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Executive summary 

Barmah Forest is a Ramsar listed wetland complex in the Murray–Darling Basin of Australia. Barmah Forest 

supports the largest area of Moira grass (Pseudoraphis spinescens) plains in the Murray-Darling Basin and is 

amongst the most southerly distribution of the species in Australia. The plains are recognised as part of the 

Ramsar ecological character description of the forest. Reduction in the area of Moira grass plains has been 

one of the most significant long-term ecological changes within the forest. The causes of decline are 

uncertain and could include flood duration, timing and depth required to promote Moira grass, grazing, fire 

regime and the viability of Moira grass seedbank to cite a few. The documented rate of decline suggests 

that Moira grass may no longer dominate any area of open plains, which threatens to impact the forest’s 

Ramsar listing. A key management objective is to restore the extent of Moira grass plains to the area 

present at the time of the Ramsar listing (1500ha). 

Environmental water managers at Barmah Forest actively manage for Moira grass, attempting to support a 

regime of winter/spring inundation and a summer/autumn drying phase to promote Moira grass growth. 

Although a basic model of the water regime for floodplain grassy wetlands is known, there remains 

uncertainty about how environmental watering influences Moira grass growth at Barmah forest. Water 

managers conduct intervention monitoring to help determine the impact of management actions on Moira 

grass, however they must do this with a limited budget: spending resources investigating a specific 

hypothesis means diverting resources from investigating other uncertainties. It is necessary to prioritise 

monitoring to reduce the uncertainties that will have the largest impact on management outcomes.  

In this project we used a structured decision making process called Value of Information to quantify the 

expected value of reducing uncertainty about the factors limiting Moira grass growth at Barmah forest. The 

Value of Information is a decision analytic method for quantifying the potential benefit of gathering 

additional information in the face of uncertainty. The Value of Information is the difference between the 

value of removing all uncertainty about a hypothesis, and the value given existing uncertainty. In plain 

language, VOI asks: “how much better would my management outcomes be if I could remove the 

uncertainty about this process?”   

Our project identified four measurable management objectives necessary for restoring Moira grass: 

increasing the area of Moira grass plains, increasing the annual frequency of flowering years, increasing the 

average percentage cover of Moira grass, and ensuring an adequate thatch depth during the dry phase of 

the flood cycle. A panel of Moira grass experts identified a priority set of hypotheses about the factors 

limiting Moira grass recovery. For each hypothesis, experts estimated the likelihood that the hypothesis 

was the limiting factor and articulated management and monitoring strategies to address the threat posed 

by each hypothesis. Experts were then taken through a formal elicitation process in which they were asked 
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to assess the expected benefit (relative to each management objective) of implementing a strategy 

assuming that each hypothesis was limiting the objective. The resulting benefit estimates were used to 

compute the management strategy with the highest immediate expected value, as well as the expected 

value of gaining new information before acting. The relative contribution of each hypothesis to the total 

uncertainty was also evaluated. 

Although no strategy is likely to return the extent of Moira grass plains in Barmah forest to their 1982 

listing extent over the next 10 years, our results suggest that experts believe that there are good 

opportunities to increase the extent of Moira grass plains at Barmah forest. Strategies targeting grazing 

(61% increase in total extent; 46% increase in Moira grass cover; 42% increase in thatch depth) and flood 

duration and depth (44% increase in number of flowering years) were likely to be most effective for 

achieving all four management objectives.  

Monitoring and targeted experimentation have the potential to reduce uncertainty about the factors 

limiting Moira grass recovery and therefore lead to more effective management. Results suggested that 

removing all sources of uncertainty and managing the system accordingly could lead to an additional 29ha 

of Moira grass, a 2% increase in cover, an additional 0.9 flowering years per decade, and a 4.6cm increase 

in thatch depth compared to managing under existing uncertainty. These results indicate the potential 

gains of monitoring to reduce uncertainty. These results can be used by decision makers to consider the 

expected gains from monitoring against the anticipated cost of the proposed monitoring program.  

Our approach suggests management activities that can aid the recovery of Moira grass and demonstrates 

the use of Value of Information (VOI) as a way to set management priorities and evaluate monitoring 

decisions.  
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1 Introduction  

Overexploitation, water pollution, flow modification, destruction or degradation of habitat and invasion by 

exotic species threaten freshwater biodiversity worldwide (Dudgeon et al. 2006). For many species and 

ecosystems, human intervention to address these threats is required to preserve biodiversity. However, 

managers have limited resources, so prioritisation of the most effective management actions is critical to 

ensure that resources are used efficiently. 

Responses to manage the threats to freshwater biodiversity are multiple and diverse, however the 

effectiveness of these responses is subject to considerable uncertainty. For example, environmental flow 

releases are used to manage a number of threats, but are subject to considerable uncertainty about the 

ecological responses to a given input of water (Humphries, King & Koehn 1999; Poff & Zimmerman 2010; 

Koehn et al. 2014). Providing flow alone may not be sufficient, as other factors (e.g. barriers to migration, 

anthropogenic-caused mortality or invasive species) may limit ecological responses to flow (Baumgartner et 

al. 2014), making the effectiveness of flows context-dependent.  

Management actions that are subject to uncertainty are problematic for managers because it is hard to 

predict the outcomes (Polasky et al. 2011). For example, an action with high expected impact but also high 

uncertainty may result in very low impact when implemented (or vice versa). A simple way to incorporate 

this uncertainty is by considering the expected benefit, i.e. the predicted impact weighted by the likelihood 

that the impact will be achieved. Although the expected benefit quantifies the impact of uncertainty, it 

does not offer a way to quantify the value of investing resources to reduce uncertainty. 

Intervention monitoring can be useful to improve certainty in outcomes, but the cost of investment in data 

collection and analysis should be weighed against the potential gain in outcomes through informing which 

is likely the best management action (McDonald-Madden et al. 2010). Monitoring is a good investment 

where the expected increase in benefits received by removing the uncertainty outweighs the cost of 

monitoring. Where resources for environmental management are limited, we need to prioritise data 

collection to ensure that resources are used most efficiently to learn about key uncertainties and that 

resources invested in monitoring can also inform management to protect environmental assets while we 

learn (Canessa et al. 2015). 

