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1.0 INTRODUCTION 

1.1 Context 

Decisions regarding the allocation of forest land to  alternative uses are among the 
most divisive, hard fought, and complex choices facing forest managers. The best 
publicized of these decisions is the whether to  preserve or harvest certain  areas of 
old growth forest (Caulfield, 1990). Similar, though less publicized, conflicts arise 
over commercial forest harvests in community watersheds, the allocation of land for 
subsistence farming or commercial forestry, and  constraints  on forestry activities to 
enhance wildlife, fisheries, or aesthetics. 

One major reason for controversy is that  these decisions involve dramatic  examples 
of conflicting values. Withdrawals of land from  the commercial forest  base  are 
perceived by some as strikes at  the livelihoods of workers in small rural  communities, 
and at the economic basis of operations by major corporations. Conversely, decisions 
to allow commercial harvest in pristine wilderness areas  are perceived by others as 
a threat  to the survival of ecosystems and a loss of areas with great  aesthetic and 
spiritual importance.  These  disagreements in values often lead to arguments  about 
facts: the consequences of alternative management actions  and the likelihood  these 
consequences will occur. Yet little information is available regarding insightful ways 
to  approach  these forest management questions that will inform decision  makers 
about public values, science facts, and sources of uncertainty within a structured 
framework for comparing alternatives. 

Conflicts over commercial forest activities in British Columbia  have  escalated 
dramatically  during the 1980s. Two factors at least partly explain this increase: 

(1) Commercial forestry operations have already harvested much of the 
province's old growth  forests. particularly on the coast. Many of the 
remaining  areas are viewed as having  high recreational,  spiritual, and 
ecological value, and are therefore advocated for preservation. 
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(2) A major shift in public values, identified in virtually all polls and 
opinion forums, that show environmental issues (particularly forestry) 
rising as a predominant public concern  (Vancouver Province, 1989). 

Another important  factor is that the province of British Columbia maintains 
ownership o l  over Y5 percent of the commercial forest Iwd and virtually a l l  
remaining old growth forest, as a result of the patterns of land  alienation  and  tenure 
in Canada  (Pearse, 1988). Thus, the  speed  and location of forest  harvest is a matter 
of public policy,  which could be quickly changed by government action. 

The Forest  Resources Commission of British Columbia has been established to 
advise the Minister of Forests on a wide range of forest policy issues, including forest 
land allocation issues. Recognizing the need for analytical approaches to help clarify 
these conflicts, the Forest  Resources Commission has sponsored a set of background 
studies that will lead to a summary report  regarding  approaches to forest land use 
allocation. This report is one of the set of background studies  expected to contribute 
to the summary repon. 

1.2 Objectives and Structure 

The  overall objective of this report is to explore the potential of decision analysis as 
a tool  for gaining insight into complex decisions regarding forest land allocation. In 
brief terms. decision analysis is an analytical tool, or technology. for gaining insight 
into complex decision problems that involve conflicting objectives and m a n y  sources 
of uncertainty. Keeney has defined decision analysis in an intuitive vein as "a 
formalization of common sense  for decision problems which are too complex for 
informal use of common sense", or more technically Y "a philosophy articulated by 
;I set of logical axioms and a methodology and collection of systematic procedures, 
based on those axioms, for responsible analyzing the complexities inherent in decision 
problems" (Keeney, 1982). Decision analysis has  been employed as a normative 
framework for analyzing complex decisions in a wide variety of contexts, ranging from 
corporate strategy to medical decision making to health and safety regulations 
(Howard and Matheson, 1983). While decision analysis has  been  applied in specific 
types of forestry problems, such as the selection of silvicultural treatments  (Brumelle, 
Carley, Vertinsky and Wehrung, 1988; Martell and Fullerton, 1987; Pearce. 

McDaniels and Swoveland.  1990). the approach has not been widely employed in the 
context of land allocation decisions. 

The overall objective of this paper can be cast in terms of three subobjectives: 

(1) review the concepts and approaches of decision analysis and clarify 
how  they relate to forest land allocation decisions; 

(2) discuss two aspects of land allocation decisions in detail  to illustrate 
the use of decision analysis techniques. These  indude methods for 
structuring objectives and methods for  evaluating  alternatives; and 

(3) identify directions for future work that will involve case studies of 
decision analysis as applied to aspects of forest  land allocation 
conflicts. 

The structure of this report  proceeds in the following manner. Section 2 reviews the 
characteristics of forest land allocation choices that make these decisions particularly 
difficult. After that, Section 3 provides an  introduction to decision analysis, 
indicating how the complexities identified in Section 2 are handled within this 
approach. Sections 4 through 7 discuss specific steps in the decision analysis 
approach  and key issues within forest allocation decisions. Finally, Section 8 presents 
conclusions and recommendations. 

A clarifying note is in order regarding the kinds of forest land use decisions 
considered in this report. In the discussion that follows, emphasis is deliberately 
placed on decisions involving allocation of old  growth forests to  preservation or 
harvest. That emphasis has been chosen because of the  predominant  role of these 
decisions within forest policy debates in British Columbia and the Pacific Northwest 
states. Nevertheless, the principles and  approaches discussed here  are relevant to 
virtually any decision involving questions about  the conduct of forest harvests. An 
essential feature of such decisions is the inescapable need for tradeoffs between 
economic benefits (in the form of jobs, taxes, and financial returns)  and  other more 
intangible benefits (in the f o m  of aesthetics, wilderness values, wildlife habitat and 
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clean air and water). It is this central  imponance of tradeofts  that leads to the  need 
for methods to clarify  complex  social  choices. 

4 

2.0 CHARACTERISTICS OF FOREST ALLOCATION DECISIONS' 

Several factors contribute to the complexity  of decisions regarding forest land 
allocation. Became  the  purpose of analysis is to gain insight into complexity, there 
is merit in outlining the  nature of these complicating factors. 

Mulfipe Objectives. Forest land allocation decisions inevitably  involve a 
desire to achieve several conflicting  objectives at once. The obvious example 
would be the desire to maintain wilderness  values  and genetic diversity by 
preserving old  growth  forests, and the  desire to maintain economic activity in 
regions dependent on commercial forestry. Moreover,  the objectives in  such 
contlicts are often deeply held values as fundamental as religion (Brown, 
1982). When values sharply conflict, no alternatives will be  universally 
supported, and  insight is needed regarding the relative importance of gains 
and  losses. 

Uncertainties. Many sources of uncertainty interact in decisions regarding 
preservation or harvest. These include uncertainty over: (1) the  rates of 
forest growth, (2) the values of harvest  now or in the future, (3) the values 
associated with preservation, and (4) how local economies would  evolve  with 
and without preservation of  old growth forests. These factors make  evaluation 
of any alternative course of action difficult  and point  to the need for analytical 
procedures to represent  uncertainties. 

Long Time Horizons. Decisions made  over the next  few years regarding 
preservation or harvest of forests will have implications for environmental 
values and economic activity  for  many decades. Similarly, the rate of forest 
harvest in current years has a major effect on the availability of timber for 
future harvests. This factor points to the need for understanding of the long 
term implications of these choices. 

(1982), where factors contributing to pnwal decision complexity are outlined. 
' The format (and list of faaors) of this a i o n  is drawn from a similar diccussion in Keeney 
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lnsif(utionel  Framework. For decades, public agencies  charged with managing 
forest lands in British Columbia have  largely been concerned with creating 
opportunities for commercial forest  development Tenure systems have  been 
established and licenses created to encourage the private sector to utilize the 
forest resources.  Similarly,  major corporations have made major investments 
based on expectations that specific forest resources would be available for 
commercial harvest (Royal Commission on Forest Resources, 1976). In 
essence, decisions to preserve old  growth forests in British Columbia 
necessarily mean withdrawals of forest land from established  forest licenses. 
which is a difficult process for both the regulators and the forest industry. 

Intangibles. Forest land decisions inevitably  involve difficult comparisons in 
which intangible vdues (such as aesthetics, solitude, spiritual values, or 
environmental quality) must be balanced against economic returns. In a 
sense, such comparisons are the essence of what has been  termed  "sustainable 
development." The writing on this topic stresses the  need for integrating 
environmental values (which are collective, intangible, and long term) with 
economic values (which are privately  held, measurable in dollan, and short 
term) (MacNeill, 1989). Yet the  sustainable  development  literature is 
remarkably  silent on how this integration is to be accomplished in practical 
terms  (Pearce, 1988). 

Many Interest Groups. Vocal,  well organized stakeholder groups have 
emerged as major influences on forest land allocation decisions. These 
interest groups are  often tied to specific sets of objectives; thus alternatives 
that favour  a  particular objective will generally be  viewed  with favour by a 
particular  interest group. These  interest groups essentially operate within the 
existing political economy framework to try and influence public opinion and 
play a major role in policy formation. 

RelatedDeciSions. Decisions regarding forest land allocation are  interrelated 
in that choices made to preserve or harvest a given area have an influence on 
the values associated with these same alternatives in nearby areas. In 
addition, the cumulative effects of many separate decisions must be con- 
sidered. Finally, the ways in which fore% are managed (on a sustained yield 

basis) mean  that decisions regarding harvest, preservation, or the level of 
investment in silviculture a!! affect the  rate of harvest in a given unit. 

