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ABSTRACT

Today Multiple Criteria Analyses (MCAs) are widely used for project appraisals.
In order to include the short and long term consequences that a project can have,
most MCA models are built on a project specific basis. In addition, there is a
proliferation of projects being put forward for consideration, thus the work of
decision makers has become extremely time and resource consuming. The aim of
this research is to develop and test an integrated method for project appraisal
which can be used by decision makers to evaluate a diverse range of project

proposals in a timely and resource efficient manner.

This led to the creation of a generic method that could be applied to all projects in
the first instance. The research employed a modified Leopold matrix to create a
checklist to be used as an initial tool to select key attributes for inclusion in the
decision making analysis. This standardized approach allows decision makers to
work with available data in the first instance to avoid excessive time and resource
expenditure. MCA forms the basis of this rapid evaluation method (REM), as it can
accommodate the integration of heterogeneous criteria that are measured by
differing metrics. The explicit expression of preferences for certain decision
attributes, a key element in the MCA process, is utilized here and a modified
Delphi approach, using independent experts is employed to determine attribute
weightings. From these, utility scores are calculated, sensitivity analyses
conducted and recommendations made regarding the proposed project. At this
point an ‘accept’ or ‘reject’ decision might be made or, alternatively there is a
recommendation that a full independent MCA be executed. Taking this approach
means that a unique and independent MCA will only be required for some
projects. Therefore, this method accelerates the project decision-making process

and reduces the overall resources needed for the appraisals.

Three diverse case studies are used to test and refine the REM. One is an energy
project situated in New Zealand, another, a proposal for a privately owned abattoir
in Chile and the third is a decision between two proposals relevant to the salmon

farming industry in Chile. From this research it is clear that the application of the



REM can aggregate complex data into a pragmatic multi-criteria framework,
improving the ability of agencies to estimate the trade-off between environmental,
economic, and social impacts of a development project. The REM provides a
benchmark for managers to determine whether a project should be accepted,
rejected or requires more detailed analysis. This method has the potential to

significantly reduce the time and cost involved in project evaluation.

Keywords: Multiple criteria analysis, analytical hierarchy process, project

evaluation, integrated analysis, rapid evaluation method.
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DEFINITIONS OF TERMS USED

The following terms have precise meanings in this thesis and are drawn from
Logical Decision for Window (LDW) (Logical Decision, 2010, p 12-1 to 12-10), the
MCA software employed to run REM.

Alternative - Alternatives are the choices which will be ranked by the analysis.
There is no limit on how many alternatives can be defined in Logical Decision
software. Alternatives consist of a name and a level for each measure. Levels may

be point estimates (single numbers), text labels or probabilistic.

Analytic Hierarchy Process - A process for computing the relative importance of
a set of alternatives or goal members. The decision maker is asked to provide the
ratios of the performances (or importance) of all the possible pairs of objects in the
set. A method, based on linear algebra, is used to compute the relative utilities or

weights for the objects in the set.

Attribute - Attributes are the criteria which quantify the achievement of the
objectives. They describe the consequences of the alternatives and make value
trade-offs. Attributes are expressed in measures and these may be qualitative or
quantitative. The decision analysis literature uses many aliases for attributes,
including ‘criteria’, ‘measures’, ‘scales’, ‘components’ and ‘indicators’ (Keeney &
Gregory, 2005).

Goal - A set of measures (and possibly other sub-goals) treated as a unit for
ranking purposes. The goals form a hierarchy ranging from most to least general.
Each analysis is required to have at least one goal, called ‘overall’. If no other sub-
goals have been defined, all of the measures are members of the overall goal. A

measure or sub-goal can be a member of only one goal.

Level - An alternative's level on a measure is the number on the measure's scale
(having the proper units) that indicates how the alternative performs on that

measure. Levels can also be probabilistic, so that the level is defined by a

XiX



probability distribution instead of a single number. Levels can be text labels, where
each alternative is assigned one of a limited number of text descriptors. Levels can
also be defined as the weighted sum of a group of measure categories. Levels
should not have a value or preference content. Levels are just data. Preference

information is added when the levels are converted to utility.

Measure - Evaluation measures are the variables that are used to rank the
alternatives. A measure consists of a name, a three letter abbreviation, units and
most and least preferred levels. Logical Decision software puts no restrictions on
the most and least preferred levels. The most preferred level can be greater or
less than the least preferred level. There is also no requirement that the ranges on
different measures be comparable. The ranges are made comparable when levels

on the measures are converted to utility.

Weight - Weights are a casual term for the scaling constants (small ks) associated
with the members of a goal in the Multi-measure Utility Function (MUF) of a goal.
Weights provide an indication of the relative importance of the measures given the
ranges found for a set of alternatives. The weights in a MUF are determined by the
trade-offs that define the MUF. The trade-offs define a unique set of weights that
will allow all of the equally preferred alternatives in the trade-offs to get the same

overall utility.

Trade-off - A trade-off is a pair of equally preferred hypothetical alternatives that
differ on only two measures: Alternative B has a more preferred level on measure
1 and a less preferred level on measure 2, while alternative A has a less preferred
level on measure 1 and a more preferred level for measure 2. The levels of the
measures are set so that a change in measure 1 just compensates for a
corresponding change in measure 2. Equally preferred alternatives should have
equal overall utilities, and since alternatives A and B differ only in measures 1 and
2, these compensating changes can be used to compute the relative weights for

measures 1 and 2.

Utility - Utility is a standardized measure of the relative desirability of a given level

or set of levels for an alternative. Utilities are the output of a Multi-measure Utility
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Function (MUF) or Single-measure Utility Function (SUF). They are used to
convert the levels of measures, which are based on scales with potentially
different units, into a comparable scale with a range defined to go from 0.0 to 1.0.
Utility functions generally assign a utility of 0.0 to the least preferred level for a
measure, and assign 1.0 to the most preferable level for a measure. Alternatives

with utilities closer to 1.0 are preferred.
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CHAPTER ONE — INTRODUCTION

Decision-making regarding the management of natural resources is multifaceted,
merging a wide range of technical, environmental, financial, economic, social and
institutional factors into an analytical evaluation (Kiker, Bridges, Varghese, Seager,
& Linkov, 2005). The interdisciplinary nature of natural resource management
(NRM) issues, which along with tangible goods and services, also deal with
unpriced and intangible goods and services, making it difficult to value and
incorporate them into empirical studies (Schmoldt, Kangas, Mendoza, & Pesonen,
2001). Furthermore, the majority of resource-use decisions that address land,
water and biodiversity objectives include numerous stakeholders with competing
interests and priorities (Hajkowicz & Higgins, 2008; Kiker et al., 2005; Stahl,
Cimorelli, & Chow, 2002). Therefore, the task of decision-making can be extremely
complex because of the implications of what cannot be resolved through a single

perspective.

Since the promulgation of Agenda 21 during the United Nations Conference on
Environment and Development (UNCED) in 1992, the concept of sustainable
development, which includes the integration of biophysical, social and economic
criteria, has been cited as the current most important NRM challenge (Costanza,
Jargensen, Robert, & Sven Erik, 2002). An increasing number of integrated
decision-making techniques have been developed worldwide (Argent, Grayson, &
Ewing, 1999; Belton & Stewart, 2002; Cai, McKinney, & Lasdon, 2003; Margerum,
1995). However, merging information generated by these techniques into a simple

project evaluation framework is difficult.

1.1 PROBLEM STATEMENT

Decision makers require timely identification of the economic, social and
environmental strengths and weaknesses of proposed project investments. Most

project proposals include a discussion on social, economic, financial,



environmental and institutional factors. Central, regional and local authorities as
well as development agencies and others face the dilemma of dealing with a
proliferation of complex project proposals using and integrating single discipline
techniques such as Cost-Benefit Analysis (CBA), Social Impact Assessment (SIA)
and Environmental Impact Assessment (EIA), to guide these evaluations.
However, integrating these factors into the arithmetic of decision-making is
resource intensive, time consuming and expensive as increasingly an independent
and unique Multi-Criteria Analysis (MCA) is conducted in order to evaluate each
individual project. What is needed is a method that can be used early in the project
appraisal process to evaluate alternative courses of action; to help clarify trade-
offs between economic, environmental and social concerns, that would enable
decision makers to make a timely decision on whether a resource intensive,
independent and project-specific MCA is required, or whether an early assessment
can be made. What is sought is a method that balances the need to consider
enough information to make a good and informed choice with the need to simplify
the situation sufficiently to make it possible to come to a conclusion within an

acceptable length of time.

1.2 AIM AND OBJECTIVES

The aim of this research is to develop and test an integrated method for project
appraisal which can be used by decision makers to evaluate a diverse range of

project proposals in a timely and resource efficient manner.

The objectives to achieve this aim are to:

1. Review the needs of the decision-making process addressing NRM and the

current methods employed to evaluate project appraisal;

2. Develop a screening method for integrative and timely identification of the
key economic, social and environmental strengths and weaknesses of a

proposed project;
3. ldentify case studies to test and refine the method; and,

4. Determine the usefulness of applying the method to these case study

proposals and consider whether it can be more widely applied.



1.3 LIMITATIONS

Studies by other researchers suggest that there are a number of factors affecting
the use of analytical decision-making models (Ascough, Maier, Ravalico, &
Strudley, 2008; van Pelt, Kuyvenhoven, & Nijkamp, 1990). The main limitation of
using decision-making models for NRM decisions is the potential difficulty of
accessing appropriate data and information when dealing with proposals. In reality
complexity characterises competing demands on natural resources and this has
important implications for decision-making, as the representation of a complex
system reflects only a subset of possible representations (Munda, 2003).
Frequently, data is hard to quantify and even seemingly easily quantified attributes
can be subjective. In practice, decisions are usually based on quantitative
comparisons; therefore, all attributes considered vital to a decision must be
quantified in some manner. If they are not, they will be subconsciously considered

or completely excluded from the decision-making process (Allan, 2008).

Although imperfect data is an inherent part of decision-making, decisions must still
be made. Given that there are no absolutes, all decisions must reflect the
likelihood of different outcomes and the positive and negative implications of each.
The objective of analytical techniques used in project appraisals is to improve the
rationality of decision making processes when selecting an alternative option. A
rational decision will be one that is consistent with the values of the decision-

making body and the information available to make the decision.

1.4 IMPORTANCE OF THE RESEARCH

There is a growing interest in alternative, more integrated approaches to natural
resource decision-making (Frame, 2002). The ascendancy of sustainable
development as a new paradigm has led to a broadening of the scope of
techniques used to aid decision making. This has occurred within individual fields,
such as, the incorporation of environmental impacts into CBA and the vast array of
techniques used to value non-market benefits from natural areas and ecosystem
services. However, this has also led to interdisciplinary approaches that involve a

systems perspective of the problem and the use of integrated assessment



techniques (i.e. Longworth, 2003; Nardini, 1997). This research will develop a
method that integrates data from single discipline analyses (CBA, EIA, SIA) into a
generic framework for the evaluation of proposed projects in a structured and
robust, but time efficient manner. This goes beyond existing integrated
assessment frameworks by explicitly including input from experts obtained from an
attributes weighting exercise.

1.5 CONTRIBUTION TO KNOWLEDGE

The integrated method used in this research reflects a systems approach where
trade-offs between economic, environmental and social impacts are considered.
Such an approach is suitable for project appraisals characterised by the
involvement of different institutional agencies, competing and conflicting
objectives, interdependent socio-economic and environmental components, and a

need for a timely and less resource intensive decision-making process.

The research employs a checklist developed from the Leopold matrix as an initial
tool to select key attributes that should be included in the decision-making
analysis. Also, an innovative weighting assessment approach, based on the Delphi
method and a group of expert has been included to accelerate the project
decision-making process. The rapid method is intended to act as a first step to
determine whether a project appraisal requires a more detailed and independent
analysis or whether a decision can be made at this first step as to whether the

project can be accepted or rejected.

1.6 THESIS OUTLINE

Chapter One — Introduction. This chapter provides an introduction to the
research accompanied by the problem statement, the research aim and

objectives, and the limitations and importance of the research.

Chapter Two — Literature Review. This chapter is divided into six main sections.
The first highlights the complex nature of NRM and provides a general overview of

the complexities associated with the decision-making process. Section two



analyses the inclusion of economic, social and environmental principles in the
evaluation of project proposals and their consequences for the management of
natural resources. The institutional roles and challenges faced by decision makers
are discussed in section three. Section four provides a review of decision support
techniques that have presently received much attention to guide the evaluation of
projects in NRM. Section five outlines why improved decision-making models for
project appraisal are needed, highlighting the characteristics that a potential model

should have and the chapter is concluded in section six.

