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Key Points 
• Large water quality targets are difficult to achieve through agricultural best management practice and waterway 

restoration programs alone. 
• Quantifying the estimated water quality improvements from BMPs enables the setting of realistic targets for 

water quality improvement. 
• Win-win solutions for environmental protection and socio-economic viability are difficult to achieve.   
 

Abstract 
Governments, community and landholders want productive local economies and healthy resilient ecosystems.  In the 
Corner Inlet catchment (eastern Victoria), the community is concerned about seagrass loss in the marine ecosystem and 
the need to maintain viable, productive agricultural and forest-based industries.  

A Water Quality Improvement Plan (WQIP) has recently been completed for the Corner Inlet Ramsar Site (Dickson et. al 
2013). The setting of robust water quality objectives based on ‘SMART’ principles; ones that are specific, measurable, 
attainable, realistic and time-bound, was fundamental to the WQIP. In the past these kinds of targets have been set 
without careful consideration of the costs and socio-economic implications for communities.  

The project was challenged by a lack of data on the condition of the marine ecosystem. This required a pragmatic 
approach to be taken, based on the premise that reducing sediment and nutrient loads from the catchment will assist to 
protect the values within Corner Inlet. 

The process of setting SMART objectives needed to be robust, transparent and allow for iteration. It involved, integrated 
bio-economic modeling, the application of the Investment Framework for Environmental Resources (INFFER) and testing 
of scenarios for a range of water quality objectives.  

The Corner Inlet WQIP sets a benchmark in terms of assessing the realistic costs of achieving water quality 
improvements. The lessons learned from the Corner Inlet WQIP and the approaches used in its development have 
relevance for other regions across Australia.  
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Introduction 
Across Australia natural resource managers grapple with the problem of how to protect environmental assets whilst 
balancing often competing demands to maintain land productivity and socio-economic values.  In South–Eastern 
Australia, the West Gippsland Catchment Management Authority (CMA) recently tackled such issues when developing a 
Water Quality Improvement Plan (WQIP) for the Corner Inlet Ramsar site. In this catchment the local community has 
long been concerned about the potential impact of catchment sources of nutrient and sediment on the condition and 
extent of the Ramsar site’s iconic seagrass beds. 
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Figure 1. Location of the Corner Inlet Ramsar Site 

The focus of a WQIP is the protection of coastal ecosystems through reduction of land based pollutants. WQIPs are 
developed to be consistent with the National Framework for Marine and Estuarine Water Quality Protection (DEWHA 
2002). The process requires establishment the water quality dependent values, developing water quality objectives and 
propose a works program for pollutant reduction. The works program needs to be based on an understanding of sources 
of pollutants and the likely improvements from management strategies and the ecological requirements of the receiving 
waters.  In the past, the process to develop objectives (or targets) for water quality hotspots has not explicitly 
considered the costs and socio-economic implications for communities of reaching these objectives. In addition, it has 
sometimes required a ‘leap of faith’ between the implementation of actions, the achievement of the objectives and a 
desired ecological outcome.  

For the Corner Inlet WQIP  water quality objectives (also referred to as targets) were developing using ‘SMART’ 
principles; ones that are specific, measurable, attainable, realistic and time-bound. Setting SMART objectives required a 
robust, transparent and an iterative process. To do this we integrated work from previous studies, captured local 
knowledge and used bio-economic modelling and the Investment Framework for Environmental Resources (INFFER). This 
paper sets out the challenges and highlights from this process and the implications for other similar planning processes. 

 

Method 
The development of objectives for the Corner Inlet WQIP was conducted in two parts. First there was a need to develop 
an optimisation tool to assess whether particular nutrient reduction targets could be met and to understand their 
associated costs. The second part was to use the results from the optimisation tool as an input to INFFER 
(www.inffer.com.au).  INFFER considered the additional factors required to calculate a benefit: cost ratio (BCR), as the 
basis for assessing relative cost-effectiveness.   
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A summary of the bioeconomic modelling approach is outlined below, with more details provided in Beverly et al. 
(2013): 

1. A previously calibrated catchment model (Water Technology 2008) was adapted  through updated mapping of dairy 
and dryland grazing landuses and mapping of gully erosion risk .The revised E2 modelling provided sub catchment 
load estimates of total nitrogen (TN), total phosphorus (TP) and total suspended solids (TSS) from each of 67 sub 
catchments.  