Complex Structure. Because decisions to preserve or harvest forest lands arc 
closely related to the rate of forest harvest over time in a given management 
unit, evaluating the implications of withdrawals from  the commercial forest 
base can be highly  complex. The  approaches used by foresters to set harvest 
leveis are important in determining  the impacts of a given  withdrawal. These 
approaches  are, in turn, tied to the rate of forest growth, investment in forest 
renewal, the  nature and size of forest conversion facilities, and many other 
factors.  Models are  often employed to analyse harvest levels, which 
themselves  have  complexity  and embody a number of assumptions about 
constraints, values, and ways to structure the problem 

Taken  together,  these factors imply that decisions regarding allocation of forest lands 
to  alternative uses are extraordinarily  complex Since  the  complexity  in these choices 
cannot be avoided, there is merit in considering analytical approaches  that will help 
provide  insight that will lead to  better decisions. 

Insightful  analysis of forest  allocation decisions will be particularly valuable for the 
following reasons (Keeney, 1982): 

NO Overall f ipef ls .  The complex, interdisciplinary structure of these prob- 
lems means  that  there are no experts who  could  use their knowledge  and 
judgement to lead to the right  decision. Instead, many different kinds of 
expertise are required  at  different times, along with information about value 
judgements and  uncertainties that annot  be  provided by any single expert. 

High Stakes. When  viewed in aggregate, the values at risk in upcoming 
decisions regarding preservation or harvest of forest lands are enormous. The 
remaining olf growth forests of the Pacific  Northwest and Western Canada  are 
viewed by many as the last large areas on the old  growth North American 
continent.  This resource embodies enormous information regarding genetic 
diversity and ecological  complexity; it also provides wildlife habitat, recreation 
opportunities.  and  spiritual values that will become extremely important in 
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future decades. The  stakes are equally as high on the other side of the 
question. Withdrawals of forest resources from commercial operations could 
imperil the economic base of many communities, change a major  sector of the 
economy, and  alter  the way  of life of rural residents. 

N e e d  to Justiw Decisions. The public nature of these decisions, particularly 
in British Columbia where the forest base is Crown-owned, implies that 
choices regarding land allocation need to be justified to  stakeholden, 
decisions makers,  and citizens. 

In sum, this  section ha argued that: (1) complexities inherent in forest land 
allocation  decisions  mean that well structured analysis is needed to provide insight 
into these choices, and (b) that  there is  likely to be a high pay-off to good  analysis, 
in terms of better decisions and wider public support.  The next section  outlines the 
elements of an analytical method that  addresses  these complexities. 

3.0 AN  ANALYTICAL TOOL FOR ADDRESSING COMPLEXW  IN FOREST 
ALLOCATION  DECISIONS’ 

3.1 Overview 

It should be clear  that complexity  is an inherent  part of decisions regarding  allocation 
of forest  land to alternative uses. An analytical tool to address  these decisions 
should ideally respond to  these complexities  in a  manner  that employs  logic and 
available information to lead to the  best possible  choice. Moreover, the tool  should 
rest on a  conceptual  foundation  (a  nonnative framework) that is agreed upon as 
appropriate for the problem if one accepts its  underlying assumptions. 

Decision  analysis is a  nonnative framework  for helping to make decisions in  which 
objectives are complex and uncertainties have an important  influence? Decision 
analysis is also a set of applied techniques and  methods to provide insight for 
decision makers.  Keeney’s definitions, noted in Section 1, suggest that decision 
analysis encompasses formalized common KIIK, a philosophy. and  a  set of 
procedures, all of which address decision complexity. The  intent of this section is to 
provide a brief  overview of the principles and steps of decision analysis. This 
overview will be a useful  background for the  subsequent sections in which  the four 
major steps in the decision analysis approach are applied to forest land allocation 
decisions. 

The decision analysis approach focuses  on elements that are common to virtually a l l  
decision problems. These include: a need to clarify the nature and content of the 
decision to be made, a  desire to achieve several objectives at once with a given 
decision, a need to compare  a  number of alternatives which involve different 
consequences, uncertainty about these consequences, and recognition that the 
consequences of the alternatives are not valued  equally. 

a 

decision mrlysis for the non-rpecialh. 
’ Senior6 3.1 and 32 draw heavily on Kcency (1982). whicb provides an uccllem m M c w  of 

The other mnjor nonnative framework for public deckoar is social benefit/cou analysis (SBCA) 

footnotes will be used to contrast the SCBA approad with decision analysis. 
(Mishan, 1963). SBCA is based on the conceptual  framework of welfare economics. In this report, 
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Recognizing the  extreme complexity in most major decisions, the fundamental 
approach of decision analysis is to decompose a problem into a number of 
component parts. Logic, judgement, and available information are used to address 
specific components of the problem, which can then be reassembled into a 
framework for analyzing the whole decision. This ”decompose-recompose” strategy 
is essential for addressing interdisciplinary problems (Keeney, 1982). 

Decision analysis h a s  i t s  conceptual  foundation in a set of axioms that have been 
stated in  von Neumann and Morgenstern (1947). Savage (1954). and elsewhere. 
These axioms form the buis  of statistical decision theory, and  are essentially 
principles for analyzing decisions. Keeney provides the following summary of these 
principles and  their implications: 

The axioms ... imply that the attractiveness of al tunst ivo  should depend on (I) the 

of the decision makers for those comequcnm. The philosophical  implicatiom of the 
likelihoods of the possible  consequences of each alternative. and (2) the preferences 

various consequences and their desirability  should k repuauly estimated using 
mioms are that all decisions  require  subjective judgements and t h u  t h e  liLclihoodr of 

probabiliticr and utilities, respectively. The tcchniat implicuionr of the axioms arc 
thhac probabiliti and utilities can be used to d c v k r e  the upcacd utiliw of each 
Jternuivc and t h  Jternacivu with higbu -ed luilitLr should be preferred. The 
p n a i d  implicuion of the decision uuiysia axioms is the pmviricn of a round basis 
and general approach for including judgemenu and nlvu in an dysis of deckion 
dtcmrtiru (Kreney, 1982) 

3.2 Methods of beclslon Analytls 

The methods of decision analysis have  evolved over the last 25 years, and have been 
discussed in detail in books by Raiffa (1968), Kceney (1980). Howard and Mathesen, 
(1983), von Winterfeldt and Edwards (1986). and others. The intent  here is to 
provide a very brief overview of the basic steps with no discussion. Subsequent 
sections  detail the  steps in the context of forest land alloution decisions. 

The methods of decision analysis provide a framework to combine statistical theory 
with the techniques of operations  research  and management science, as well as 
professional judgements  and public values in a unified framework. With the 
procedures of decision analysis, models, available data,  information  from  samples and 
tests, and  the knowledge of expens are used to quantify the likelihoods of various 

10 

consequences of alternatives in terms of probabilities. Utility theory is used to 
quantify the values of decision makers for these consequences (Keeney, 1982). 

For  the  purposes at hand, the decision analysis approach can be discussed in terms 
of four generic steps: 

(1) Structuring the decision problem. 
(2) Assessing possible impacts of each  alternative. 
(3) Determining  preferences (values) of decision makers. 
(4) Evaluating and comparing alternatives. 

Figure 1. drawn from Keeney (1982). illustrates interdependencies  between these 
steps and indicates where  the  features of complexity discussed in Section 2 are 
addressed in the  approach. When considering the  steps  outlined in the figure. two 
points should be  borne in mind. First, iteration among the  steps i s  highly desirable 
and considered the basis of good decision analysis practice. Both the actions 
undertaken in each  step  and how these actions should be accomplished can be 
affected by the preliminary results from a previous step. Second, decision analysis 
can sometimes concentrate on some steps almost to the exclusion of others. Partial 
decision analyses are often appropriate  and useful in clarifying particular aspects of 
a problem. The next four sections of this report are devoted to discussing these four 
steps in the context of forest land allocation decisions, focusing on old growth forest 
choices. In each section, an initial discussion  reviews the basic procedures of that 
step.  Then a number of key issues associated with accomplishing that  step for old 
growth forest decisions are reviewed. Finally, a simplified example is discussed and 
carried  through  the  four steps. 

Before considering these issues,  it will be  useful for acknowledge that decision is not 
new to forestry problems. As discussed  below, decision analysis has found 
application in a number of aspects of forest planning. The novel aspect discussed 
here is the suggestion that decision analysis is a complete and natural  approach to 
gaining insight into old growth forest preservation questions. 

11 



STEP I 

Source: Keeney (1979) 

3.3 Applications of Decision Analysis in Forestry 

Decision analysis  has been applied with increasing frequency in forestry over the last 
decade.  These applications have been in specific topics,  typically  involved with 
choosing forest protection activities (fire and pest management) or forest manage- 
ment regimes (often silvicultural activities). Examples of these areas  are discussed 
below. 

Fire Management. A series of studies by Cohan and his co-authors have 
applied decision analysis to forest fire management. These  studies include 
one concerned with prescribed fire (Cohan et ai. 1984). the relationship 
between silviculture prescriptions and field management practices  (Cohan, 
Haas  and Roussopoulos, 1983), and the value of information and fire 
management (Barrager  and Cohan, 1986). 