Chapter Three — Decision Framework and Method Development. This chapter
presents the methodological context used to develop the REM based on a MCA.
In the first section, several different MCA software are reviewed in order to identify
a suitable decision-making framework on which to build the method. In section
two, the steps for developing the method are described and the structure of the
resulting rapid evaluation method (REM) is presented. Also here the process of
entering data into the LDW software is explained. Finally, section three reports on
how the REM is implemented, describing case study selections and the

preparation carried out prior to application of the method.

Chapter Four — Case Study 1. The first case study is the evaluation of a New
Zealand based wind farm project with implications at the national level for the
energy sector. This chapter demonstrates the step by step application of the REM
to a ‘with’ and ‘without’ project appraisal to determine whether the wind farm
project should be accepted, rejected or recommended for a full and detailed
analysis before a decision can be made. The evaluation of the case study project
is used to refine and test the method in order to determine the usefulness of the
REM.

Chapter Five — Case Study 2. The structure of this chapter is similar to that of
chapter four. This case study is an evaluation of the proposed Cisne Austral Ltda

lamb export abattoir project situated in the Aysén Region of Chile.

Chapter Six — Case Study 3. Once again the structure of this chapter follows that

of chapter four. The final case study involves the comparison and selection of one
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of two proposed projects both of which are net-cage systems to be utilised by the

salmon farming industry in southern Chile.

Chapter Seven — Discussion and Conclusion. In the final chapter of the thesis a
discussion of the REM is presented and conclusions drawn. The discussion
focuses on what makes the framework an REM, what makes the method novel,
how the case studies are used to test and refine the method and what makes it
useful. The first section will detail the nature of information required for applying

the model. The final section concludes the thesis.



CHAPTER TWO - LITERATURE REVIEW

The use and allocation of natural resources has economic, socio-political and
environmental implications and consequences. In the past, decision-making
approaches to natural resource management (NRM) by way of project evaluation
have emphasised the economic aspects of efficient resource use above other
considerations. However, attitudes are changing and the bias towards economic
outcomes at the expense of both the environment and social considerations has
become less acceptable. This chapter provides an overview of a typical decision-
making process that influences the use and allocation of natural resources, and
the ensuing difficulties that occur when integrating environmental and social
considerations into the analytical framework in both time and resource efficient

ways.

This chapter is divided into five sections. The first section highlights the
multifaceted nature of NRM and provides a general overview of the complexities
associated with the decision-making process. In section two, particular focus is
given to the term sustainability and to the institutionalisation of economic, social,
and environmental principles in the evaluation of project proposals and their
consequences for final decisions. The institutional roles and challenges faced by
decision makers are discussed in section three. Section four provides a review of
decision support techniques that have received much attention to guide the
evaluation of projects in NRM; highlighting both, strengths that contribute to
improve decision-making and limitations that lead to conflict. Discussion will also
focus on identifying attributes that can move the project evaluation process from a
single discipline perspective toward the integration of the three pillars of
sustainable development: economic, environmental and social objectives. Section
five introduces the field of integrated assessments and in particular Multiple
Criteria Analysis (MCA). The key characteristics of MCA are reviewed,
emphasizing the potential of this tool as an integrated method and the

shortcomings of its implementation are also outlined. Finally, the need for



improved decision-making models is outlined along with the characteristics
needed for a model to improve decision-making. Section six concludes the

chapter.

2.1 THE NATURE OF NRM DECISION-MAKING

Human activities are driven by people’s needs and wants (Schmoldt et al., 2001).
All these activities are sustained by the natural environment, which provides
humankind with the raw materials and input essential for the production of all
goods and services (Field, 2001; Herath & Prato, 2006). As a result of increasing
human population, the consumption of goods and services has increased
significantly, generating a greater demand for natural resources (Nellemann &
Corcoran, 2010). Since the satisfying of human needs is constantly changing and
natural resources are limited, people are forced to make choices (Saaty & Vargas,
2006). Though there are a few resources that can be considered inexhaustible (for
example, solar radiation, geothermal energy, and air), the majority of resources
are non-renewable and can become rapidly depleted if poorly managed.

Natural resources most often have multiple possible uses, therefore, managing
them requires an understanding of the most appropriate and effective way to use
them. However, alternative productive uses of these environmental resources may
produce incompatibilities which cannot coexist (Engel & Korf, 2006). For example,
the choice to use a tract of land for conservation negates its use for agricultural

production.

Ecosystems have limits to the modifications they can sustain to remain productive
and the provision of ecosystem services is impaired when ecosystems become
degraded (Herath & Prato, 2006). Nellemann & Corcoran (2010), in a report
conducted for the United Nations Environment Programme (UNEP), stated that
over 60% of ecosystem services and their biodiversity are degraded. They also
affirmed that land degradation, erosion, overgrazing, deforestation and loss of soil
fertility by poor management of activities on land, are compromising ecosystem
sustainability, societal wellbeing and economic development. Further, depletion of

soil fertility for productive purposes creates clear supply shortages. As a



consequence, management of land resources has become important due to rising

demand and increasingly limited supply.

Economists define the condition of not having enough of something to provide for
all that is wanted as ‘scarcity’, and they argue that scarcity makes choices
unavoidable (Hackett, 2011). However, resource depletion, or even the total
exhaustion of a resource can occur without necessarily being perceived as
scarcity. As Rees (1990, p. 255) illustrated, “the extinction of wolves in Britain
hardly seems a scarcity issue since, apart from some conservationists, few people
would regard them as a valuable resource”. Rees used this example intending to
highlight the difference between scarcity and depletion, and demonstrated the way

people’s values affect the way in which NRM decisions are made.

In almost every case, resource allocation is influenced by conflicting interests and
changing values. In the past few decades, debate has intensified regarding the
values attributed to natural resources in terms of the ‘non extractive’ services that
they can provide (for example, beautiful vistas, biodiversity conservation, support
for recreational enjoyment) and this is reflected in the rising number of conflicts
between extraction versus preservation objectives (Field, 2001). It is clear that
environmental and resource issues have increased societal values attached to the
natural environment (Munda, Nijkamp, & Rietveld, 1994). Today the evaluation
processes that influence the use of natural resources have become a key issue,
particularly since the decision-making processes are increasingly exposed to
public scrutiny and expert review (Hajkowicz, Young, & MacDonald, 2000b).

Since decision-making in NRM is likely to be faced with conflicting perspectives
and interests, the process should include multiple stakeholders and assess a wide
range of disciplines. In addition, all decisions are based on the evaluation of future
outcomes and as such, deal with considerable uncertainty (Gough & Ward, 1996).
These key features characterising NRM decisions and their importance in the

decision-making process are explored in the following sections.



2.1.1 MULTIPLE STAKEHOLDERS

People at all levels of society (citizens, government officials and business
representatives) are faced with decisions that impact upon other individuals and
groups, with either direct and or indirect consequences. As illustrated by Dale and
English (1999):

A homeowner decides where to dump old house paint; a city government
decides whether to issue a permit for a new subdivision; a state agency
decides where to reroute a state highway; a business decides whether to
expand its operations; the federal government decides how to revise an air
quality standard. Each of these actions has effects that reach far beyond
the person or group making the decision”. (p. 1)

Effects comprise the mid- to long-term implications of a project, be they intended
or unintended effects. A project or an action will always aim to have positive
impacts that contribute to the achievement of the overall goal; however, there may
ultimately be negative, unavoidable consequences (Nardini, 1997). Moreover,
stakeholders may not be unanimous in their consideration of an impact to be
positive or negative. Even in the case of a project characterized by a ‘uniquely’
positive economic impact (for example, an income increase), there is potential for
conflict to arise if the income increase is deemed to be unevenly distributed
(Burdge & Vanclay, 1995; Nardini, 1997). Therefore, a ‘good decision’ should be

reached as a result of input from as many stakeholders as possible.

Stakeholder Analysis has been proposed to include the identification and
prioritization of stakeholders, understanding and harmonizing their objectives and
interests, as well as the integration of stakeholder judgment into the decision-
making process (Grimble & Wellard, 1997; Kennedy & Koch, 2004). Although, a
wide range of literature supports the idea that stakeholder participation can
improve the process itself (Ananda & Herath, 2003; Grimble & Wellard, 1997; Irvin
& Stansbury, 2004; Kennedy & Koch, 2004; Stahl et al., 2002), real case studies
including public participation are seldom available. In practice, the inclusion of
multiple stakeholders in the decision-making process can be a daunting task

(Sarkissian & Walsh, 1994). Each group will ultimately have different levels of
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expertise and knowledge that can lead to vastly different ways of understanding
NRM problems, making negotiation a difficult process (Ascough et al., 2008).

Disagreements abound regarding the role of ‘non experts’, the timing and extent of
their involvement as well as the techniques that should be employed (Harding,
1998; Jolley, 2007). Decision makers are often asked to engage the public without
provision of adequate funds to work on multi-stakeholder projects that are both
resource intensive and time consuming (Jolley, 2007). In such cases, Kahn (2005)
suggested that representatives of different positions be selected to create a group
of workable size. Harding (1998) emphasised that it was not a case of participation
at all costs for every situation, but could vary according to the size and impact

magnitude of the project and the level of public interest.

With or without a public hearing, the decision process should take into
consideration, all types of impacts (both positive and negative), whether economic,
bio-physical, aesthetic, cultural, health, political, etc. According to Nardini (1997, p.
176), in balancing benefits and cost, “decision-making becomes what it really is —
a trade-off between conflicting criteria. In the end, this trade off should represent a
social judgement both for public and private projects, because these (impacts) will
affect people’s quality of life to some extent”.

2.1.2 MULTIDISCIPLINARY MANAGEMENT

The multiplicity of purposes and interest involved in natural resource allocation and
environmental decision-making can create conflict between individuals from
different disciplines (Adger et al., 2003). Each discipline has its own strengths and,
with respect to NRM decision-making, these strengths may result in bias towards
one or another in the three main areas; namely economic, social and

environmental dimensions (Costanza et al., 2002).

Economic aspects relate to issues such as profits, investments, cost, efficiency of
resource use, and security of supply. Social concerns refer to value and equity
considerations, such as human interest, income distribution, and quality of life

(Nijkamp & Ouwersloot, 1997). Environmental dimensions are concerned with
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impacts in physical and chemical characteristics, biological conditions and
ecological relationships of natural resources. Even though these three dimensions
are strongly linked (Nijkamp & Rietveld, 1986), each uses different measurement
values and scales. For example, environmental tools are based on physical
parameters, whereas economic tools are normally based on monetary values. This
difference represents a fundamental obstacle in promoting integration (Campbell &
Sayer, 2003). The decision-making process requires an interactive and
multidisciplinary approach to achieve a more comprehensive analysis and
understanding of the links between traditionally separate disciplines (Bingham et
al., 1995; Ekasingh & Letcher, 2008; Garcia, 2004).

2.1.3 MEASUREMENT UNCERTAINTY

Uncertainty takes place when system parameters are known but the probabilities
of their occurrence are not (Gough, 1988). According to Baird (1989, p. 134),
decisions made under uncertainty are defined as those in which “the decision
maker is faced with more than one outcome for any particular alternative chosen

but the probability of occurrence for each outcome is not known”.

Decision-making is invariably accompanied by some degree of ex-ante research
or evaluation. In fact, the decision maker’s task is to select an action to maximize
‘expected’ utility (Hartwick & Olewiler, 1986). However, this is a challenging task
because decision makers cannot easily anticipate the impacts associated with
socio-economic-environmental risk and uncertainty, and cannot specify the
probabilities of future outcomes (Prato, 2007). The outcome depends, to a large

extent, on uncontrollable and uncertain variables (Nardini, 1997).

