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Adequately modelling the ecological outcomes in response to different environmental watering strategies is 

crucial. This is because water managers use this information to help make decisions on where and when 

environmental water is delivered. Predicting ecological response to flow in itself is challenging and a complex 

task since there is incomplete data and the relationships are multifaceted and complex. While a number of 

approaches exist to represent ecological - flow relationships, we argue that many of these approaches are limited 

in their ability to support environmental water management decisions in that they (i) do not adequately represent 

the cause-effect relationship between different flow components and ecological outcomes; (ii) are not able to 

represent temporal sequencing of ecological condition; and (iii) are not easily updatable  – all of which are 

essential for a systematic adaptive management and ongoing active management of environmental water. Thus 

we propose the use of conditional probability networks (CPN) as an approach to representing ecological 

responses in decision support tools for environmental watering decisions. This approach overcomes many of the 

limitations of other approaches, and also allows the incorporation of different data sources (e.g. expert opinion, 

empirical data) and has the ability to quantitatively consider the uncertainties associated by the cause-effect 

relationship using conditional probabilities. We demonstrate the use of CPNs using an example for Australian 

Graying and its applicability in environmental water management. We also discuss some of the administrative 

challenges in using ecological response models for management decisions and having processes in place to 

acknowledge uncertainties and update models as new data becomes available. 

 

1 INTRODUCTION 

River ecosystems worldwide are complex and highly diverse supporting a range of species and ecological 

processes [1]. However, alteration to the flow regime due to an increase in demand for water (e.g. agricultural 

and domestic purposes) and river regulation has significantly impacted the integrity and sustainability of these 

important systems [2]. Managers have the challenge in determining and allocating water between the 

environmental and consumptive uses effectively. Predicting the ecological response as a result of a given water 

management strategy with accuracy is in itself is a very difficult and challenging task.  While there have been 

significant advances in our understanding of the complex relationships between flow and ecology [3,4], this 

knowledge is often not presented in a way that readily supports management decisions.  This challenge is 

highlighted when developing decision support tools for environmental management, where the nature of 

modeling requires the conceptual link between flow components and ecological endpoints to be explicitly 

described.  Many existing environmental flow studies provide a recommended flow regime (e.g. [5]), however 

with limited environmental water available, environmental mangers are required to make decisions about which 

flow components to provide to which assets.  Where there are multiple flow components that support or 

contribute to a single ecological endpoint, and limited environmental water available to provide all flow 

recommendations, the detail of the ecological response model must include information on the relative 

importance of one flow component over another, or the benefits of providing part of a flow recommendation 

rather than the full recommendation.  

 

This paper looks at the approaches previously used to represent ecological endpoints in optimization based 

decision support tools and assesses these against the information required to make environmental watering 

tradeoff decisions (Section 2). We present in Section 3 a potential approach, using Conditional Probability 

Networks (CPN), using Australian Grayling (Prototroctes maraena)  as an example. We conclude with final 

remarks in Section 4. 



2 REPRESENTING ENVIRONMENTAL OUTCOMES 

Existing optimization tools to support environmental watering decisions have used a number of different 

approaches to representing environmental outcomes; hydrological indicators, habitat models and population 

models [6]. There are clear differences in the level of data and modeling information needed to support each of 

these approaches. In Table 1 (adapted from Horne et al [7]), along with data requirements, we assess these 

approaches against aspects that we consider essential for seasonal environmental watering decisions, these 

include the representation of (i) marginal value; (ii) flow – ecological outcome relationship; and (iii) temporal 

sequencing. These factors are important in supporting seasonal environmental watering decisions because the 

marginal ecological benefit for a given watering decision needs to be quantified such that strategies can be 

compared and best one selected. In addition to this, the ecological complexity should contain the required level 

of detail to ensure predictions are reliable, while temporal sequencing should be considered, as ecological 

outcomes for many species are also based on antecedent conditions. 

 

Modelling 

Approach 
Data requirements 

Representation 

Marginal 

Return 

Flow – ecological 

outcome relationship 

Temporal 

Sequencing 

Hydrological 

Indicators Hydrological data 
Linear 

relationship 

Surrogate measure of 

ecological outcome 

No consideration 

(based on long term 

statistical analysis) 

Habitat 

Models 

Bathymetry, hydrological 

data,  habitat requirements 

linked to ecological 

objectives 

Non-linearity 

and thresholds 

Surrogate measure of 

ecological outcome 

No consideration 

(based on long term 

statistical analysis) 

Population 

Models 

(simple) 

As above habitat models 

but incorporates 

relationship between flow 

– ecological outcomes 

Non-linearity 

and thresholds 
Basic ecological outcomes 

Commonly used on 

long term statistical 

analysis. May 

consider temporal 

sequencing 

Population 

Models 

(complex) 

Models the population 

demographics. 

