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Introduction

Making decisions about the environment often involves balancing conflicting, incommensurate and incompatible values of many users and uses of a resource. One of the most fundamental and difficult tasks involved, therefore, is the effective integration or synthesis of all values related to the resource issue in question. Consideration and effective integration of all resource values, whether they are environmental, economic or social, is a necessary first step to achieving and maintaining ecologically sustainable development. 

In 1992, after decades of environmentalist/forest industry conflict, the Australian Government embarked on the largest and most expensive environmental planning exercise ever undertaken in Australia. This was the program of Comprehensive Regional Assessments of Australia’s forests that would eventuate in the signing of Regional Forest Agreements and ensure the sustainable management of forests in this country. One of the most difficult tasks for planners and policy-makers was that of integrating all of the different forest values upon which a final decision about reserved and unreserved areas could be made. Without an adequate process of integration, important information may be lost in the volumes of complex assessment documents that are created. As well, the process would fail to adequately take account of the preferences of all stakeholders. This chapter outlines a practical application of a decision support tool – Multi-criteria Decision Analysis (also known as Multi-criteria Analysis) – to the integration of these various forest values using, as a case study, a stakeholder forum from one of the assessment regions.In recent years, Multi-criteria Analysis has gained popularity as a tool for making planning decisions involving complex environmental, social and economic issues, however, it has had limited application in environmental policy-making in Australia. Although not part of the official process, the case study utilises the preliminary results of the assessments themselves and the decision-making criteria and priorities placed on different forest values provided by a representative stakeholder group that were part of the Comprehensive Regional Assessment of the Southern Forest Region
 of New South Wales, Australia. 

The results show that, overcoming the complex problems involved in achieving ecologically sustainable development, such as those of comparing multiple values and incorporating stakeholder participation into the decision process can be aided by the use of Multi-criteria Analysis.

Forest Assessments

Of the 157 million hectares of forest in Australia, around 20 per cent are comprised of rainforest and open eucalypt forests, both of which are major sources of timber production in this country. Around 30 per cent of this rainforest and open eucalypt forest area is situated on state government timber reserves and 18 per cent in nature conservation reserves. The day to day management of these areas rests largely under the control of the relevant state government with the Commonwealth (ie. Federal) Government having jurisdiction over the issuing of woodchip export licences and obligations to ensure sustainable forest management under various international protocols, such as the Montreal Process (Commonwealth of Australia, 1997a). However, the management of Australia’s public forests has been characterised by intense public debate for several decades. As a result, Australian governments are now carrying out a series of ‘Comprehensive Regional Assessments’ of these forests that are designed to determine the major part of Australian forest policy for the next twenty years. 

In 1992, the Commonwealth and State Governments of Australia reached agreement on a National Forest Policy that would provide a long term management strategy for Australia’s forests (Commonwealth of Australia 1992). As part of this strategy, the governments agreed to:

· undertake Comprehensive Regional Assessments of environment, heritage, social and economic values of forests

· set up Comprehensive, Adequate and Representative (CAR) conservation reserves on the basis of these assessments

· sign Regional Forest Agreements about the long term management and use of Australia’s forests (Commonwealth of Australia 1997b).

The CAR Reserve system is intended to safeguard biodiversity, old growth, wilderness and other natural and cultural values of forests. Forests outside of these reserves will be available for timber or other types of suitable ecologically sustainable production. The conservation criteria set by a panel of experts and agreed to nationally by governments (known as the JANIS criteria) aim to reserve where practicable:

· fifteen per cent of the estimated extent of each forest ecosystem prior to European arrival

· at least sixty per cent of old growth forest; and

· ninety per cent or more of high quality wilderness.

Other criteria have been similarly set for flora and fauna species. The assessments have resulted in volumes of documents for each region that need to be considered carefully before the drawing up of a Regional Forest Agreement between the Commonwealth government and the relevant state government.  The Regional Forest Agreements (RFAs) will be maintained for a period of twenty years. The long-term nature of these agreements has been designed to provide a secure basis on which the timber industry can make long-term investment decisions. These agreements are, however, to be reviewed every five years, to ensure that the objectives are being satisfactorily met.

In 1994, the first of a series of extensive assessments of 25 million hectares of forests began. Relevant government departments provide assessments on environment and heritage, National Estate, wilderness, resource, economic and social values of the forests under review. An important part of the decision-making phase leading up to these agreements is the ‘integration’ process. That is, that process that ideally allows a rigorous comparison of economic, environmental and other forest values in order to allow decisions to be made about the extent, in these forests, of reserved, logged and other use areas. The following is an overview of how these assessments are undertaken and how the official ‘integration’ process takes place (for more information, see for example, Commonwealth of Australia 1997c).