To provide reliable results, a robust decision analysis model must anticipate the
“contingency, arbitrariness and ignorance in the way the problem is predicted and
the process is implemented” (Gervasio & Simdes da Silva, 2012, p. 7123).
Therefore, in order to improve decision-making, the uncertainties associated with
all stages of the evaluation process need to be explicitly considered and the
rationale that underpins the decisions that are made should be readily defendable
(Ascough et al., 2008; Joslin & Nicholas, 1999; Yoe, 2011). Uncertainty related to

12



NRM can be grouped into two categories: data uncertainty and decision
uncertainty (Canter, 1996):

e Data uncertainty can be related to project definition, incomplete and/or
irrelevant baseline information, problems in defining cause and effect

relationship, model error, or inadequate collection of data.

e Decision uncertainty can occur due to failure to undertake an adequate
scoping exercise, inadequate use of formalized scoring and weighting
systems, data manipulation to meet different interests, pressure to use a
‘worst-case’ scenario, and influence of external contingent decisions, to

name a few.
2.2 SUSTAINABLE MANAGEMENT OF NATURAL RESOURCES

“The 1992 Earth summit alerted the conscience of the world to the urgency of
achieving environmentally sustainable development. We know enough to act
today, but we must also find answers to the many tough conceptual and

technical questions that remain” (Serageldin, Steer, & Cernea, 1994, p. 1).

The manner in which the natural environment is managed is linked to the general
problem of allocating economic resources between competing ends (Ahmad,
1981; Munasinghe, 1993). In managing its economy, a society makes critical
decisions about how much, when, and where to provide goods and services, and
the means through which this will be accomplished and the goods and services
distributed. From a strictly economic point of view, an optimum allocation of
resources occurs when these decisions result from the interactions of producers
and consumers through a free market (Field, 2001; Kahn, 2005). Market failure
provides the justification for government intervention. Decision-making rules are
needed to control the use and allocation of resources to achieve economic growth

as well as environmental and social sustainability.
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2.2.1 MARKET FAILURE AND GOVERNMENT INTERVENTION

Market failure occurs when one or more of the conditions required for a well-
functioning competitive market are not met in a substantive way (Hackett, 2011).
Markets operate according to conditions of demand and supply, that is, where the
marginal willingness to pay for a good equates to the marginal cost of production
of that good. The benefits and costs of goods (or services) should ultimately
include all associated social benefits and costs (Field, 2001). However, in the case
of natural resources, markets do not always reveal the full value of environmental
goods and services, leading to them being under-priced or even without price
(Asafu-Adjaye, 2000). Failure to properly account for the true value of
environmental resources can be attributed to: a weak property rights regimen,
open access to public goods, monopolization of markets, presence of significant
externalities, and poorly informed buyers or sellers (Asafu-Adjaye, 2000;
Munasinghe, 1993).

Market failure can sometimes be traced back to wrong decisions that lead to
negative externalities such as, pollution, overexploitation and degradation, which
in turn can induce government intervention to reverse or reduce the externalities.
These interventions to regulate economic activities or regulate supply are
undertaken to encourage trade in fair conditions (Duinker, 2001; Hackett, 2011).
Government responses to market failure typically lead to a gradual process of
institutionalisation of environmental matters into policies (Harding, Hendriks, &
Farugi, 2009).

Environmental policies typically take one of two main approaches. One approach
is to use economic instruments based on inducement mechanisms, such as, taxes
or charges, subsidies, deposit-refund systems and market creation to induce
individuals, firms and territorial authorities to take into account protection of the
environment in their decision-making. The other approach is the command and
control approach, which utilises regulatory instruments to protect the environment.
These include standards for permissible pollution, zoning for certain activities and
also quotas (Kahn, 2005). These are the most common type of instrument used by

governments to protect the environment. Regulations focus on limiting
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environmental problems by specifying a maximum level of permissible pollution,

which is then enforced by law (Hartwick & Olewiler, 1986).

The promulgation of these regulations enables governments to embed
environment policy into all levels of decision-making. When standards are
established, governments and institutions use them as a guideline to evaluate the
effect of projects upon the environment. In doing so, environmental standards not
only protect social well-being and the environment, they also ensure that a
consistent approach to decision-making is practised. Ultimately, this approach
creates a level playing field and enables decision makers to determine which
projects should proceed (Further discussion is provided in section 2.2.3).

2.2.2 SUSTAINABILITY

Whilst sustainability has been one of the most used words in political and scientific
discourse around the environment over the past 30 years (Pistocchi, 2011), a
precise definition has not been accepted. According to Dovers (2005),
sustainability refers to the ability of human society to persist in the long term in
such a way that satisfies human demands but without negatively impacting the
integrity of the natural world. The term has been linked to the idea of sustainable
yield, used in relation to biological resources such as forests, fisheries or mining
extraction, but this is a far more limited concept of sustainability (Harding et al.,
2009).

Sustainable capacity is used most often to refer to a renewable resource when its
use must be allocated over time to provide equality of opportunity to future
generations. The notions of sustainable yield have been applied to many different
resources. However, according to Rees (1990), the maintenance of sustainable
yield is not a costless strategy as it implies a reduction on current consumption
which may affect the future development of the area where this resource is
located, for example, maintaining water sources such as, lakes, dams or wells.
The typical recommendation is that pumping rates should not exceed the average
rate of replenishment. Such a recommendation may be acceptable in locations
with relatively short recharge periods, but in extremely arid zones, a reduction of
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water usage in order to preserve it for future generations may result in a decline in
economic development (and even population) so that future generations may have
plentiful water stocks but less goods and services as a consequence of economic
growth.

The ‘Bruntland Report’ of the World Commission on Environment and
Development in 1987, introduced the concept of sustainable development of the
political arena (Fischer, Petersen, Feldkotter, & Huppert, 2007). Sustainable
development became the catchphrase of the nineties, representing a further
milestone in the long evolution of public and academic concerns with respect to
natural resources and the environment (Camagni, Capello, & Nijkamp, 1998). The
necessity to place environmental issues at the top of policy agenda culminated
with the Earth Summit, at the United Nations Conference on Environment and
Development (UNCED) in 1992, Rio de Janeiro, Brazil (Harris, 2007). This
conference drew over 100 governments together to agree upon action and legal
basis for future protection of the environment (Johnson, 1993). Worldwide
recognition has driven international cooperation for a number of important
agreements concerning the change from traditional free market approaches to
sustainable development (Helming, Perez-Soba, & Tabbush, 2008). Today, the
concept of sustainability and sustainable development are commonly interpreted
as terms that are interchangeable (Pezzey, 1992). The most quoted definition of
sustainable development remains that of the Bruntland Report: “paths of human
progress which meet the needs and aspirations of the present generation without
compromising the ability of future generations to meet their needs” (World

Commission for Environment and Development (WCED), 1987, p. 43).

The concept of sustainable development seeks to integrate environmental, social
and economic issues (Munasinghe, 1993), and underpins current challenges in
land use and NRM (Johnson, 1993). Although, these three issues are closely
interlinked, they are, to a certain extent also mutually conflicting. Nijkamp &
Ouwersloot (1997, p. 2) observe that “putting more emphasis on a higher
availability of the one category tends to reduce the availability or usability of either
of the other ones”.
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Figure 2.1 The tripartite nature of sustainability

Environmental

Source: Adapted from Harding et al. (2009) and Holmberg (1992)

The economic, environmental and socio-cultural aspects of sustainable
development combine to exert a strong influence upon decision-making

associated with the management of natural resources.

Economic Sustainability

A purely economic oriented approach to sustainability would focus on the
maximum flow of income that could be produced while maintaining a minimum
stock of assets that yields these benefits (Munasinghe, 1993). This approach
applies the underlying ideas of optimality and economic efficiency to the use of
resources. This concept has been extended to include the ideas of weak
sustainability and strong sustainability (Beinat & Nijkamp, 1998; Lele & Norgaard,
1996; Marin & Delgado, 1997).

Weak sustainability does not specify the kinds of stock to be maintained. (Solow,
1991, p. 181) notes that: “If you don't eat one species of fish, you can eat another
species of fish”. This suggests that we do not owe the survival of any one
particular species to future generations. An economy is deemed to be sustainable
if it ensures that the welfare of individuals does not decline generation after
generation, but there is no specific object that the goal of sustainability requires to
preserve (Pearce, Barbier, & Markandya, 1990). This criterion allows the over-
exploitation of natural resources and environmental deterioration, as long as there

exist compensation in similar capital (Anand & Sen, 2000; Lele, 1991).
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The concept of strong sustainability requires limitations for the substitution of
natural resource capital by other forms of capital. The concept acknowledges the
threat of irreversible consequences associated with ecological processes and that
natural resources and environmental quality should be preserved as a whole for
future generations. However, it is also argued that strong sustainability can lead to
an inefficient distribution and allocation of resources (Fischer et al., 2007; Lele &
Norgaard, 1996; Prato & Hajkowicz, 1999).

Ecological Sustainability

The ecological view of sustainable development focuses on the stability of
biological and physical systems. Of particular importance is the viability of the
overall ecosystem (Common & Perrings, 1992). Preserving the integrity of
ecological sub-systems is viewed as being critical for the overall stability of the
global ecosystem (Serageldin et al., 1994). Protection of biological diversity is key
and, rather than viewing environmental protection as a barrier to development, it is
considered as a vital and fundamental element without which development could
not take place (Adger et al., 2003). Furthermore, sustainable development must
promote the conservation of natural resources such as, minerals, soil, water, and
air, but also of man-made environments like cities and agricultural land (Rammel,
Stagl, & Wilfing, 2007). Some argue for the preservation of all ecosystems, whilst
less extreme views look towards preserving the resilience and dynamic
adaptability of natural support systems. The emphasis here is on preserving the
resilience and dynamic ability of such systems to adapt to change, rather than

conservation of some ‘ideal’ static state (Meier & Munasinghe, 1994).

Social Sustainability

Sustainable development is associated with the concept of intra-generational
equity and intergenerational sustainability. Both terms are a function of social
goodness that describes social values and the transactions between the wellness
of different groups or individuals (Kennedy & Koch, 2004). Moreover, the notion of

‘future generation’ implies uncertainty regarding future preference in technology
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and environmental conditions (Dale & English, 1999; Krautkraemer & Future,
2005).

While economists, ecologists, and sociologists would all agree that each other’s
concerns matter, they view these concerns through deferring lenses. The
increasing use of the principles and practices of sustainability continue to highlight
the need for agreement on what the term means when it comes to
‘operationalizing’ the concept so that it is practical, measurable and relevant for
decision makers. “The standard definition of sustainable development from WCED
IS a meaningful starting point, but fails to offer manageable guidelines for
sustainability strategies for (local, regional, national or international) decision-

making bodies or other actors” (Nijkamp & Ouwersloot, 1997, p. 4).

2.3 ROLE OF INSTITUTIONS IN NRM

Most countries have embraced the notion of sustainability by adopting a set of
objectives and principles of sustainable development to guide government policies
and legislation. The roles and functions of institutions vary from multilateral
agreements between countries to sub-regional or private institutions. Using data
from Uphoff (1992), Table 2.1 lays out the levels of institutionalization of
environmental principles, indicating the policy instruments used, the function of
these and the authority or actor involved in ensuring the uptake of the

environmental principle.

At the international level, many agreements embrace the principles of
sustainability, and deal with a wide range of environmental concerns (Carraro &
Siniscalco, 1992). One example is the International Treaty on Plant Genetic
Resources for Food and Agriculture that aims at guaranteeing food security
through conservation efforts. Another is the Kyoto Protocol for the United Nations
Framework Convention on Climate Change whose aim is to combat global
warming by international cooperation. In becoming party to an international
environmental agreement, countries become responsible for institutionalizing their
commitments in the law of their own country (Allan, 2008; Steiner, Kimball, &
Scanlon, 2003).
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Table 2.1  Levels of Institutionalization of Environmental Principles
Level Principle Policy Function Authority/Actor |Example
Instrument
Used
International |Sustainable |-Policy International - International Agenda 21
development |statements cooperationto | leaderships
achieve
-Agreements |commitmentto |- Commissions
ensuring
standards are - NGOs
met
National Sustainable |-Environmental | Set national - Ministry for the |Resource
resource legislation requirements on | environment Management
management processes or Act (1991)
-General standards on - Parliament New Zealand
regulations resource use
Regional Planning for |-Regulations |To seta policy |- Regional Water
sustainability framework and | government Management
-Designations | controls on the strategy
(restrict use of |use of resources
an areato a within an area
specific and identify local
activity; for and regional
example resource use
roads) issues
Local Protect and |-Resource Control the use |- City council Guidelines,
sustain the consents of specified frameworks
natural resources
environment | -Authorisation
Community/ | Maximise Project Maximise - Person or Project
Private benefits development | (resource group Appraisal,
Sector/ capital) net such as, CBA
Household benefits - Enterprise (EIA, SIA, if
they are
mandatory)

Source: Uphoff (1992)

At the national level, the creation of environmental laws is carried out by the

national Parliament through various Acts. It is generally held that such Acts should

contain policies to guide development projects and programs (Harris, 2004). In the

United States, for example, the U.S. Environmental Protection Agency (EPA) is

the most well-known federal agency, with jurisdiction over many of the country's

national air, water, waste and hazardous substance programs. Other federal

agencies, such as, the U.S. Fish and Wildlife Service and National Park Service

pursue primarily conservation missions, while still others, such as, the U.S. Forest
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Service and the Bureau of Land Management, tend to focus more on the beneficial

use of natural resources (Tang, 1991).