Non-linearity 

and thresholds 

Direct measure of 

ecological outcomes 
Considered 

CPN 
Can incorporate data 

driven information or use 

expert opinion 

Explicitly 

represents 

non-linearity 

and thresholds 

Represents complex links 

between flow components 

and life stages in a readily 

implementable way 

Explicitly 

represents temporal 

sequencing 

 

Table 1: Approaches to representing environmental outcomes in optimization (adapted from Horne et al [7]) 

 

3 CONDITIONAL PROBABILITY NETWORKS: AUSTRALIAN GRAYLING EXAMPLE 

To ensure that ecological response models provide useful information that help environmental water managers 

make effective seasonal watering decisions, it is vital that the decisions available are explicitly shown in an 

ecological model and linked to the main processes governing ecological outcomes, while also containing the 

required level of complexity. In the past, this has not been sufficiently modelled and this has contributed to the 

limited uptake of decision support tools. A potential method to overcome this limitation is using CPNs, which 

are the network of conditional probabilities tables that underpin a Bayesian network model. The advantages of 

Bayesian models include [8]: 

 graphically representing the current state of knowledge about which main flow components drive the 

ecological outcomes for any species; 

 promotes transparency; 

 simple to use and easily updated ; 

 incorporation of different data sources (e.g. empirical, expert opinion); and 

 quantification of uncertainties of cause-effect relationships using the conditional probabilities. 

 

Commonly, Bayesian models are used to consider long term planning problems where the parent nodes (such as 

streamflow in the case of environmental water management) are represented as a distribution based on long term 

historical records. We are proposing that for seasonal and active environmental watering decisions, and 

particularly for use in an optimization tool, CPNs can be used where the parent nodes represent the release 

pattern that an environmental manager plans to use for that year. Importantly, by using CPNs in this way, the 



model can incorporate the temporal sequencing (i.e. antecedent conditions). This approach represents the 

ecological outcomes with more complexity compared with the simple hydrological and hydraulic methods, but 

overcomes the challenges experienced by complex population models (see Table 1).  

 

 

To demonstrate a CPN model, an example using Australian Grayling has been developed and is shown in Figure 

1. Australian Grayling are diadromous, migrating between the sea and fresh water. An autumn flow pulse event 

is believed to trigger spawning and larvae migration downstream. It should be noted that a fall water temperature 

also influences spawning. Juveniles then return upstream once a spring pulse event occurs 4-6 months after 

spawning. In order to ensure pre-spawning conditions, adequate habitat should be maintained by meeting the 

recommended streamflows. Environmental water managers thus have options to maintain streamflow as well as 

selecting the magnitude, timing and frequency of pulse or fresh events while also considering the previous year’s 

existing conditions and Macroinvertebrate condition. As can be seen in Figure 1, these relationships are easily 

and effectively be depicted using the CPN structure. Importantly, the flow components that the environmental 

manager can make decisions about are explicitly shown in the figure, and linked through to the management 

objective of maintaining Australian Grayling condition.  

 

 

 
Figure 1: Conditional Probability Network for Australian Graying (adapted from Shenton et al [9] and through 

expert elicitation) 

 
As mentioned above conditional probabilities tables are used in the CPN to quantify the uncertainties. For 

example, when a summer/autumn low flow is released at a certain magnitude, this impacts the probability that 

instream habitat is adequate or not, which influences the probability of pre-spawning, trigger spawning and 

ultimately the probability of recruitment and in turn the final conditions of Australian Grayling.   

 

4 DISCUSSION AND CONCLUDING REMARKS 

While there have been significant gains in our knowledge of flow-ecology relationships, there remains a 

challenge in translating and representing this knowledge to inform management decisions. The CPN model 

presented in this paper provides a promising approach in tackling these challenges faced by many environmental 

water managers and experts. 

 

Even though, the science informing these methods is progressing, there is still a great amount of uncertainty 

associated with developing such models. While some aspects of the conditional probability tables may be data 

driven, other aspects will be based on expert opinion. It is important that if such models are adopted to support 

environmental water management decisions and implemented within decision support tools, a clear process must 



be in place to both document the level of certainty and to refine the models as new information becomes 

available.  

 

It is worth acknowledging that current environmental watering decisions are being made with limited 

information, model and decision support tool capabilities. These decisions often are informed by expert panels 

that are relying on their own mental conceptual models. The same uncertainties exist with or without a 

documented conceptual model. By documenting the conceptual model and the known uncertainties, the model 

can be tested both through decision support tools and through watering actions that inform revision of the 

conceptual model.  
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