Environment and heritage assessment

This assessment covers biodiversity, endangered species, old growth and world heritage areas. The biodiversity assessment includes a compilation of flora and fauna data and an assessment of species and forest ecosystems. The species assessment includes information on distribution, habitat, life history and risk of extinction factors for each terrestrial and aquatic forest flora and fauna species including those that are rare and threatened. The forest ecosystems assessment attempts to estimate pre-1750 distributions of forest ecosystems and compare these with present day distributions.

The old growth assessment lists and maps areas classified under certain scientific principles. The framework for the world heritage assessment is provided by a panel of experts who identify themes of outstanding universal value relevant to Australia and related to Australian forests. The analysis then seeks to identify if any of these themes can be applied to the forest region under review.

National Estate assessment

Using a broad range of technical expertise and public input, this assessment seeks to identify areas of both natural and cultural value. The assessment draws on a wide range of existing flora, fauna, historical, ecological and pre-logging surveys as well as some new data collected especially for the purpose. Also included is an ongoing assessment of Indigenous cultural and heritage values.

Wilderness assessment

This assessment has been largely based on either existing surveys or on expert opinion or a combination of the two. Data on variation in wilderness quality across the natural areas of the region are mapped. Measures of wilderness quality are essentially ‘remoteness’ from access, structures and settlement and ‘naturalness’, both apparent and biophysical. Other guidelines agreed upon by technical experts (such as a minimum of 25 000 hectares for an area to be classified as wilderness) are also used. 

Resource and economic assessment

This analysis details the existing resources and uses of the forest area and provides an economic evaluation of the current situation and potential future scenarios. The usage categories may include:

· native forests - production of sawlogs and residual logs

· plantations - native and exotic species

· other forest produce (eg. honey)

· recreation and tourism

· water

· mineral resources.

The net value of the timber industry is assessed using survey data collected from existing sawmillers. Future returns to the industry are estimated using a GAMS (Generalised Algebraic Modelling System) based constrained linear optimisation model of the local timber industry called FORUM (Forest Resource Use Model), and estimates of sustainable yields provided by independent forecasting models of forest growth and production for the particular region (Dann and Clarke 1996). 

Data on the values of other forest uses is provided by existing surveys. The potential for mineral resources is assessed using standard geological survey techniques that place varying probabilities on the existence of valuable minerals according to the basic geological structure of the area.

Social Assessment

Using survey, interview and workshop techniques, this analysis provides a socio-demographic profile of the CRA area as well as details of the current community infrastucture and an outline of community attitudes and perceptions with regard to the use of forest resources. Various techniques based on social assessment theory are employed in the analyses of the data.

Integration

‘Integration’ describes the official government process by which the various assessments are brought together and used as the basis of coming to a decision about reserved and other use areas in a region. The integration process differs from state to state depending on the preferences of particular governments and on the availability of data. 

In general, though, after the assessments have been completed, a series of meetings are held and attended by representatives from the Commonwealth, the state government and various stakeholder groups. The objective of these meetings is to develop feasible scenarios, and subsequently, a negotiated resource use option or set of options for the region, that is released for public comment before a final decision is made. 

A GIS (Geographic Information System) based reserve selection model called ‘C Plan’ is used extensively as the basis for developing resource use options. The C Plan model maps areas of differing ‘irreplacibility’ and finds the smallest possible set of areas that will achieve a nominated conservation goal (Pressy et.al. 1995). Irreplacibility measures the extent to which a particular conservation goal can be achieved. Two definitions of irreplacibility are used and include:

· the likelihood that any of the areas in a region will be needed to achieve an explicit conservation goal

· the extent to which the options for achieving an explicit conservation goal are narrowed if any of the areas in a region are destroyed or made unavailable for conservation.

The conservation goals can include such items as particular forest ecosystems, species of flora and fauna etc. As well, the model maps areas of old growth forest, wilderness, potential mineral deposits, high cultural and heritage values, timber production, private and leasehold land as well as areas which have been targeted for Indigenous land rights claims.

A process of visual interpretation of the irreplacibility indices is followed and each area of high irreplacibility investigated and selected for inclusion as possible reserve areas. A visual interpretation of the areas of wilderness, old growth forests and areas where threatened species are reported to exist is also carried out and these areas included in the possible reserve system. Reserve design is also taken into account. Despite the technical and structured nature of the C Plan method, the reserve design process also includes a degree of ad hoc selection. For example, this is displayed in the choice of criteria being used to select areas for reserve and sometimes, on the heavy reliance on local knowledge of conservation groups and government officers. After several selections had been made, the extent to which conservation targets had been met for the various flora and fauna species and ecosystems are assessed. 