Pest Management. The use  of herbicides and pesticided in forestry involves 
many uncertainties and conflicting objectives, and so is  well suited  to the 
decision analysis approach. Examples of the  application of decision analysis 
to pest management include work by Bell (1977), Holling et a1 (1976), 
Talerico et a1 (1978) and Valentine et ai (1976). 

Silviculture Prescriptions. Approaches for selecting silviculture activities have 
come under increasing scrutiny in recent yean. Brumelle et  at (1988) 
provides a conceptual discussion of a variety of approaches  to selecting 
silviculture options, including the classic decision analytic structure.  Pearce. 
McDaniels and Swoveland (1990) dixwses a decision support system that 
applies decision analysis to silviculture treatment choice; Martell and 
Fullerton (1986) provides a detailed analysis of a specific investment problem. 
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4.0 STRUCTURING  DECISIONS REGARDING FORESTLAND ALLOCATION 

4.1 overview 

If decision making processes founder it is often because of a lack of a clear  structure. 
Structuring a decision can be decomposed into three parts: defining  the decision to 

be made, specifying objectives, and generating alternativer When attempting IO 

structure a controversial decision such as preservation or harvest of a specific old 
growth forest, completing these  steps  can be a daunting task. This  section provides 
an overview of generic issues associated with structuring such decisions; the intent 
is to suggest valuable ways to approach such problems in general terms, not to 
analyze a specific question. Nevertheless, a simple example is developed to illustrate 
these p0inf.S.  which will be enlarged in subsequent sections. 

4.2 Defining the Decision To Be Made 

When controversy arises over  preservation of a specific forest, the decision to  be 
made may seem obvious: either the area is harvested or not. In fact, decisions of 
this nature are interrelated  and need to be considered carefully. Consider a situation 
where a decision maker is confronted with  many separate preservation conflicts 
within a large region. Suppose  that on the basis of political processes, analysis, or 
other means, the decision maker concludes that  the  appropriate  course of action is 
to commit each separate  area to commercial harvest. Yet, after all these decisions 
have been made. the decision maker discovers that she is left with far less preserved 
old growth forest than 'terns desirable in aggregare. The  problem is one of judging 
the cumulative impacts of a number of separate decisions. An effective way to deal 
with such a problem is by understanding  the relationships between  these decisions 
and the implications for more  fundamental questions. 

Figure 2 presents a hierarchy of decisions regarding questions of whether to preserve 
or harvest old growth forest areas. The lowest  level decision, and the one typically 
articulated in such COnfliCK, would be: "Should a particular  forest be committed to 
preservation or harvest?" Influencing the answer to that question is a higher order 
question: "How  much overall preservation of old growth forest is desirable?" A still 
higher order question is: "What sort of forest  environment do we want to leave to 

FIGURE 2 
HIERARCHY OF DECISIONS  REGARDING FOREST PRESERVATION 
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future generations?* To gain insight into the lower level questions, it is important 
to  consider  the higher order question. 

This shift to more fundamental questions and a region-wide, or province-wide, frame 
of reference for old growth forest preservation decisions can be seen in a number of 
the organizational processes underway to address  these issues. In British Columbia, 
a task force on old growth forests has been established: part of its implicit responsibi- 
lities are to address underlying questions and the problem of the overall level of 
preservation. Similar efforts are underway in the Pacific northwest states. 

4.3 Structuring  Objectives 

Specifying objectives for a decision is a crucial aspect of any  analysis. and one that 
is often  overlooked or only addressed implicitly.  A useful starting point for specifying 
objectives is to ask "What is important in this problem?" Another good approach is 
to create a list of the possible consequences of the  alternatives that  are considered 
important. These consequences can then  be aggregated into a set of general 
concerns. Drawing on all this information, a hierarchy of objectives can be 
developed, with broad objectives pertaining to  general concerns at  the top of the 
hierarchy and more detailed objectives further down. For  each of the lowest  level 
objectives in the hierarchy, it is necessary to identify attributes, or performance 
measures, to evaluate  the  degree to  which the objective is achieved. Often, this is 
an easy task an obvious attribute for the objective "maximize profits" would be in 
dollan. Defining attributeifor objectives like "minimize degradation of aesthetic 
features" is more difficult. Keeney (1986) provides an extensive discussion of the 
process of structuring objectives for  problems of public  interest, and gives examples 
of  how attributes can be defined both qualitatively and quantitatively.' 

A  key to  structuring controversial public decisions is to clarify objectives of various 
stakeholder groups. This step is important  for a number of reasons: structuring 
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.m;llyris lrom SCBA. In SCBA, the objcctive lot social choicc is assumed to bc economic efficiency. 
Its multiple objective structure is F r h a p  tllr fundamenfal feature [hat  dilicrenriater  decision 

A I J  kncfits and costs arc valued in economic lrrms (in dollars) Io represeal welfare changer Thus 
d l  aspas of a decision, including [hose not  well measured in dollar terms (such as the value of 
inrangib1s)must be evaluated on that basis. in order to be included in the anal* 
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public debate, identifying areas of agreement and disagreement, and fostering 
negotiation. A useful procedure for clarifying objectives is  to develop objective 
hierarchies for  key stakeholder groups. That  procedure was undertaken in a brief 
case study undertaken for this project. 

For the case study, four individuals with interests in old growth forest preservation 
decisions in British Columbia were interviewed. These individuals were selected to 
represent various stakeholder groups: they included a representative of the forest 
industry (Group I), a person knowledgeable about key issues important  to the 
science community (Group 2), and representatives  from two environmental  interest 
groups, one concerned with wildlife (Group 3) and one concerned with wilderness 
issues (Group 4). The individuals were contacted by telephone and asked if they 
would participate in an interview process intended to clarify and  document the 
interests of their groups regarding forest preservation issues. All readily agreed to 
participate. A set of briefing notes was prepared  before meeting a n y  of these 
interest  group  representatives, to ensure that each group received the same basic 
information about the process. The briefing notes are included as Appendix A of 
this report. 

Separate interviews were conducted with each of the four interest  group  representa- 
tives. The interviews attempted to clarify the objectives that the group  judged to be 
important  for decisions about old growth forest preservation or harvest in British 
Columbia. The basic question  addressed in the interviews was,  'What objectives do 
you think are relevant for old growth forest decisions generally in the province?" 
There was no attempt  to tie the interviews to a speciiic land use conflict. 

Various techniques  were employed to  spur thinking: partidpants  were asked  to 
discuss the  factors they think are important  and the implications (consequences)  that 
particularly concern them. Generally, the interviews proceeded smoothly and 
participants had no difficulty in voicing their views.  At certain poinu, additional 
objectives were suggested and participants  were  asked to indicate whether they 
believed  were relevant for the question. Care was taken  to distinguish ends from 
means, and to identify the relationships between objectives. After the interviews 
were completed, tape recordings and notes of the interviews were reviewed, and 

17 



objectives of individual (representing one group)  were  structured into a separate 
hierarchy. 

Comparison  betweeen the hierarchies indicated remarkable similarities between the 
objectives of the groups. For example, all groups agreed  that  maintaining  genetic 
diversity and building scientific information are important objectives in old growth 
forest  preservation decisions. Providing opportunities for recreation. solitude, and 
spiritual purposes, and maintaining regional employment, were also mentioned as 
important by each group. Nevertheless, there  are  notable differences between the 
hierarchies. In general, a more refined representation of objectives was articulated 
for issues important to the interest of a particular group. For example, representa- 
tives of the  group  concerned with wildlife were able  to  articulate in more detail 
aspects of maintaining genetic diversity  they  felt were  important. Similar!y, !he 
science group  representative discussed the  question of contribution to global change 
in detail. The  representative of the  forest industry had a more  refined  representation 
of objectives regarding  the impacts on communities. 

Figure 3 provides a combined hierarchy of objectives that  incorporates  the key 
objectives mentioned by each group. It is important to stress that the objectives in 
this combined hierarchy are not purponed to  represent the complete  spectrum of 
viewpoints regarding old growth forest preservation decisions. On  the contrary, 
participants  pointed out during interviews that a number of additional  interest groups 
should be interviewed, including: native bands, members of rural communities. and 
governments. .%other relevant  stakeholder group might  be  young people, in that 
future  generations will bear the consequences of preservation decisions. Neverlhe- 
less, the results reported here provide useful  insights regarding the objectives of 
groups  associated with old growth forest preservation. There are similarities in terms 
of stated objectives, with more clarity being anialated for objectives with  which the 
groups are most familiar. Two further  steps not addressed in this exercise would 
include definition of attributes  (or performance  measures)  associatedwith the various 
objectives and  judgements regarding the rclative imponancc of the various objectives. 
as discussed in Section 6. 

These preliminary findings  suggest there may he merit in extending this initial case 
study. Some of the steps  to be considered would  include: extending the number of 

FIGURE 3 

HIERARCHY OF OBJECTIVES  REGARDING  FOREST  PRESERVATION  DECISIONS: 
COMBINED  HIERARCHY  FOR FOUR STAKEHOLDER  GROUPS 
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7 Minimize Environmental ImpacIr 
7.1 Short Term 

7.12 Fauna 
7.1.1 Flora 

7 2 1  Flora 
712 Fauna 

7 2  Long  Term 

8 M i k e  Adverse Impacts on Communiliu 
8.1 Employment 

8.1.1 Direa 
8 . U  Indirect 
8.13 Divcnity 

8 2 1  Family Cohesion 
8.22 Social Illness 

83.1 Revenues 
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8.4.1 Aesthetics 
8.4.2 Recreation 

8 2  s o d  

8 3  Municipal 

8.4 Environmental 

9 Minimize Adverse  Effects on Future Generations 
9.1 Environmental  Stewardship 
9.2  Economic  Stewardship 

interest groups involved, refining the objectives for each group, creating  an overall 
hierarc%, defining attributes for the objectives.  and elicitation of values for various 
groups. 