2. Representative farming systems were described. Land uses of dairy (four levels of intensity), dryland grazing and 
revegetation were considered using knowledge of local stakeholders, relevant research and previous information 
from a range of sources.  

3. Current and Best Management Practices (BMPs) were described and their effectiveness estimated. Workshops were 
held with local stakeholders to identify BMPs for reducing nutrient and sediment losses on typical dryland grazing 
and dairy farms for both paddock management practices and also currently funded CMA activities such as waterway 
management and erosion control.  For each practice, local experts were first asked to specify current practice, 
describe the relevant BMP and estimate percentage effectiveness of the BMP relative to current practice.  

4. Costs of implementing management practices were described. The annual net private benefit (+) or cost (-) of 
implementing each BMP on each representative dairy or dryland grazing farm was calculated relative to a baseline, 
this being the annual ‘operating profit’ for each system.  The operating profit was calculated as gross income minus 
costs (including variable costs and fixed costs or overheads). Costs were based on compensating farmers for lost 
profit was made in the recognition that achieving ambitious nutrient reduction targets would require higher 
payments than currently used through incentive programs due to the scale of adoption required to achieve the 
desired water quality objectives.  

5. The bioeconomic model was programmed using the General Algebraic Modelling System (GAMS, Brooke et al. 
2008). The optimisation model maximises total net benefits expressed as the difference between producer profit 
and regulatory costs for a given nutrient target.  Further details are outlined by Beverly et al. (2013).  In summary, to 
achieve the targets set for a particular scenario the bioeconomic model could select between management practices 
and land use (four levels of dairy intensity, beef or retirement of land). 

6. Scenario testing to assess changes in profit and land management implications associated with different sediment 
and nutrient reduction targets. Over 20 scenarios were assessed.  The first scenarios were focussed on achieving 
targets at least-cost (allowing land use change options if these were more cost-effective than relying only on 
management practices).  

For the Corner Inlet WQIP the biological component of the bioeconomic model was coarse and simplified due to limited 
understanding of causal links between constituent loads (Nitrogen, Phosphorus and Suspended Sediment) and key asset 
values, especially seagrass. For example, a linear relationship between reductions in constituent loads and the 
improvements in condition and extent of seagrass was assumed.  

Challenges, results and lessons learned 

Knowledge gaps and dead ends 
The development of the WQIP for Corner Inlet followed several years of investment in projects to improve knowledge 
around catchment and embayment processes.  
 
The major informing studies included:  

• Environmental audit (Malloy et. al, 2005), ecological character description (BMT WBM, 2011) and monitoring 
program design (Brett Lane & Associates, 2008) 

• catchment and hydrodynamic modelling and implementation planning  (Water Technology, 2008 & 2011, 
Alluvium, 2009),  

• fluvial geomorphology (Alluvium, 2008)  
• marine sediment characterisation ( Coastal Environmental Consultants, 2008, McLean and Jones, 2012)  
• seagrass and water quality studies (Ball et. al 2010, Monk et. al 2011, Kirkman 2013).  
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Despite the investment in foundational studies there were significant knowledge gaps that posed fundamental issues for 
the project. 
 
The lack of baseline data on both water quality conditions in Corner Inlet and changes in the extent and condition of 
seagrass were critical factors that hindered the development of water quality objectives. Much effort was spent by the 
project team and Technical Panel in examining these knowledge gaps and this diverted attention from the business of 
progressing the WQIP.  
 
Even through there was a lack of location specific data for Corner Inlet there was a good conceptual understanding of 
the relationships between seagrass and water quality conditions (Ball et. al 2010) drawing on examples from other parts 
of Australia. Due to time constraints and budget limitations the development of ecologically relevant targets could not 
be pursued during the project.  And so the project team were required to develop an alternate process to set sensible 
water quality objectives for the WQIP. 
 

Setting realistic, rather than idealistic water quality objectives 
Deciding on a set of water quality objectives for implementation and to assess progress was critical to the WQIP process. 
In addition to being sufficiently specific, measurable and time-bound, objectives need to have an ecological basis and be 
linked to the major causes of environmental degradation.  

