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Summary

Conservation programme planning involves allocat-
ing a limited budget amongst different potential
conservation projects. The selection of projects for
funding is subject to a high degree of uncertainty and
a number of competing objectives such as ecological
protection, recreation and community relations. The
purposes of this paper are to summarize the quantita-
tive methods currently used in deciding which
conservation projects to fund and to present a general
methodology based on decision analysis that can be
used for making conservation programme planning
decisions. The methodology directly links the pro-
posed contributions of projects to the objectives of the
conservation agency, and it includes an explicit con-
sideration of uncertainty and a conversion of ordinal
scores into utilities. The methodology is a rational way
of making decisions in conservation situations that are
characterized by high degrees of uncertainty and sub-
jective information. An application of decision
analysis with staff from the New Zealand Department
of Conservation is described. Some of the difficulties
with using this methodology in practice are discussed
in both the New Zealand and broader contexts. The
conclusions are that conservation programme plan-
ning is currently based on managerial experience and
relatively simple scoring procedures, but that a more
rational approach based on decision analysis is poss-
ible, and additional research would reduce the amount
of effort required to use decision analysis for conser-
vation programme planning.

Keymwords: conservation, programme planning, conservation
management, decision analysis, conservation budgeting, pro-
ject selection

Introduction

Conservation management encompasses more than the man-
agement of species and the selection of protected areas; many
of the government agencies responsible for biological conser-
vation management are also responsible for a host of related
activities such as providing recreational and educational op-
portunities and managing cultural and historical assets. For
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example, the US 1916 National Parks Service Organic Act
(US National Parks Service 1995, p. 1) established that the
mission for the US National Parks Service (US NPS) is to
‘conserve the scenery and natural and historic objects and the
wildlife therein by such means as will leave them unimpaired
for the enjoyment of future generations.’

As another example of the variety of activities included in
conservation, the New Zealand Conservation Act (New
Zealand Department of Conservation 1998, p. 59) defines
conservation as ‘the preservation and protection of natural
and historic resources for the purpose of maintaining their
intrinsic values, providing for their appreciation and rec-
reational enjoyment by the public, and safeguarding the
options of future generations.’

In fulfilling their legislative mandates, conservation agen-
cies must decide on which projects to fund, given a limited
budget and a diverse legislative mandate. The increasing
stress that human society is placing on the natural world, and
the consequent loss of habitat and species (Wilson 1989),
mean that judiciousness is required in using conservation re-
sources. One of the crucial stages in the process of allocating
scarce conservation resources is the process of selecting a set
of projects. We term the process of choosing a set of projects
to undertake as ‘conservation programme planning’, and it is
the focus of this paper.

The problem of selecting a set of projects when con-
strained by resources is one that has a rich history of analysis.
Civil and environmental engineering, in particular trans-
portation planning, often relies on methods for allocating
funds between alternative projects (Kulkarni ez al. 1993
Ravirala & Grivas 1995; Teng & Tzeng 1996). Similarly,
many financial management techniques have been developed
for choosing between alternative capital investment options
(Beenhakker 1975). The problem of resource allocation when
faced with many alternatives is a problem within the broader
field of Decision Analysis, which deals with formalizing the
value judgements inherent in any decision in an effort to im-
prove the quality of the decisions made. It allows subjective
information and uncertainty to be explicitly included in the
decision process. The main contributions of decision analysis
are that it (1) leads to well-documented, reproducible de-
cisions, (2) encourages an explicit statement of values and
beliefs on the part of the decision-maker, (3) focuses attention
on the objectives of the decision situation, (4) encourages an
explicit examination of the trade-offs between conflicting ob-
jectives, and (5) facilitates communication amongst different
parties.
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Table 1 Summary of conservation planning procedures: current practice.

Conservation agency

Summary of process used

NZ DoC: conservancy level

NZ DoC: regional level

US NPS: conservation planning
US NPS: staffing level planning
ANCA: selecting protected areas
Hong Kong: selecting projects
IUCN

Scoring of areas.

Negotiation and interpretation of guidance documents. Some project scoring.
Project scoring with cut-off scores.

Project scoring with weighted additive aggregation model.

Gap analysis based on current and required staffing level.

Ranking of projects by criteria.
Criteria scoring, conversion of scores to values, and an additive aggregation model.

For example, in analysing a decision, it is expected that
the decision-maker will document why the projects were as-
sessed as they were. In discussing decisions that have been
analysed through decision analysis, disagreements over ‘facts’
(e.g. the output of population models) can be separated from
disagreements over values (e.g. the relative importance of
captive and wild populations of an endangered species). In
some cases, the mere act of explicitly considering and writing
down what it is the decision-maker hopes to achieve can
bring greater clarity to the decision process. Perhaps the
biggest advantage of using formal decision analysis is not that
it leads to a clear choice of action (which it often does), but
that the process of analysing a decision often leads to greater
insight into and understanding of the decision situation.

This is especially true in a decision situation that is as
highly politicized as environmental conservation can be.
Recent books on environmental management (Clark 1997,
O’Leary et al. 1999) highlight how the competition between
bureaucratic interests and the lack of leadership in govern-
ment can lead to inefficient bureaucratic choices.