4.4 Constructing Alternatives 

The  generic  alternatives considered in a preservation or harvest decision typically 
include all preservation, all harvest, or some combination (usually a 50/50 split). 
Yet, these alternatives only vary the extent of the harvest and all are likely to be 
starkly unattractive  to some groups. By considering the objectives outlined in the 
previous section, it may be possible to construct generic  alternatives that vary other 
aspects of the problem and that are more attractive to all parties. Examples could 
include varying aspects of how harvests are conducted, or ways in which changes in 
harvest levels are phased in over time. Section 5 discusses the development of 
innovative alternatives in more detail as pan of assessing the  consequences of 
alternatives. 

4.5 An Example Analysis 

An example analysis will be  useful to illustrate the concepts discussed here. The 
example will be further developed in subsequent sections to clarify  how the  steps fit 

together. Suppose a controversy has arisen over whether to preserve or harvest a 

particular valley containing old growth coniferous forest, which comprises part of a 
forest management uni t  in British Columbia. The  area in question contains roughly 
2 percent of the total  standing forest inventory of the  forest management unit. The 
valley contains stands  that are considered to be highly aesthetic, ecologically 
important, and highly values by recreationists. A number  of interest  groups have a 
stake in this controversy, including the forest industry, the provincial governmenb the 
communities that could be affected by withdrawals, environmental preservation 
groups, scientists, and the public at large, because of its  role as the resource owner. 

Suppose that  the focus of the decision is, in this case, whether the preserve the 
panicular valley, even though it is recognized that higher order questions (such as the 
appropriate level of overall presenution) should influence this decision. Also 
suppose that  an objective structuring exercise has been completed along the lines just 
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outlined. Finally, suppose the combined objective hierarchy in Figure 3 represents 
the range of objectives that should ideally be considered in the analysis, given the 
Factors judged important by the affected groups. 

Suppose the public agency charged with managing these forest lands is considering 
three options: 

(1) Withdraw the valley from the forest management unit and  create a 
park  (Alternative A). This withdrawal would create an immediate 
reduction in the harvest of the management unit. 

( 2 )  Allow the valley to remain within the forest  management unit for 
commercial harvest, but slightly alter the pattern of harvest and 
preserve a few  groves of trees  that could be viewed as representative 
of the ecosystem (Alternative B). 

FIGURE 4 

SIMPLE DECISION TREE FOR THE  EXAMPLE ANALYSIS 

Altematlve A 
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(3) Undertake commercial forestry in  half the valley and  preserve the 
remaining half (Alternative C). 

Figure 4 outlines a decision tree that represents the structure of this simple example. 
Subsequent  sections will build on this structure. In the figure, the  square is a 
"decision node", indicating a decision to be made. The  three  alternatives (A, B, and 
C) are shown as paths that could be  followed, or options  under  consideration in the 
decision 
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5.0 ASSESSING  CONSEQUENCES OF FORESTUND USE ALTERNATIVES 

5.1 Overview 

Once the structure has been established for a particular decision, the next task is to 
determine how various alternatives could be expected to perform in terms of the 
relevant objectives. Decision analysis  begins  with the recognition that  alternatives 
may have a variety of consequences  that arc important to decision makers (as just 
outlined)  and  also  that the consequences  cannot  be  predicted with certainty. 
Recognition of uncertainty calls for the use of probability to  represent  uncertainties 
in a formal  manner, which is a crucial step of decision analysis. The task is to 
determine a probability distribution function pj(x) over the set of attributes  for each 
alternative. 

Information regarding prol>ahility can be drawn from many sources. Formal models 
that draw from the traditional methodologies of operations  research, systems  analysis, 
and  elsewhere can be constructed when the problem is sufficiently complex.  Such 
models could  have several components, each of  which could draw on knowledge 
associated with a separate discipline or aspect of the problem. Experts in each  area 
could then provide information on a specific part of the problem. which can then  be 
aggregated with simulation or analytically. Morgan and Henrion (1990) provide an 
extensive discussion of the  treatment of uncertainty in  policy and risk problem. 

Two basic sources of probabilistic information about  the  effects of alternatives are 
analysis of existing data and use of expert judgements. Quantitative assessment of 
professional judgements in terms of probability is a unique  aspect of decision 
analysis. Methods for quantifying probabilities have been discussed by a number of 
authors including Spetzler and Stael von Holstein (1975), Morgan and  Henrion 
(1990), and  others. An interview approach is adopted which a probability assessor 
uses logic and a formal structure to constructivly elicit judgements from a technologi- 
cal expert  regarding the likelihood of various outcomes. Errors can easily occur in 
such judgement processes: Kahneman, Slovic and Tversky (1982) provide an 
extensive discussion of the heuristics and biases that arise in judgements  about 
uncertainties. Nevertheless, experiments suggest that professionals with training and 

frequent feedback can become  relatively well-calibrated (accurate) probability 
assessors. 

5.2 Generic Issue In Analysis of Forest Management Options 

To illustrate the complexities involved in analysis of forestry allocation decisions, 
consider the example outlined in the previous section. How should the alternatives 
in Figure 4 be compared and evaluated? Three basic points are useful in choosing 
how to clarify the merits of these alternatives: 

(1) Analysis should be srructured to provide information regarding the 
complete set of objectives considered important in a given problem. 
For the example of Figure 4. the objective hierarchies discussed in the 
previous section are a useful starting point. Too often, analysis focuses 
only one objective, or even a corner of the problem  not directly related 
IO the objectives. 

(2) To conduct analysis that indicates how the alternatives perform, 
attributes  (performance measures) must be specified for each objective. 
Suppose that in the example of Figure 4 we have decided to  simplify 
the analysis to two objectives:  maximizing the stability of regional 
employment and  (for want of a better  term) maximizing wilderness 
preservation. This simplification is adopted  to allow clarity in the 
discussion of the example. Attributes must  be defined for these 
objectives, which in this example could be: the sum of the absolute 
value of annual change in total regional employment in person years 
over  the relevant period  (zero would be the best possible performance 
level for this attribute);  and the number of hectares of forest more 
than five kilometres from a road  that have never been commercially 
harvested. Analysis would then be conducted to predict the levels of 
these  attributes  that  are associated with the alternatives. Thus, the 
choice of objectives influences the relevant attributes, which in turn 
shape  the analysis  to be conducted. 
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(3) Complexities within the problem mean that it is impossible to estimate 
the consequences of the alternatives with certainty, or insome cases 
even have a complete picture of possible consequences. Thus. 
attention must be paid to  uncertainties implicit in the alternatives. 

Beyond these overall  poinu, four specific issues are key to understanding the come- 
quences of alternatives in forestry preservation decisions: 

What is the "default" case? What would happen in terms of the key 
objectives (regional employment and wilderness preservation) if the 
decision  had not arisen? 

What possibilities could  be created as aresult of different  alternatives? 
How might the regional economy  evolve  in response  to changes in the 
forest harvest base? 

How do analytical models and other  approaches used by foresters  to 
set harvest levels constrain the  alternatives  and influence the conse- 
quences? How might new alternatives be created  that perfom  better 
in terms of the objectives? 

How should  uncertainties be  explicitly considered in the analysis? 

These  questions are addressed below. 

5.3 me Default Case 

The default case (or base  case)  refers  to  the basis of comparison for an impact 
assessment. Typically, impact assessment would  involve an analysis based on a 
comparison  between the situation with a particular policy or project, and without a 
policy or project. Thus, in assessing the socioeconomic consequences of,  say, a new 
steel mill, forecasts are required of how a regional economy  would evolve both with 
and without the new steel mill. The role of the "without" case is to provide a realistic 
basis for comparison. In the absence of a "without" case, comparisons would typically 

be  made  with the status  quo, which  would often be misleading because of changes 
in the key variables that  are likely to occur in any case. 

When considering the example analysis of Figure 4, two factors make consideration 
of the defaul! case particularly important: 

The level of employment in many forestry communities has  dropped 
within the last fifteen years because of a steady  trend towards 
mechanization in both harvesting and processing. Thus, the employ- 
ment  base of the  forest industry has declined and will likely continue 
to decline, even without withdrawals. 

tU forest management units make the transition from old growth to 
second growth harvests, there is likely to be a long tern "fall down" of 
annual harvest in each management unit (Royal Commission on Forest 
Resources, 1976). The easiest way to  understand the fall  down effect 
is to realize that at maturity a second growth forest will likely contain 
considerably less volume of harvestable forest  per  hectare  than an old 
growth forest, because the second growth trees are only allowed to 
grow to perhaps 70 or 80 years. Although there is a difference of 
scientific opinion regarding the likelihood and size of the fall down in 
second growth harvests, consensus seems to be that hawests  are likely 
to fall over time. Moreover, there  seems to be strong evidence that 
fall downs are expected in economic terms, if not biological terms. 
There may be more low quality  wood of marginal value, meaning the 
size of economically viable harvest could decline (Thompson et al, 
1990). 