Next, the timber volumes model (FRAMES) is run. This model estimates the amount of commercial timber that could be harvested from the remaining area of forest that had been excluded from reserve and is not on private or leasehold land (Turner 1998). The results are then fed into the FORUM economic model to determine the likely consequences on the value of timber production in the area as a result of the change in reserve selection. FORUM provides an analysis on the commercial value of the forest harvest, net returns to the regional industry and employment. 

Further details on ‘Integration’ can be found in Proctor (1999), however, it should be noted that at no stage in the official integration process for the Southern NSW Region were the data obtained from the various assessments comprehensively and methodically incorporated into the decision-making. It should also be noted that, unlike previous assessments, for this region, the stakeholder groups were largely excluded from the integration process. The Southern Region integration process resulted in the description of five options, along with various data associated with each option, being released for public comment. These options represented five different reserve designs associated with levels of high quality sawlog production of 32 000 cubic metres per annum, 35 000 cubic metres per annum, 45 000 cubic metres per annum, 55 000 cubic metres per annum and 65 000 cubic metres per annum.

The following chapters outline a method (Multi-criteria Analysis) to utilise the forest assessment data in a much more rigorous, objective and structured way than has been undertaken in the RFA integration process. This method also allows for a much more participatory approach to the decision-making process than has so far occurred for any of the forest agreements. The guidelines for the Comprehensive Regional Assessment process (see Commonwealth of Australia 1992) outline the need for public participation covering all interest groups and accounting for all stakeholder preferences in a comprehensive and transparent manner. In addition, stakeholder participation is a fundamental principle of ecologically sustainable development. It will be shown that Multi-criteria Analysis is an appropriate means of achieving stakeholder participation in the decision-making process.

Method

Multi-criteria Analysis is a means of simplifying complex decision-making tasks which may involve many decision-makers, a diversity of possible outcomes and many and sometimes intangible criteria by which to assess the outcomes. It is one means by which structure and transparency can be imposed upon the decision-making process. Its origins lie in the fields of public policy, mathematics and operations research and it has had a great deal of practical usage by public planners in such areas as the siting of health facilities, motorways and nuclear reactors (Massam 1988). 

A Multi-criteria Analysis seeks to make explicit the logical thought process that is implicitly carried out by an individual when coming to a decision. In complex decision-making tasks, which sometimes involve many objectives and many decision-makers, this structured process of logic may be lost in the complexity of the issues. In general, a Multi-criteria Analysis seeks to identify the alternatives or options that are to be investigated and decided upon, a set of criteria by which to rank these alternatives and the method by which the alternatives are to be ranked and preferences aggregated. Finally, a sensitivity analysis is carried out on the results. The final outcome is a preferred option or set of options that is based upon a rigorous definition of priorities and preferences decided upon by the decision-makers. Multi-criteria Analysis addresses many of the requirements for effective decision-making that are asked of environmental policy-makers as outlined in the following two sections.

Multi-criteria Analysis in the Policy-making Process

An overview of the literature on desirable public policy-making processes, although emphasising flexibility in any such process, does reveal several common steps. These steps can be compared to the Multi-criteria Analysis process and it becomes apparent that many of the recommended steps are directly related to a Multi-criteria Analysis. In Multi-criteria Analysis, however, these steps are made more explicit and detailed, and therefore become more of a detailed prescription or guide for practical approaches to policy-making than is generally provided in the policy literature. The equivalent steps in the two processes can be seen in Table 1
. The issue definition and setting the objectives and priorities stages of the policy process are analogous to the first three stages of the Multi-criteria Analysis process which identify the feasible alternatives, objectives(s) and criteria of assessment whilst the priorities are set by the criteria weights obtained from the particular preferences of the decision-maker. The forecasting stage of policy analysis is provided by the Multi-criteria Analysis step of defining and applying a particular aggregation method to the plan impact data and criteria weightings. The options analysis stage of policy-making is then described completely by the outcomes of the Multi-criteria Analysis technique and the sensitivity analysis of the results. The final steps of the Multi-criteria Analysis could also be described as being part of a more rigorous options analysis where fine-tuning of the estimates is made and the results fully reported and the decision-maker fully informed.