Building on previous work (Runge, Converse & Lyons 2011; Canessa et al. 2015; Maxwell et al. 2015), we 

follow a decision theory approach to evaluate the benefits of reducing uncertainty of the different 

hypothesis limiting Moira grass (Pseudoraphis spinescens) outcomes at Barmah forest in the Murray-Darling 

Basin. We argue that the best uncertainty to target is the hypothesis that, if resolved, would lead to the 

greatest increase in expected management outcomes. We use a technique from decision science called 
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Value of Information (VOI) (Yokota & Thompson 2004) to quantify the expected gains from resolving 

uncertainty using different monitoring and management approaches and prioritise management actions. 

VOI has been used in environmental health risk (Yokota & Thompson 2004) and conservation biology 

(Runge, Converse & Lyons 2011; Canessa et al. 2015; Maxwell et al. 2015). For example, Runge, Converse 

and Lyons (2011) used VOI to select the best management approach to manage a population of whooping 

cranes in the face of uncertainty about reproductive failure. To our knowledge, VOI has not been applied in 

freshwater systems (Keisler et al. 2014). We demonstrate how VOI can be used to inform monitoring and 

management decisions to best restore a declining aquatic grassland community in Barmah forest.  
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2 Methods 

2.1 Case study 

We apply the VOI approach to quantify the expected value of reducing uncertainty about the factors 

limiting Moira grass (P. spinescens) outcomes at Barmah forest in Victoria, Australia (Figure 1). 

 

Figure 1: Location of Barmah forest in Victoria, Australia. 

Barmah forest (and the adjacent Millewa forest) supports the largest and most southerly area of Moira 

grass plains in Victoria (Colloff, Ward & Roberts 2014). Moira grass plains are an instrumental part of the 

Ramsar ecological character description of the forest (Hale & Butcher 2011). Reduction in the area of Moira 

grass plains has been one of the most significant long-term changes to the wetlands and this ecosystem 

type is now threatened with extinction. Monitoring of the Moira grass plains suggests that Moira grass may 

no longer dominate any area of open plains, which if true threatens to impact Barmah Forest’s Ramsar 



 

Prioritising the value of information for the management of Moira Grass at Barmah forest  |  9 

listing (Colloff, Ward & Roberts 2014). Grazing and changes to the flood regime through river regulation are 

implicated as key drivers of the reduction of Moira grass plains (Colloff, Ward & Roberts 2014; Vivian et al. 

2015). These factors have led to encroachment of river redgum (Eucalyptus camaldulensis) and giant rush 

(Juncus ingens), both of which benefit from the reduction of large, long duration winter/spring floods at the 

expense of Moira grass.  

Environmental water managers at Barmah forest actively manage for Moira grass, attempting to provide a 

regime of winter/spring inundation and a summer drying phase to promote Moira grass growth. Although a 

basic model of the water regime for floodplain grassy wetlands is known (Colloff, Ward & Roberts 2014), 

there remains much uncertainty about how watering and inundation impacts Moira grass growth at 

Barmah forest. Key uncertainties include (but are not limited to) (Colloff, Ward & Roberts 2014):  

 the ideal duration, timing and depth of flooding required to promote Moira grass and deter rush 

and redgum, 

 the ideal fire regime for the floodplain grassy wetlands, 

 the value of manually removing redgum saplings, 

 the extent of grazing impacts, and 

 the impact of flooding events on the Moira grass seedbank.  

Water managers can conduct intervention monitoring to help determine the impact of management 

actions on Moira grass, however they must do this with a limited budget: spending resources investigating 

a specific hypothesis means diverting resources from investigating other uncertainties. It is necessary to 

prioritise monitoring to reduce the uncertainties that will have the largest impact on management 

outcomes.  

2.2 Value of information analysis 

Managers of natural resources must choose which management actions will maximise their chance of 

achieving their goals. This choice is difficult because multiple sources of uncertainty exist. In particular, 

both the factor(s) limiting recovery and the effectiveness of management actions on recovery are often 

uncertain. Uncertainty about the factors limiting recovery can be represented as alternative hypotheses 

about the system, each with a given probability of being true and with different outcomes under proposed 

management actions (Runge, Converse & Lyons 2011). 

Value of Information (VOI) analysis provides an analytic framework to quantitatively estimate the value of 

acquiring additional evidence to inform a decision problem. In this study, we use VOI to inform whether 

additional research is required to resolve uncertainty, and what combination of monitoring and 

management would yield the greatest benefits given the management objective.  
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To determine whether research is required to resolve uncertainty, we can compute the expected value of 

perfect information (EVPI). EVPI is the difference between the expected management outcomes when a 

decision is made only on the basis of the prior information and in comparison to when new information is 

gained (Yokota & Thompson 2004). The EVPI is the expected benefit of eliminating uncertainty entirely. In 

plain language, EVPI asks: “how much better could my management outcomes be if all uncertainty was 

removed?” 

VOI assumes that our goal is to maximise a value function 𝑉(𝑎, ℎ), which measures system benefit relative 

to a management objective. We have multiple hypotheses ℎ about the factors limiting the benefit we can 

achieve, each with a probability 𝑝ℎ that it is the limiting hypothesis, and a variety of management actions 𝑎 

that can be implemented to improve outcomes. If hypothesis ℎ limits performance, assume that the value 

of taking action 𝑎 can be estimated as 𝑉(𝑎, ℎ), Although in reality we do not know which hypothesis limits 

performance, we can estimate the value of resolving the true limiting hypothesis by calculating the EVPI: 

𝐸𝑉𝑃𝐼 = 𝐸𝑉𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦 − 𝐸𝑉𝑢𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦. (1) 

 

The first term on the right hand side of equation 1 is the expected value of certainty 𝐸𝑉𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦, formally: 

𝐸𝑉𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦 = Εℎ [max
𝑎

𝑉(𝑎, ℎ)] = ∑ 𝑝ℎ × max
𝑎

𝑉(𝑎, ℎ)

ℎ

 (2) 

 

It represents the expected value assuming we know exactly which hypothesis limits management 

performance. If we knew the true hypothesis before choosing a management action, the best management 

action would be the one which returns the highest value for that hypothesis, i.e. max
𝑎

𝑉(𝑎, ℎ). However 

since the true hypothesis limiting uncertainty is unknown at the present time, we must weigh the outcome 

of the best management action under each hypothesis by the probability, 𝑝ℎ, that it is the limiting 

hypothesis. 