Figure 5 combines  these two considerations in one graph. It indicates a typical 
pattern of fall down in forest harvests over time, as well as possible employment 
changes in a hypothetical management unit over time. While these curves are not 
intended to represent the situation in  any specific management unit,  they illustrate 
a typical pattern.  The key point is that both reductions in harvests and reductions 
of employment are possible (even likely) in  most forest management units, regardless 
of whether withdrawals occur for preservation purposes. Therefore, any analysis of 
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FIGURE 5 

HYPOTHETICAL  PATTERNS OF EMPLOYMENT 
AND HARVEST IN A FOREST  MANAGEMENT UNIT 

Harvert. Employment 

potential withdrawals must he superimposed upon a default c u e  that reflect the 
expected course of events without withdrawals. The result may be that reductions 
in employment due to withdrawals are minor in comparison to employment changes 
associated with mechanization and the fall  down effect. We will return to this topic 
subsequently. 

5.4 What  Posslbilltles May Be  Created? 
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A striking feature of the public debate regarding preservation or harvest decisions 
is the widespread confusion (and  entrenched positions) regarding the possible 
economic consequences of withdrawals. Stakeholder  groups generally recognize that 
employment in the forest industry could  be adversely affected, but possible changes 
in employment patterns  due to enhancement of other  industries is not readily 
considered. An obvious example is the potential  for of a service-based economy in 
regions affected by withdrawals, which  could  involve services to tourists interested in 
adventure and wilderness activities, or even a service economy based on information 
technologies. The  other possibility  would be new, enhanced  forest  sector employ- 
ment due to closer utilization. remanufacturing of  sawn lumber, and intensive 
management. 

A useful approach when grappling with  possible shifts in the status quo that  are 
difficult to envisage is to develop scenarios. Scenarios can be described as evocative, 
simplified representations of the future decision environment. Scenarios for forestry 
allocation decisions could be  structured to illustrate possibilities regarding 
fundamental shifts in values and activities and the implications for regional 
economies. When developing scenarios, it is important to distinguish between the 
possibilities and preferences. For example, scenarios can be useful in informing 
decision makers  about new patterns  that could evolve after a change in resource 
management policy. These  scenarios should not be interpreted as an argument that 
these new patterns are desirable. Possibilities refers to situations  that could occur, 
while preferences  refers to judgements as to whether  the possibilities are desirable. 
For example, workers in the  forest industry who could be disadvantaged by 
withdrawals for preservation  purposes are not likely to be persuaded  to  support 
withdrawals through arguments  about growth in the tourist sector. The  reason is that 
the forest workers could stand to be disadvantaged, while other  groups may benefit 
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5.5 The lmplicatlons of Approaches to  Setting Harvests 

The example introduced in Figure 4 involves a possible withdrawal of 2 percent of 
the forest inventory for preservation purposes. What  would be  the implications of 
such a withdrawal in terms of annual harvest? What in turn would the harvest 
changes mean in terms of changes in employment patterns? At one  extreme a 2 
percent  reduction in inventory could simply mean  that  starting immediately the 
amount of harvest that occurs on every day of operations  from now into  the  future 
is reduced by 2 percent. At another  extreme, it could mean  that harvest levels are 
maintained at  their  current levels for the next 49 years, and  then in the 50th  year, no 
harvest occurs at all. Both patterns would result in the  same  amount of timber being 
cut over a 50-year period. Between these two extremes are countless  alternatives 
involving different profiles of changes in harvest over time, that have strikingly 
different implications for employment patterns. 

This example illustrates that the ways in which harvest levels are set by forest 
managers could have a dramatic effect on employment. Decisions on harvest regimes 
are typically based at least in part on analysis (linear programming or simulation) 
that  estimates how a given inventory of trees, expected to grow at particular rates, 
could be harvested over  time to yield a reasonably even flow of harvest. Underlying 
these modelling approaches  are specific objectives for forest management. which 
could be described as a desire  to maximize the long term  sustainable yield from  the 
forest, within specific constraints. In a linear programming approach  to yield 
analysis, these objectives and constraints are cast in t e r n  of an objective function 
for the analysis. 

The point is that  the choice of approaches to  set harvest levels is a major detenni- 
nant of  the  ultimate impacvl of a withdrawal. Figure 6 illustrates this point. It shows 
the  relationship  between inventories, models, technology, and  other  variables that 
influence the level of regional forest employment. When discussion focuses on 
withdrawals from inventories, i t  ignores all the other factors that are pan of the 
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process. In particular, the objectives and constraints built into models may  be a 
major influence on employment effects of withdrawals. 

Another key point is that these modelling approaches may inadvertently limit  the 
range of alternatives  that are considered when conflicts  over preservation or harvest 
arise. The  earlier discussion indicated that there are a variety of ways in which a 
withdrawal could  be accommodated in terms of harvest over time. Yet the typica l  
approach (implicit in how forest resources are managed) would  be that a withdrawal 
would translate  into an immediate reduction in hawest. It would seem  that 
maintaining harvests at Current  levels during a period of adjustment, and  then 
implementing gradual reductions in harvest lestls would  be an attractive  alternative, 
and a means of making withdrawals  more acceptable to those affected. Maintaining 
harvests at  current levels during  a period of adjustment could provide more  certainty 
to communities and corporations,  and also provide near  term financial reNmS  that 
are  more valuable to firms than  returns from harvests decades in the future. 

To conclude this  discussion, let us return  to the hypothetical example that  introduces 
this section  and link the concept of maintaining harvest  levels during adjustmenr 
periods with the earlier discussion regarding fall  down effects and the default case. 
Suppose the solid line in Figure 7 indicates the expected fall down in harvest 
anticipated in this management unit, regardless of whether a withdrawal occurs. 
Then  the two dotted  lines indicate two patterns of adjustment to the withdrawal of 
old  growth. One line  shows an immediate decline in harvest that persists over the 
planning  period.  The second pattern shows no initial reduction, then  a reduction at 
the  same  rate as the default case. but a few months (or yean) sooner.  The 
difference between the default case and the  latter adjustment scenario is simply that 
the fall down in slightly advanced, and the long term second growth harvest is slightly 
lower. Of source, the  other difference is that  part of the old growth forest is 
preserved  under the withdrawal case. 

The  adjustment  pattern just discussed is an  example of how creative  alternatives 
could  possibly  be  devised that  serve  the  interests of many stakeholders.  The 
employment indications of the delayed reduction harvest pattern  are simply that  the 
inevitable  decline in harvest due to the fall down is advanced  slightly. Of course, the 

FIGURE 7 
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examples in Figure 7 are not based on data or actual yield analysis runs. This is an 
area where furlher case studies would  be informative. 

5.6 How Should Uncertainties Be Considered? 

Uncertainties  arise over many aspects of decisions regarding preservation or harvest 
of old  growth forests. For convenience, these uncertaintics can be  grouped into three 
categories: physical aspects of the forest base; the  nature of regional economies 
under various harvest regimes: and future values, particularly those assodated with 
environmental resources. 

Uncertaintics arise over two physical aspects of the  forest  base in a management 
unit, the  current inventory of forest resources, and the rate at which forest resources 
will  grow over time. In British Columbia, the resource base within management units 
is sufficiently complex that often the available data regarding the status of the forest 
resource is highly uncertain. Similarly, the  data used to  estimate  equations  upon 
which forest growth models  are constructed also is quite uncertain. Uncertainties in 
inventories and growth models could have a major effect on the choice of hawest 
rate in a management unit, and thus on employment regimes.  Surprisingly, foresters 
have only addressed analysis of uncertainties in management problems within recent 
yean.  One of the reasons is that the optimization techniques employed for yield 
analysis are  not well suited to accommodating uncertainties. Hoganson and Rose 
(1987) illustrate how linear programming approaches to timber management can be 
used in conjunction with scenarios to represent uncertainty over one  or two key 
variables. 

uncertainties in the  future potential for regional economies was a point discussed 
earlier in this section. A key problem for these  variables is to identify possibilities 
and  then  develop useful  means of achieving these possibilities, if they are judged to 
be desirable. 

Finally, uncertainties  over values may be  the most difficult to handle analytically. 
One reason is the  dramatic  shift in North American values that s eem to have 
occurred  regarding  environmental resources in the last five years. A second 
complicating factor is the changes in the environmental quality occurring on a world 
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wide basis, which make the wilderness resources still available in British Columbia 
increasingly more valuable in global terms. Yet. analytical means of determining  the 
value for factors such  as genetic diversity are not well developed. Similar problems 
arise in attempting to forecast the values associated with commercial harvest. For 
example, what  might  be the net returns associated with harvesting forest resources 
in a given area twenty years from now, rather  than harvesting that timber today? 
These  estimates involve uncertainties over future supply of forest  resources, which 
are complicated by the possibility of new global sources of supply. 