Table 1: Equivalent Steps in Prescriptive Policy-making and Multi-criteria Analysis

	Policy-making
	Multi-criteria Analysis (MCA)

	Deciding to decide (issue search and agenda setting)
	Identify the feasible alternatives or preferred outcomes

	Issue Definition
	Identify the overall  objective

	Setting the objectives
	Identify all objectives that are to be achieved

	
	Identify the criteria by which to judge the outcomes

	Setting the priorites
	Apply appropriate weights on each of the criteria which reflect the particular preferences of the decision-maker

	
	Choose an appropriate form of  MCA

	Options analysis
	Assess each of the alternatives

	
	Sensitivity analysis

	
	Report findings back to decision-maker

	
	Provide a detailed report


Incorporating Stakeholder Participation

An important aspect of environmental policy-making in recent years has been the increasing practice of incorporating public and stakeholder participation into some part of the policy-making process. The need for a participatory framework to environmental policy formulation has grown out of increasing interest by individuals in environmental issues (see Lothian 1994), a grass roots desire by the public to become involved in the policy-making process over regional issues that affect them (for example, Landcare and Bushcare groups in Australia) and a recognition by governments that involving the general community early in the process can bring benefits by avoiding disagreements and conflicts in later stages and increasing the knowledge base that is available to policy-makers (see Howlett and Ramesh 1995).

A recent study (Buchy, Ross and Proctor 2000) has identified that an effective participatory process must contain certain attributes such as agreed objectives and expectations, transparency of process and adequate representation and equity in the decision-making process. Such attributes also coincide with a Multi-crieria Analysis as shown in Table 2.

Multi-criteria Analysis can facilitate a participatory approach to environmental policy-making and natural resource management by providing a formal structure that supports and encourages the attributes of a good participatory process in order to deliver the benefits of such a process to policy.

Table 2: Attributes of an effective participation process and Multi-criteria Analysis

	Participatory Natural Resource Management
	Multi-criteria Analysis (MCA)

	Identify agreed objectives and expectations
	Identify the feasible alternatives or preferred outcomes.

Identify all objectives.

	Facilitate disclosure of interests
	Apply appropriate weights on the criteria that reflect the preferences of the decision-maker

	Enhance skills by ensuring quality of information.
	Provide a detailed written report

	Allow for continuity and follow up
	Report findings back to the decision-maker

	Address issues of representation and equity
	The MCA process facilitates equity in the decision-making process

	Encourage transparency in the process
	The MCA process enhances transparency of the decision-making process.


Source: Adapted from Buchy, Ross and Proctor 2000.

The Analytic Hierarchy Process

There are many different types of Multi-criteria Analyses. Saaty (1980) developed a method of analysing decisions based upon a hierarchy of components of the decision, known as the Analytic Hierarchy Process (AHP). His method is essentially an interactive one where a decision-maker or group of decision-makers relay their preferences to the analyst and can debate or discuss opinions and outcomes. His method largely stems from the theories of human behaviour including thought process, logic, intuition, experience and learning theories (Saaty 1982).

The hierarchies are made up of:

· a top level, which comprises the overall objective of the decision process

· intermediate levels, which comprise the criteria and sub-criteria to analyse the decision, and

· the lowest level, which lists the alternative plans that are to be analysed and decided between (Figure 1).

Figure 1: A Decision Hierarchy
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The AHP is based upon the construction of a series of ‘pair-wise comparison’ matrices which compare criteria to one another. This is done to estimate a ranking or weighting of each of the criteria that describes the importance of each of these criteria in contributing to the overall objective. If the criteria are broken down into a number of sub-criteria, the pair wise comparisons are repeated for each level of the hierarchy. A pair wise comparison of J criteria (G1 … GJ) to reflect the importance or weighting of each criteria in influencing the overall objective, involves constructing a J by J matrix (G) which shows the dominance of the criteria in the left hand side column with respect to each criteria in the top row. 

G =
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Each cell entry of G, reflects a ratio scale of the underlying priority weights assigned to each of the criteria ie. gjj’ = wj/wj’. The weightings (wj) have to be derived from the cell entries gjj’. A nine point Intensity of Importance scale was developed by Saaty to determine these. It is claimed that the scale is based on psychological experiments and is designed to allow for and accurate reflection of priorities in comparisons between two items whilst minimising the difficulties involved in doing so (Table 3).

Table 3: The AHP Intensity of Importance Scale

	Intensity of Importance
	Definition

	1
	Equal importance of both elements

	3
	Weak importance of one element over another

	5
	Essential or strong importance of one element over another

	7
	Demonstrated importance of one element over another

	9
	Absolute importance of one element over another


Source: Saaty 1982

In G, each cell entry is positive and the diagonal elements (gjj) are a series of 1’s. If it is assumed that transitivity of preferences prevails (ie that if G1 is preferred by a scale of 5 to G2, then G2 is preferred by a scale of 1/5 to G1) then the reciprocal property gjj’ = 1/ gjj’  is satisfied and estimates need only be provided for those cells which lie above the diagonal.