In this paper, we describe the processes currently used to
make conservation programme planning decisions in selected
countries, we describe how decision analysis could be used as
part of the conservation programme planning process, we in-
troduce an application of decision analysis in New Zealand,
and we discuss the opportunities and limitations of decision
analysis in future conservation programme planning practice.

Current use of quantitative methods in conservation
programme planning

We conducted a review of the current use of quantitative
methods in making conservation programme planning de-
cisions. We successfully contacted 31 individuals from 22
different governmental and non-governmental organizations
involved in biological conservation, natural resource manage-
ment, the provision of recreation in natural areas, and
strategic planning and decision support for these areas. A list
of those contacted is available from the authors. Of the 22 or-
ganizations contacted, only five reported that they used some
sort of quantitative tool related to conservation programme
planning. The rest reported that they relied on non-quantita-
tive methods such as managerial experience and the political
process. The responses of the five organizations that reported
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the use of quantitative methods are now summarized (Table

1).

New Zealand Department of Conservation

The New Zealand (NZ) Department of Conservation (DoC)
has a hierarchical structure with a Head Office and three
Regional Offices (New Zealand Department of Conservation
1998). Each of the regional offices oversees a number of
Conservancy Offices. Each Conservancy, in turn, oversees a
number of Area Offices.

Scoring procedures for project selection have been devel-
oped at both the Conservancy and Regional levels for a
number of programmes, such as animal pest control (possum,
goat and deer control), weed control, structural maintenance,
and hut and trail maintenance. For example, in selecting
which weed control projects to fund, all of the proposed pro-
jects are scored on a number of factors, such as the ecological
importance of the site the weeds are growing on, the poten-
tial for the weed to spread to nearby ecologically sensitive
areas, and the potential for the weed to disperse widely
throughout New Zealand. The scores that a project receives
for each of the factors are added together to give an overall
score for the project. A cut-off score is set and all projects
with scores above the cut-off are funded while those projects
below the cut-off are not funded. The scoring procedures for
the possum, deer and goat control programmes are similar to
the weed programme scoring procedure.

US National Parks Service

Conservation budget allocation in the US National Parks
Service (NPS) is divided into two areas based on the distinc-
tion between base operating funds and project funds. In the
area of project funding, formal sets of guidelines have been
developed for (1) proposing natural resource projects, and (2)
evaluating the proposed projects (US National Parks Service
1998a, b, respectively). These guidelines are for programmes
and projects dealing with natural resource preservation, re-
search, water resources, geologic resources, inventory and
monitoring, and visitor education. The call for projects pro-
vides guidance as to what types of projects are acceptable, the
length of time projects may cover, and minimum and maxi-
mum allowable budgets. The call for projects also limits the
number of projects that each region can propose based on ex-
pected funding levels. A set of criteria is then used to rank all
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of the projects except those in the areas of inventory, moni-
toring and education. The criteria used are:

® significance of the resource to the park,

® severity of resource threat, problem, or need(s),
® problem definition and information base,

® feasibility,

® problem resolution,

® transferability, and

® cost effectiveness.

Each project to be ranked is given a score on a 1-5 ordinal
scale based on the definitions and explanations given in the
instructions. Then these individual scores are aggregated into
an overall project score by using weighting factors.

The US NPS has also developed a quantitative process,
the Natural Resource Management Assessment Program
(NR-MAP), to aid in setting staffing levels. The general steps
in NR-MAP are: (1) assess the natural resources of each park;
(2) determine the required staffing levels for each park based
on the resource assessments; and (3) compare the current
staffing levels with the required levels (US National Parks
Service 1995). In NR-MAP, the resources of each park are
divided into 15 categories, and surrogate indicators (i.e. in-
dexes representing each category) are assessed.

Australian Nature Conservation Agency

The Australian Nature Conservation Agency (ANCA) has a
quantitative decision support tool in place to assist with the
selection of new protected areas. This tool is based on a bio-
geographic regionalization of Australia and is intended to be
used in setting priorities for establishing new protected areas.
The three criteria used in assessing the priority of a land area
are: (1) the level of reservation status within that area; (2) how
comprehensively the current reserve network samples the
known environmental variability within that area; and (3) the
constraints and limitations on establishing new reserves in
that area (Australian Nature Conservation Agency 1995).
The scores are added together and cut-off scores are devel-
oped to separate the high, medium and low priority areas.

Hong Kong

A ranking procedure that takes into account the relative im-
portance, priority, urgency, and budget required is used in
Hong Kong to select conservation projects for funding. No
further information was available.

World Conservation Union

The World Conservation Union (IUCN) has developed sev-
eral evaluation tools for fields related to conservation. While
these tools are not directly used in decision-making, evalu-
ation is a crucial step in the decision-making process. One
area in which the IUCN has made major advances in devel-
oping quantitative assessment tools is in measuring progress
towards sustainable development. With the Barometer of
Sustainability (World Conservation Union 19974) and
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Participatory and  Reflective  Analytical ~ Mapping  for
Sustainability (World Conservation Union 19975), the IUCN
has developed a method of explicitly examining the values of
organizations and governments and evaluating their progress
towards sustainability. The evaluation is based on the values
of the organization in combination with a collection of objec-
tive and subjective criteria. In the Barometer of Sustainability,
the different criteria levels are first converted to a value scale:
then the different criteria are combined through either a
weighted or an unweighted additive model to give two
measures of sustainability, one for human well-being and one
for ecosystem well-being.

