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Ecosystem management has become an increasingly mainstream paradigm for natural
resource management. Nowhere is this more evident than on the public and private for-
estland of the Pacific Northwest. While ecosystem management has become a widely
accepted principle of resource management, substantial questions remain about its
implementation. A case in point is the conservation of biological diversity: within both
the scientific literature and the policy debate, it is unclear what are the best methods for
its conservation. In addition, the public goods nature of biological diversity limits the
ability of managers and policy makers to use economic information to prioritize biodi-

versity policy goals in making resource management decisions.

This study uses a choice experiment (CE) framework to produce utility theoretic esti-
mates of the welfare effects of changes in the level of biodiversity protection under dif-
ferent conservation programs. The sample frame for the study spans Oregon households,
with three regional strata (Eastern, Willamette Valley, and Coastal), allowing measure-
ment of regional preference heterogeneiry. We present biodiversity policy as an amalgam
of four different conservation programs: aquatic habitat conservation, forest rotation
management, endangered species protection, and large-scale conservation reserves. The
study results indicate substantial support for conservation programs. While WTP is pos-

itive for initial increases above baseline levels of protection, results indicate that WTP for

large increases fall to zero or become negative, requiring monetary compensation for fur-




ther increases. substantial increases over the current baseline would generate increased
consumer surplus, though overallocation of land resources to biodiversity is perceived on
average as a welfare loss. The survey instrument included a dichotomous choice contin-
gent valuation WTP elicitation for the purpose of methodological comparison to the CE
approach. Results tentatively support the conclusion that the CE approach produces
more conservative (lower) estimates of consumer surplus. The study also indicated a
strong bias toward the management status quo, though the basis for this preference, and
its importance in the context of policy analysis, remains an important subject for further

research.
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A Choice Experiment Analysis of Public Preferences for Conservation of
Biological Diversity in the Oregon Coast Range

Chapter 1: Introduction

1.1 Background

Recognizing the value of noncommercial uges of environmental resources in addi-
tion to more traditional uses, natural resource management in the Northwest has under-
gone a paradigmatic shift toward ecosystem management over the last decade. This is
evidenced by the President’s Northwest Forest Plan and Governor Kitzhaber’s Oregon
Plan for Salmon and Watersheds, and more generally by the current sustainability
emphasis in federal lands policy and a greater recognition of ecosystem service values of
private land. A principal objective of these initiatives is the conservation of biological
diversity on the landscape. Biodiversity as a scientific construct is complex, encompass-
ing the genetic and functional diversity within and amonggst species and communities,
and the physical and biotic complexes that comprise ecosystems. As a management
objective, this complexity is compounded by the inescapable necessity of setting priori-
ties. While the conservation of biological diversity has emerged as a policy and manage-
ment objective in part because of pressure from the public as well as the scientific
community, the complexity of this endeavor requires the continuing engagement of all
constituents in identifying options and setting priorities. An understanding of public
preferences plays a crucial role in this process. This thesis documents one attempt to

measure public preferences for biodiversity using an economic framework.

The discipline of economics highlights the role of markets and prices in the identi-
fication of priorities. Price signals act as powerful and precise indicators of consumer
preferences, and both private firms and public entities use these signals to identify

demand for goods and services. Firms use prices to identify profit maximizing allocations
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of productive assets and, in the context of benefit cost analysis (BCA), public agencies
use the same information to identify management alternatives that maximize public wel-
fare. This broader mandate of public agencies, however, requires a broader conception
of benefits and costs than that considered by private firms. Agencies are charged with the
provision of goods and services that by their nature are not provided by private firms or
traded in markets, services which include regulation and monitoring of the activities of
firms and individuals to protect assets held in the public trust. The increasing role of
BCA in public resource management and regulatory policy has motivated the develop-
ment of valuation techniques to measure the preferences of beneficiaries of nonmarket
goods and services in terms commensurate with those expressed in prices of private

goods.

Measurement of the total economic value (TEV) of environmental assets has been
the focal point of the development of nonmarket valuation techniques. The TEV con-
cept represents a taxonomy of the values provided by environmental assets. These values
include consumptive and nonconsumptive direct use benefits such as commodity extrac-
tion and recreation, indirect use benefits provided by ecosystem services, such as water-
shed protection and waste assimilation, and passive use benefits. The latter identify
values that individuals hold for the preservation of environmental assets, either for the
satisfaction gained from simple existence or from a sense of responsibility for maintain-
ing natural heritage as a bequest to future generations. What is fundamental in this clas-
sification is the recognition that the value of natural assets is not fully captured by direct

uses that give rise to marketed goods and services measured by their attendant prices.