Saaty proves that, if G displays ‘cardinal’ consistency, in that gjj’ gj’j’’ = gjj’’, then by normalising the positive reciprocal matrix G so that the columns sum to unity, a solution to w, the vector of overall priority weights, can be obtained by reading any column of the matrix, as each column in this normalised matrix will be identical (Saaty and Vargas 1982). Imposing cardinal consistency on the matrix also means that only one row of the matrix needs to be entered and all other values can be derived. If cardinal consistency were not imposed, then each column vector may be different and it would then be necessary to average across the rows to determine the overall priority weights. In this instance, Saaty provides a ‘check for consistency’ measure and acceptable bounds within which this measure should fall.

To gauge how each plan performs with respect to each of the criteria, another series of pairwise comparisons are carried out. For j = 1 … J criteria and i = 1 … I different plans, a pairwise comparison matrix comparing all plans under the criteria Gj would be:

Aj =
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Again, the nine point scale is used to provide estimates of the ratio weights, the aji, and the positive reciprocal properties are assumed to hold. The overall priority (OPi) of each of the plans with respect to all of the criteria can be estimated as follows:

 
OP1 = a11(w1) + a21(w2) +…+ aJ1(wJ)


OP2 = a12(w1) + a22(w2) +…+ aJ2(wJ)


.


.


.


OPI = a1I(w1) + a2I(w2) +…+ aJI(wJ)

Case Study

The New South Wales (NSW) Southern Region Regional Forest Forum was initiated as part of the RFA process. The Forum provides an opportunity for regional stakeholders to share information with governments and offer recommendations. The Forum has not, however, been given an official decision-making role in the process. Members of the Forum represent the following organisations:

	· Local Government and Shires Association of NSW

· National Parks and Wildlife Service (Govt.)

· State Forests NSW (Govt.)

· Regional Development Group

· Tourism NSW

· Forest Products Association

· National Association of Forest Industries

· Australian Forest Growers

· Nature Conservation Council

· Apiarists Association
	· NSW Farmers Association

· State Catchment Coordination Committee

· NSW Aboriginal Land Council

· Construction Forestry Mining and Electricity Union

· Forest Protection Society

· Confederation of Bushwalking Clubs NSW

· NSW Minerals Council

· University of Wollongong

· Institute of Foresters of Australia 

· Aboriginal Elders from the region


For almost three years now, the Forum has been meeting regularly – around once every six weeks. Although not part of the ‘official’ process, the Forum members agreed to take part in the Multi-criteria Analysis as part of their regular meetings with the time allocated to collect information for the analysis forming only a small part. Much of the information was gathered outside the meetings by mail survey, phone or face-to-face interview. 

The first stage of the analysis was to identify a complete set of criteria by which to assess each alternative plan. The criteria identified relate directly to the stated objectives of the Regional Forest Agreements as outlined in the National Forest Policy Statement. Figure 2 shows a hierarchy of objectives and criteria, developed in association with the Forum members. 

Forum members were then asked to carry out the AHP pairwise comparison exercise outlined previously. A survey asking details about their pairwise preferences of the identified criteria and sub-criteria was distributed and information on how to fill out the survey was provided at one of the meetings. Follow up phone calls also provided assistance.  A pairwise comparison of the three broad criteria (Environment, Economic and Social) was requested as well as three sub-criteria group comparisons. The three sub-criteria matrices were: 

· Environmental sub-criteria – Biodiversity, Old Growth, Wilderness, Water And Soil Resources, Adequate Hazard Reduction, Forest Contribution to Global Carbon Cycles, Productive Capacity, Health and Vitality of the Forest; 

· Economic sub-criteria – Productive Capacity, Health and Vitality of the Forest, Timber Values, Minerals Values, Apiary Values, Other Product Values, Employment and Community Needs and Recreation and Tourism; and 

· Social Sub-Criteria – Employment and Community Needs, Recreation and Tourism, National Estate, Cultural and Heritage Values and Indigenous Values.

Information was only required on the matrix cell entries which were above the diagonal. Reciprocals were later entered below the matrix diagonals. Cardinal consistency was not imposed on the comparisons.

Results

Southern Forest Forum preferences

The purpose of this part of the analysis is to identify issues of relative disagreement and agreement on priorities between the twenty-two members of the Forum. The potential of the analysis is that those issues of substantial disagreement can be isolated and be subject to more in-depth analysis and discussion so that possible compromises or trade-offs may be found. 