From the national to local level, the NRM decision process is highly influenced by
a large number of institutions and their institutional frameworks. Each institution
focuses on particular issues, such as, agriculture or mining and, to some extent,
will limit the decision-making process by determining the nature of issues
considered and the level of stakeholder involvement (Hajkowicz & Collins, 2007).
Hajkowicz, et al. (2000b) proposed a classification of Australia's major institutions
that, to some extent, influence, make or guide NRM. They identified nine major
types of NRM institutions, which they further classified into sub-classes. This
hierarchical concept is presented in Figure 2.2, and whilst the classes may differ at
the detailed level, the administrative framework would be familiar to natural

resource managers in most countries.

This rapid institutional development has resulted in the reallocation of
responsibilities in some places. For example, the responsibility for the
administration and enforcement of environmental laws has been relegated to
agencies with varying, overlapping and, sometimes, conflicting missions. Over the
past few decades many new NRM consulting firms and government departments
have been established. The increased number of organizations involved
exacerbates the problem of trying to find consensus in the complex, multiple

criteria decision-making process.
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Figure 2.2 Hierarchy of institutions

— Environmental conservation and protection
— Lobby groups  ——1—— Citizen action groups

—— Industry groups

— Urban environment groups

— Indigenous community groups

Community Regional resource management groups (eg
groups catchment management groups)
——— Landcare groups
Community based fund allocation groups
(eg state and regional assessment panels)
— Primary Production Fisheries
F—— Transport Forestry
— Tourism )
State and Envi Mining
_ Commonwealth nvironment Agriculture
Australian Grovernment —— Walter resources
]nSl][LIl]UI.'Iﬁ.[l'!H.[ departments Cultural heritage
make, administer _ _
and/or influence — —— Urban and regional planning
natural resource ——— National parks and wildlife
management
decisions . .
—— Philanthropic investment groups
Independent — Trust funds
and/or private ——Ecological conservation and marketing
bodies Private sector enterprises

(eg tourism, primary production)

| Statutory ‘: State and commonwealth legislature
bodies

Judicial system
Regional management authorities and catchment boards (eg Sydney Catchment
— Authority, Murray Darling Basin Commission, Great Barrier Reef Marine Park
Authority)
—  Resource supply corporations (eg Sydney Water, Murray Water)

— Local government
— LUmiversities

Generic NRM research bodies (eg CSIR0),
Australian Institute of Marine Science)

— Resecarch bodies

Specific 1ssue [ industry research bodies (eg
Cooperative Research Centres)

Source: Hajkowicz, et al. (2000b, p. 5)

2.3.1 PROJECT EVALUATION AND THE DECISION-MAKING PROCESS

Typically, the decision-making cycle for development or investment projects
begins when a proposal is submitted for financial support or regulatory consent,
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and is then scrutinised. This scrutiny relies upon technical, economic or financial
(and political-strategic) evaluations that the proponent of the project has already
carried out (Eggenberger & Partidario, 2000). It must then be determined whether
the proposal would significantly affect the current socio-economic-environmental
system and if so, an institutional judgement through the subsequent evaluation
process, is required. Decision-making is primarily the responsibility of institutional
agencies and government agencies both at the national and local levels (Tavana,
2003).

Project appraisal and assessment involves the analysis of a proposed project or
program to determine its merit and acceptability in relation to established criteria.
In doing so, it verifies the feasibility of the project against the current situation and
that the objectives remain appropriate and the costs reasonable (European
Commission, 2009). The main functions of project appraisal are to enable both the
project developer/proponent and the decision maker to determine whether a
project can be carried out with the available resources to achieve its planned

objective (Squire, Hollis, & Srinivasan, 1989).

To the proponent of the project, the appraisal analysis is useful to determine the
financial viability, and identifies and overcomes technical issues as well as legal
matters (Squire et al., 1989). This is the final step before a project is approved for
financing. In NRM, project appraisal is an ex-ante evaluation, which assists in the
identification of potential environmental, social and economic impacts of a project’s
activities (Sexton, Easter, & Burkhardt, 1998). This information is relevant to the
project developer as it helps evaluate the significance of these impacts and assists
in building new alternatives or mitigation plans. However, at this stage, preliminary
data can also be used by decision makers to determine if a project may lead to
desirable or undesirable consequences and to help decide what action to take. “In
decision-making, the ex-ante evaluation of possible future projects plays an
increasingly important role at the national, regional and local levels. The quality of
ex-ante evaluations is therefore becoming more and more important to the quality
of decision-making” (Van Wee, 2007, p. 32).
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A challenge for NRM researchers is to develop techniques and processes to help
with the assessment of these complex decisions. The techniques currently
available are too complicated or time consuming to be of practical value to most
NRM decision makers (Hajkowicz et al., 2000b). Nevertheless, project consent
applications are increasingly required to apply structured and transparent decision-
making processes. In South Australia, for example, the Natural Heritage Trust (a
major source of funding for community based projects) requires a cost benefit
analysis (CBA) for any infrastructure projects which exceed $150,000 in any year.
The Murray-Darling® program specifically requires reporting of the CBA results,
and in some cases, an independent review of the CBA (Hajkowicz et al., 2000b).

All  projects submitted for approval should undergo an initial economic,
environmental and social evaluation (Nardini, 1997). Recently, researchers
working on project evaluation and selection have focused on multi-criteria decision
models. These models have made definitive contributions to project evaluation but
do not integrate the intuitive preferences of multiple decision makers into a

structured and analytical framework.

2.3.2 FAILURE TO FULFIL SUSTAINABLE DEVELOPMENT OBJECTIVES

Although the idea of sustainable development has been well established,
discussions on how to progress from concept to reality often become mired in the
complexities of global politics and offer few concrete solutions. While achieving
sustainable development will certainly require changes at the global level, patterns
of sustainable development must be built from the bottom up (Holmberg, 1992). As
Harding (1998, p. 32) has argued, there is a need for practitioners ...“to respond to
the government’s guidelines for sustainability by making the environment a key
consideration in every project undertaken”. He also reinforced that the principles of
“sustainable development can be applied to virtually every area of professional
practice”. Van Pelt, Kuyvenhoven, and Nijkamp (1990) declared that the notion of

sustainability needs to be translated into concrete goals and criteria at the sector

! Murray-Darling basin is a geographical region located in the south-east of Australia, and its name

comes from two major rivers in the area: the Murray and the Darling rivers.
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level (meso level) and the project level (micro level). In contrast with these
statements, the general idea that only mega projects should meet sustainability
challenges has led to a mind-set that local or regional level projects/programs are
not as important. However, the cumulative impact of many small projects can have
the same impact as a large regional programme. Despite increasing emphasis
being placed on environmental issues, the principles of sustainable development
remain utopian (Costanza et al.,, 2002). For example, when considering the
application of a new regulation standard, the Ministry for the Environment of New
Zealand (MFE, 2007, p. vii), pointed out that “At present there is no explicit
legislative requirement for council decision-making processes to consider the
effects of activities on sources of human drinking-water... This is a gap that

potentially leaves community water sources vulnerable to contamination”.

NRM decision-making often proves to be a difficult process, in both developed and
developing countries (Slootweg, Vanclay, & van Schooten, 2001). The clear
evidence of environmental degradation, public discontent, social conflicts, project
delays, cost overruns, externalities and economic inefficiency, suggests that

decision-making is often carried out in an unsatisfactory way (Nardini, 1998).

In many government agencies and non-government institutions, environmental
values are obtained by employing monetary valuation techniques which are biased
toward economic objectives. Historically, the failure to properly account for the
value of some environmental resources in monetary terms has resulted in
decisions that have had negative implications for the environment and for societal
welfare (Asafu-Adjaye, 2000). This is a common contributor to sustainable
development project failures, which often only become evident after substantial
damage to natural and environmental resources, negative impacts on vulnerable
social groups, and/or economic losses, have already occurred. Placing a value on
the environment, whether through monetary-based methods or through other
evaluation techniques, has been and will be a widely researched topic for years to

come.
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2.4 DECISION-MAKING TECHNIQUES FOR PROJECT
APPRAISAL

In all decisions, information gathering and analytical tools offer the potential to
improve input into the decision-making process and thus improve its outcome.
Decision support may be defined as “any and all data, information, expertise and
activities that contribute to option selection” (Andriole, 1989, p. 3). Further
development has led to the formalization of the use of information in structured
decision processes called decision support systems (DSS). Davis (1989) defined a
DSS as a mechanism that facilitates complex decision-making. In doing so, these
tools should be able to integrate the perspectives of various disciplines (e.g.,
economics and ecology) and various objectives (economic growth and
environmental protection), and “their viewpoints should be as encompassing as
possible, and feedbacks and linkages across disciplines should be fostered” (Dale
& English, 1999).

Decision-making regarding the management of natural resources is multifaceted,
merging a wide range of technical, environmental, financial, economic, social and
institutional factors into an analytical evaluation (Kiker, Bridges, Varghese, Seager,
& Linkov, 2005). The interdisciplinary nature of natural resource management
(NRM) issues, which along with tangible goods and services, also deal with
unpriced and intangible goods and services, making it difficult to value and
incorporate them into empirical studies (Schmoldt, Kangas, Mendoza, & Pesonen,
2001). Furthermore, the majority of resource-use decisions that address land,
water and biodiversity objectives include numerous stakeholders with competing
interests and priorities (Hajkowicz & Higgins, 2008; Kiker et al., 2005; Stahl,
Cimorelli, & Chow, 2002). Therefore, the task of decision-making can be extremely
complex because of the implications of what cannot be resolved through a single

perspective.

Central, regional and local authorities as well as development agencies and others
face the dilemma of dealing with a proliferation of complex project proposals using
and integrating single discipline techniques such as Cost-Benefit Analysis (CBA),

Social Impact Assessment (SIA) and Environmental Impact Assessment (EIA), to
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guide these evaluations. Some attempt at integrating these factors into the
arithmetic of decision-making has been developed on the basis of Multiple Criteria
Analysis (MCA) methods; however, these have their own limitations, which will be

discussed in the next sections.

2.4.1 COST-BENEFIT ANALYSIS

Historically, cost benefit analysis (CBA) has been one of the most commonly
applied project appraisal techniques (Dale & English, 1999). Many government
bodies and organisations require a CBA as part of project evaluation and decision-
making processes and it has been widely applied to NRM (Hanley, 2001).

As the name suggests, its analysis provides a means of comparing the benefits
and costs of a NRM decision in monetary terms. The approach identifies a
negative impact as a cost, and a positive impact as a benefit (Kondili & Kaldellis,
2012). A benefit is an outcome which results in an increase in the quantity or
quality of goods that generates positive utility, or a reduction in the price at which
they are supplied. A cost is an outcome which results in any decrease in the
quality of such goods, or an increase in their price (Hanley, Spash, & Cullen,
1993). An economic cost benefit approach to project impact assessment has been
considered logical because everyone has at least an intuitive appreciation for what

constitutes a benefit or a cost (Erickson, 1994).

The identification of costs and benefits need to reflect the values to society as a
whole, both in terms of the inputs and outputs of a project (Prest & Turvey, 1965).
This concerns the likelihood that the project will contribute to the development of
the economy and that its contribution justifies the use of the scarce resources it
will need (Schaltegger & Burritt, 2000). In doing so, significant impacts on the
physical environment (biophysical and ecological components) and social
environment (personal, interpersonal and institutional components) should be
included (Quah, 2011). In CBA, it is usual to compare the project scenario with a
‘without’ project scenario (Prest & Turvey, 1965) to establish whether investment

in the proposed project will likely add value to the economy.
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Cost and benefits are usually classified into two groups: Primary costs and
benefits arising directly from the project, and secondary costs and benefits arising
from activities or events that are triggered by the project (Erickson, 1994). For
example, a large scale agricultural project would result in an increase in farm
produce. In this case, the secondary benefits would include the increase in the
profits of businesses that add value producing, agricultural products from the farm
produce. As these costs and benefits are distributed over time in various
arrangements, the first step in any analysis is to discount the stream of costs and
benefits back to a single point in time, usually the beginning of the proposed
project.