Passive use values (PUV’s) present a particularly difficult valuation problem in that
they typically do not engender any behavioral response independent of research attempts
to measure them. To address this, economic researchers have adapted and refined an
array of survey and interview techniques for eliciting these values from individuals.

Known broadly stated preference (SP) techniques, these variously attempt to create a
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hypothetical market for public goods and elicit their value from respondents, either
through direct statements of willingness to pay (WTP) or willingness to accept compen-
sation (WTA), or by inference from stated choices in hypothetical decision scenarios. In
the traditional reliance on real and observable transactions, markets and price responses,
known collectively as revealed preference (RP) techniques, economist apply a fundamen-
tally behaviorist approach to understanding human behavior individually and in aggre-
gate. Consequently, the development and application of SP techniques has met with
much criticism from both economists and many outside the discipline, providing the
context for what is perhaps the most vigorous methodological debate in economics

(Portney 1994; Kopp and Pease 1997; Diamond and Hausman 1993).

The application of nonmarket valuation arises in both the policy analysis context, as
a component of BCA, as well as in a legal context in assessment of natural resource
damage awards in court proceedings. Assessment of PUV’s arose in the BCA context ini-
tially in federal agency rulemaking subsequent to President Reagan’s 1981 Executive
Order 122911, which directed agencies to conduct BCA as part of a regulatory impact
analysis of all significant regulatory initiatives. Two federal laws, the 1980 Comprehen-
sive Environmental Response, Compensation and Liability Act (CERCLA) and the
1990 Oil Pollution Prevention Act, directed agencies (specifically the Interior Depart-
ment and the National Oceanic and Atmospheric Administration, respectively) to assess
compensable damages to injured parties resulting from the release of hazardous sub-
stances and, specifically in the case of the latter, oil spills. It was in this context that two
important milestones in the development of passive use value measurement and stated
preference methods occurred: (1) the federal court’s rejection of Interior’s proposed rules
on grounds that failure to measure and compensate lost passive use values violated con-

gressional intent in the passage of CERCLA (Obio v. Dept. of Interior, 1989), and (2) the

1. Superseded in 1994 by President Clinton’s Executive Order # 12866 (The White House 1994), which
extends the role of BCA in regulatory review and explicitly recognizes passive use values. Also see (OMB
1996), the report of the advisory panel convened by OMB to establish “best practices” for economic
review pursuant to EO # 12866.
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publication of a comprehensive review of the state of the art in nonmarket valuation and
recommended standards and procedures by a high-level panel convened by NOAA and
chaired by Nobel Laureates Kenneth Arrow and Robert Solow (Arrow, Solow et al.
1993). These events’, along with publication of an important volume on nonmarket val-
uation techniques by Mitchell and Carson (1989), precipitated a massive growth in the
empirical application and methodological investigation and critique on non-market val-

uation, most particularly the contingent valuation method (CVM).

The CVM has been applied extensively to estimation of passive use values for ele-
ments of biodiversity. The context of most of these studies has been the potential loss of
individual threatened species, though some studies have looked at habitats more broadly
and collections of threatened species populations within a given geographic area’. In
these applications it must be at least plausible that the effects of resource management
can be isolated to one or a few changes in the complex amalgam comprising the biolog-
ical diversity of a given landscape, or perhaps that all relevant elements of biodiversity
are affected uniformly. In most cases, however, both the policy context and the ecologi-
cal conditions are more complex. Thus, the piecemeal analysis of social and ecological
changes associated with resource management of any significant geographic or temporal
scale will fail to address important dimensions of multiple, often competing objectives
and unavoidability of trade-offs. A more effective tool for examining preferences for
biodiversity conservation alternatives, therefore, must permit the consideration of mul-

tiple elements or attributes simultaneously.

The conjoint analysis technique, which has been employed extensively in the mar-

keting and transportation fields (Louviere 1988) for well over a decade, offers the advan-

1. See Kopp and Pease (1997) for an insightful review of the details of these events and other proceedings
in the definition of the role of SP techniques and passive use values in agency and judicial decision mak-

mng.

2. See Jakobsson and Dragun (1996, Ch. 5) for a review.




tage of permitting valuation of multiple attributes. Conjoint survey instruments are
designed to identify distinct attributes of a composite good. Using experimental designs
to compose sets of alternative specifications of the composite (analogous to experimental
treatments in multiple factor dose-response studies), this method elicits respondent pref-
erences between two or more alternative composites, framed as consumer goods or policy
scenarios. As in CVM, conjoint methods vary in the format of the elicitation. The choice
experiment variant of conjoint analysis is very similar to the referendum format in
dichotomous choice CVM (DC/CVM). In DC/CVM, the respondent is presented with
a hypothetical good or policy scenario which includes a specified cost to the respondent,
who is asked to “vote” by either accepting or rejecting the good and the associated cost.
Thus in the DC/CVM, two alternatives are offered - the specified alternative or status
quo. In the choice experiment analysis (CEA) approach, which encompasses the DC/
CVM, two or more alternatives are offered, one of which may or may not be the status
quo. Inaddition to permitting multiattribute preference elicitation, the greater flexibility
and richer scenario descriptions permitted in CEA allow the investigator to address some

methodological concerns raised by the CV method.