Figure 2: Hierarchy of Objectives and Criteria for the Southern Region RFA
	RFA Objectives

· Protect conservation values

· Ensure the long term ecologically sustainable management of forests

· Develop an internationally competitive forest products industry

· Effectively use other regional economic and social resources
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Environmental Preference
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Economic Preference
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	Biodiversity
	Old Growth
	Wilderness
	Water & Soil Resources
	Adequate Hazard Reduction
	Forest Contribution to Global Carbon Cycles
	Productive capacity, health and vitality of Forest
	Timber
	Minerals
	Apiary
	Other products
	Employment and Community Needs
	Recreation and Tourism
	National Estate
	Cultural and Heritage
	Indigenous


Criteria consistently given low priority can be excluded from the analysis. The raw data from each respondent’s matrices were normalised (by dividing the cell entry by the column total) to allow comparisons between criteria and to show the range of relative priorities. The Cardinal Consistency Index was within the acceptable limits for all responses. Figure 3 shows the differences in priorities amongst Forum members with respect to the three major criteria. It can be seen that the largest difference

Figure 3

 lies in the environment and economic categories with a distinct polarisation of priorities evident amongst many Forum members. There is some consistency with regards to the social criteria, with most respondents considering this to be of least importance out of the three. 

As an indication of the overall group response, following the method recommended by Saaty (1982), the geometric mean over all respondents of each matrix cell entry was calculated and the resulting geometric mean matrix normalised. For the three broad criteria categories, the Environmental category was given greatest priority in influencing the overall RFA objective with a figure of 0.375. Next followed the Economic criteria (0.374) and finally the Social criteria (0.251).The normalised priorities of the sub-criteria were then calculated. Within the environmental sub-criterion, the most important criteria were identified as Water and Soil Resources, the Productive Capacity of the Forest and Biodiversity (Figure 4). 

Figure 4

The normalised priorities of the Economic criteria show less dispersion than those of the Environmental criteria. Disparities in preferences exist in the Productive Capacity, Timber Values and Minerals Values categories although the range of priorities for Productive Capacity is not spread evenly with one substantial outlier influencing the results (Figure 5). Disregarding this outlier, the highest priorities were given to Timber Values and Employment and Community Needs.

Figure 5

In the category of Social Criteria, the highest priorities were given to Employment and Community Needs and Indigenous Values. The largest range of priorities for the social criteria (ignoring outliers) appeared to be in the Employment and Community Needs category (Figure 6).

Figure 6


More detailed analysis of the preference structures of the Forum can be found in Proctor (1999).

Performance of options against the criteria

The next part of the analysis was to assess each of the suggested options devised for the Southern Region against the decision criteria identified by the Forum members. Table 4 shows an Impact Table (measuring the performance and implications of each option) of the only available data released on each option at the time of writing.

Table 4: Impact Table For Forest Use Options

	Indicator
	Option 1
	Option 2
	Option 3
	Option 4
	Option 5

	Volume of sawlogs/year  (m3)
	32 000

(for 20 years and at least 22 000 per year thereafter)
	35 000

(for 20 years and at least 35 000 per year thereafter)
	45 000

(for 20 years and at least 43 000 per year thereafter)
	55 000

(for 20 years and at least 45 000 per year thereafter)
	65 000

(for 20 years and at least 45 000 per year thereafter)

	Achievable targets met in dedicated reserves (%):
	
	
	
	
	

	· Forest ecosystems
	80
	67
	62
	61
	60

	· Old Growth Forest
	73
	55
	52
	52
	52

	· Fauna
	79
	73
	72
	68
	66

	· Flora
	84
	74
	71
	67
	63

	Wilderness reserved (%)
	90
	88.5
	88.1
	87.7
	87.2

	National Estate Areas Reserved (areas with National Estate sites identified within them and placed into reserve)
	All


	All


	All


	Some


	Some



	National Estate Values (additions to reserves because of high potential National Estate values identified)


	High


	High


	High


	Medium


	Low



	Total Direct Mill Employment (no.)
	140-145
	144-151
	172-180
	195-200
	213

	Total Harv. and Haul. Employment (no.)
	36
	38
	43
	50
	55

	Gross Value Output ($m)
	15.5-16.5
	16.4-17.6
	19.3-22.3
	22.2-25.4
	25.0-27.6

	Change in other employment (no.)
	-48
	-33
	+16
	+69
	+115

	Total Gross Value Output ($m)
	3 327.6
	3 329.1
	3 333.8
	3 338.6
	3 343.2



Source: Forest Taskforce and Resource and Conservation Division 2000, ‘A Proposal for a Regional Forest Agreement for Southern NSW’.