Bohm and Henry (1979) identified three important advantages of using the CBA
approach: transparency, ignorance revelation and comparability. Nowadays, these
characteristics are still considered by many to be the most important strengths of
this technique (de Rus, 2011; Livermore & Revesz, 2013; Pearce, Atkinson, &
Mourato, 2006). Transparency is improved as CBA documents all assumptions,
theory and methods used in obtaining the results. A second benefit of CBA is that
it documents explanations as to why any benefits or costs were not quantified.
This allows the decision maker to identify missing gaps of knowledge and the
overall scope of the economic analysis (Murphy & Simon, 2001). Thirdly CBA is
clear in its requirement that any policy or project should be seen as one of a series
of options. Hence setting out the alternatives for achieving the chosen goal is a
fundamental prerequisite (Pearce, et al., 2006). In this way, CBA allows for a
number of project decisions to be compared by way of a single index, and
facilitates meaningful comparisons between different courses of action (de Rus,
2011).

Another characteristic which is considered to be an advantage of this technique is
that it measures gain and loss independently of its use of money, and forces the
decision-maker to look at who the beneficiaries and losers are in both spatial and
temporal dimensions. It avoids what might be called ‘lexical’ thinking, whereby
decisions are made on the basis of the impacts on a single goal or single group of
people (Pearce et al., 2006).
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The key criticisms of CBAs relate to valuing the environment by endeavouring to
place monetary values on environmental resources. This can be complex as
valuation techniques need to include irreversible changes in environmental quality
and incorporate ecosystem complexity (Frank, 2000). In addition, environmental
iIssues pose special problems in relation to choosing a discounted rate (Hanley et
al., 1993; Jowsey, 2011).

As Adler and Posner (1999) have pointed out, CBA just emphasizes the inclusion
of quantifiable environmental entities and processes. For example, when attention
is given to the social environment, quantifiable attributes such as, the cost/benefit
value of displaced households, generally receive primary attention. Typically, non-
quantifiable attributes or those not easily addressed by numerical analysis,
including many sociological, political, and psychological factors, are ignored
(Erickson, 1994).

Another criticism of CBA has to do with equity and distribution issues. There are
large equity concerns associated with CBAs, as income distribution is ignored
(Quah, 2011). Decision makers need to be aware of exactly what information CBA
provides and what it does not provide, in order for alternative social assessments
to be made (Hanley, 1992).

2.4.2 ENVIRONMENTAL IMPACT ASSESSMENT

Environmental impact assessment (EIA) is perhaps the most widely recognised
process for assessing the environmental consequences of NRM decisions.
Shepherd & Ortolano (1996) suggested that the most common application of EIA
is as a planning tool in which assessments are undertaken to forecast and
evaluate the impacts of a development proposal and its alternatives. It is applied in
most countries throughout the world in one form or another and is used by
international organisations such as, the United Nations and World Bank (Meier &
Munasinghe, 1994).

EIA is a systematic process for considering possible impacts prior to a decision

being taken on whether or not a proposal should be given approval to proceed.
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According to Jay, Jones, Slinn, and Wood (2007), EIA requires the publication of
an EIA report describing likely significant impacts in detail. Consultation and public
participation can be an integral part of this evaluation. EIA is thus an anticipatory

and participatory environmental management tool.

Similar with CBA, the comparison of options is a vital part of the EIA study. It can
involve a number of different tasks, depending on the nature of the EIA study
being conducted. The comparison of options requires considerable skill and effort,
and results must be presented in a way in which non-experts (politicians,
administrators, industrialists and the public) as well as experts can understand
them (Harvey, 2012). It plays an important role in providing useful information to
decision makers who may have to select options and it focuses the results of the
EIA.

The general format of most EIA procedures involves the following elements
(Mesoamericano, 2002):

e Decide whether an EIA is required. A process needs to be developed to
identify projects with potential environmental impacts that are sufficiently
significant to warrant an EIA. This stage is referred to as screening.

e State the objectives, activities involved and intended outcomes of the
proposed project.

e Identify alternative projects which could meet the same objectives and/or
achieve the same outcomes.

e Decide what issues should be covered as part of the EIA. This requires an
assessment of how the project and its alternatives will affect the quality of
the environment. This is sometimes referred to as scoping.

e Prepare a preliminary survey. This should address all the issues identified
in the scoping stage. It indicates the extent of impacts and how they can be
mitigated.

e Review the EIA using environmental scientists, engineers, economists,
social scientists and experts in other fields. Identify any technical
inaccuracies or any inadequate coverage of issues.
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Make the public aware of the proposed development, obtain feedback and
review its appropriateness (ideally public participation occurs throughout the
entire EIA process).

Make a decision as to whether the proposed project may proceed and with
what conditions.

Enable legal challenges to the proposed project on the grounds that the EIA
was inadequate or improper procedures were applied.

Monitor and evaluate the impacts of the project during and after its
implementation.

If applied properly, EIA can be an extremely effective tool in enhancing the NRM

decision-making process for the public and improving awareness for decision

makers on potentially significant environmental impacts. Some of the major

benefits of applying EIA include:

Modification of proposed projects to minimise adverse environmental
impacts.

Improved public participation in NRM decision-making. The EIA process
can provide a basis for proposed projects to be challenged by the public
(Morris & Therivel, 2001).

Development of formal and often legally enforceable guidelines to ensure a
project meets environmental performance criteria.

Increased awareness amongst project proponents of the importance of
including environmental concerns into project design.

Avoidance of projects which could lead to severe and irreversible
environmental damage.

Delivery of improved information to the public about projects which could

impact on the environment and their quality of life.

Out of necessity, the EIA process is extremely flexible as it needs to accommodate

a vast array of proposed projects, developments and actions. It must also function

within the existing institutional, policy and legal frameworks of the society within

which it is applied. This flexibility leaves EIA open to inappropriate application
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(either inadvertently or intentionally). Some of the major problems which can result
from misapplication of EIA are described as follows.

Firstly, EIA is sometimes used to justify projects regardless of their environmental
merits (Harding, 1998). As the EIA is usually prepared by consultants contracted
by the project proponents it can sometimes be significantly biased in favour of the
proposal. Some project proponents view EIA merely as an obstacle or hurdle that
must be cleared so that they ‘can get on with doing what they originally wanted to’.
These cases can often lead to unsatisfactory public participation and poor

integration of EIA in the planning process.

Secondly, EIA can overlook alternatives to the proposed action (Wood, Dipper, &
Jones, 2000). Explicit consideration of alternatives in EIA is only required in some
countries. Where it is required, the EIA may identify and quickly dismiss several
token alternatives in the first few pages. A failure to consider alternatives can lead
to the assumption that the proposed action represents the most desirable choice
(Jay et al., 2007). This can favour the development proposal by forfeit, i.e. a lack

of better options.

Thirdly, the EIA process is often poorly integrated with the broader planning
process (Harding, 1998). EIA is often seen as something that is done at the end of
the planning process or as a final check prior to proceeding with development.
This can lead to a failure to design appropriate alternatives and develop improved
means of managing the environment. Ideally, environmental concerns are
integrated at early stages of planning and influence all subsequent decision-
making (Thomas & Elliott, 2005).

Fourthly, EIA does not always address cumulative impacts of development
(Harding, 1998; Shepherd & Ortolano, 1996). EIA is typically undertaken for
specific projects or actions. It does not give consideration to the cumulative
impacts of multiple projects that occur over time or within a region. This creates a
situation where EIA approves many individual projects each with minimal
environmental impact. However, when each impact is added together the resulting

net impact is unacceptable to society. This problem has led to the emergence of

32



cumulative impact assessment, which seeks to assess the impacts of many
individual actions or projects together (Shoemaker, 1994).

Lastly, EIA often makes unrealistic assumptions about future administrative
performance. If monitoring arrangements are not implemented then conclusions
may be invalid. Like other techniques of decision support, EIA needs to handle
multiple scenarios through sensitivity analysis. This will help assess whether a
project has sound environmental performance under a range of possible outcomes
(Thomas & Elliott, 2005).

EIA is a systematic process by which the effects of development actions can be
identified and evaluated in advance (Glasson, Therivel, & Chadwick, 2005). The
complexity and scope of EIA has meant that individual planners are unlikely to
have the skills, time or resources to carry out all the different aspects of the
assessment. This is not a criticism. As Carroll, Boyden, Carroll, and Thomas
(2009) indicated, planners are not expected to be experts in their own particular
subject and also have the time, resources or capabilities necessary to fully
understand and predict the direct, indirect and cross-sectoral impacts of their
planned projects. However, it is becoming increasingly desirable for development
planners to be aware of the range of environmental impacts which may arise from
projects (Harvey, 2012). It is also inherent in conducting an EIA that if potential
environmental impacts are identified, then consideration should be given to
altering the project’s design and/or implementation in order to minimize its adverse
environmental effects. Providing mitigating action such as this requires additional
skills and expertise to those utilized in impact prediction and evaluation and serves

to further complicate the EIA process (Howells, Edwards-Jones, & Morgan, 1998).
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A common approach for the identification of impacts is by describing the ‘cause
and effect’ relationships that may result from a planned intervention or activity
associated with the project. This process is also known as screening, and is
mostly used in social and environmental impact assessments. The process begins
by identifying the source or origin of each impacts, which arise from the activities
and actions associated with the project development (Harvey, 2012). Thereby, all
activities must be identified, including the ones relating to the pre-construction,
construction and post-construction phases (Erickson, 1994). The analysis should
also take into account any mitigation or restoration practises, even if these
activities are not directly related with the project objectives. An example of
activities and actions encompassed in the various project phases are outlined in
Table 2.2.

Table 2.2  Examples of Activities and Action Associated with Various

Phases of Project Development

Pre-construction phases Construction phase Post-construction phase

e On ground preliminary
recognition of site

e Surveying of site

e Collection of land-ownership
records

e Taking of test borings within
proposed rights-of-way

¢ Appraisal of real property

¢ Negotiation with land owners

¢ Relocation of displaced
persons

e Securing of physical access to
site

e Demolition and disposal of
existing structures

e Excavation

¢ Dredging

e Transport and placement of
borrow

e Clear cutting and disposal of
vegetation

e On-site transport and storage
of material and supplies

e Lighting

e Structural fabrication and
placement

e Controlling runoff

e Dust suppression

e Selective cutting and
disposal of vegetation

o Application of preservatives

o Application of pesticides

¢ Disposal of runoff

« Waste generation, storage
and disposal

e Resources utilization

e Process chemistry and
others risk management

e Management of by-
products

e Landscape engineering
and plantation

Source: Erickson (1994, p. 11)

Impacts can be classified as being either direct or indirect. Direct impacts are

changes in environmental components and processes that result immediately from
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a project related activity or action. Indirect impacts (also called secondary impacts)

are changes in environmental components and dynamics that are consequences

of direct impacts (Morris & Thérivel, 1995). For example, soil compaction is a

direct impact of the use of heavy equipment, and may also lead to increased water

runoff and thereby increase the risk for soil erosion. In this instance, increased

water runoff and soil erosion are consequences secondary impacts.

At least four different techniques are used to perform the task of impact

identification and summarisation. These are: checklists, overlays, matrices and

networks (Mitchell, 1997). In order of increasing sophistication, these are:

Checklists provide a list of specific considerations to be investigated. In this
way, checklists serve as templates to alert the analyst to aspects that may
be relevant. The items are based on general experience, and the
investigator has to determine which items are pertinent. This tool then,
consists of lists of environmental effects and impact indicators without
assuming cause and effect links of the items on the checklist and the

project activities.

Overlays are a set of maps which describe environmental and social
characteristics of a project area. The maps are superimposed to generate a
composite picture. Then, judgement is made about which composites

represent sensitive or valued attributes, and impacts are inferred.

Matrices represent a more sophisticated version of a checklist, in that lists
of actions or activities of a project are identified on one axis of the matrix
and environmental and social conditions that could be affected by the
project are identified on the other axis. The purpose is to use the matrix to
identify first order cause and effect relationships between proposed
activities and likely impacts.

Networks. Their starting point is the identification of proposed activities,
followed by the consideration of cause and effect networks at various levels
(both direct and indirect). Networks explicitly recognise that there might be

a series of impacts triggered by one action and that it is necessary to follow
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through first, second and third order effects. Usually, it is executed utilising
a flow diagram, which consists of boxes linked with arrows, indicating which

are the stressors and which are the receptors.