The second term on the right hand side of equation 1 is the expected value of the uncertainty, 

𝐸𝑉𝑢𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦 , formally:  

𝐸𝑉𝑢𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦 =  max
𝑎

[Eℎ(𝑉(𝑎, ℎ))] = max
𝑎

∑ 𝑝ℎ × 𝑉(𝑎, ℎ)

ℎ

 (3) 

 

This is the value gained from implementing the management action that returns maximum expected value, 

assuming we do not and will not know the true hypothesis of the system prior to making a decision. 

To determine which monitoring strategies would yield the greatest benefits given the management 

objective, we compute the expected value of partial information (EVPXI). EVPXI computes the relative 
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importance of resolving a subset 𝑥 of the uncertain hypotheses and is useful for prioritising management 

decisions. In plain language, EVPXI asks “if I can only remove some of the uncertainty, which uncertainty 

should I target and what is the best management action to reduce this uncertainty?” Formally, 

𝐸𝑉𝑃𝑋𝐼 = 𝐸𝑉𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦(𝑥) − 𝐸𝑉𝑢𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦  (4) 

 

The EVPXI formula is similar to the EVPI, however the first term on the right hand side of equation 4 

𝐸𝑉𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦(𝑥) computes the expected value of removing uncertainty for an hypothesis 𝑥 rather than all 

hypotheses. Formally, 

𝐸𝑉𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦(𝑥) = Ε𝑥 [max
𝑎

[Eℎ|𝑥(𝑉(𝑎, ℎ))]] 

𝐸𝑉𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦(𝑥) = ∑ 𝑝𝑥=𝑡𝑟𝑢𝑒

𝑥∈Η

 max
𝑎

𝑉(𝑎, 𝑥) + (1 − 𝑝𝑥=𝑡𝑟𝑢𝑒) max
𝑎

∑ 𝑝ℎ|𝑥=𝑓𝑎𝑙𝑠𝑒 × 𝑉(𝑎, ℎ)

ℎ∈Η∖𝑥

  

(5) 

 

When calculating the expected value of reducing the uncertainty of an uncertain hypothesis 𝑥, two 

outcomes are possible. Either hypothesis 𝑥 is the limiting factor (i.e. 𝑥 is true) or it is not and one of the 

other hypotheses must be the limiting factor. The first term of 𝐸𝑉𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦(𝑥) accounts for the possibility 

that hypothesis 𝑥 is true with probability 𝑝𝑥=𝑡𝑟𝑢𝑒, in this case we would pick the action that maximises the 

management outcomes i.e. max
𝑎

𝑉(𝑎, 𝑥). The second term of 𝐸𝑉𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦(𝑥) accounts for the possibility that 

hypothesis 𝑥 is false. 

2.3 Implementing VOI for Moira grass restoration 

For our case study, computing VOI requires four elements: 

1) A management objective for Moira grass floodplains that can be converted into a value function; 

2) A set of hypotheses about the factors limiting Moira grass growth at Barmah forest and expert-

derived estimates of the relative likelihood that each hypothesis is the limiting factor for each asset 

(i.e. hypothesis weights); 

3) A list of strategies consisting of monitoring projects aimed at reducing uncertainty about Moira 

grass growth and associated management actions; 

4) Expert-derived expected benefits of implementing each strategy given that the limiting hypothesis 

is known. 

We combined existing data and expert knowledge to collate these four elements. Six participants (hereafter 

‘experts’) were selected for their expertise in Moira grass. Experts included water managers from Barmah 
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and the adjacent Millewa forests, field and experimental scientists, and environmental consultants. Experts 

were first identified in consultation with the water manager for Barmah Forest based on their local 

expertise in Moira grass and floodplain wetland systems. Each expert was then contacted and asked if they 

were willing to contribute to this project. They were also asked to recommend someone that was not on 

our list. The elicitation process for the study was cleared in accordance with the ethical review processes of 

CSIRO, within the guidelines of the National Statement of Ethical Conduct in Human Research. 

Prior to meeting in a workshop, experts defined the management objective and quantitative indicators of 

the objective, as well as generating a list of hypotheses and monitoring and management strategies. During 

the workshop, hypotheses were prioritised and experts estimated the relative likelihood that each 

prioritised hypothesis was the factor limiting Moira grass regeneration. Monitoring and management 

strategies targeting priority hypotheses were selected for further consideration. Experts then 

independently estimated the benefits of implementing each strategy assuming that each hypothesis was 

the factor limiting Moira grass regeneration. To aid experts during the elicitation, experts were given 

summarised data for each indicator obtained from understorey vegetation data obtained from a historical 

database of 11 wetlands in Barmah Forest (2 transects per wetland, consisting of 3-4 quadrats per transect) 

monitored from 1990-1994 (Ward 1994) and 2006-2012 (Ward 2012) (Appendix A). After the elicitation, 

data were analysed and group results presented to experts (Appendix B), who were offered an opportunity 

to change their estimates in response to the group results.  

The remainder of this section details how each of the four elements were generated for our case study in 

Barmah forest. 

1. Objective  

The specified objective investigated by the study was to restore the area of Barmah forest’s Moira Grass 

plains to the extent present at the time of the 1982 Ramsar listing of Barmah forest (1500ha) (Chesterfield, 

Loyn & Macfarlane 1984; Hale & Butcher 2011). An area of Moira grass would be considered restored when 

the following quality characteristics are present: 

1) A flowering (i.e. reproducing) monospecific sward during the flood phase, particularly around the 

margins of permanent water bodies and on ephemeral plains; and  

2) A monospecific turf with some thatch retention during the dry phase.  

In the objective statement, monospecificity refers to dominance of Moira grass (i.e. the presence of other 

plant species was considered acceptable, however Moira grass should be the dominant cover). Flowering is 

a proxy for recruitment by seedlings because recruitment may be difficult to estimate in practice. Thatch 

retention refers to the need to maintain a layer of dry Moira grass during the dry phase. The water 

manager at Barmah considered this a key characteristic of the Moira grass plains, however the benefits of 

thatch are not yet well understood. Possible benefits of maintaining thatch are maintaining plant nutrients 
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and energetics; increased Moira grass area if it re-roots where it touches the ground; moisture retention by 

shading the ground; preventing redgum germination; and providing habitat for fauna such as yabbies, 

reptiles and frogs. The water manager at Barmah forest estimated that a ‘good’ thatch should be roughly 

0.3m deep (K. Ward, pers. comm). 