Judgement is invariably required to link appropriate analytical approaches 10 specific 
sources of uncertainty. The following points offer some suggestions as to how 
uncertainties could be  treated analytically: 

Uncertainties over growth rates  and inventories could be handled 
analytically by analysis of various scenarios. which can then be 
weighted to provide distributions over outcomes. If, say,  five scenarios 
were  judged  to  be  appropriate regarding inventory levels. and five were 
adequate to convey uncertainties over growth rates,  and the scenarios 
for the two variables were judged to  be  independent, 25 (5x5) overall 
scenarios would adequately  represent the uncertainties. These could 
be used  to construct an overall distribution regarding possible harvests 
over time, holding policies regarding how growth rates are set constant. 

Uncertainties over future economic possibilities are less tractable in 
analytical terms. Here, the best approach may be to identify w o  or 
three scenarios that convey the range of possibilities to decision 
makers  and factors that will influence which of the possibilities 
eventually occurs.  If desired, the scenarios could be assigned probabi- 
lities with subjective assessments. 

Uncertainties  over values are best handled through a bounding 
approach. Possible extremes in values could be used as a basis for 
showing the range of possible outcomes. This bounding approach can 
be used to identify  which value uncertainties are most imponant to the 
results, and thus focus efforzs to refine information about future values. 
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5.7 The Example Analysis Aevlsited 

Let us return to the example outlined in Figure 4 and incorporate  some of the 
concepts just reviewed.  Figure 8 presents an enriched representation of the decision 
under consideration. We see rhat a new alternative (D) has been added which 
represents a compromise regarding the ways in which forest withdrawals will be 
incorporated  into the annual  hawest for the management unit. Instead of  the 
reductions in regional employment occurring immediately,  they are delayed a few 
yeus and effectively  move up the period of the fall down, as outlined in  Figure 7. 
Thus, the new alternative is an  example of  how understanding the objectives of the 
key stakeholder groups can be useful in restructuring existing alternatives to  make 
them more  attractive. 

A number of other  considerations have  been added to the figure that  illustrate some 
of the key issues in analysis of the decision. These include: 

(1) Uncertainties regarding effects on regional employment are specifically 
represented (a circle  in a decision tree  represents  a chance variable, 
or an uncertainty, while a  square  represents  a decision to be made). 
Two scenarios are developed to  represent the range of outcomes for 
each  alternative.  The scenarios represent  uncertainties over the 
implications for regional forestry employment for  that  alternative. In 
the  interest of simplicity, we  will not describe the scenarios here. 
Probabilities must be attached to the scenarios under each alternative 
to  represent possibilities regarding the future. Note  that not all the 
chance  nodes  for  the  alternatives are shown in Figure 8. to make  the 
figure clearer. 

(2) Uncertainties are also represented  regarding  the  future values 
associated with preservation of the area These values are uncertain 
because of the difficulty of judging how important  preserved forests 
wi l l  be  in the future. as well as how valuable  different levels of 
preservation would be in this valley. Again, these  uncertainties are 
represented with a circle and two scenarios. 

FIGURE 8 
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6.0 DETERMINING PREFERENCES FOR FOREST LAND USE DECISIONS 
(3) At the endnotes of the decision tree, we can represent  the outcomes 

in terms of the two objectives of interest E represents  the employ- 
ment objective.  while P represents the  preservation objective. Thus. 
E ,  represents the performance of alternative B (given Scenario 1) in 
teims of objective E. 

We now  have a representation of the decision problem  that includes four alterna- 
tives, as well as explicit attention to uncertainties over the two key objectives and 
representation of the results of a number of scenarios. Subsequent  sections  address 
how we start  to evaluate and make choices across these consequences. 

6.1 Overview 

In any decision context. once the consequences of alternatives have been estimated, 
the task at hand  is for decision makers to judge which consequences they prefer over 
others. Two questions frequently arise in this context. One question is "How much 
should be foregone in terms of one objective to achieve a specified improvement in 
another objective?" This question involves value tradeoffs. The second is, "Are  the 
potential  benefits of having  things go right worth the risk if things go wrong?" This 
question involves risk attitudes (Keeney, 1982). These  questions are particularly 
complicated because there are no right or wrong  answers. Reasonable  people differ 
regarding their values and their attitudes towards risk. 

In essence, these questions point to the need for an overall objective Function, which 
aggregates across the the individual objectives and incorporates  attitudes towards 
risk. In decision analysis, an objective function is usually referred to as a utility 
function, symbolically written u. Then u(x). the utility of the consequence x ,  indicates 
the desirability of x relative to all other consequences. Development of a utility 
function essentially involves creating a model of values with which  to evaluate 
alternatives. Decision analysis is unique among analytical tools in that it models 
values cxplicitfy by addressing multiple objectives and  attitudes towards risk within 
a decision problem. 

Two fundamentally different kinds of approaches could be adopted  to build a utility 
function: expressed preference  and revealed preference.  The expressed preference 
approach involves a structured discussion between decision analyst and decision 
makers to constructively elicit value judgements. Systematic approaches  are 
employed to elicit relevant information about value tradeoffs, equity concern, and 
risk attitudes. 

One criticism of value elicitation methods is that people's judgements may be 
inherently unstable, or labile, and  prone  to influence by the process. The implication 
is that answers "off the  top of someone's head" may not be a true indication of 
preferences. Fischhoff, Slovic and Lichtenstein (1980) argue  that values are most 
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often labile when questions  are unfamiliar and people do not have well-formed 
opinions. In such situations the  analyst,  and the  question  structure, can strongly 
influence the results. Fischer suggests that this is not necessarily a drawback When 
preferences are ill-formed, asking probing questions may produce clarity rather  than 
induce 'confusion. In that  case, the elicitation process is a constructive one, in which 
the analyst is an active partner. helping to build understanding and clarity (Fischer, 
1979). 

The  revealed  preference  approach to building a utility model could involve either 
conjoint measurement or interactive procedures. Conjoint  measurement involves 
asking decision makers to order a series of alternatives, each of which  involves 
different levels of performance regarding a set of objectives. Then statistical analysis 
is used to estimate an individual model of preferences based on the order of 
responses and differences between alternatives. Brumelle et al provide an example 
of conjoint measurement as applied to forestry (Brumelle et al. 1988). Conjoint 
analysis originally developed from mathematical psychology and statistical decision 
theory and has found wide application in marketing problems? Interactive methods 
(often using computers) allow the decision maker to experiment with alternatives and 
examine outcomes. The process itself is intended  to clarify preferences over 
objectives. 

The choice between utility elicitation  and conjoint scaling or interactive  approaches 
can be divided into conceptual and practical concerns. Conceptually, one would 
expea that a utility function constructed through a detailed  elicitation process would 
provide a stronger basis for decision making than the implicit utility function derived 
from conjoint analysis. In practical terms, there  are few analysts well rrained in 
utility elicitation. so application of this procedure may be difficult, even though nearly 
a l l  major  decision malysis efforts involve utility elicitation. On the  other hand, 
decision makers may find the ordinal  judgements associated with conjoint scaling less 
demanding  that the cardinal  judgements associated with an elicitation, particularly 
for problems involving only a few objectives. 

Whichever approach is adopted, explicit development of a value model offers several 
advantages in analyzing a decision problem. The obvious advantage is that i r  
provides a theoretically sound manner with which to evaluate  alternatives involving 
complex objectives. Other advantages are that such a model can indicate which 
information is of most interest in the problem, suggest alternatives that may have 
been overlooked, provide a means to calculate the value of obtaining additional 
information, and facilitate concise communication about the objectives among 
interest groups. Finally, a sensitivity  analysis of value judgements  can be conducted 
to appraise  their importance for the overall decision (Keeney, 1982). 

Some critics have suggested that constructing utility models is not applicable to public 
sector  problems because of  the lack of a single decision maker. While the existence 
of multiple decision makers (or many stakeholder  groups  and no single decision 
maker) complicates any  analysis, modelling values can  be highly useful in clarifying 
these dimensions. Harsanyi (1955) and others have discussed social decision making 
in conceptual terms: it is necessary to address the  relative  importance of differenr 
decision makers and the relative intensity of the  potential effects on each in order 
to  determine an overall utility function. A more heuristic, practical approach is  to 
analyze a decision problem from a number  of  viewpoints by using the utility functions 
of different groups. This  approach is an extension of the  earlier discussion concerned 
with developing objective hierarchies from different viewpoints.  With multiple 
decision makers. the concept of a single  utility function that provides "an answer'' to 
a given problem must be sacrificed, unless restrictive assumptions can be used to 

narrow the problem. On the  other hand, major gains can be achieved in terms of 
insight into the views  of different groups and the ability to conduct sensitivity  analysls 
to  better  understand  the problem. 

6.2 Preferences in Forest  Allocation  Decisions 

Because of the intense conflicts over value judgements, efforts to clarify preferences 
are a crucial step in any analysis of old growth forest decisions. The decision analysis 
approach would  ideally  involve development of utility functions over the possible 
consequences of management options. In the following sections, three key issues in 
clarifying preferences are discussed: 

' One drawback with conjoint d i g  is the inabi l i ty  to direaly determine risk attitude. 
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(1) value tradeoffs; 
(2) risk attitudes; and 
(3) time preference. 