Decision analysis background

We now outline the basic features of decision analysis that are
most relevant to quantitative conservation programme plan-
ning. Components of decision analysis have been introduced
into the conservation biology and environmental manage-
ment literature (O’Banion 1980; Bakus et al. 1982
Thibodeau 1983; Maguire 1986, 1991; Smith & Theberge
1987, Ralls & Starfield 1995). We will describe multi-compo-
nent decision analysis (MCDA), and focus on the
development of objectives and the assessment of utilities be-
cause these areas have received relatively little treatment in
the conservation biology and environmental management
literature. Readers interested in a more comprehensive treat-
ment of decision analysis or in a thorough explanation of the
underlying theory should consult amongst others Keeney
and Raiffa (1976), Holloway (1979), von Winterfeldt and
Edwards (1986) and Keeney (1992).

The procedure described here can be summarized as con-
sisting of four separate components (Fig. 1). The objective
model consists of framing the decision and developing the
objective hierarchy. The uncertainty model involves assess-
ing the probabilities of the different attribute levels for each
project. The utility model is based on developing a utility
function for each attribute and combining these utility func-
tions into overall project utilities using an aggregation model.

Objective
model
Utility Uncertainty
model model
Choice model
Optimization Sensitivity
routine analysis

Figure 1 Components of the proposed conservation programme
planning procedure.
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Maximize the benefit from
agency activities

Maximize Maximize ecological
recreation protection
Visitor Number ) Eco-
survey of Species systems
score visitor
(0-100) days

Figure 2 Example of a structured set of objectives and attributes
for conservation programme planning.

The optimization routine and the sensitivity analysis are the
two components of the choice model (Fig. 1).

Framing the decision and determining the decision-maker’s
objectives
The first step in analysing a decision consists of identifying
precisely what decision is being considered, what the relevant
level of detail is, and who the decision-maker is. In the
example developed in the following sections, we will assume
that the relevant decision is choosing a set of projects to fund
in a given year. We will further assume that the decision is a
preliminary one so that great detail is not needed and that
there is a single decision-maker, the manager, who is respon-
sible for the funding decisions made in the department.
After the decision is framed, the proper objectives (i.e. what
the decision-maker hopes to achieve) need to be determined.
The first step is to identify a comprehensive list of objectives
(Keeney 1992). The objectives are then structured into a hier-
archy, and a list of attributes (i.e. the criteria that will be used
to measure the achievement of the objectives) is developed
(Keeney 1992). These attributes should be both comprehen-
sive and measurable (Keeney & Raiffa 1976). The development
of attributes has been discussed in an environmental manage-
ment setting (O’Banion 1980). It should be noted that the
attributes do not need to be objective, directly measurable en-
tities. Subjective attributes, also called constructed attributes,
can be, and often are, used instead (Keeney 1992).

Table 2 Constructed attribute for species protection.

Attribute level — Explanation of attribute level

5 The project causes an increase in the population
of an endangered species.

4 The project halts the population decline of an
endangered species.

3 The project slows the rate of population decline
of an endangered species.

2 The project has no effect on the population of
an endangered species.

1 The project causes an increase in the rate of

population decline of an endangered species.
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While the set of objectives and attributes shown in Figure
2 represents a highly simplified version of a real conservation
programme planning situation, it does serve to illustrate the
main points. First, the objective listed at the top of the hier-
archy represents the reason for being interested in the
decision. The lower-level objectives (‘Maximize ecological
protection’ and ‘Maximize recreation’) further describe the
highest-level objective. The attributes below the lower-level
objectives measure the achievement of those objectives. For
the purposes of our example, we will assume that these attri-
butes are comprehensive. For the two attributes that do not
have a natural measurement scale (i.e. ‘Species’ and
‘Ecosystems’), a constructed attribute would need to be de-
veloped. Table 2 gives an example of a constructed attribute
for ‘Species’ in the example; a similar attribute can be created
for the ‘Ecosystems’ attribute.

It is important that the objective hierarchy be developed
in a way that ensures additive independence if an additive
value model is to be used (Keeney 1992). Additive indepen-
dence means that the utility of different levels for a particular
attribute can be determined without knowing the levels of the
other attributes (Keeney & Raiffa 1976; O’Banion 1980). For
example, consider a situation in which an endangered species
depends on another species for survival, such as the black-
footed ferret and its prey, the prairie dog (Maguire ez al.
1988). If two attributes in this situation were (1) population
level of ferrets and (2) population level of prairie dogs, then
the attributes would not satisfy additive independence. The
utility of the population level of ferrets would depend on the
population level of prairie dogs.