For Corner Inlet, condition and extent of seagrass provided a measurable indicator of ecosystem health. In other places 
in Australia, seagrass loss has been linked to reduction in water clarity resulting from increased sediment and nutrient 
inputs to receiving waters (Ball et. al 2010).  

Nutrient load reduction targets for TN, TP and TSS were thus selected as the best available, specific and measurable 
water quality targets based on available monitoring and catchment modeling. The premise being that improving water 
quality from actions taken on land in the catchment would have positive outcomes for the receiving waters, even though 
we could not at the time quantify the precise relationships between catchment loads and the ecological condition of the 
receiving waters.   
 
The project team and Technical Panel (a multi-disciplinary panel of technical experts) set objectives using  a set of 
pragmatic considerations including: that achieving the objectives would result in a measurable improvement in water 
quality from the catchment;  that the objectives weren’t  so ambitious as to be completely unacceptable to the 
community (because of the type of actions required to meet the target); that meeting the objectives would not require 
so much funding that they are not achievable in practice, as is likely to be the case with many large environmental 
projects in Australia currently (eg. Roberts et al. 2012, Pannell and Roberts 2010) . 
 
A review of work completed for a similar project in the Gippsland Lakes also informed the process. The Gippsland Lakes 
INFFER work (Roberts et.al 2012) was based on reducing TPP loads, with phosphorus inputs being a major cause of algal 
blooms which have environmental and economic significance. Nitrogen was also a problem, but there was insufficient 
confidence in assessing how to reduce nitrogen loads. The Gippsland Lakes work showed that achieving 40% TP 
reduction would be prohibitively costly and politically infeasible, requiring large scale adoption of best management 
practices, increased regulation and land retirement from agriculture (Roberts et. al 2012).   

The Gippsland Lakes work informed the Corner Inlet WQIP in three main ways: 

• Assessment of nutrient reduction targets themselves (including the need to consider nitrogen, phosphorus and 
sediment targets simultaneously) 

• The need for flexibility in analysing multiple scenarios (e.g. different levels of targets, budgets and land use 
constraints) in terms of their costs of achieving particular nutrient reduction targets and the implications for land 
management. Scenario analysis meant that targets were developed in light of available knowledge about levels of 
landholder adoption, costs and political risks 

• Given knowledge gaps, to develop a method where conducting sensitivity analysis was possible. 
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Unlike many other catchments (such as the Great Barrier Reef and Gippsland Lakes), nutrient reduction targets had not 
previously been set for Corner Inlet. Targets for nutrient load reduction were set for each of the Corner Inlet and 
Nooramunga catchments due to the differences in their embayment hydrodynamics, catchment characteristics and 
potential impact on seagrass communities (i.e. Corner Inlet is better flushed than Nooramunga due to the presence 
barrier islands in the Nooramunga embayment).  
 
An initial set of objectives (Corner Inlet 30% TN, 30% TP, 10% TSS, Nooramunga 20% TN, 20% TP, 20% TSS by 2033) were 
set as a starting point based on expert opinion of the Technical Panel with consideration to the learnings from the 
Gippsland Lakes. The initial set of objectives were considered to be in the realm of realistic and feasible, although 
ultimately were defined as being ‘aspirational’ as a result of scenario testing.  
 

Refining objectives using scenario testing 
The aspirational objectives were revised through scenario testing using the bio-economic modeling and INFFER analysis 
to form Implementation Plan objectives through consideration to costs and socio-political risks. 
 
Whilst this approach was quite unsophisticated and lacking an ecological basis, this was quite openly a no regrets 
approach. This was because local stakeholders and the West Gippsland CMA believed that immediate action was 
required to address the threat despite the absence of data to establish ecological thresholds and set ecologically 
relevant targets.  In addition, the Technical Panel and the project team were keen to ensure the WQIP resulted in 
measurable water quality improvements from catchment sources whilst balancing the needs to maintain the viability of 
agriculture and other social, economic and environmental enterprises. 
 
The results from the initial scenario A ‘aspirational objectives’ (Table 1) were confronting for many involved in the 
project. The scenario required large scale landuse change out of dairy and dryland grazing, (i.e. land retirement) because 
the range of BMPs identified for agricultural landuses could not possibly meet the desired load reduction targets. 
Implementation costs were astronomical ($30.2 M in direct works costs and additional indirect costs) and had a very low 
benefit cost ratio. This scale of required funding was more than 15 times current levels, and, was unlikely to be secured.  