To quantify progress towards achieving the objective, it is necessary to further specify these objectives 

using measurable characteristics. Experts agreed on four measurable indicators to represent the objective 

statement, namely: 

1) The total area (ha) of restored Moira Grass plains; 

2) The annual frequency of flowering years (e.g. number of flowering years in 10 years, as an easy-to-

measure proxy indicator of recruitment);  

3) The average percentage cover of Moira grass (as an indicator of monospecificity); and 

4) The average depth of thatch (cm) during the dry phase.  

Indicators 2-4 were assumed to be measured at an ‘average’ site in Barmah forest, based on mean values 

obtained from annual understorey vegetation monitoring data (Ward 1994; Ward 2012). Given the existing 

low area, recruitment of seedlings, average percentage cover and average thatch depth of Moira grass 

recorded at Barmah forest, the value function seeks to maximise all four indicators. 

2. Hypotheses and prior belief 

Twenty-four hypotheses that could potentially limit Moira grass recovery were elicited from experts 

independent of each other. To limit the hypotheses to a manageable number, hypotheses were prioritised 

during a workshop with each expert asked to assign 24 points among all hypotheses (with higher numbers 

of points being allocated to hypotheses that were more likely to limit Moira grass). The eight hypotheses 

with the highest resulting mean scores were selected for further analysis. Interspecific competition was the 

seventh highest-ranked hypothesis, however because no monitoring or management strategy could be 

created to quantify this hypothesis, it was agreed to remove it from further consideration. The eight 

selected hypotheses were:  

1. Grazing/grazer Pressure: Large herbivores damage Moira grass by grazing it and trampling/pugging 

its habitat. Reduction of all large vertebrate herbivores (including kangaroos) will lead to an 

increase in MG cover abundance and extent. 

2. Depth of flooding: A minimum depth of water is required to maximise seed production—the initial 

hypothesis is that floods exceeding 0.5m preference Moira Grass domination. A lack of medium- to 

higher-level flooding (reaching areas where Moira Grass survived) results in low depth flooding in 

Moira grass plains, and this may be inhibiting spread of propagules back into lower lying areas. 
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3. Dispersal and colonisation: The release mechanism of propagules or nodes and how far they travel 

under different conditions is unknown and this lack of knowledge inhibits restoration efforts. 

4. Duration of flooding:  Flooding needs to be sustained to benefit Moira Grass; experts hypothesized 

that a 3 to 6 month continuous flood duration is required to maximise Moira Grass growth. 

5. Return frequency and site history of flooding:  Insufficiently frequent floods have impacted Moira 

grass. A near annual flood regime is required to maintain Moira Grass. 

6. Depleted seed and propagule bank. The Moira grass seedbank has become depleted through the 

aging of seed, predation in soil and occasional ‘false starts’, and there has been inadequate 

replenishment of seed due to inadequate frequency of watering and the sustained Millennium 

Drought (1995-2009) that affected Barmah forest.  

7. Seed viability. Despite favourable flooding conditions and seed generation by flowering, Moira 

grass can fail to germinate in any new areas, suggesting that the seeds produced are not viable 

under existing environmental conditions (Durant, Nielsen & Ward 2016).  

8. Timing of flooding: Correct timing of flooding is required to promote Moira grass growth. A spring-

centric flood is required to maximise stem length of Moira Grass, which promotes vegetative 

reproduction and permits energy assimilation through photosynthesis. 

The hypotheses were categorized into three types: grazing impacts (1), hydrological impacts (2,4,5,8) and 

biological limitations (3,6,7).  

Following the selection of hypotheses, experts estimated the relative likelihood that each hypothesis was 

the factor limiting Moira grass regeneration. Experts were given 100 points to allocate among the eight 

hypotheses, where higher allocations represented greater likelihood. Allocated points were summed across 

experts then normalised to give the probability 𝑝ℎ that hypothesis ℎ is the hypothesis limiting Moira grass 

regeneration.   

 

3. Monitoring projects and intervention strategies 

As a group, experts agreed on a monitoring project that would best resolve the uncertainty in each 

hypothesis. In plain language, experts were answering the question: “given this hypothesis, what 

monitoring experiment would inform better management actions and more effectively restore Moira 

grass?” Nine monitoring experiments were chosen for the eight strategies (there were two monitoring 

programs for grazing, and a mesocosm experiment that targeted the effects of both flood duration and 

depth on Moira grass) (Table 1).  A business as usual (i.e. continue current management with no additional 

interventions) scenario was also included in the list of monitoring options. 
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Management interventions are implemented by the water manager at Barmah forest, so the water 

manager provided a management action that would result from a positive outcome from each monitoring 

experiment. The resulting combination of monitoring and management actions is referred to as a ‘strategy’. 

Table 1: Candidate strategies identified by Moira grass workshop participants.  Strategies were devised for each 

hypothesis; for some hypotheses there are multiple strategies. Each strategy comprises a management response 

and a monitoring experiment. Decision-makers can choose to implement a management response first, then 

conduct the corresponding monitoring experiment to confirm the hypothesis post-hoc (act under existing 

uncertainty); or to implement the monitoring experiment to reduce the uncertainty before implementing the 

management action (act under partial information). 

Limiting hypothesis Management Action Monitoring Experiment 

0. Baseline Continue current management None 

1. Grazing pressure  Remove horses from Barmah forest Exclusion trials 

1. Grazing pressure Remove horses and kangaroos from 

Barmah forest (reduce total grazing 

pressure) 

Grazing gradient over multiple sites  

2.Depth of flooding Apply ideal duration and depth of 

flooding for Moira grass growth 

Mesocosm experiment testing 

impacts of different durations and 

depths. Test outcomes in field. 

3.Dispersal and colonisation Apply flows to maximise colonisation 

of Moira grass 

Test how far seeds and fragments 

move in agitator experiment. Build 

conceptual model of colonisation.  

4.Duration of flooding Apply ideal duration and depth flood 

for Moira grass growth 

Mesocosm experiment testing 

impacts of different durations and 

depths. Test outcomes in field. 

