options, they will be fed back 
to the IQQM modellers to re-run the model with appropriate input parameters and 
start the decision support system cycle again (Fig. 2). 

4 PRELIMINARY RESULTS 

We have started the assembly of data and preliminary rule sets. This provides 
sufficient information to construct a proof-of-concept prototype using the RAISON 
for Windows development platform. The example used is the spawning of Golden 
Perch. Ecologists (Ebner, pers. comm.) suggested that spawning is conditional on 
the time of year (season), water temperature, rate of rise in water depth, and 
duration of rate of rise. Based on this information, we can bring in information 
from the RAISON database and map components and construct the rule base. The 
following example is only for explanatory purposes of the software design and 
implementation of the EFDSS, since the ecological models are incomplete. 

4.1 Discrete logic rule-base 

In RAISON, the ecological model for spawning conditions of Golden Perch can be 
translated into an if-then rule base. For example, in the discrete logic mode, 
RAISON offers a three-step interface to define the rule set. In the first step, the 
parameters can be entered as crisp entities and assumed to be discrete values. The 
attributes of each parameter can also be assigned. For example, rate of depth rise 
from 10 to 15 cm/h is optimum, and from 15 to 30 cm/h is medium high and so on. 
In the second step, the combinations of parameters values are tabulated and the 
conclusion of each case is given. For example, if all parameters are optimum, then 
the result is excellent for Golden Perch spawning. 
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The third step is to execute the rule set by selecting the run command from the 
menu of the RAISON expert system. Then, the user is either prompted for input in 
the interactive mode, or asked to supply a data file in the batch mode containing 
values for all the parameters, eg. for different years and flow scenarios (Fig. 2). 
Results derived are highlighted in a decision tree diagram. Results can also be 
saved as a data file for subsequent analysis to help decide which ecological score is 
associated with a given model scenario (Fig. 2). 

The advantage of a crisp rule set is that it defines a clear-cut separation of 
attribute ranges, which in thfs case seems appropriate. The disadvantage of this 
approach is that there may be considerable uncertainty in the definition of the 
attribute ranges. In this case a fuzzy description of the parameters is often better. 

4.2 Fuzzy logic rule-base 

In RAISON an interface allows definition of the fuzziness of the parameter by 
prompting the user for the detailed graphical representation of the desired fuzzy 
membership function. For intermediate values, this allows variables to be partial 
members in more than one fuzzy set, thus representing uncertainty in definition. 

The usefulness of the fuzzy logic approach may become more apparent when we 
convert map information into attributes for parameters such as wetland vegetation. 
The boundaries of land cover on many maps are imperfect (particularly if they are 
generated from interpolation of point information), and represent a historic rather 
than current condition. Given known tolerance on these boundaries, the fuzzy logic 
approach may be suitable to bring the map information into the ecological rule
base. 

5 SUMMARY 

For many river basins, particularly those with large variabilities in water flow, the 
survival of many terrestrial and aquatic species depends strongly on the timing 
frequency and magnitude of flooding. We have presented, as a first attempt, a new 
approach to combining scenario results from hydrology models with relationships 
derived from ecological models, as part of the effort to develop a DSS. Preliminary 
results of this approach are encouraging, as implemented in the RAISON system 
which integrates data and information from models, maps, and databases. While 
the ecological models are far from completion, it has been demonstrated that such 
models can be transformed into if-then rules and used in an expert system with 
input from flow data and maps. Both the crisp and fuzzy logic approaches can be 
used, depending on the degree of uncertainty in the rule base. This proof-of
concept exercise has demonstrated that software development platform such as 
RAISON is capable of readily assembling not only the databases such as the 
IQQM model outputs and landuse maps, but also the knowledge bases such as the 
preliminary ecological models. More work needs to be completed, particularly 
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with regard to determining appropriate scales at which to models different aspects 
of the ecological systems, and in dealing with knowledge gaps and uncertainties. 
The environmental software development will evolve as these data and knowledge 
are collected. The prototype has shown the importance of flexibility in software 
design which will remain a salient feature in the EFDSS. 
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