Each of these methods has advantages and limitations. Networks are the most
sophisticated but also the most complex and time consuming to create.
Furthermore, the network approach is often difficult to use because there may not
be sufficient information or understanding to trace the various levels of impacts. In
contrast, checklists and overlays have often been used at the initial or preliminary
stage of impact assessment. Checklists are simple and can be understood by
everybody, and overlays produced quality spatial information. However, both are
unable to show the cause-effect interactions (Smith, 1993), since they do not
correlate particular types of impact with specific activities related to the various
phases of project development (Cocklin, Parker, & Hay, 1992). Matrices contain a
list of project activities, ranging from early planning though operational and
maintenance phases of the project development. Although matrices can facilitate
relating specific project activities with possible impacts, specific causal
relationships are not addressed, nor do they distinguish between direct and
indirect effects. However, the distinction between direct and indirect impacts has
absolutely no meaning with respect to the actual environment, it is simply a useful
heuristic device to organise the analysis in a manner that insures that possible
effects are identified (Erickson, 1994).

Given that the development of a rapid assessment model is integral to this
research, the matrix approach is utilised to identify likely impacts using the EIA
method. An adaptation of the Leopold Matrix will be employed and therefore an

overview of the matrix and its usefulness is presented.

Leopold Matrix

The Leopold matrix (LM) was developed by the US Geological Society in 1971 and
originally comprised 100 columns along the horizontal axis that contained activities
that might cause positive or negative environmental impacts, and 88 rows of

environmental quality variables that may be susceptible to impact. This matrix

36



represents all the possible interdependences between a set of defined activities
and a set of environmental components (Darbra, Ronza, Stojanovic, Wooldridge,
& Casal, 2005).

The heart of the system is a matrix that is general enough to be used as a
reference checklist or as a reminder of the full range of potential or actual actions
and impacts on the environment that may relate to a project. The matrix can also
serve as an abstract to enable the reviewers of the EIA report to quickly determine
which impacts are considered significant, and their relative importance as
evaluated by the reviewer of the impact report (Leopold, 1971). The main project
activities and environmental elements included in the original Leopold Matrix are
presented in Table 2.3 bellow. Further extension of the Leopold matrix can be
made to include other potential activities or actions related to the project, such as

mitigation or restoration.

As with other matrix methods, the LM employs multiplication techniques to
determine the interactive effect of project activities on various environmental
components, or to identify higher order effects. The matrix is completed by
inserting two scores, one for magnitude and one for significance, in any cell where
an activity is thought to interact with an environmental component. The magnitude
is a quantifiable measure of the degree or scale of the impact; and can be defined
as the degree of movement away from the baseline state of the specific
environmental component under consideration. Magnitude is expressed on a scale
ranging from highly detrimental (-5), through negligible (0), to highly beneficial
(+5). Significance is a value judgement relating to the assessor’s view of the level
of how important the assessor feels importance of movement away from baseline
conditions to be (Edwards-Jones et al., 2000). It can be expressed on a scale of
high, medium and low significant. On the basis of these scores all activities can be
ranked (Howells et al., 1998).
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Table 2.3  Project Activities and Environmental Elements in the Leopold

Matrix
Project Activities
Modification of regime Resource renewal
Land transformation & construction Changes in traffic
Resource extraction Waste emplacement & treatment
Processing Chemical Treatment
Land alteration Accidents

Environmental Elements

Earth

Water

. Atmosphere
. Processes

A. Physical and chemical characteristics

B. Biological conditions 1. Flora
. Fauna

N

. Land use

. Recreation

. Aesthetics and Human Interest

. Cultural Status

. Man-made Facilities and Activities Parks
and Reserves

C. Cultural factors

g b~ WDN P

. Salinisation

. Eutrophication

. Disease-insect vectors
. Food chains

. Brush encroachment

D. Ecological Relationships

a b wWDN P

This process serves to highlight the most threatening activities and concomitant
impacts associated with a project through a system of scoring and ranking initiated
by the user. However, recognition has been made that it should not be assumed
as an evaluation method replacing the full EIA (Munier, 2004). The Leopold matrix
is designed to make users think about the relative significance of actions and
impacts, and hence it is the relative values of these scores to one another and not
the absolute scores themselves that are important. The matrix, therefore, focuses
attention on the interaction between development actions and the environment.
Highlighting these interactions should ensure that a comprehensive assessment is

undertaken.
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Criticisms of the LM centre on its dependence upon subjective evaluation. It is
argued that this subjective evaluation is converted into metrics that could provide a
false sense of accuracy and objectivity (Edwards-Jones et al., 2000). This is a
criticism levelled at most EIA methods, and at the preliminary assessment level,
such subjective evaluation is difficult to avoid. The matrix provides a static view of
impacts and cannot reflect impacts over time, secondary impacts, feedback events
or irreversible impacts (ibid).

The original LM is seldom used in modern EIA, however variations of the matrix
are used, particularly for rapid assessment. The LM provides adequate information
for input into a MCA, and allows assessment to be kept at an indicative level.
Attempting to provide a more comprehensive assessment is not always feasible
given the nature of the alternatives, the level of information, and the time
constraints. The Leopold matrix is simple, easily understood, appropriate for a
wide range of projects and is able to reflect two dimensions of significance, namely

magnitude and importance (Longworth, 2003).

2.4.3 SOCIAL IMPACT ASSESSMENT

Social impact assessment (SIA) is a process for identifying and assessing the
social impacts of a proposed project, program, policy change or development prior
to its commencement (Miller, Gale, & Brown, 1987). According to Burdge and
Vanclay (1995), a social impact is any consequence of a policy or project which
alters the ways in which people live, work, play, relate to one another, organise to
meet their needs and generally cope as members of society. Vanclay (2003)
mentions that SIA should not be understood simply as the task of predicting social
impacts in an impact assessment process. SIA also includes the analysing,
monitoring and managing of the intended and unintended social consequences,
both positive and negative; of planned interventions; and of any social change
processes invoked by those interventions. He also states that the primary purpose
of SIA is to bring about a more sustainable and equitable biophysical environment

for people.
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The typical stages involved in the SIA are similar to those used in the EIA process
(Burdge & Vanclay, 1995). Both are based on the rational model of planning and
decision-making. One of the key concerns of SIA is that it needs to consider the
equity implications of proposed development (Reynolds, 2002). This requires
careful consideration of who will be impacted by the development, and to what

extent there will be winners and losers.

Slootweg et al. (2001) noted that EIA and SIA can become important project
planning instruments when applied in the earliest stages of the decision-making

process:

They [EIA and SIA] provide information on the consequences of specific
development activities in a way that allows these consequences to be taken
into account and used in the process leading to a final decision and in
designing mitigation measures. Proper application of EIA and SIA can
significantly improve the quality of project proposals and will eventually lead
to important savings on project implementation because of reduced
negative impacts and better acceptance of the project objectives. (p. 19)

According to Burdge and Vanclay (1996), while SIA is usually undertaken within
the relevant national environmental policy framework, it is not limited to this, and
SIA as a process and methodology has the potential to contribute greatly to the
planning process. Accordingly, they also stated that the SIA process delivers
guidance to the planning and project evaluation processes in several respects
such as: (1) understanding, managing, and controlling change; (2) predicting
possible impacts from change strategies or development projects that are to be
implemented; (3) identifying, developing, and implementing mitigation strategies in
order to minimize potential social impacts (that is, identified social impacts that
would occur if no mitigation strategies were to be implemented); (4) developing
and implementing monitoring programs to identify unanticipated social impacts
that may develop as a result of the social change; (5) developing and
implementing mitigation mechanisms to deal with unexpected impacts as they
develop; and finally (6) evaluating social impacts caused by earlier developments,

projects, technological change, specific technology, and government policy.
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Explicit consideration of important social impacts in the appraisal of development
or project proposals helps ensure they are given proper treatment by decision
makers (Burdge & Vanclay, 1995; Dale, Taylor, & Lane, 2001; Gamboa & Munda,
2007). Assessment procedures which relegate the social impacts to consideration
under EIA can lead to their effective exclusion from the decision-making process.
By undertaking SIA, important social impacts can be brought to the forefront and

can be given consideration by decision makers (Barrow, 1997).

Another significant benefit of SIA is that it leads to increased credibility of the
assessment procedures from a community perspective. A project which has been
subject to both SIA and EIA is often regarded as subject to more comprehensive,
and thereby more credible assessment (Barrow, 1997). The SIA process, through
its focus on human and cultural impacts of a project, engages the public more
closely than EIA does (Dale et al., 2001). SIA is likely to involve social attitudinal
surveys, public meetings and community focus groups. All these techniques allow
the community to develop a sense of ownership over the decision-making process.
This is likely to assist community empowerment and appropriate follow-through for
the project (Reynolds, 2002). According to Vanclay (2003) the role of SIA goes
beyond the ex-ante prediction of who wins and who loses. SIA also encompasses
issues such as: the enhancement of the position of women, minority groups and
other disadvantaged or marginalised members of society; the development of
capacity building; the alleviation of all forms of dependency, an increase in equity,
and a focus on poverty reduction.

According to critics of SIA, its main problem is a lack of theoretical underpinning
and methodological rigour (Pearce, 1998). Such criticisms suggest that techniques
used in SIA are poorly defined and unrepeatable. However, it is worth noting that
many projects which have been declared environmentally and economically sound
have proceeded to significantly damage the quality of people's lives. Whilst
integrated impact assessment remains more of an idea than reality, SIA has a
useful role to play in highlighting social concerns in NRM decision-making (Dale et
al., 2001).

41



2.4.4 THE SINGLE NATURE OF CURRENT PROJECT APPRAISAL
TECHNIQUES

Nowadays, the need for socio-politically, economically and scientifically sound
natural resource management is more important than ever (Bellamy, Walker,
McDonald, & Syme, 2001; Celik, Cebi, & Ucal, 2008; de Lange, Wise, Forsyth, &
Nahman, 2010). As NRM merges biophysical, social and economic objectives
together, management decision criteria becomes more extensive. NRM agencies
need to establish decision models that provide some structure for how decision
support information is organized and applied, so that decisions are made openly

with justification transparent.

In many governmental agencies and non-governmental institutions, project
evaluation is developed through separate and distinct single discipline analysis.
The lack of an integrated framework for NRM has historically been compounded
by poor management decisions, which fail to integrate social, economic and
environmental issues at the project appraisal level (Costanza et al., 2002). Most
project proposals include some discussion on social, economic, financial,
environmental and institutional factors. However, government and non-
government organizations face the dilemma of dealing with a vast number of
complex project proposals, where data is mostly presented and analysed by way
of separate CBAs, SIAs and EIAs to guide the evaluation (De Montis, De Toro,
Droste-Franke, Omann, & Stagl, 2000).

Even when more than one approach is implemented to inform the decision making
process, each tends to observe, collect and report socio-economic and biophysical
data in different ways, making the separate results incompatible (Harding, 1998)
and conclusions sometimes contradictory (Nardini, 1997). This is due to the fact
that each is performing only a partial evaluation: “EIA ‘forgets’, in particular, the
positive and economic impacts; CBA ‘forgets’ all that cannot be put in to monetary
terms, and, more important, practically ignores the issues of equity and related
interest conflict” (Nardini, 1997, p. 175).
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Therefore, it does not make sense that these three approaches coexist with no
integration. It could be argued that each is best suited for a particular type of
problem. This is, however, false for EIA and CBA, since both these tools are often
applied to the same projects. Thus, the way this information is actually perceived
and assimilated by decision makers remains a difficult problem that is usually
solved in an informal and highly subjective manner (Diakoulaki & Karangelis,
2007). The aim of EIA, CBA and SIA is to provide information to developers, the
public and decision makers about the consequences of developing a project or
programme. A comprehensive and accurate EIA, CBA and SIA are of little value
unless the results of the assessment can be integrated into the decision-making
process. It is therefore important to synthesise the results, so that they can be

readily understood and easily incorporated into the decision-making process.

2.5 INTEGRATED ASSESSMENT

The long identified need to secure a balance between economic, environmental
and social targets in the development process cannot be satisfied with
conventional decision-making approaches. Therefore, more analytical methods
and technigues have emerged in order to facilitate and improve the decision-

making process.