5.Return frequency and site 

history of flooding 

Apply flows for best return frequency 

and site history 

Space-for-time experiment 

measuring area, % cover, flowering, 

thatch and composition to 

determine best flood frequency and 

duration 

6.Depleted seed and propagule 

bank 

Apply flows to best improve/replenish 

seedbank based on other sites 

Space-for-time experiment to 

benchmark seed abundance, root 

and stolon parts 
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7.Seed viability Apply flows to best improve/replenish 

seedbanks based on BACI study 

Before-After Control-Impact study to 

determine effect of watering on 

seedbanks 

8.Timing of flooding Apply flows to achieve best flood 

timings 

Mesocosm experiment testing 

impacts of different flood timings. 

Test outcomes in field 

 

4. Benefits 

Experts first predicted the outcome of applying current management for each objective (Business and usual 

scenario). The time horizon for all predictions was 10 years to reduce the uncertainty caused by annual 

variability. Experts were provided plots and summaries of existing data when making their predictions 

(Appendix A). For the area objective, the summarised data included two possible fits (exponential decline 

and linear decline) to time-series of area data obtained from the literature. For the flowering objective, 

annual flowering frequency across sites and the mean flowering frequency were supplied. For the 

percentage cover objective, mean, median, minimum and maximum data were given. No data on thatch 

depth exists, so no summary data was supplied for this objective. 

After making the baseline prediction, experts predicted how each strategy would affect the measurable 

objective under different hypotheses. For each measurable objective, experts predicted the impact of 

implementing a strategy (i.e. successfully completing the monitoring experiment and applying the learnings 

to Barmah forest by successfully implementing the management action), assuming that each hypothesis 

was limiting Moira grass growth. Impact was measured in the units of each measurable objective. 

For all estimates, experts predicted a best guess, as well as lower and upper bounds (McBride et al. 2012). 

The best guess was interpreted as the mode of a probability distribution function. Experts were asked to 

estimate lower and upper bounds that would approximate an 80% confidence interval of the distribution.  

Estimates of the lower, upper and mode values were used to define a beta distribution for each expert 

under each objective, hypothesis, and management strategy. For each of the four objectives, the maximum 

value of the beta distribution was assumed to be given by the largest estimate given by any expert for any 

hypothesis and action (the maximum values were 1100 ha for the area objective; 10 flowering events per 

decade for the flowering objective; 95% Moira grass cover for the cover objective; and 45 cm for the thatch 

depth objective). The minimum value for each beta distribution was assumed to be zero for all objectives. 

Parameters for the best-fit beta distributions were obtained using the prevalence package in R 

(Devleesschauwer et al. 2015), which finds the parameters of a beta distribution using the mode and upper 

and lower limits that specify a confidence interval of given width.  
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We used Monte Carlo simulation to generate the variability in the experts’ predictions of the utility of 

management strategies under each hypothesis. Each expert distribution was randomly sampled 10,000 

times; these estimates were averaged across experts and used to compute 10,000 estimates of the utility of 

management strategies. These 10,000 samples defined the distributions of EVPI and EVPXI respectively. 

 



 

18   |  Prioritising the value of information for the management of Moira Grass at Barmah forest 

3 Results 

3.1 Most likely hypotheses 

Experts predicted that the hypotheses most likely to be limiting Moira grass recovery were related to the 

flooding regime, i.e. the duration (h4), depth and timing of flooding (h2, h8,Figure 2). The least likely 

hypotheses were related to the seed bank and movement of Moira grass propagules, i.e. seed viability, 

dispersal and colonisation and depleted seed and propagule bank. The greatest variation in predicted 

weights was related to the depth and return frequency of flooding (Figure 2).  

 

Hypothesis h1 h2 h3 h4 h5 h6 h7 h8 
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Figure 2: Mean expert-derived hypotheses about factors limiting Moira grass recovery.  Error bars indicate the 

standard deviation in expert predictions.  
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3.2 Expected value of perfect information (EVPI) 

The expected gain from removing uncertainty from all strategies (i.e. the EVPI) compared to acting given 

existing uncertainty varies depended on the objective (Table 2). Removing uncertainty before applying 

management strategies could result in an additional 29 ha of Moira grass, a 2% increase in percentage 

cover, and additional 0.9 flowering years per decade, and a 4.6 cm increase in thatch depth.  

Table 2: Expected values of perfect information (EVPI). Mean values of the expected value of implementing each 

management action (m0 to m9) under existing levels of uncertainty, expected value under perfect information (PI) 

assuming all uncertainty are resolved and expected value of perfect information (EVPI). 
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m0 m1 m2 m3 m4 m5 m6 m7 m8 m9 PI EVPI 

Total area (ha) 200 320 320 280 260 260 250 250 230 260 350 29 

Annual 
frequency of 
flowering 
(frequency per 
decade) 

3 3 4 4 3 3 3 3 3 4 5 1 

Moira grass 
cover (%) 

 19 25 28 24 19 21 21 20. 20. 21 30. 2.0 

Thatch depth 
(cm) 

9.5 12 14 13 10. 13 11 10. 10. 11 18 4.6 

 

Management actions that reduced grazing pressure performed well across all four objectives. For the three 

management objectives restore area, monospecific turf and thatch depth, the best management actions 

target the grazing hypotheses (i.e. horse removal; and horse and kangaroos removal). For the objective of 

increasing the annual frequency of flowering years, the best management action was to apply ideal flood 

depth and duration (expected frequency of flowering years was 3.9 years in 10). The action “remove horse 

and kangaroos” was the second-best action for this objective (expected frequency of flowering years was 
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3.6 years in 10) (Table 2). Importantly, all management actions outperformed the expected outcomes of 

the action “continue current management” for all objectives. 

For all objectives, the expected benefits under perfect information (PI) are higher than the benefits of 

implementing the best management action under current uncertainty. Thus, the expected value of perfect 

information (EVPI) was positive for all objectives. For the restore area objective, resolving all uncertainty 

could increase the area of Moira Grass by 29ha. This increase in area would result in a total expected 

benefit of 346ha, while the best management action under uncertainty ‘removing horses’ would result in 

an expected benefit of 317ha. The EVPI for the annual frequency of flowering, monospecific turf and thatch 

depth objectives was 0.9 years per decade, 2% and 4.6cm respectively (Table 2).  

EVPI analysis suggested that reducing uncertainty about the percentage cover objective is unlikely to 

increase management performance significantly in either absolute (2% increase in percentage cover; i.e. 

from 27.6% to 29.6% cover in Table 2) or relative terms (7% relative increase compared to best 

management under uncertainty). These results suggest that for this objective the best management action, 

‘remove horse and kangaroos’, is already known; reducing uncertainty for this objective is unlikely to lead 

to significant management improvement. 