Establishing the utility of the different projects
Each of the three steps in the utility assessment procedure is
discussed briefly below.
(1) Developing a utility function for each attribute
A utility function converts an attribute score into a utility; a
utility function would therefore need to be developed for each
attribute if decision analysis were to be used. Utility functions
are needed if the preferences of the decision-maker are to be
accurately captured (O’Banion 1980). Attribute scores often
cannot be used directly because they are not scaled suitably
and do not accurately capture the preferences of the decision-
maker. If used directly, the raw score needs to have a range
that is similar between attributes. If the attribute scale for
ecosystem protection varies from 0 to 20, while the scale for
species protection varies from 1 to 5, adding these numbers to
assess the total ecological value of the project would imply a
greater weighting for ecosystem protection than for species
protection. Most analysts prefer to have the weights con-
sidered separately and explicitly from the scaling issue.
Another concern with using raw scores directly is that
equal incremental increases in scores might not have equal
incremental increases in value. As a result, analysts prefer to
convert the scores to something, namely utilities, that more
truly reflects the value to the decision-maker. An example of
possible utility values for the attribute levels in Table 2 is
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Table 3 Ultilities and probabilities for the species protection
project in the example.

Attribute level Utility of Probability of
attribute level attribute level

5 1.0 0.20

4 0.8 0.55

3 0.4 0.25

2 0.1 0.00

1 0.0 0.00

given in Table 3, where the decision-maker can be seen to
benefit greatly from an increase from a score of 3 (project
slows the rate of loss of an endangered species) to a score of 4
(project halts the loss of population), but less from an incre-
mental benefit going from a score of 4 to a score of 5 (project
causes an increase in population). In some situations, the
scores might accurately reflect the relative utility of various
projects; still, the use of utilities, although adding a compli-
cated step in the process, allows for greater flexibility and
accuracy in the analysis method.

There are different procedures for developing a utility
function for each attribute. Von Winterfeldt and Edwards
(1986) outline a direct assessment procedure in which the
utilities of a few attribute levels are determined and a curve is
sketched in. Their procedure has the appeal of being much
easier to use than more formal methods, but consistency
checks should be included.

As an example of utility assessment, the variable prob-
ability method will be demonstrated. Suppose that there are
three items, X, Y and Z and that the order of the decision-
maker’s stated preferences for these three items is X>Y>7;
X is then the most preferred, and Z is the least preferred.
The variable probability method can be used to find the util-
ity of item Y. First a hypothetical situation is set up in which
the decision-maker can choose between receiving Y for cer-
tain or a lottery in which there is a probability, p, of getting
X and a probability of (/-p) of getting Z. Then p is varied
until the decision-maker is indifferent between receiving Y
for certain or the lottery; that is, the p is found at which the
decision-maker cannot decide between Y and the lottery.
This value of p is then the utility of item Y. To understand
why, we need the following two ideas from utility theory
(Keeney & Raiffa 1976):

(1) The utility of a lottery is the expected utility of the out-
comes. In other words:

u(lottery) = p*u(X) + (1-p)*u(Z) (1)

(i1) The utility of the most preferred item can be scaled to 1
and the utility of the least preferred item can be scaled to
zero. In other words:

w(X)=1andu(Z) =10 (2)

If the decision-maker is indifferent between receiving the lot-
tery and receiving Y, then u(loitery) = p. In practice X, Y
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and Z would be replaced by the items being assessed. In the
case of conservation programme planning, these items would
be the different score levels. The procedure can easily be ex-
tended to handle more than three items by increasing the
number of different lotteries considered. There are other
methods by which utilities may be assessed (Keeney & Raiffa
1976; von Winterfeldt & Edwards 1986; Keeney 1992).

(2) Assess the uncertainty of the scores

In most decision-making, including that of conservation pro-
gramme planning, the outcomes of projects, and thus the
scores that should be assigned to projects, cannot be known
with certainty before the completion of projects. For
example, consider a project dealing with the protection of an
endangered species. Using the constructed attribute given in
Table 2, it is thought that the project will probably halt the
decline of the species population and should thus be given a
score of 4. However, due to the uncertainty inherent in en-
dangered species management, the project could lead to an
increase in the population of the species (a score of 5), or it
could slow the decline of the population of the species, but
not halt that decline (a score of 3). After considering external
information sources (e.g. population models, expert opinion,
and the outcomes of similar projects), the person scoring the
project specifies a probability for each outcome that best re-
flects their beliefs. Procedures can be used to avoid the
biasing and other difficulties that often accompany prob-
ability assessment (Holloway 1979; Keeney 1992). In our
example, we will assume that the decision-maker assigns
probabilities of .25, 0.55 and 0.20 (the probabilities must
sum to one) to attribute levels of 3, 4 and 5 respectively.
Table 3 shows the probabilities of the different attribute
levels and the utility of these attribute levels.

The expected utility for each attribute of the project is cal-
culated by multiplying each utility level by the probability of
its occurrence. For the species protection attribute of the
example project, this calculation would be:

u(x) =D pFulx) = (0.2)(1.0) + (0.55)(0.8)
= +(0.25) (0.4) = 0.74 3)

where u,(x,) is the expected utility of a project with respect to
attribute 4, p, is the probability of the " level for the / at-
tribute, x, is the k"level of attribute 4, and u (%) 1s the utility
of level x,

(3) Determine the weighting factors and combine the ex-
pected utilities for the attributes into an overall utility for
each project.