Integrated assessment was initially developed in the 1980s as a tool to assist
scientists and policy-makers to synthesize and integrate disciplinary knowledge
related to environmental problems in a way that could guide decision-making
(Cimorelli & Stahl, 2005). Since then, the approach has been used most often in
the context of sustainable development and integrating economic, social and
environmental concerns. Rotmans and Dowlatabadi (as cited in Tol & Vellinga,

1998) offered the following definition of integrated assessment:

In general, integrated assessment can be defined as an interdisciplinary
process of combining, interpreting and communicating knowledge from
diverse scientific disciplines in such a way that the whole cause-effect chain
of a problem can be evaluated from a synoptic perspective with two
characteristics: added value compared to single disciplinary oriented
assessment, and provide useful information to decision makers. (p. 181)
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Table 2.4 shows the spectrum of what might be considered as integrated
assessment. According to Morrison-Saunders and Therivel (2006), a better
achievement of sustainability can be reached with a greater level of integration. In
addition, they recognize that, in practice, assessments do not always fit precisely
into these divisions, and one assessment may include components of various
approaches. At the ‘bottom end’ of the spectrum is a conventional project-based
EIA approach with the addition of economic and social impact calculations and

mitigations.

The inherent complexity of the systems concerned, the uncertainty regarding the
consequences of project approval affecting the use of natural resources, the
conflict between contradictory values, and the multiplicity of institutional concern
regarding decisions, advocate the use of powerful decision aid tools (Diakoulaki &
Karangelis, 2007). An integrated assessment technique can help developers or
authorities with decision-making responsibilities to analyse likely effects of a
project at an early stage, and thus improve the quality of both project planning and

decision-making (Slootweg et al., 2001).
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Table 2.4

Spectrum of Approaches for Integrating Economic, Social and
Environmental (ESE) Considerations

Most
‘integrated’

Least

‘integrated’

Assessment
Approach

Characteristics

Comments

Full integration

Sustainability considered
as an integrated concept,
not three separate pillars

Assessment is guided by clear
integrated principles for sustainability
and decision-making trade-off rules.
Emphasis on justifying that
sustainability has been achieved (or at
least appropriate processes followed
to best practicable extent)

Maximise Outcome should benefit Positive outcomes with respect to
Objectives each factor within each each individual factor are sought.
ESE pillar Trade-offs between ESE factors can
only be made in accordance with
trade-off rules that protect bottom lines
Win/win/win In addition to minimizing | More actively seeks the positive in all
impacts, also seeks to pillars (e.g. ensure environment is not
achieve positive traded off). May promote mitigation
outcomes in each ESE beyond scope of normal IA practice
pillar overall (e.g. offsets)
Net gains Outcome should be net Does not demand gains in all pillars

gains in ESE
considerations overall

simultaneously (e.g. could have socio-
economic gain at environmental cost)

Threshold test

Impacts should be tested
against a fixed bottom
line of criteria for each
factor

Implies pre-determined bottom lines
that must not be breached. May still
involve separate treatment of ESE
pillars

Minimise
impacts + extra
considerations

Also considers other
sustainability issues (e.g.
inter and intra
generational equity,
precautionary principle)

Considers other impacts beyond the
scope of traditional EIA/SEA practice

Minimise
impacts

Expansion of traditional
EIA/SEA to include
economic and social
impacts. Aim is to identify
and mitigate adverse
impacts

Tries to avoid adverse impacts.
Offsets may be used to counter
adverse impacts. Trade-offs between
ESE pillars may occur

Source: Morrison-Saunders and Therivel (2006, p. 285)

2.5.1 THE RATIONALE FOR INTEGRATED ASSESSMENT IN PROJECT
EVALUATION

The limitations of single assessment techniques (when used in isolation) and the

recognition of the complexity of environmental and natural resource management

problems have led to the development of more integrated techniques. Integrated
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assessment provides a way to consider the full range of costs and impacts, short
and long term, direct and indirect, that a project may have on the economy,
environment and society (UNEP, 2005). Integrated assessment involves not only
technical and scientific research, but also a process of synthesizing information
that serves the fundamentally important purpose of qualifying or validating in real
life terms, the expert conclusions reached, and of acquiring stakeholder
perceptions on critical issues as well as insights on complex qualitative relations
and interactions (Sanchez-Marré et al., 2008). A multi-disciplinary approach is

advocated for developing sustainability frameworks (UNEP, 2009).

Generally speaking, integrated assessment on project evaluation can serve at

least three main purposes. These are:

e Exploring and clarifying the trade-off and links between the economy,
society and the environment (UNEP, 2005). Sustainable development aims
to balance at least the social, economic and environmental impacts of all
our actions and activities, now and in the future. This task can be
understood as the simultaneous optimization of biological, economic and
social system goals. However, it is generally impossible to maximize all the
different objectives at the same time and, therefore, the decision-maker has
to find a compromise (Munda et al.,, 1994). The definition of sustainable
development suggests a harmonization of different (often contradictory)
goals (Gervasio & Simbes da Silva, 2012). Over time, a better
understanding of these relationships can encourage decision makers to
develop ‘least cost’, sustainable development objectives, and build
understanding and support among stakeholders for these measures
(Hackett, 2011).

e Providing information to decision makers across government departments
and agencies on the implications of proposed projects helps to enhance
coordination between environmental monitoring, planning and sectorial use
of natural resources, facilitating communication and building consensus and
administrative capacity (Sexton et al., 1998).

e Increasing participation and transparency in decision-making. Integrated

assessment takes as its starting point the preferences of a decision maker
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or group of decision makers or sometimes a broader group of stakeholders
in the project (Belton & Stewart, 2002). It can help to build consensus,
provide more insights of divergent preferences and strengthen decision
maker capacities, as well as ensuring that a broad range of views are
considered in the assessment (UNEP, 2005). These assessments cannot
resolve all conflicts, but they can help to provide systematic information,
making a complex situation more transparent to decision makers and to the

public.

Integrated assessment is best seen as an alternative to the traditional decision-
making process, designed to enhance the contribution of NRM to sustainable
development (UNEP, 2005).

2.5.2 MULTIPLE CRITERIA ANALYSIS

Multiple Criteria Analysis (MCA) is a structured framework for investigating,
analysing and resolving decision problems constrained by multiple objectives and
criteria (Nijjkamp & Rietveld, 1986). MCA methods can be used to support
decision-making where conflicting economic, environmental, societal, institutional
and technical objectives may be involved (Eom & Lee, 1990; Garcia, 2004; Huang,
Keisler, & Linkov, 2011). This multidimensionality is a characteristic of most
questions concerning sustainable development (Hajkowicz, McDonald, & Smith,
2000a). MCA is suitable for supporting decision-making dealing with sustainability
issues (Pietersen, 2006), and allows the use of heterogeneous criteria like project
costs and benefits (valued in monetary terms), environmental quality (recorded in
physical and qualitative terms) and social impacts (recorded in non-monetary
terms) to be aggregated into a single measurement unit (Munda, 2005). It is
valued as an alternative to CBA primarily because it does not require all impacts to
be expressed in monetary units (Belton & Stewart, 2002; Carlo & Alessandra,
2008; Margerum, 1995). The potential of MCA for project appraisal and evaluation
has been recognised in the literature (Haralambopoulos & Polatidis, 2003; Nardini,
1997; van Pelt et al., 1990).
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Applications of MCA typically involve several key stages which are collectively
referred to as the MCA process. The MCA process shares much in common with
the rational model of decision-making. It follows the sequence of identifying
objectives and alternatives, assessing the performance of alternatives against the

objectives and making a final decision (Diakoulaki & Karangelis, 2007).

Over the last two decades many multiple criteria decision methods have been
developed (i.e., Abrishamchi, Ebrahimian, Tajrishi, & Marifio, 2005; Ananda &
Herath, 2008; Hajkowicz, 2009; Nas, Cay, Iscan, & Berktay, 2010; Romero &
Rehman, 2003; Strassert & Prato, 2002; Turskis, Zavadskas, & Peldschus, 2009).
Each method demonstrate its own properties with respect to the way of assessing
criteria, the application and computation of weights, the mathematical algorithm
utilized, the model used to describe the system of preferences of the manager
facing the decision-making, the level of uncertainty embedded in the data set and
the ability for stakeholders to participate in the process (De Montis et al., 2000). In
a study reviewing the environmental applications of MCA between 2000 and 2009,
(Huang et al., 2011) found a significant growth in the successful use of MCA
across many areas of environmental application. For example, a model called
Ecozone Il was developed to aid operational decisions regarding proposed land
management projects in agriculture, aquaculture and agro-industry. “Ecozone |
does this by guiding users through the EIA procedure for a named project in a
specific location. This process serves to highlight the most damaging activities and
consequent impacts associated with a project through a system of scoring and

ranking initiated by the user” (Howells, et al., 1998, p. 147).

Another example from the public sector is the European Union project SENSOR.
This model develops ex-ante Sustainable Impact Assessment tools to support
decision making on European land use and environmental policies. The project
relates directly to the effort of the European Commission to integrate all single
sector policy assessments into one impact assessment procedure. These models
were developed for decision making within NRM utilising policy analysis instead of

project evaluation.
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MCA techniques are considered by some to be a natural tool to address
environmental decision making problems and, specifically, natural resource
management decisions (Huang et al., 2011; Mendoza & Martins, 2006; UNESCO,
1994). The main advantages of the MCA approach in environmental decision-

making are:

¢ Its non-economic valuation characteristics.
e |ts capacity to deal with multiple and conflicting issues.
e The help it can provide in structuring complex decision problems, thus

increasing transparency.

MCA not only offers some advantages over traditional decision methods, but can
also be integrated with other approaches to take advantage of the strengths
inherent in each (Gamper & Turcanu, 2007; Schmoldt et al., 2001).

Experience in the use of MCA has shown that this method provides a flexible way
of dealing with the qualitative and quantitative effects of decisions (Turskis et al.,
2009). However, this does not mean that multi-criteria evaluation is a panacea that
can be used in all circumstances without difficulties; it has its own problems
(Munda et al., 1994).

Criticism of MCA has demonstrated that its theories, techniques and applications
are often too complicated (Mendoza & Martins, 2006). Khorramshahgol and
Steiner (1988) argued that the most serious limitation of these techniques is the
rigid structure imposed by their algorithms. They also claimed that their
implementation is resource demanding and time consuming. According to
Campbell and Sayer (2003, p. 3), “these earlier attempts to conduct research at
the level of complex systems are widely seen to have generated needs for
excessive amounts of data, to have been costly to conduct, and to have yielded

few results of immediate practical value”.

In addition, the time span and the cost of such a high level of analysis may be
unsuitable to the timescales and budgets usually agreed for an evaluation. MCAs

are often based on slow and iterative processes, which may include protracted
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periods of negotiation. The analysis usually takes time, except for exceptionally
simple situations, or when the goal is to collect opinions retrospectively. In ex-ante
decision-making assistance, MCAs usually last several months (European
Commission, 2005). In other case, to compensate for the time constraint of
negotiation, some MCA models do not allow the managers' subjective value
judgements to enter into the decision-making process (Steiner et al., 2003;
Tavana, 2003). This limitation is probably one of the main reasons why MCA is still
not widely used in practical applications (Kiker et al., 2005). This is reinforced by
the fact that MCA is generally not included in administrative procedures (Beinat &
Nijkamp, 1998). Practitioners are time-constrained and are looking for a decision-
making methodology that has a sound theoretical base and overcomes the above
limitations. In other words, they need a technique that is not rigid, is easy to use, is
not time-consuming, and helps them think through their choices by allowing them
not only to incorporate into the model the multiple objectives of the organization,
but also to include some subjective value judgements in model evaluation and

hence in the decision-making also.

Other criticisms of MCA relate to the lack of a consistent evaluation framework; the
lack of support in the phases of problem definition and design (Janssen, 2001); the
lack of methods for incorporating uncertainty; and susceptibility of the end result to
the choice of methods and weightings (van Pelt, 1993). Nevertheless, these
limitations are mainly related to models developed within the MCA framework, but
are not a general constraint of the method itself. Instead these should be taken

into consideration when developing an MCA model.

The next logical step is to respond to the information and analysis provided by an
integrated assessment through developing and implementing a project evaluation
model that can take advantage of the strengths that MCA offers. Such a model
would be able to offer an explicit and structured approach, resulting in a more
efficient and effective decision process as compared with the often intuitive and
bias-driven decision processes that regulatory agencies are often accused of
using in decision-making. The next section presents some attempts to develop a
decision-making model based on MCA to help resolve NRM decision-making
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issues. It will also present the desired characteristics that any future model will

possess.