The EVPI results presented so far in this section are based on the mean values calculated from the experts’ 

estimates and do not account for the assumed 80% confidence interval the experts also provided as part of 

the elicitation process. A more complete picture is drawn when examining the uncertainty around the best 

estimates (Figures 3 and 4). For all objectives, the 3rd quartile representing the expected benefits under 

uncertainty for all management actions overlapped with the 1st quartile of the expected benefits under 

perfect information, except for the action ‘current management’ for the objectives ‘annual flowering 

frequency’ and 'thatch depth'. Generally, for all objectives, 1st and 3rd quartiles overlapped between 

management actions except for the ‘total area’ objectives where the 1st and 3rd quartiles of ‘remove horses’ 

(m1) and ‘remove horse and kangaroos’ (m2) did not overlap with ‘current management’ (m0). Although a 

comparison of mean values clearly favoured the actions ‘remove horses’ and ‘remove horses and 

kangaroos’, when accounting for the uncertainty in the experts estimates other management actions could 

potentially lead to better management outcomes. Interestingly, the sensitivity analysis on the EVPI 

calculations remained positive for 3 out of 4 objectives across all 10,000 sampled data points used in the 

sensitivity analysis (Figure 4, EVPI column). 
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Figure 3: Expected values of management action and of perfect information. Expected value of each management 

action (m0 to m9) under existing levels of uncertainty and expected value of perfect information (PI) assuming all 

uncertainties about the correct hypothesis are resolved. The boxplots represent expert uncertainty about their 

predictions obtained using Monte Carlo simulation. The star represents the mean value. The top and bottom of the 

box represent the 3rd and 1st quartile respectively, and the middle line of the box represents the median. The top 

and bottom bars of the boxplot represent the values of the largest and smallest points. 

3.3 Expected value of partial information 

The EVPI is a rapid way to assess the value of removing uncertainty, but it does not recommend which 

uncertainty to reduce first. In reality, resource constraints often mean that a limited number of strategies 

can be implemented at once, so it is necessary to prioritise strategies. When prioritising strategies, the 

order in which strategies are carried out is important. Managers essentially have two options for 

implementing a strategy. Firstly, managers may choose to immediately implement the management 

component of the strategy, then monitor to see whether the predictions were correct. Alternatively, 

managers may choose to implement the monitoring component of the strategy to test one of the 

hypotheses, then take a management action once they have learned from the monitoring (we assume that 
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the monitoring action is able to confirm or refute the hypothesis). In the first case, managers act under 

existing uncertainty. In the second case, managers act under partial uncertainty.  

 

If managers choose to monitor before acting, the expected gains of removing uncertainty about a 

hypothesis can be calculated using the expected value of partial information (Table 3, Figure 4). If only one 

of the hypotheses could be resolved, the best hypothesis to resolve depended on the objective. For the 

increasing area objective, the best hypothesis to resolve was return frequency of flooding (uncertainty in 

this hypothesis accounted for 53% of the EVPI); for the flowering objective, the best hypothesis to resolve 

was timing of flooding (44% of the EVPI), and for the percentage cover and the thatch depth objectives, the 

best hypothesis to resolve was duration of flooding (40% and 30% of the EVPI).  

Table 3: Expected value of partial information (EVPXI)  Mean values of the expected value of resolving the 

uncertainty in each hypothesis (h1 to h8), assuming all other hypotheses remain uncertain (EVPXI). Cells in bold 

show the best hypothesis to resolve for each of the four objectives. 

 
Expected value of partial information 
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 h1 h2 h3 h4 h5 h6 h7 h8 EVPI 

Restore area (ha) 0.2 2.2 0.6 2.1 16. 7.3 0.8 0.0 29. 

Annual frequency of flowering 
(frequency) 

0.1 0.0 0.0 0.0 0.2 0.1 0.0 0.4 0.9 

Monospecific turf (%) 0.1 0.7 0.0 0.8 0.1 0.0 0.0 0.4 2.0 

Thatch depth (cm) 1.3 1.2 0.2 1.4 1.1 0.5 0.1 0.9 4.6 

 

Although waiting for the results of experiments would delay benefits (i.e. improved outcomes for Moira 

grass), experimenting to resolve uncertainty before taking action could result in improved outcomes 

compared to taking immediate action. The additional benefits gained depend on the objective that is 

targeted. For the area objective, implementing a space-for-time experiment to learn whether the return 

frequency of flooding is the true hypothesis before implementing the best management action would gain 

an additional 15ha compared to acting optimally (i.e. removing horses) based on existing information.  

For the percentage cover objective and thatch depth, implementing a mesocosm experiment to learn 

whether the ideal duration of flooding is the true hypothesis before implementing the best management 

action would gain an additional 0.8% cover of Moira grass and an average increase of 1.4 cm of thatch 

depth compared to acting optimally (i.e. horse and kangaroo removal) based on existing information. For 

the flowering objective, implementing a mesocosm experiment to determine whether the optimal timing of 
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flooding is the true hypothesis before implementing the best management action would gain an additional 

0.4 years of flowering per decade compared to acting optimally (i.e. watering using best known duration 

and depth) based on existing information.  

There was no overlap in the interquartile ranges of the hypothesis with the largest EVPXI and the other 

hypotheses for the objectives ‘restore area’ and  ‘annual frequency of flowering’. This suggests that the 

hypotheses with the largest EVPXI are the best hypotheses to resolve for these objectives. However for the 

other objectives, there was overlap between the interquartile range of the hypothesis with the highest 

EVPXI and other hypotheses, suggesting that it is not clear which hypothesis is the best to resolve (Figure 

4). 

 

Figure 4: Expected value of partial information.  Shown are the expected values of partial information for each 

hypothesis (h1-h8) and expected value of perfect information (EVPI). The star represents the mean value. The 

top/bottom bar of the boxplot represent the value of the largest/smallest point, the top and bottom of the box 

represent the 3rd and 1st quartiles, and the middle line of the box represents the median.  