These results (astronomical costs, high socio political risk, low BCR) were similar to the Gippsland Lakes scenario (40% TP 
reduction).  Both projects were able to use scenario testing through INFFER to understand the likely costs and feasibility 
associated with different levels of load reduction targets. For Corner Inlet this scenario testing enabled flexibility in 
finalising a set of objectives as the basis of the WQIP. 

There was general acceptance by stakeholders of the results that ‘aspirational objectives’ could not be achieved through 
BMPs and on ground works alone.  The issue of landuse change however was provocative and the implications of the 
scenario were discussed at length. Key issues raised were; the scale of the objectives, the costs and feasibility of the 
predicted actions and BMPs and the economic and political acceptability of including landuse change as a policy option 
in the WQIP, and finally the lack of ecological evidence for pursuing the ‘aspirational objectives’.  In summary the results 
were deemed to be unacceptable to form the basis of the WQIP and a number of alternative scenarios were explored. 

Scenario B ‘realistic-least cost’ looked at approximately half of the Scenario A objectives. In this scenario, costs were 
relatively moderate (by comparison), at $8.6m/year (compared to $30.2m/year). Landuse change was required on over 
half the agricultural land. In addition to BMPs, waterway management and erosion control works were required over 
large areas of the catchment. Again the amount of landuse change was deemed to be not acceptable for the socio-
economic viability of the local community.  As a result the Technical Panel chose to explore a scenario that could be 
implemented based on BMPs and waterway and erosion control activities alone. This scenario had a much lower level 
socio-political risk as objectives could be met through the existing productive agricultural uses albeit requiring almost 
100% adoption of BMPs and a huge quantity of waterway and erosion control works. The trade- off from this decision 
was lower levels of load reduction and increased costs for implementation.   

The scenario settled on for the WQIP was ‘realistic – Implementation Plan’ at a cost of $8.95M/year. It required 
implementation of BMPs across virtually all the existing area of dairy and dryland grazing landuses. In addition waterway 
and erosion control works were required in some of the Nooramunga catchment and most sub catchments of Corner 

 

Dickson, M., Geoff, P., and Roberts A. (2014). Balancing a productive catchment while protecting an important ecosystem – lessons from the Corner 
Inlet WQIP, in Vietz, G; Rutherfurd, I.D, and Hughes, R. (editors), Proceedings of the 7th Australian Stream Management Conference. Townsville, 
Queensland, Pages 17-24. 21 



7ASM Full Paper 

Dickson et.al. – Lessons from the Corner Inlet WQIP 

Inlet. The scenario results in a lower load reduction for than for Scenario B particularly in the Nooramunga catchment. 
This was because of the constraints on the scenario related to landuse change and waterway and erosion control works.  

Lessons from the Corner Inlet WQIP 
Scenario testing provided a number of lessons for the Corner Inlet WQIP. It highlighted that win-win solutions typically 
sought in water quality planning (i.e. 20-30% load reductions) are very difficult, perhaps impossible to achieve. This work 
showed that natural resource managers must begin to address the expectations of community, science and industry 
around the scale of water quality improvement that can be achieved through traditional BMP and on ground works 
programs with current levels of funding.  

The results highlighted the need to understand the relative importance of pollutants from an ecological perspective, so 
that objectives can be targeted to specific pollutants. For the Corner Inlet scenarios, achieving objectives for nitrogen 
was the driver for higher costs.  This is because the BMPs were less effective for nitrogen than they were for sediment 
and phosphorus (Stott and Roberts 2013) and the costs were lower for sediment and phosphorus reduction.  If in Corner 
Inlet we knew that phosphorus was more important than nitrogen we could have developed more specific programs for 
phosphorus reduction that were more cost-effective and targeted. 

Scenario testing showed there were also large differences in costs to achieving targets between the two basins in the 
catchment (Corner Inlet and Nooramunga). If we could have more specifically identified which catchment was most 
important to target from an ecological perspective (i.e. such as whether loads from Corner Inlet or Nooramunga having 
the most impact on seagrass), the WQIP could have been more targeted and cost effective.  The trade off from such an 
approach for managers is that this limits participation in programs to only part of the catchment in what is quite a small 
geographic area, with the potential to alienate some landholders. 