After the expected utilities have been calculated for each at-
tribute, they can be combined into an overall utility for the
project by using an additive aggregation function (Keeney
1992):

N
U enty) = Dk ) )

i=1
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Table 4 Single attribute and overall attribute weighting factors.

Attribute Attribute Overall
weighting factor  weighting factor

Visitor survey score 0.75 0.248

Number of visitor days 0.25 0.082

Species protection 0.33 0.221

Ecosystem protection 0.67 0.449

where &, is the level of the " attribute, u,(x,) is the expected
utility of the /" attribute and &, is the weighting constant for
the 7 attribute. Formally, the weighting constants represent
the trade-offs between the utilities of the different levels of the
different attributes, but in practice, the weighting constants
are often taken to represent the relative importance of the dif-
ferent attributes and are usually normalized to sum to one.

The weighting constants can be determined by using a
series of trade-offs between different attribute levels
(O’Banion 1980). This method works well for situations with
small numbers of attributes, but it can be prohibitively diffi-
cult for large numbers of attributes. Another procedure exists
in which the weighting constants are found by assigning
points to each objective or attribute in proportion to its rela-
tive importance within that level of the hierarchy (Von
Winterfeldt & Edwards 1986). This procedure is much easier
to use but, when using it, the decision-maker can have more
difficulties deciding on the proper weights because of not
working directly with the attribute levels.

We now continue with our example of the conservation
programme planning process by assuming that the decision-
maker determines that a unit increase in utility in the
ecological protection objective is twice as important as a unit
increase in utility in the recreation objective (Fig. 2). This
implies weights of 0.67 and 0.33 for the second-tier objec-
tives. The decision-maker also determines that (1) a unit
increase in utility in the visitor survey score attribute is three
times as important as a unit increase in utility in the number
of visitor days attribute within the recreation objective, and
(2) a unit increase in utility in the ecosystem protection at-
tribute is twice as important as a unit increase in utility in the
species protection attribute within the ecological protection
objective. Table 4 summarizes the weighting factors for each
of the attributes.

The overall weight for each of the attributes is found by
multiplying its within-objective weight by the weight on the

objectives it describes. For example, since a three to one level
of importance between visitor survey score and visitor days
implies 0.75 and 0.25 weightings for the attributes, the over-
all weighting for visitor survey score is given by:

Opverall Visitor Survey Weight = (0.33)(0.75) = 0.248  (5)

Similarly, the overall weights for number of visitor days,
species protection, and ecosystems protection would be
0.082, 0.221, and 0.449 respectively. Note that the sum of the
weights found by this method is 1.0, as is the convention.

Table 5 gives examples of possible conservation projects,
where it is assumed that the attribute scores have been con-
verted to expected single-attribute utilities using the methods
given above. The expected single-attribute utilities for the
projects can be converted into overall project utilities by
using equation (2) with the weighting factors given in Table
4. For example, for project 1, the overall utility would be
computed as:

Utility(project 1) = 0.248(0.8) + 0.082(0.7) + 0.221(0.5)
+ 0.449(1.0) = 0.815 (6)

The overall utilities of the remaining projects are computed
in a similar manner and are shown in Table 6.

Analysing the decision and conducting sensitivity analysis

Once the project utility values have been determined, an op-
timization routine is used to find the ‘best’ set of projects to
fund. In the case of conservation programme planning, the
overall utility of the funded projects will be the sum of the
utilities of the funded projects. Because of this linearity, an
integer linear programming model can be used (Greenberg
1971; Zoints 1974). For single-year conservation programme
planning, the model is given by:

N
Maximize 7z :,Zl ulp)*y; (7
Subject To: ; isOorl (8)
N
/Zl Cj*)/jS CT 9)

In equations (7)—(9), u].( pj.) is the utility of the /* project, N is
the number of possible projects (i.e. the number of proposed

Table 5 Examples of proposed conservation projects, their costs and their utility for each attribute.

Example project number Example project description Cost Visitor Number of Species Ecosystem
(1000s of  survey visitor days
dollars) score
1 Develop a new marine wildlife sanctuary 120 0.80 0.70 0.50 1.00
2 Hiking trail maintenance 90 0.85 0.90 0.20 0.15
3 Close park to vehicle traffic 25 0.40 0.20 0.80 0.90
4 Restore a small wetland 100 0.45 0.20 0.20 1.0
5 Begin a rat eradication programme
on an off-shore island to protect
endangered bird species 80 0.05 0.15 0.74 0.80

https://doi.org/10.1017/50376892999000260 Published online by Cambridge University Press


https://doi.org/10.1017/S0376892999000260

Table 6 Overall utilities for the five example projects.

Project number Overall project utility

1 0.82
2 0.40
3 0.70
4 0.62
5 0.55

projects), C] is the cost of project j, C,.is the maximum bud-
get available, and ; is the decision variable that is zero if a
project is not funded and one if it is. Equation (7) shows that
the goal of the optimization routine is to find the selection of
projects that maximizes the total utility of the selected pro-
jects. Equation (8) restricts y. to be either 0 if the j project is
not funded, or 1 if the j project is funded. Equation (9) re-
stricts the total cost of the funded projects to less than the
maximum budget available. The model given by equations
(7)—~(9) can be solved for small- to medium-sized problems by
using a spreadsheet with an optimization tool such as Solver
in Microsoft Excel®. For large problems, more efficient opti-
mization tools are needed.