 

Decision making with multiple objectives 
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The previous results offer the best strategies for individual objectives, however water managers need to 

satisfy all four objectives to properly restore Moira grass. Because no single management action is best for 

all objectives, choosing the best management action requires the decision-maker to make a trade-off 

between objectives. This trade-off is a value judgment about the relative importance of each objective, 

which should be made by the decision maker. Although we did not attempt to guess the priorities of a 

decision maker and recommend a single strategy, it is possible to analyse the strategies and eliminate some 

strategies using the principle of dominance. A non-dominated strategy performs better on all objective 

criteria than a dominated strategy and is likely to form a preferential strategy in a decision context.   

Assuming existing uncertainty, we mapped the performance of each strategy onto a four-dimensional radar 

plot to visually identify dominated strategies (Figure 5). On the plot, strategies that are dominated are fully 

enclosed within non-dominated strategies—these strategies are out-performed in the decision space. We 

found three non-dominated strategies: remove horses; remove all grazers (horses and kangaroos); and 

apply the ideal flood depth and duration (Figure 6). Grazing strategies (horse and/or horse and kangaroo 

removal) were the best strategies for increasing area and cover, while applying the ideal flood duration and 

depth was the best strategy for flowering and thatch depth objectives.   
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Figure 5: Performance of all strategies relative to the four objectives, assuming current uncertainty. Axes are scaled 

to cover the range of values for each of the management strategies; note that the axes do not begin at zero. 
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Management strategies that are plotted further from the centre of the plot on each axis perform better relative to 

the objective on that axis. 

 

Figure 6: Non-dominated solutions.  Dominated strategies are not shown in the image. Assumes existing 

uncertainty. Axes are scaled to cover the range of values for each of the management strategies; note that the axes 

do not begin at zero. Management strategies that are plotted further from the centre of the plot on each axis 

perform better relative to the objective on that axis. 

  



 

Prioritising the value of information for the management of Moira Grass at Barmah forest  |  27 

4 Discussion 

Our results suggest that experts believe that there are opportunities to restore the extent of Moira grass 

plains at Barmah forest. From the strategies, targeting grazing and flood duration and depth were likely to 

be most effective for achieving all four management objectives. 

Grazing impacts were covered by two strategies: removing horses and removing total grazing pressure 

(horses and kangaroos). Removing horses from the forest was the most promising strategy for restoring 

Moira grass area, and completing this action could result in up to 317 ha of Moira grass at the site; a 61% 

increase in current extent. Removing the impacts of grazing was also the strategy to result in the highest 

expected increase in the cover of Moira grass and thatch depth - which could be almost doubled if grazing 

impacts were removed (46% and 42% increase). Although removing horses and other grazers from the 

forest has the advantage of not being constrained by water availability, there are social constraints (i.e. 

groups advocating for introduced horses and the difficulties of removing native species such as kangaroos) 

that need to be considered for implementation of this strategy. Given the expected benefits to Moira grass 

of horse removal, it may be worth exploring options that can meet the needs of both the Ramsar listing and 

the horse advocates.  

The other promising strategy was to apply an optimal inundation depth and duration for Moira grass. This 

strategy was expected to result in the largest increases in the number of flowering years (44% increase). 

Applying an optimal inundation depth and duration was also expected to lead to good outcomes for area 

(44% increase), cover (28% increase) and thatch depth (42%), outperforming all other strategies across all 

objectives except the strategies that limit grazing. The high performance of this strategy is not surprising, as 

reduced flows have been implicated in the reduction of Moira grass plains (Chesterfield 1986; Colloff, Ward 

& Roberts 2014; Vivian et al. 2015). Water managers already attempt to provide ideal flow conditions for 

Moira grass growth; this result suggests that further gains could be made if the ideal inundation conditions 

could be attained.  

Despite the potential to make substantial gains through management, no strategy was considered likely to 

return the extent of Moira grass plains in Barmah forest to their 1982 listing extent over the next 10 years. 

Restoration is likely to be a long-term project, suggesting that research to improve long-term outcomes 

may be beneficial. In the next 10 years, expected gains from learning are smaller than the gains of 

immediate action, but still significant compared to existing extent. Removing all uncertainty among the 

hypotheses led to an additional 29ha of Moira grass (10% increase compared to current management), a 

2% increase in percentage cover (31% increase), and additional 0.9 flowering years per decade (31% 

increase), and a 4.6cm increase in thatch depth (48% increase). Decision-makers would need to decide 
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whether these additional expected benefits justify the cost and time required to monitor to resolve these 

uncertainties.  

If only a subset of the hypotheses can be resolved, our results suggest that the best monitoring strategy 

depends on the objective, so that decision-makers would need to prioritise their objectives before deciding 

on a monitoring strategy (the best strategies would aim to reduce uncertainty about the flood frequency 

and duration and the impacts of grazing). The expected value of partial information quantifies the expected 

gain in management outcomes achievable by removing uncertainty about a hypothesis. If decision-makers 

judge that this expected benefit is sufficiently large to justify the cost of monitoring, then an adaptive 

management program should be established to reduce the uncertainty. Using VOI analysis in this way 

provides a way to rapidly quantify the case for adaptive management, consistent with the Basin Plan’s 

principle of applying adaptive management for planning and prioritisation of environmental water (Murray-

Darling Basin Authority 2012). Undertaking a VOI analysis prior to embarking on an adaptive management 

study ensures that the adaptive management study will target the uncertainty that is most likely to give the 

greatest return on investment, and reduces the risk of investing in long-term expensive monitoring 

programs that may yield minimal benefit.  

We advocate VOI analysis as a preliminary tool to help guide decision-making using existing knowledge. VOI 

does not remove the need for validation of predictions and learning from monitoring. Our implementation 

of VOI relied on experts to extrapolate existing data, and was therefore subject to the many known biases 

associated with expert judgement (Gilovich T, Griffin D & Kahneman D 2002). Although we followed 

procedures to minimise these biases (e.g. Delphi method (Mukherjee et al. 2015)) and conducted sensitivity 

analyses to assess the confidence in the predictions, we advocate that background monitoring is used to 

continually reassess expert predictions and the state of knowledge about Moira grass plains. VOI is a useful 

tool that makes use of the best information available at the time of the decision, however new data can 

always lead to new knowledge and understanding. 