Table 1. Costs and management implications of achieving load reduction targets for Corner Inlet and Nooramunga 

Scenario and Objectives achieved  

TN: TP: TSS 

Cost $m/yr  Implications  Best-bet 

Benefit:Cost 
Ratio 

Optimistic 

Benefit:Cost 
Ratio 

A: Aspirational at least cost  

CI: 30:30:11 

N: 20:22:20 

30.2  Large  land 
retirement  

0.003  0.09  

B. Realistic  at least cost   

CI: 15:19:10 

N: 12:17:15  

8.6  Significant land 
retirement  

0.05  0.56  

C. Realistic -‘Implementation Plan’ 

CI: 15:20:10 

N:10:11:5  

9.0  Extensive BMPs 
and fencing  

0.23  0.90  

 

Achievement of the WQIP objectives (Scenario C) required uptake and adoption at a level greater than what could 
realistically be expected through existing BMP incentive programs. Long-term stewardship payments and increased 
investment were critical, because the majority of actions result in a cost to farmers and result in a predominantly public 
benefit.  Future implementation of such programs will require a change in investment strategies from governments and 
modifications to existing delivery programs in the catchment.  

There are alternative policy options to achieve targets at a lower cost. These include landuse change (already dismissed 
due to socio-economic risks), consideration of nutrient trading schemes or managing landuse through planning scheme 
processes to target actions that aim to minimise impact from intensive activities.  Such programs are already in 
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operation in New Zealand and the United States. We identified in the WQIP a long term process for consideration of 
such programs in acknowledgement that at the time government, industry and the community were not ready to 
consider this kind of policy instrument. 

The use of predictive models linking catchment outputs to farm practices and costs was seen by some stakeholders as a 
‘black box’ approach. Significant time and effort was required when communicating about the process and the outputs 
and there was some scepticism about the approach. The time and effort, whilst delaying the project, was worthwhile 
and resulted in increased understanding and acceptance of the WQIP objectives and associated work program. 
 

Conclusions 
 
The setting of objectives for the Corner Inlet WQIP was an iterative and pragmatic process based on limited ecological 
knowledge of the link between pollutants and a desired ecological outcome.   

Initial results from the bioeconomic modelling and INFFER analyses estimated that significant changes to landuse 
composition would be required in the catchment to meet aspirational water quality objectives and the costs would be 
astronomical ($30.2M/year). The results triggered preliminary discussions between regional agencies/organisations 
about the trade-offs involved between maintain environmental values and productive land use in the catchment.  
 
These discussions were at times difficult and required sensitivity particularly in relation to the effectiveness of actions 
and BMPs and their predicted load reductions that were often well short of the desired quality objectives. This meant 
that expectations had to be redefined around the likely level of water quality improvement resulting from the plan. 
Consideration of government investment preferences was also important as was the concept of private versus public 
benefit. 
 
Scenario testing showed that load reduction can be achieved at much lower cost if landuse restrictions can be 
considered either through regulation or nutrient trading schemes. However there are significant political and community 
sensitivities about such approaches as they challenge current practice and policy. For Corner Inlet we suggested a long 
term process that considers these issues by first improving the knowledge base. There is a need to establish a long term 
monitoring program to understand the trends in water quality conditions and seagrass health to inform the target 
setting process and improve confidence in setting ecologically relevant targets. The chances of this occurring in the 
current funding environment appear unlikely. If such a monitoring program were able to be established, then if higher 
level objectives are required and agreed to for ecosystem protection alternative policy measures should be investigated 
and discussed with the community. 

The final agreed objectives for the Corner Inlet WQIP strike a balance between the load reductions that could be 
realistically be achieved, albeit with a need for substantially increased funding, and that which would maintain 
agricultural industries within the region.  It also provides the basis for a longer term discussion about agricultural and 
environmental trade-off decisions which may be required to better protect Corner Inlet. 

The results from the Corner Inlet WQIP are likely to apply to many freshwater and coastal assets threatened by excess 
nutrient and sediment from catchment sources. We hope the results are used for more informed and targeted decision-
making about trade-offs between catchment production and the environment.  
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