If the example projects shown in Table 5 are used with the
overall utilities shown in Table 6 in the above model in con-
junction with a maximum budget of $140000, then the
optimization model selects projects 3 and 4 to be funded. The
total cost of funding these two projects is only $125 000, but
funding projects 3 and 4 gives the maximum utility for the
given budget limitation.

After the initial optimization has given the ‘best’ set of
projects to fund, a sensitivity analysis can be conducted to
examine the effects that changes in the model parameters
would have on the suggested decision. For example, the
weights assigned to the recreation objective could be changed
from the value of 0.33. Because the weights at any level in the
objective hierarchy must sum to one, the weight assigned to
the ecological protection objective is known once a weight for
the recreation objective is chosen.

Table 7 gives an example of the results of varying the
weight on the recreation objective from zero to one. Project 3
is funded for all possible weights on recreation, however, as
the weight assigned to recreation increases, project 4 is

Table 7 Sensitivity analysis for the weight assigned to the
recreation objective.

Weight on recreation Projects funded
0 3,5
0.1 3,5
0.12 3,5
0.13 3,4
0.25 3,4
0.5 3,4
0.54 3,4
0.55 2,3
0.67 2,3
1 2,3
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funded instead of project 5 (Table 7). As the weight on rec-
reation is increased further, project 2 is funded instead of
project 4. The sensitivity analysis is important because it can
reveal the range of weights over which certain funding de-
cisions should be made. In our example, if the weight on
recreation is (.12 or less, then projects 3 and 5 should be
funded. If the weight on recreation is between (.12 and (.55,
projects 3 and 4 should be funded, and if the weight on rec-
reation is 0.55 or above, projects 2 and 3 should be funded
(Table 7). In a real decision situation, similar sensitivity
analyses would be conducted for other model inputs (i.e. the
utility function for each attribute, outcome probabilities, and
budget limitations in addition to the weighting constants),
and graphical displays of the results would be used. These
sensitivity analyses are valuable in showing what effects poss-
ible changes in inputs would have on the decision. In
addition, more detailed information can be gathered for those
variables that are shown to have a large impact on the de-
cision if they are changed. In this case, if the decision-maker
is not sure if the weight associated with recreation is too high
at .33, that person could consult others and conduct a sur-
vey of the relevant public.

Discussion

We have described the current practice of quantitative con-
servation programme planning and indicated how decision
analysis can be used in the process. We now intend to join
these two analyses by exploring the potential expansion of the
use of these techniques.

Analysis of existing methods for programme planning

It is apparent that the use of quantitative procedures for
choosing conservation projects is uncommon. Before dis-
cussing why this is so, it is worthwhile examining the existing
quantitative methods in more detail.

First, the existing approaches usually do not convert
scores into values (Table 1). Although the use of single-at-
tribute scores is satisfactory when compared against a cut-off
level, it is often not satisfactory when scores are added or
multiplied to give overall project value. Smith and Theberge
(1987) reviewed past approaches to evaluating natural areas
and made this same point, reinforcing its relevance to con-
servation management. While it is not directly applicable to
conservation programme planning, the Barometer of
Sustainability (World Conservation Union 19974) provides
an example of scores being converted into values before being
added together into overall ‘scores’.

The second drawback to the relatively simple scoring pro-
cedures commonly used (Table 1) is that the procedures do
not explicitly consider the uncertainty inherent in conserva-
tion management. For example, in considering projects
dealing with endangered species protection, a range of out-
comes is possible because the outcome of the project occurs
in the future and is the result of many factors besides that of
funding. Thus, any scoring procedure that assigns a single
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Region

Guidance document, budgets

Conservancy Project type guidance
Area
Proposed projects, project plans
Conservancy

Completed business
plans

Region

Figure 3 Overview of the current NZ DoC programme planning
structure.

score to a project before implementing that project ignores
the uncertainty in the outcome of that project.

The last major drawback to many current scoring pro-
cedures is that they are often not directly linked with the
strategic goals and objectives of the organization or agency.
For example, in many scoring procedures, the objectives of
the organization funding the conservation work are not ex-
plicitly written down and organized as part of the process of
developing the scoring system. While some scoring systems,
such as the [IUCN procedures discussed earlier, are likely to
reflect the objectives of the organization in which they were
developed, a closer link between the objectives and the pro-
ject evaluation procedure can only serve to improve the
achievement of those objectives.