We made three major simplifying assumptions in our VOI approach. Firstly, we assumed that each 

hypothesis is mutually exclusive (i.e. that Moira grass is limited by only one hypothesis, and that the 

hypotheses do not interact). Secondly, we assumed that the monitoring actions would confirm or refute 

hypotheses perfectly. Finally, we assumed that all management actions are feasible and effective. In reality, 

limiting factors may interact, monitoring is likely to lend evidence to strengthen our beliefs but will not 

resolve uncertainty perfectly, and management may be imperfect or not feasible. As a result, our VOI 

benefits estimations are likely to be imperfect, but may be good enough for prioritisation, particularly when 

combined with an adaptive management plan to formally learn during implementation. 

The benefits of using our value of information approach can be generalised to other case studies where 

allocation of resources towards costly research projects need to be prioritised including: 

1) Generates a prioritised set of management strategies for managing Moira grass at Barmah forest; 
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2) Decision aid to prioritise monitoring in a rational way, ensuring that monitoring is targeted for 

maximum environmental benefit or cost-effectiveness; 

3) Structured and justifiable decision-making process that can be used to explain decision to 

management authorities, funding bodies, irrigators and the general public; 

4) General decision-making process that can be applied to other decisions and requires minimal data 

collection and external input; 

5) Answers the question “what is a good monitoring project?” Allows comparison of expected values 

vs. costs of monitoring projects, providing a rational way to decide whether or not to fund 

monitoring based on expected outcomes. 
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Appendix A  Summary Information provided to 

experts during benefits elicitation 

Workshop participants were provided with the following summaries, drawn from the best available data on 

Moira grass. Data was available for three objectives (area, % cover, and flowering). No data on thatch depth 

was available. Data sources are listed below the relevant figures. 

 Moira grass area 

There have been numerous estimates of Moira grass extent made in the literature. Experts were provided 

with historical data on Moira grass extent, and with best-fit linear and exponential fits to the data (Figure 7) 

that were extrapolated until 2026. Experts could choose to use the predictions of either the linear or 

exponential fits, or to make their own estimation of expected extent in 2026.  

 

Figure 7: Historical Moira grass extent at Barmah forest, based on estimates from the scientific literature.  A best-fit 

exponential and a best-fit linear function are fitted to the data—these fits were extrapolated to the year 2026. 

Extrapolated data were provided to experts as a guide to aid prediction. 
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Table 4: Historical Moira grass extent at Barmah forest.  Data for Figure 5, including source references. Citations for 

source references are included below. 

Year Estimated area 

(ha) 

Source reference 

for estimate 

1930 4000 3 

1979 1650 3 

2007 947 3 

1979 1535 1,2 

2008 850 2 

2014 50.9 4 

2014 182.3 4 

 

Source reference key: 

(1) Chesterfield, E. A., R. H. Loyn, and M. A. Macfarlane. 1984. Flora and fauna of Barmah State Forest and 

their management. Forests Commission of Victoria, Melbourne, Victoria. 

(2) Murray-Darling Basin Authority. 2012. Barmah–Millewa Forest: Environmental Water Management Plan 

2012. Murray-Darling Basin Authority, Canberra, Australia. 

(3) Colloff M, Ward K, Roberts J. 2014. Ecology and conservation of grassy wetlands dominated by spiny 

mud grass Pseudoraphis spinescens in the southern Murray-Darling Basin, Australia. Aquatic Conservation: 

Marine and Freshwater Ecosystems 24:238-255. 

(4) Vivian L. M., Ward K. A., Marshall D. J., Godfree R. C. 2015. Pseudoraphis spinescens (Poaceae) 

grasslands at Barmah Forest, Victoria, Australia: current distribution and implications for floodplain 

conservation. Australian Journal of Botany 63, 526–540. 

 Number of flowering years 

Data for the number of flowering years is taken from the seasonal Barmah-Millewa forest understorey 

vegetation dataset 1990-2012 (Ward 2012). Experts were provided with a plot of the number of unique 

monitoring sites that flowered every year (Figure 8; some sites flowered in multiple seasons—these sites 

were only counted once in the tally of annual flowering sites). Understorey data was collected 1990-1994 

and 2006-2012, giving a total of 12 years of data. Over the 12-year monitoring period, there were four 

years when flowering was observed. This was converted to the mean number of flowering years in a 10-
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year period using the formula: 10yrs × (
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑙𝑜𝑤𝑒𝑟𝑖𝑛𝑔 𝑦𝑒𝑎𝑟𝑠 𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑖𝑛 𝑑𝑎𝑡𝑎𝑠𝑒𝑡

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑦𝑒𝑎𝑟𝑠 𝑖𝑛 𝑑𝑎𝑡𝑎𝑠𝑒𝑡
) = 10 ×

4

12
= 3.33 

flowering years/decade. This mean decadal flowering frequency was provided to experts.  

 

Figure 8: Number of monitored sites where flowering was observed, 1990-2012.  Data is summarised from seasonal 

Barmah-Millewa forest understorey vegetation dataset 1990-2012; Ward, 2012. Note the gap in data collection 

1995-2005: no data was collected during this period. 

 Percentage cover of Moira grass 

Data for percentage cover of Moira grass is taken from the seasonal Barmah-Millewa forest understorey 

vegetation dataset 1990-2012 (Ward 2012). Experts were provided with a summary plot of the percentage 

cover data for all monitoring sites (Figure 9), as well as the mean, median and maximum percentage cover 

for the monitored period. Mean percentage cover was 4.7%, median cover was 0.5%, minimum cover was 

0% and maximum cover was 95.5%. 
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Figure 9: Annual percentage cover of Moira grass at Barmah forest understorey vegetation monitoring sites, 1990-

2012.  Data is summarised from seasonal Barmah-Millewa forest understorey vegetation dataset 1990-2012; Ward, 

2012. Note the gap in data collection 1995-2005: no data was collected during this period. 
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Appendix B  Expert estimates collected during 
the workshop 
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Figure 10: Best guess, minimum and maximum estimates of the management benefits expected by applying each 

strategy under each hypothesis for objective "restore area". 
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Figure 11: Best guess, minimum and maximum estimates of the management benefits expected by applying each 

strategy under each hypothesis for objective "flowering years". 
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Figure 12: Best guess, minimum and maximum estimates of the management benefits expected by applying each 

strategy under each hypothesis for objective "thatch depth". 
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Figure 13: Best guess, minimum and maximum estimates of the management benefits expected by applying each 

strategy under each hypothesis for objective "Moira grass cover". 
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