6.3 Value Tradeoffs 

Section 6.1 introduced  alternative methods for constructing utility functions and 
identified the  steps in a direct elicitation process. For decisions regarding 
preservation of old growth forests, a direct elicitation between a trained analyst and 
a decision maker or stakeholder  group it would be informative to clarify preferred 
tradeoffs among relevant objectives. A crucial step,  noted  earlier, would be  to  define 
attributes  for  each of the lowest level objectives to be considered in the analysis. 
Then, questions would be used to determine the basic structure of the utility 
function. In practice, independence  concepu (similar to independence in probability 
modelling) are often employed to  permit  the use of an additive or multiplicative 
function, which are widely applicable for many kinds of problems. A linear utility 
function would have the following structure: 

u(x) = k,u(x,) + k&J + ... + k,,u(x,J 

where u(xJ refers  to a single attribute utility function and k. is a scaling constant. 

Once the  general  structure of the utility function is established, single attribute utility 
functions are constructed  that  represent how moving one single attribute from its 
worst level to its best changes the resulting utility. Thus, questions of the following 
nature  are asked: “In considering an  attribute such as area of wilderness to be 
preserved, is presern‘ng 50 percent of the area in question  half as desirable, in terms 
of utility, as a hundred  percent preservation?” 

The next step would be to identify scaling constants. The k‘s in a linear utility 
function are effectively coefficients that indicate the relative contribution of each of 
the single attribute utility functions to overall utility. Thus, the k ‘s  can be used to 
determine  the  rates at which a decision maker would be willing to forego one 
objective to improve another within specific ranges. The  steps in calculating scaling 
consrants would  typically  involve questions to establish the order of ranking through 
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pair-wise comparisons, then using questioning and algebra to calculate scaling 
COLlstantS.6 

Earlier we noted that the elicitation procedure can be difficult to implement because 
of a lack of trained analysts and because of the  judgemental difficulties posed by the 
questions. In such cases. it may be  possible to use less demanding  approaches that 
still provide useful information about value tradeoffs. For example, the SMART 0 

approach (Simplified Mult i  Attribute Rating Technique) developed by Edwards 
(1986) is a collection of techniques  (rather  than a single procedure)  intended to 
provide simplified utility assessments, as the name implies.  Most of these techniques 
rely on direct numerical. estimation methods as a basis for the required value 
judgements. 

More broadly, qualitative analysis that involves thinking about  and comparing 
objectives can also be useful in clarifying value tradeoffs for a particular decision 
maker. Although this qualitative analysis may be less defensible in t e r n  of public 
decision processes, it can be  highly  useful in helping to inform decision makers 
without extensive analysis. One qualitative approach to clarifying preferences is to 
view decisions made today from some point many yean in the future. Contemplation 
of current decisions from a future vantage point can be useful in identifying factors 

contingent  vlluation, a technique  employed by economist$ to place values on non-market goods for 
In some sense. the elicitation methods briefly discussed  here are  similar to the  process of 

purposes of bcnclit/cou analysis  (Mitchell and Curon. 1987). Hmvcr .  then arc some key dilfercnces 
berween utiliry elicitation  and  contingent valuation: 

The elicitation  approach  implicit in decision  analysis has within it the recognition that 
not all objedivu can be represented in dollar terms. Thus, subjects arc am asked to 
phcc dollar values on intangibles that M not normally v i e d  in dollar  terms. They 
arc instead uked to rpccify tradeoffs th.1 aatunuy arise w i t h i n  the course of the 
decision problem, which may bc a s t  in terms of d o h  hccmrq mnsvuacd real- 
or other uniu. 

The eliotation approach is more Gmly cast within the mntud of he &on to be 

costs if that innuenas the relevant tradcolir Conrm brr kcn r h o m  to be highly 
made. It is possible to durly specify who will reccivc the kaefru and who pu the 

imponant to miuationr. in both psychological and ecooomic rrrurch. 

The intcnaive nature of the  elicit8tion process helps the subject c o ~ t r ~ f t  or uncover 
values h a t  were only partially formed. In contrast,  the contingent valuation  approach 
involvu questions and answers with l e r c  regard to helping h e  subjects danfy their 
values in order to provide  quality rrsponur. 
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judged to be  important now.  yet are part of the status quo  and so are not obvious as 
part of the problem. In the context of forest  preservation or harvest decisions, it 
might also be useful to view  decisions made twenty years ago regarding the extent 
of forestry harvest from today's vantage point. What  would we tell decision makers 
of twenty years ago about  the implications of their decisions if we could do so today? 

6.4 Risk Attltude 

The  question of risk attitude essentially  involves judgements  regarding how decision 
makers feel  about the costs of being wrong or unlucky. Decisions regarding the 
allocation of old growth forests have inherent risks: some examples would be the 
costs associated with  losing environmental resources and genetic information that 
could become extraordinarily valuable in future decades. The irreversible  nature of 
these potential losses places a high penalty on being wrong. Economists writing 
about the issue of risk attitude in the context of public policy decisions have 
sometimes  argued that governments should be risk neutral. That is. governments 
shouId not give consideration to risk because the large pool of decisions would tend 
to have a normal  distribution of risks associated with them, providing an  acceptable 
basis for  selecting  options on the basis of expected value. However, this  risk 
neutrality viewpoint only  makes sense in the context of situations where the decision 
process itself does  not systematically underrepresent  certain kinds of risks. Nor does 
risk pooling serve as an adequate basis for asserting risk neutrality if a few of the 
risks  involved have  extreme consequences, or if the risks being pooled are 
incomparable.' These points suggest that the issue of risk attitude should at least 
be explored  for decisions regarding old growth forest preservation. 

Methods for analyzing risk attitude  are well developed in the  literature of decision 
analysis. Von Winterfeldt  and Edwards (1986)  discuss a number of procedures, all 
of which  involve judgements  about the desirability of bets or lotteries that can be 
used to quantify risk attitude. In practice, judgements  regarding risk attitude  are 
probably less demanding than judgemenu regarding tradeoffs  between objectives and 
should also be more  palatable to public decision maken. 

6.5 Tlme  Preference 

How consequences occurring over time are valued relative to each other is a cructal 
step i l l  any forest management decision. The  standard  procedure for handling effects 
over lime is discounting, which  involved  applying a weighting factor that reflects a 
particular  interest rate to discount effects that occur in the future. Even  though 
economists have written extensively about discount rates. major controversies exisr 
reganling the "right" discount rate for forestry problems. 

Perh;ll)s some light  can be  shed on this  issue by explicitly recognizing that the 
appropriate  procedure for comparing effects in the future  to effects today is a value 
judgement. Like other value judgements. there is no single right answer. Analysis 
that purports to offer the "right" discount rate is overlooking this facr. The  degree 
to which this value  judgement is important  can be seen in the writing concerned with 
to suhtainable development. That literature argues that much greater  attention has 
to be paid to the effects on future  generations of decisions made today (Pearce, 
Markmdya  and Barbier, 1989). In effect, the  argument is that we should weight long 
term effects more highly than has been the case in the past. Yet, the effect of the 
discount rate is to systematically pay less attention  to long term effects as every year 
goes by. Thus, in some sense, discounting is fundamentally at  odds with the stated 
precepts of sustainable development.' This point is raised not to argue against the 
use of a discount rate, but to suggest that how future values are  compared  to the 
present should be handled explicitly. like any other  value  judgement, and not as a 
mechnnistic step in the analysis. 

6.6 m e  Example  Revisited 

Let us return  to the example of Figure 8 and incorporate some of the issues just 
discushed. Recall the figure describes four alternatives, as well as two sets of 
uncertainties. The outcomes are described at the  end of the decision tree, in terms 
of perlbrmance regarding the two  key objectives, E and P. Suppose a decision 
analyst has been retained to clarify the preferences of three groups who are viewed 

' Moreover,  even if risk neutrality can k taken as appmprirtc. that k not a rationale for 
omitting consideration of unartainty from  the analysis Tbis is a common mistake regarding  decision 
dY3ir 
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that thc dirmunt rate  should be used in conjunction  with a swainability constraint on actions. 
* Peara. Markandya  and  Barbier (198'9) would  perhaps  diragree  with  this statement.  They argue 

45 



as crucial to the decision. The  three groups include an environmental  interest group 
that is concerned with forest preservation, representatives of the local community 
who could be affected, and the forest industry firm Khat holds the regional license. 
Interviews are held with each group. In the interviews. questions are asked to clarify 
the nature of the tradeoffs each group could prefer over the two objectives. In 
addition,  questions clarify attitudes towards risk and time preference, which are 
important in understanding the weight placed on possible bad  outcomes and effects 
that occur further into the future. A separate value  model is constructed  that 
represents the preferences of each of the three groups. 

Using the utility functions for each group, the analysis shows that both the 
preservation  group and the group concerned with the regional economy prefer  the 
option of preservation but  with cuts maintained in current levels in the  near term, 
which was the new option introduced in Figure 8. The  rationale is that  the 
preservation  group would be happy to see the valley preserved and yet have no near 
term effects on employment in the region. The representatives of the local 
community favour this option because they  foresee the inevitability of employment 
reductions in any case, and see this as a useful way to  phase  those reductions in while 
maintaining the resource  base that could provide new employment  opportunities in 
terms of tourism. The forest industry firm clearly prefers the option involving 
complete  harvest of the valley because they stand to lose profits as a result of any 
withdrawals. However. the industry realizes that opposition  to the withdrawal also 
creates costs to  their  organization in terms of bad public image. Thus. they have 
another objective not initially represented in the hierarchy of Figure 4, which has  to 
do with the image of  the corporation. In sum. value models can  provide insight into 
the  tradeoffs  that  groups  prefer and begin to point the way towards a conclusion. 