Development of a MCDA-based procedure in practice

To explore further the use of MCDA in conservation pro-
gramme planning, we worked intensively with the NZ DoC,
which uses a project-based budgeting process to determine
its programme for each year (Fig. 3). First the three
Regional offices jointly compose a guidance document based
on the DoC Strategic Business Plan and other national-level
documents. Each of the 13 Conservancies reviews the guid-
ance document and discusses with the Area offices the types
of projects to propose that year (Fig. 3). The Area offices
then propose projects and do the necessary paperwork. This
is followed by the Conservancy offices making decisions on
which projects will be funded for the coming year and com-
bining these into a statement of the Conservancy’s work
which is called a business plan (Fig. 3). These Conservancy
business plans are combined at the Regional level to form a
Regional business plan. The decisions regarding project
funding made at the Conservancy level are based mainly on
managerial experience with some input from the relatively
simple scoring procedures discussed previously.

We worked with DoC staff on:

(1) Structuring a preliminary set of national objectives;
(2) Developing scoring procedures that can be used to
measure the contribution of individual projects to the
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DoC’s achievement of its objectives, and then scoring
sample projects;

(3) Assessing the utilities of the different score levels, and
applying these to sample projects;

(4) Assessing the weighting constants needed to compare the
different objectives, and applying these to sample pro-
jects; and

(5) Developing the optimization and sensitivity analysis por-
tions of the resulting analysis.

We found that the MCDA methodology described in this
paper could be used in practical conservation programme
planning situations. Some general observations based on the
work with DoC are:

(1) The methodology could be used in a multi-level organiz-
ation as long as the objectives used at any one level were
the national objectives of the agency as a whole;

(2) The DoC managers could assess the utility and scaling
constants, as long as the terms and procedures were fully
explained and they were given time to adjust to thinking
in terms of utilities and probabilities through the use of
examples;

(3) The DoC decision-makers were willing to quantify and
use their preferences and value judgements as long as
they understood how these would be used; and

(4) To avoid confusion and resistance to the implementation
of the procedure, the scoring procedures must be devel-
oped at a level suitable for those who will be using them,
and the ways in which the scores will be used must be
made clear to those conducting the scorings.

The conclusion is that it is possible to implement a procedure
based on the MCDA method in a practical situation as long as
care is taken in how this is done. In addition, members of the
DoC management reported that working through the pro-
cedure based on decision analysis helped clarify what the
agency’s objectives and values should be and helped them view
their project-selection decisions in an objective-focused way.

Obstacles to the use of decision analysis for programme planning
and possible treatments
Because it seems that the MCDA theory has many benefits for
conservation planners, and yet it is little used by them, we
must ask why there is such a gulf between theory and practice.
Based on our experiences with DoC and our own analysis, we
will analyse a number of possible difficulties with using
MCDA in practice and ways of overcoming those difficulties.

One potential obstacle is that the model given here is
limited to single-year programme planning, however incor-
porating multi-year planning would require only minor
changes to the model (Keeney & Raiffa 1976; Keeney 1992).
For example, the utility assessments can include an explicit
consideration of the timing of the costs and benefits of the
projects, or a form of discounting can be used.

A second potential drawback is that the model developed
here is also limited to situations in which there is either a
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single person responsible for the decision, or a group that be-
haves as a single decision-maker. In some cases it may not be
possible to identify the single person who is ultimately re-
sponsible for the decisions made in the department
concerned. Methods do exist for extending decision analysis
to group decision-making. For example, there are methods for
aggregating the preferences and values of multiple decision-
makers (Beroggi 1999), and a ‘social utility function’ that
represents the preferences and values of a large group can, in
some cases, be developed (de Neufvile 1990). Beroggi (1999,
Chap. 1X) provides a good introduction to many of the issues
involved in group decision-making. Additional research on
the extension of the model developed here into group de-
cision-making situations should broaden its use in practice.

Another potential drawback is that the hierarchical struc-
ture of many organizations may preclude a general approach
to project selection (Sinuany-Stern & Mehrez 1987). In such
cases, there may be different units within the organization
competing for the same resources. These conflicts can make
it very difficult to develop a suitable general approach to pro-
ject selections (Sinuany-Stern & Mehrez 1987). One way that
may be helpful in overcoming these conflicts is to ensure that
the objectives and scoring procedures developed for the situ-
ation and used by the lower-level offices within the agency
are the national objectives of the agency, as was done in the
work with DoC. In practice, this approach would require that
a system be set up to ensure that the national objectives were
being interpreted as intended by the lower-level offices.

A common objection to the use of quantitative approaches
to project planning, including decision analysis, is the extra
time needed for scoring projects against criteria and finding
the optimum set of projects under various situations. In some
cases, quantitative techniques can become burdensome be-
cause there are too many attributes or the method of
evaluation is too complex. The analyst can limit the number
of projects to only those that have a significant chance of
funding, and can aggregate the attributes until they are at a
manageable level; however, the desire to simplify the prob-
lem through combining attributes must be balanced against
the need to have a comprehensive and understandable set of
attributes. The use of spreadsheet add-ons for optimization
makes evaluation much quicker and more accessible to
today’s managers than to those of 20 years ago. Computer-
based methods can improve the development and
communication of sensitivity analyses quickly and easily (e.g.
Guikema 1998). The development of methods and tools that
make the decision analysis and optimization processes easier
and quicker is an important area for further research.