These data relate to the identified decision criteria as in Table 5.

Table 5: Criteria and Available Data

	Conservation of Environmental Values
	Maintenance of Long Term Economic Benefits
	Maintenance of Social and Cultural Values

	· Biodiversity (achievable targets
 met for Flora, Fauna and Forest Ecosystems) 

· Old Growth Forests (achievable targets met)

· Wilderness (percentage reserved)


	· Timber (gross value of timber output)

· Other Products (total gross value of output)

· Employment and Community Needs (direct mill employment, harvesting and haulage employment, change in other employment)
	· Employment and Community Needs (direct mill employment, harvesting and haulage employment, change in other employment)

· National Estate (national estate areas reserved, national estate values)




The individual Forum members’ preference matrices of the sub-criteria were re-normalised, after excluding those sub-criteria for which data were not yet available. Tables 6 to 8 show the estimated pairwise comparisons of options under the environmental, economic and social criteria defined above, based on the performance of each option outlined in the Impact Table.

Table 6: Pairwise Comparison of Options under Environmental Criteria

	Biodiversity
	Option 1
	Option 2
	Option 3
	Option 4
	Option 5

	Option 1
	1
	4
	5
	5
	7

	Option 2
	0.25
	1
	3
	4
	4

	Option 3
	0.2
	0.33
	1
	3
	4

	Option 4
	0.2
	0.25
	0.33
	1
	2

	Option 5
	0.14
	0.25
	0.25
	0.5
	1

	
	
	
	
	
	

	Wilderness
	Option 1
	Option 2
	Option 3
	Option 4
	Option 5

	Option 1
	1
	3
	3
	3
	3

	Option 2
	0.33
	1
	1
	1
	1

	Option 3
	0.33
	1
	1
	1
	1

	Option 4
	0.33
	1
	1
	1
	1

	Option 5
	0.33
	1
	1
	1
	1

	
	
	
	
	
	

	Old Growth
	Option 1
	Option 2
	Option 3
	Option 4
	Option 5

	Option 1
	1
	5
	5
	5
	5

	Option 2
	0.2
	1
	2
	2
	2

	Option 3
	0.2
	0.5
	1
	1
	1

	Option 4
	0.2
	0.5
	1
	1
	1

	Option 5
	0.2
	0.5
	1
	1
	1


Table 7: Pairwise Comparison of Options under Economic Criteria

	Timber

 Employment
	Option 1
	Option 2
	Option 3
	Option 4
	Option 5

	Option 1
	1
	1
	0.25
	0.2
	0.17

	Option 2
	1
	1
	0.25
	0.2
	0.17

	Option 3
	4
	4
	1
	0.25
	0.25

	Option 4
	5
	5
	4
	1
	0.5

	Option 5
	6
	6
	4
	2
	1

	
	
	
	
	
	

	Timber Values
	Option 1
	Option 2
	Option 3
	Option 4
	Option 5

	Option 1
	1
	1
	0.5
	0.5
	0.33

	Option 2
	1
	1
	0.5
	0.33
	0.33

	Option 3
	2
	2
	1
	0.5
	0.5

	Option 4
	2
	3
	2
	1
	0.5

	Option 5
	3
	3
	2
	2
	1

	
	
	
	
	
	

	Other Values
	Option 1
	Option 2
	Option 3
	Option 4
	Option 5

	Option 1
	1
	1
	0.5
	0.5
	0.33

	Option 2
	1
	1
	0.5
	0.5
	0.33

	Option 3
	2
	2
	1
	0.5
	0.5

	Option 4
	2
	2
	2
	1
	0.5

	Option 5
	3
	3
	2
	2
	1


Table 8: Pairwise Comparison of Options under Social Criteria

	National Estate
	Option 1
	Option 2
	Option 3
	Option 4
	Option 5

	Option 1
	1
	1
	1
	4
	5

	Option 2
	1
	1
	1
	4
	5

	Option 3
	1
	1
	1
	4
	5

	Option 4
	0.25
	0.25
	0.25
	1
	2

	Option 5
	0.2
	0.2
	0.2
	0.5
	1

	
	
	
	
	
	