2.5.3 A RAPID INTEGRATED METHOD TO SUPPORT PROJECT
EVALUATION

Decision makers and regulatory agencies need a pragmatic and robust process for
assisting project evaluation. The integrative approach to sustainability analysis
must be transparent and the monitoring auditable. MCA provides an integrated
framework for developing a suitable methodology because it can handle a large
range of incommensurate data and can express preferences in a robust manner.
However, new analytical techniques based on MCA can be time consuming,
resource intensive, and expensive to implement. Decision makers require cost-
effective and timely identification of the economic, social and environmental
strengths and weakness of proposed project investments. The challenge, then, is
to design an approach particularly suited to problems that require rapid appraisal.
This rapid method is intended to act as a benchmark for managers, providing them
with a tool to inform the decision making process regarding project evaluation in
NRM.

In order to minimise costs and time, while giving due consideration to sustainability
and technical uncertainly, a rapid model that deals with economic, social and
ecological factors simultaneously, is required. The essential characteristics that

the REM should include are as follows:

(1) A clear presentation of the trade-off between economic, environmental and

social components of sustainability.

Making decisions on project proposals can be complex, especially if the goal of
sustainability is to be incorporated into the analysis. The integration of social,
economic and environmental considerations is essential for the goal of
sustainability and must be a central consideration in the design and
implementation of the assessment (Gibson, 2006). Most often a project does not

present favourable outcomes for all three considerations (economic,
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environmental and social) so that some trade-off is required. For instance, a
project where economic objectives are maximized can result in detrimental
impacts on the environment. This could be a situation where loss in ecological
values can be justified by the economic gain, however, this compensation should

be clearly revealed in the evaluation process.

Morrison-Saunders and Hodgson (2009) recognized that, while in theory
sustainability calls for integration, in practice it often means some level of trade-off
between differing sustainability principles. Consequently, good decisions depend
on the capacity to explore and clarify the trade-offs and links between the
economy, society and the environment. The process of managing potential trade-
offs then becomes specially important when developing a decision-making model
(Morrison-Saunders & Hodgson, 2009), and a clear trade-off rule would need to be
applied (Gibson, 2006). Several authors (Jenkins, Annandale, & Morrison-
Saunders, 2003; Morrison-Saunders & Therivel, 2006) have argued that keeping
the economic, social and ecological pillars in three separate folders, with
integration (assumed to require a trade-off decision) reserved for the approval (or
rejection) decision, can ensure that ecological as well as social and economic
concerns will be treated with the same attention. To do so, REM will need to rely
(for their final score) on the maximum net gains rule. According to Gibson and
Hassan (2005), this rule means that any acceptable trade-off must favour
achievement of the most positive feasible overall result, while avoiding significant
adverse effects.

REM will be used to reveal the trade-offs between criteria. As a project or policy
decision will have a variety of impacts, REM will measure these impacts as
separate criteria. The criteria structure for an REM assessment has to meet a
number of conflicting demands. On the basis of the scores of the different criteria,
and their relative weights, the best choice can thereby be determined (Sijtsma, van
der Heide, & van Hinsberg, 2013).

(2) Being general enough to tolerate different types of evaluations and be

adaptable to a wide range of situations.
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In the literature, many models have been developed to integrate the economic,
environmental and social implications of project development. However, these
models have been built on a project specific basis; therefore, they cannot be
applied to another evaluation without major changes. Therefore, it would be
advantageous to have a general framework that can be easily adapted to evaluate
different projects. Recognition of this need has also been made by Nijkamp and

Ouwersloot (1997), who have argued that:

In general, it would be desirable to construct a comprehensive impact
model which would encapsulate the complex interacting patterns of a
project development in relation to economic, social and environmental
variables. Such a modelling activity could take the form of either an
econometric model (validated by empirical data on solid statistical grounds)
or a simulation model (calibrated at best by plausible information). In light of
the near-impossibility to construct for each individual development plan or
project a dedicated model, in practice one often resorts to an ad hoc impact
assessment, based on simple cause-effect relationships. Such a more
limited approach has obviously several shortcomings, but has the
advantage that it is manageable, practical and based on local expertise. (p.
1096)

The cause-effect approach proposed by Nijkamp and Ouwersloot (1997) may
constitute a starting point for a generic approach. The reason for this is that most
project submitters are required to provide an in-depth project proposal, which
usually includes CBA, EIA and SIA reports, with a clear discussion of the project’s
proposed activities (cause) and their possible impacts (effect). Following a cause-
effect relationship, the project’'s impacts can be readily identified and summarized

into a broader three folder approach.

The advantage of the three folder approach is related to the usefulness of its

application. Gibson (2006) describes this type of model:

They [the three folder approach] fits well with the established capacities of
assessment and review experts trained in the three constituent fields
(social, economic and ecological), with the organisation of much of the
relevant information (e.g. data sets collected separately under these
categories), and with the wusual division of social, economic and
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environmental mandates among government bodies with relevant
responsibilities in strategic as well as project assessments. (p. 263)

A three folder structure of REM will allow it to be general enough to tolerate
different types of evaluation, such as, considering the acceptability of a single
project or, investigating simultaneously several projects with the view to ranking
them and then selecting one or more of those projects. In addition, it could be
adapted to a wide range of project types, such as, infrastructure investments,
conservation initiatives, policies, technology development, and funding allocations,

etc.

(3) Focusing on key criteria.

Within each of the three main criteria (economic, environmental and social goals),
there will always be a number of factors that need to be taken into account with
respect to a particular decision. These factors are also known as attributes in
decision-making terminology. There is general agreement that policies, plans,
programmes and projects should be planned so as to take full account of
economic, environmental, and social considerations (Morrison-Saunders &
Therivel, 2006). At the same time, in the measurement stage of any MCA, an
important step is to make a so-called impact matrix, which shows the measures of
the impacts for each considered alternative. However, for many decision-making
processes, the impact matrix becomes far too cumbersome (Sijtsma et al., 2013)
and an overly large impact matrix provides little judgment (Belton & Stewart,
2002). Ascough (2008) describes the delicate balance of incorporating criteria

into a model:

Importance of acknowledging that the ’best’ model may not be the most
complex or ‘complete’, in the sense that quantitatively incorporating every
aspect of the system under study may result in more uncertainty than if only
the salient processes (if known) are considered. A ‘reductionist’ approach,
where every minute detail is represented in a model's structure, may be
capable of reproducing the real system, while an understanding of
dynamical mechanisms important to environmental decision-making may
still be lacking. (p. 389)
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In applying REM, attributes should be selected to indicate the degree to which
each of the main objectives is met by the alternatives proffered. Thus, a wide
choice of attributes clarifies each objective, provides a useful description of the
impacts of each alternative, and facilitates an insightful evaluation of alternatives
(Keeney & Gregory, 2005). Therefore, the focus of the analysis should be placed
on the most relevant and significant economic, environmental and social
consequences of the project implementation. Attributes/criteria selection involves
the identification of key issues of concern, thereby ensuring that the assessment

remains focussed and the analysis manageable and practical.

(4) Incorporating judgement weights to each goal

Weights, using value judgements, reflect the importance of the specific issues or
attributes. As MCA applications usually involve a number of attributes, ranking of
alternatives is often arrived at on the basis of explicit weights, assigned either in
quantitative or qualitative terms, showing the relative importance of these criteria.
Outcomes of the appraisal are highly sensitive to the weights used (van Pelt et al.,
1990). This use of weights would go some way toward solving the problem as
stated by Huang, Chu, and Chiang (2008):

As governments strive to become more efficient and reduce the costs of
services in order to remain competitive, the choice of government-
sponsored Technology Development Programs (TDP) projects has
become increasingly important. Due to the funding scale and complexity
of technology, the selection of TDP projects can be viewed as a multiple-
attribute decision that is normally made by a review committee with
experts from academia, industry, and the government. However, these
experts, who have a diversity of knowledge, often enter the group with
different assumptions, viewpoints, and interpretations of the issues
involved and often select proposed TDP projects based on evaluation
criteria that are not clearly defined. Therefore, review committees tend to
select projects with consensus. An effective mechanism to resolve this
kind of cognitive conflict is necessary. (p. 1039)
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2.6 CONCLUSION

In earlier decades the allocation of natural resources was dominated by economic
decisions to the detriment of environmental protection and social acceptability, but
increasingly, the focus of NRM merges biophysical, social and economic
objectives. To add to the complexity, the concept of sustainable development has
been recognized worldwide as the major challenge for NRM (Slootweg et al.,
2001). Concern regarding limits to growth and tension between economic
development and environmental protection and social acceptability have “led to
sustainability being emphasised as a concept concerned with integrating these
goals” (Harding et al., 2009, p. 26). Since there are as many different views and
interests as there are players involved in decision-making, there is likely to be
conflict, significant uncertainty and irreversible outcomes, making the decision

process extensive and unmanageable (Schmoldt et al., 2001).

It is also acknowledged that projects impacting the allocation of natural resources
impose a diverse range of costs and benefits on recipient communities. These
costs and benefits can be economic, environmental or social in nature, and most
often a project will incorporate all three types of costs and benefits. Decision
makers increasingly require cost-effective and timely identification of the
economic, social and environmental strengths and weakness of proposed project
investments. In isolation, these separate analyses provide only part of the picture.

The next step is to incorporate them into an integrated approach.

MCA provides an integrated framework for developing a suitable methodology
because it can incorporate a large range of diverse data and express preferences
in a robust manner. However, analytical techniques based on MCAs are frequently
time consuming, resource intensive, and expensive to implement. They require a
systematic approach to sustainability analysis that is transparent and auditable,

but which is also time and resource efficient.

A more rapid approach to project appraisal, while maintaining a level of
comprehensiveness, is needed to integrate the economic, environmental and

social strengths and weaknesses put forward by the proponents of the project.
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Such an approach needs to be applicable to different types of evaluations, to focus
on key criteria and to clearly include the trade-offs between economic
development, environmental protection and social acceptability. The following

chapter will outline the method used to obtain such a model.
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CHAPTER THREE - DECISION FRAMEWORK
AND METHOD DEVELOPMENT

The scope and scale of natural resource management is increasing each year as
governments and institutions become more aware of the necessity of ensuring
environmental protection, whilst also encouraging economic development and
improving societal welfare. Therefore, government officials and other practitioners
must regularly choose between alternative actions, with the aim of achieving a
balance between the tensions created by conflicting economic, environmental and

social needs.

The preceding chapter reviewed the need for an integrated framework that can
help decision makers in their task of timely identification of the economic, social
and environmental strengths and weaknesses of proposed project investments.
This chapter presents the methodological context used to develop a suitable
decision-making model based on the multiple criteria analysis (MCA) that can
accelerate the decision-making process to determine whether a development

project is viable or not, or warrants further investigation.

This chapter is divided into three main sections. In the first section (3.1), several
MCA software are reviewed in order to identify a suitable decision-making
framework on which to build the model. In section two (3.2), the steps taken to
develop the model are described and the structure of the resulting Rapid
Evaluation Method (REM) is presented. In this section, the process of entering
data for each alternative into the Logical Decisions® for WindowsTM (LDW)
software is explained. Finally, section three (3.3) reports on how the REM is
implemented, and also describes the case study selection and the preparation

done before applying the model.
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3.1 MULTIPLE CRITERIA ANALYSIS SOFTWARE

The processes that involve multiple criteria decision analysis take explicit account
of multiple, sometimes conflicting, criteria in aiding decision-making. This helps to
structure the problem, and also provides a focal point for further discussion (Belton
& Stewart, 2002). These methods can help decision-makers understand the
problem at hand, and their own values and judgements, as well as the values and
judgements of others. Through this process of organization, the relevant
information can be synthesised and presented properly in order to guide the

courses of action identified through the resulting discussion (ibid.).

Decision-making software should be interactive to enable useful feedback in order
to improve results. The most useful approaches should be conceptually simple
and transparent to allow for easy elicitation of values and preferences entered and
edited, and for the effects of any change to be better understood. Belton & Stewart
(2002) state that software should support the decision-making process and not be
the driving force behind it. The MCA process should serve to both complement
and challenge, by acting as a sounding board against which ideas can be tested. It
should not seek to substitute intuitive judgment or experience (ibid.). The process
should lead to better-considered and explainable decisions by way of a

transparent audit trail.

3.1.1 SOFT