In many cases, the results of quantitative approaches to
programme planning can be difficult to interpret; the statistics
and mathematics involved can be difficult for managers with-
out quantitative training to understand, and it can be difficult
for managers to think of projects in terms of utilities. A clear
explanation of what is meant by ‘utility’ and ‘probability,” and
of what the results mean, is a crucial step in the process of
using any quantitative method for programme planning.
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When no quantitative method of project evaluation is
used, a process presumably exists where local managers make
informal proposals, receive informal feedback from regional
managers on the likelihood of funding for a project, modify
their original proposal to optimize their chances of success,
and formally submit the proposal. In fact, the NZ DoC cur-
rently uses a system similar to this. The use of a quantitative
process as outlined above might be seen to have the disad-
vantage of removing the feedback process, making staff more
removed from management. On the other hand, a quantita-
tive process also provides quantitative and transparent results
showing which projects were funded and why. This infor-
mation could be fed back to local staff as a clear way for them
to interpret why their projects were or were not funded. In
addition, using a quantitative method of project selection
does not preclude informal feedback.

Some would argue that the subjective knowledge, beliefs
and preferences of decision-makers have no place in the se-
lection of conservation projects, and that projects should be
selected solely on the basis of objective, scientific criteria.
However, because of the extra time and cost needed to de-
velop objective criteria (where this is possible), managers are
likely to develop subjective measures first for critical evalu-
ations. As a result, subjective attributes as described here are
likely to find widespread use in programme planning for the
foreseeable future. In addition, past applications of decision
analysis in conservation biology have shown that subjective
knowledge and value judgements can be successfully used in
improving conservation management decisions (Thibodeau
1983; Maguire 1986; Maguire & Servheen 1992).

Another potential difficulty is that the project scorers
could assign higher scores to their projects than the projects
merit in an effort to obtain additional funding from the
higher levels of the organization. To avoid this problem,
common scoring procedures could be used throughout the
organization and those scoring the projects would be ex-
pected to justify their scores and uncertainty assessments.
This precaution was not included in the example given here
because the purpose of the example is to illustrate how the
proposed process would be used. In practice, the system put
in place to ensure that the national objectives were being in-
terpreted consistently throughout the organization would
also need to include an auditing of the scores resulting from
the process. Similarly, the utility function and weights used
would be those developed by the decision-maker ultimately
responsible for the funding decisions in the department con-
cerned (or the responsible group if this were the case), and
the same utility function and weights would be used through-
out the department to ensure that the same preference and
value structure was used throughout the agency.

Conclusions

Conservation management involves more than the manage-
ment of single species and the selection of protected areas.
While these are important aspects of conservation manage-
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ment, most conservation agencies have a variety of responsi-
bilities including the protection of a number of species and
ecosystems, the provision of recreational and educational op-
portunities, and the management of cultural and historical
sites. In managing these varied activities within their given
budgets, conservation agencies often cannot fund all of the
proposed programmes.

Current methods for deciding which projects to fund rely
mainly on negotiation, managerial experience and relatively
simple scoring procedures. Our review of the current use of
quantitative methods for conservation programme planning
reveals that relatively few of the agencies contacted use quan-
titative methods. In addition, the quantitative methods that
are in use usually (1) do not explicitly consider the uncer-
tainty inherent in conservation programme planning, (2) do
not convert scores to utilities, and (3) are not linked to the
strategic objectives of the conservation agency.

The use of MCDA is one option for reducing ‘bureau-
cratic pluralism’ (O’Leary ez al. 1999). It provides a way of
focusing the discussion between involved parties on the over-
all goals rather than on the often-politicized means of
achieving them. It provides a reproducible method that
shows why certain projects should or should not be funded.
The efforts to protect the black-footed ferret (Clark 1997)
show the tendency of organizations to use the uncertainty of
outcomes to advance their bureaucratic interests. MCDA
should be seen as a way to help make uncertainty explicit and
so more transparent and more amenable to discussion and
agreement. Clearly, MCDA is not a solution to all the ills of
bureaucratic or political conflict in environmental manage-
ment. Having a quantitative tool to advise on a recommended
course or action helps, but one must always appreciate the
political arena of public-sector decision-making.

A generalized approach to the quantitative analysis of pro-
ject selection has been presented. Taken as a whole, it
represents an extension of the present scoring models to in-
clude an assessment of the objectives of the agency involved
and to incorporate an explicit consideration of uncertainty in
project outcome and a utility conversion to capture better the
preferences of the decision-maker. The authors’ work with
the NZ DoC suggests that using a procedure based on de-
cision analysis is possible in real programme planning
situations and may offer substantial benefits over other
methods.

Additional research is required on reducing the time
needed for scoring projects, developing utility functions, and
finding the optimal set of projects to fund under different
parameter scenarios. Reducing the time needed for these ac-
tivities would improve the practicality of using decision
analysis for conservation programme planning. Additional
research is also needed to develop methods for displaying the
results of the optimization and sensitivity analyses in a way
that is clear and useable for decision-makers.

As with any quantitative decision tool, decision analysis
should not be viewed as producing the only ‘right’ decision.
Rather, decision analysis is a tool that can help bring clarity
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to conservation programme planning decisions through a
careful and thoughtful analysis of the situation. If used prop-
erly, decision analysis can be a powerful tool for conservation
programme planning.
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