	Timber Employment
	Option 1
	Option 2
	Option 3
	Option 4
	Option 5

	Option 1
	1
	1
	0.25
	0.2
	0.17

	Option 2
	1
	1
	0.25
	0.2
	0.17

	Option 3
	4
	4
	1
	0.25
	0.25

	Option 4
	5
	5
	4
	1
	0.5

	Option 5
	6
	6
	4
	2
	1


Using the priorities placed on the environmental criteria by the Forum members (ie. Biodiversity 0.45, Old Growth 0.28 and Wilderness 0.22), the ranking of the options according to their performance under the environmental criteria was: Option 1 (0.47); Option 2 (0.18); Option 3 (0.12); Option 4 (0.09); Option 5 (0.08). Using the priorities placed on the economic criteria (ie. Timber values 0.37, Employment and Community Needs 0.34 and Other Values 0.23), the ranking of the options according to their performance under the economic criteria was: Option 1 (0.08); Option 2 (0.08); Option 3 (0.16); Option 4 (0.025); Option 5 (0.36). Similarly, for the Social and Cultural criteria priorities (ie. Employment and Community Needs 0.56, National Estate Values 0.43), the ranking of the options performance under social and cultural criteria was: Option 1 (0.15); Option 2 (0.09); Option 3 (0.09); Option 4 (0.07); Option 5 (0.14).

The overall ranking of the options under all criteria was: Option 1 (0.27); Option 2 (0.13); Option 3 (0.12); Option 4 (0.15); Option 5 (0.20). These rankings are depicted in Figure 7, with the ranking of options with respect to each of the broad criteria shown in Figure 8. 

Sensitivity analysis was carried out to assess the order of rankings under different assumptions. As the Employment and Community Needs criterion displayed the greatest difference in the priorities placed on it by Forum members, two scenarios were tested. The first used the maximum value obtained for this criterion from the individual pairwise comparisons of both the Economic and the Social sub-criteria.
 The second scenario used the minimum value obtained from the individual pairwise comparisons. The results are depicted in Figures 9 and 10. Neither change in the priority of the Employment and Community Needs criterion led to a change in the overall ranking of the options.

A sensitivity analysis was also carried out to test the outcome of the overall ranking of options when the priorities placed on the broad Environmental and Economic criteria were reversed. The outcomes are depicted in Figures 11 and 12, with an environmental preference leading to an even higher ranking of Option 1 and an economic preference leading to Option 5 being ranked first.

Discussion

The outcome of the Multi-criteria Analysis based on the data so far released for the Southern Region reveals that the preferred option is Option 1. Contrary to what may be initial observations of the data, however, is that the next preferred option is Option 5. On closer inspection of the data, this outcome is seen to be the result of the high performance of Option 1 under the environmental criteria when compared to all the other options and similarly, the much better performance of Option 5 under the employment criteria when compared to all the other options. This result accurately depicts the polarised nature of the priorities of the Forum members and shows the nature of the trade-off in the forest management debate as being one between conservation and employment. The outcome of the analysis shows that a ‘middle ground’ choice, such as Options 2, 3 or 4 may not be accepted favourably by any stakeholders because none of these options perform strongly enough under either the  conservation or the employment criteria. It is important to note also that the ranking of the options did not change when the Employment and Community Needs criteria preference level was varied between that of maximum priority to minimum priority. Changing the broad criteria rankings to that depicting an economic preference did change the overall ranking of the options with Option  5, as expected being rated first. The ‘conservation’ option, Option 1, however, still ranked third in the overall priorities, under a ‘timber industry’ preferred scenario. 



Further research will reveal the influence of the other important criteria (for example, Indigenous Values and Water and Soil Quality) as more detailed data becomes available. It is unlikely, though, that inclusion of either of these criteria into the analysis will greatly change the overall priorities estimated here. At the time of writing, no Regional Forest Agreement has been signed by the New South Wales and Commonwealth governments for the New South Wales Southern Region forests. However, the New South Wales government has declared its own 'Forest Agreement' choosing as a result of it’s own integration process, Option 3 (the least preferred result under this Multi-criteria Analysis), as the preferred framework for its forest policy. It is hardly surprising that since announcing this policy, intense public disagreement has resulted, with both conservation groups and timber industry organisations criticising the decision. Using an approach such as Multi-criteria Analysis could have led policy-makers to foresee the response to such a proposal and led them to identify possible trade-offs in order to revise and fine-tune the options. The results therefore show that, overcoming the complex problems involved in achieving ecologically sustainable development, such as those of comparing multiple values and incorporating stakeholder participation into the decision process can be aided by the use of Multi-criteria Analysis.
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Sub-criteria





Criteria








� Under the Regional Forest Agreement process, the Southern Region was divided into three zones: the northern, western and eastern zones. Data in this research refers only to the eastern zone.


� Adapted from the nine basic steps to policy-making in Hogwood and Gunn 1984.


� Achievable targets refers to the extent to which the JANIS criteria are met on formal or dedicated reserves such as national parks, nature reserves and flora reserves.


� Other relative priorities were maintained.
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