7.0 EVALUATING  ALTERNATIVES FOR FOREST LAND USE 

7.1 Overview 

The final step in decision analysis is to  evaluate  and  compare alternatives. As 
discussed earlier  the axioms of decision analysis indicate that alternatives should be 
compared on the basis of the expected utility, Ej(u). The higher the expected utility, 
the more desirable an alternative. Thus, the magnitude of the Ej(u) can be used to 
establish a cardinal ranking that indicates the decision maker’s preference for 
alternatives. 

When comparing alternatives it is extremely important to examine the sensitivity of 
the decision to different views about the uncertainties associated with the come- 
quences and to different value structures. Such  sensitivity analysis is straightforward 
in decision analysis because both probabilities and values are explicitly quantified. 
Once M analysis has been conducted, it is often useful to consider whether the 
problem should be restructured, or whether more information should be collected on 
specific elements. The key is to collect information that is sufficiently refined to 

pennit one  to make an  appropriate decision. 

The  remainder of this section discusses two aspects of comparing alternatives in old 
growth forest decisions: analytical practice and  the effects of the decision making 
process itself. Then we return  to the example of Figure 8 for a concluding 
discussion. 

7.2 Analytlcal  Practice 

As noted above, decision analysis  involves selecting between alternatives on the basis 
of their expected utility, E(u). Expected vdue, E&), can be employed in a simplified 
analysis, or if risk attitude is judged to be less important in a particular  problem. 
Aside from simply  identifying the criteria for a decision, analytical practice rests 
heavily on the use of sensitivity  analysis as a means of clarifying the decision. 
conflicts  regarding old growth forest decisions will inevitably involve major conflicts 
in values, as well as major uncertainties. A complete analysis would analyze a 
decision using many combinations of scenarios and values to  determine which 
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variable drive the analysis. If, for example,  sensitivity  analysis indicates  that 
uncertainties over future employment creation  in tourism or other  sectors drives the 
analysis. then  further resources could be devoted to refining estimates of these 
employment changes and weighting  them with subjective probabilities.  Throughout 
the evaluation phase, emphasis is placed on gaining insight into the problem. by 
determining which variables have the most influence on the results. 

7.3 Effects of the Process 

groups and resource owners.'  Decision  analysis can facilitate  negotiations in a 
number of  ways:  by clarifying  objectives that indicate what  is  important, by clarifymg 
weights on objectives to allow for tradeoffs between stakeholders, and  by providing 
a logical framework that  incorporates diverse sources of information. Raiffa (1982) 
points out that the more complex are the  objectives, the  more  opportunities may  exist 
to create  tradeoffs that are  seen as mutually desirable  between the negotiating 
parties. In sum, the  decision  analysis  framework is a good staning point for 
negotiations regarding old growth forest decisions. 

Often the process by which a decision is made is as important Y the final choice in 
determining the acceptability of the result to various parties. Keeney (1982) points 
out that decision analysis is a highly  useful procedure for structuring public decision 
making. Some of the merits of the decision analysis approach as a basis for a public 
decision process include the following  points: 

The  procedure is logical,  well documented,  and  open to public scrutiny. 
Decision analysis deals directly with the complexities of decisions by 
considering multiple objectives and uncertainties. 
There is a major emphasis on developing an appropriate  structure for 
the decision before any analysis occurs. This structuring phase is often 
lacking in public decision processes. 
The approach is deliberately  multiaisciplinary  and stresses the need 
for integrating facts, expert opinion, and values into  a unified frame- 
work. 
A variety of value judgements can be incorporated  into  the analysis to 
demonstration  their implications for the Cfioice of alternatives. 
Explicitly recording objectives crystallizes public  debate  and spurs 
creativity regarding new alternatives. 
The  documentation of objectives can serve as a basis for negotiation 
to devise compromises. 

The last point is a  particularly  important one for old growh forest decisions. In 
some sense, these decisions are large scale, public negotiations between'stakeholder 

A final point  to be made regarding process is to recognize the potential role of 
mitigation  and compensation. 'If areas  are withdrawn from existing  commercial 
forestry licenses, those withdrawals are viewed as a significant loss by the  license 
holders. Psychologists,  decision  analysts,  and economists have demonstrated that 
losses are  felt  more strongly than equivalent gains,  suggesting that  the perceived 
losses associated with forest withdrawals  could be quite  severe  (Kahneman and 
Tvenky, 1979). In such circumstances, other  stakeholder groups, or governments, 
should consider ways in which losses  could  be mitigated, or, failing that, ways in 
which  the loser could be compensated. Compensation may be one of the few means 
available to make the losses associated with  withdrawals more  palatable to 
established interests,  and so facilitate the  process of change in response to a new 
environmental ethic. 

7.4 The Example Revisited 

Let us conclude the example that has  been developed. Suppose the options have 
been analyzed  with the utility functions for three groups and we have determined 
preferences for the alternatives as outlined at  the conclusion of the previous section. 
The decision maker in this  case  would  be elected leaders of the province, who act 
on advice of their professional resource managers. In reviewing the problem,  a 
representative of the forest ministry realizes that  there may be  opportunities to 
mitigate the losses to the  forest industry firm. The province  has unallocated supplies 
of forest materials  available  some hundreds of miles  away in an area accessible by 

In the PaciIic Nodwest states, the  role of negotiation has become even  more  explicit  in old 
growth forest conflicts. Mediators  working with stakeholder groups have developed compromises over 
short term harvests, in whicb the US Forest  Service essentially acts as an intcrrstcd o k r x r .  
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water. There  are  a  number of disadvantages to that  material  compared to the forest 
in contention: the further resources are lower quality, involve higher cost, and 
provide fewer opportunities to use infrastructure already in place. Nevertheless, 
there may be opportunities  for using some of that  material to replace the forest  that 
could be  lost  due to the withdrawal. Suppose  negotiation  ensues  and  a swap of 
resources is agreed to that also  involves reductions in stumpage  rates from the 
provincial forest ministry to  compensate  for  some of the  increased costs of the more 
remote location. 

The example demonstrates that by clarifying  objectives, thinking carefully about 
existing alternatives  and knowing  how  new alternatives can be  created, clarifying 
uncertainties, and comparing alternatives from different viewpoints, we  can find new 
creative solutions. A new alternative was created that reduced the effects on local 
communities by delaying the time  when reductions in harvest would occur, and a 
package of compensation was negotiated that redressed some of the costs borne by 
the forest industry firm. A combination of insightful  analysis, a dear cut process, and 
creative thinking about new options led to a  resolution of the problem. 
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8.0 CONCLUSIONS 

This section offen  a few brief  conclusions,  followed by recommendations regarding 
subsequent case studies. 

Three main themes have been developed in this report: 

(1) complexity is an inherent  part of decisions regarding allocation  of 
forest lands: 

(2) decision analysis can be  useful in addressing these complexities: and 

(3) there is scope  for  gaining  insight into many specific aspects of forestry 
problems through some of the techniques and approaches of decisions 
analysis. 

Decision  analysis can contribute substantially to clarifying  decisions regarding old 
growth forest allocation. This clarity can come in  a  better  representation and 
understanding of the value  conflicts  involved, a better  representation of the 
implications of alternatives, and the creative design of  new alternatives  that are seen 
as more  attractive by all parties. Yet, if the potential of decision analysis is to be 
realized,  a  number of steps  are  needed. 

Sponsoring selected case studies would  be a useful step to encourage the application 
of decision analysis to old  growth  forestry  decisions. These case studies would  focus 
on aspects of the problem that  are well suited to the decision analysis approach and 
for which analysis of a specific issue  would contribute to overall understanding of old 
growth forest decisions. The following  topics are suggested as potential  case studies: 

(1) Extension of the preliminary work  discussed  in Section 4 regarding the 
objectives of various stakeholder groups. This case  study  would  involve 
more  stakeholder groups, confirm and dariQ the objectives for each 
group, combine them into an overall objectives hierarchy, then possibly 
involve elicitation of values across the range of objectives. 
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(2) A study that involves  applying  yield analysis approaches (probably 
linear programming) to examine the effects of withdrawals on harvests 
over time. The intent would  be to investigate whether  some of the 
patterns suggested in Section 5 that involve delays of implementing 
harvest reductions are feasible. 

(3) Development of methods that clarify  the role of genetic diversity as a 
potential  tool for environmental risk management. Although genetic 
diversity has been widely  discussed as an impending problem, and 
diversity is recognized as an indicator of environmental quality, there 
is no analytial  structure that can be  used to  demonstrate  that diversity 
is valuable. One could develop an argument similar to  that developed 
in portfolio theory,  that  diversity of environmental  resources is valuable 
in response to uncertainties. 

(4) A decision analysis of one old growth forest decision would  be  useful 
as a prototype. Perhaps the  analysis  should be  a hypothetical one. in 
that it  could  avoid  becoming embroiled in controversy over a specific 
area, but still illustrate the steps involved in such an analysis. 
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