The recognition that the value of natural environments is complex and multidimen-
sional is reflected in criticisms of the CVM focussing on its unidimensional expression
of value for noncommodity elements of natural resource values. Biological diversity is a
strong case in point. While most previous attempts to measure biodiversity values have
focused on single species or occasionally groups of species and associated habitat, the
multiattribute nature of the management problem requires a multiattribute measure of
preferences. The recent introduction of conjoint methods to the nonmarket valuation
literature addresses an important shortcoming in more familiar techniques. The research
undertaken for this thesis exploits this recent development in attempting to measure

public preferences for biodiversity conservation efforts.




1.2 Research Purpose and Objectives

The research described in this thesis was conducted as part of a broader study of land
use change'in the Oregon Coast Range Physiographic Province. The Coastal Landscape
Analysis and Modelling Study (CLAMS, 1999) is a multi-year, interdisciplinary study
to model the social, economic, and ecological effects of alternative forest management
and land use policy scenarios involving the full array of ownership classes on the land-
scape. Using advanced applications of geographic information systems (GIS,) remote
sensing, spatial modeling of landowner behavior, vegetation dynamics, and species-hab-
itat relationships, as well as regional economic impacts, the CLAMS project atterﬁpts to
provide tools for policy analysis and primary research in landscape management and eco-
logical change. The study documented herein is motivated primarily as an ancillary
model to the larger CLAMS study, to provide measures of economic value for potential
biodiversity outcomes of alternative policy simulations in terms commensurate with
values of recreational, commodity and other economic outputs of the Coast Range land-

scape.

In the investigation of preferences of Oregon residents for the conservation of bio-
logical diversity in the Oregon Coast Range, this study addresses three research objec-
tives:

1. Estimate demand curves which measure consumer willingness to pay for marginal
changes in distinct attributes of biological conservation in the Coast Range.

2. Identify and test for regional preference heterogeneity in biodiversity preferences.
Regions of concern are communities within the Oregon Coast Range, the Wil-
lamette Valley and the western slope of the Oregon Cascades, and Eastern Oregon.

3. Evaluate characteristics of choice experiment analysis relative to those of the contin-
gent valuation method for estimating preferences for biodiversity conservation. Spe-
cific criteria include relative sensitivity of each method to biases arising from scope
and endowment effects.

In the course of this research, four attributes of biodiversity conservation were iden-

tified as important and distinct elements in an overall conservation strategy for the
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Oregon Coast Range. These are: the amount and distribution of forest in different age
classes, including newly established stands as well as old growth forests; the protection
of coastal salmon populations and aquatic and riparian habitat; protection of threatened
and endangered species habitat on federal as well state and privately owned land; and the
designation and reservation of large land areas principally for the purpose of biodiversity
protection and ecological function. While these four elements are indicative of the com-
plexity of biological conservation and forest landscape management, they clearly do not
encompass the full range of relevant characteristics that individuals may value. Nonethe-
less, the relative value of these elements, compared amongst these four, as well as relative
to other public and private goods, is important information for management of public

and private resources in the Oregon Coast Range.

1.3 Organization of the Thesis

Chapter 2 of the thesis provides a review of two bodies of literature relevant to this
research. The scientific and institutional background of biological conservation is briefly
covered to set the context of the valuation exercise upon which the research is focused.
The total economic value typology (TEV) and fundamental elements of applied welfare
economics as applied to nonmarket valuation are reviewed. A brief survey of nonmarket
valuation techniques is followed by a more detailed review of the evolution and current
state of the contingent valuation method. Given the astonishing volume of CVM
research, this thesis can only offer a shallow review, though the intention is to provide
sufficient background for a comparative analysis of CVM with the more recently intro-
duced choice experiment framework. After reviewing the key arguments regarding the
validity and reliability of CVM, the structure of the CEA approach and it’s potential
advantages in light of these arguments is presented. This is followed by a review of the
small body of published CEA studies applied to estimation of passive use values. Chapter
3 presents the derivation of the statistical models used to interpret the discrete choice

data produced by dichotomous choice CVM and CEA survey instruments. Chapter 4




presents the details of the survey design process and the implementation and administra-
tion of the survey. This includes a discussion of experimental design principles for con-
joint analysis studies as well as the sampling design of the study. Chapter 6 presents the
data analysis and results of the study. This includes cross tabulations of survey responses
to a set of attitudinal quéstions by regional strata, as well as econometric estimation of
consumer surplus and compensated demand curves for the biodiversity measures dis-
cussed in the survey. The analysis of the CEA and DC/CVM data are presented sepa-
rately and compared in the last section of the survey. Discussion of the results in Chapter
7 provides some interpretive insights gained in the analytical exercise and suggestions
regarding the use of the results of the study in the context of the CLAMS model as well
as more generally in planning for biological conservation. A review of key results and
conclusion is presented in Chapter 8, along with suggestions for future research. Samples
of all materials sent to respondents and the experimental design of the study are provided

in the appendices.



Chapter 2: Theoretical Background and Literature Review

2.1 Ecosystem Management and an Operational Definition of
Biodiversity

Along with “sustainability,” the term “biological diversity,” or “biodiversity,” has
become part of the popular vernacular. Perhaps as a consequence of the popularity of the
term, nearly every publication addressing the topic offers a definition, with varying
degrees of novelty!. The key elements of the concept have been broadly defined as: the
variety and variability among living organisms and the ecological complexes in which
they occur. Diversity so defined functions at three levels: genetic, species and ecosystem
diversity (OTA 1987). An alternative typology provides a bit more definition: (a) genetic
diversity; (b) within-ecosystem species diversity (so-called alpha species diversity); (c)
among-ecosystem species diversity (beta species diversity); (d) within—'ecosystem struc-
tural diversity; (e) among-ecosystem structural diversity; and (f) temporal diversity
(Kimmins 1992), cited in Duinker 1993). While both definitions provide some intu-
ition of the complexity inherent in the meaning of the term, they mainly suggest how
difficult it is to provide a fully operational definition of biodiversity. Going beyond
simple definition, (Noss 1990) extends and operationalizes the above conceptualization
to identify a hierarchical typology of biodiversity indicators. This typology integrates
Franklin’s three primary attributes of biodiversity - composition, structure and function
(Franklin 1988) with four spatial scales to create a matrix of indicators that are suggested
as practical measurement variables for biodiversity monitoring at appropriate scales.
Franklin’s three attributes of ecosystems, which are described as constituting the biodi-

versity of a system, are the following:

1. Baydack, Campa et al. (1999, Ch. 1) identify 19 different definitions, illustrating that the useful defi-

nition of the term depends on the context in which it is used.
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1. Composition: identity and variety of elements in a collection, e.g., species lists and
measures of species diversity, and genetic diversity (represents the focus of most
biodiversity monitoring and evaluation work to date)

2. Structure: physical organization and pattern of system from habitat complexity (on
community scale) to patches and other elements at landscape scale

3. Function: ecological and evolutionary processes

Noss combines the above with four spatial/biological levels of biodiversity to define

the following nested hierarchy of indicators:

. Regional-Landscape
Composition: identity, distribution, richness and proportion of patch and landscape

types

Structure: heterogeneity, connectivity, patchiness, and pattern of habitat Jayer distri-
bution

Function: disturbance processes, nutrient cycling and energy flow rates, geomorphic
and hydrological processes, human land use trends

. Community-Ecosystem

Composition: identity, relative abundance, frequency, richness, and diversity of spe-
cies and guilds; numbers and proportions of endemic, exotic, threatened and endan-

gered (T&E) species

Structure: abundance and distribution of physical features and structural elements,
slope, aspect, vegetation biomass, canopy characteristics

Function: productivity, colonization and local extinction rates, predation rates, dis-
turbance and nutrient cycling rates, rate and intensity of human intrusion

. Population-Species:

Composition: absolute or relative abundance, frequency or cover value, 5 key catego-
ries of species/populations to monitor - ecological indicator, keystone, umbrella,
flagship, and vulnerable species

Structure: dispersion and range, population structure, Despite liabilities, indicator
species. approach is important

Function: demographic processes, metapopulation dynamics, population genetics
. Genetic
Composition: allelic diversity, presence of rare alleles and dominant recessives

Structure: census and effective population size, chromosomal/phenotypic polymor-

phism
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unction: inbreeding depression, outbreeding rate, genetic drift

While recognizing the need for indicators, Noss criticizes the common use of indi-

vidual species as the sole indicators of ecosystem health and diversity in a given system.

The
sity.

above broadens the use of indicators to provide valid and reliable measures of diver-

To illustrate the use of such a schema, Noss proposes a ten step process to assess the

status and trends in biological diversity in the PNW:

. Define “what and why:” policy determination of what aspects of biodiversity to
promote and monitor

. Gather and integrate existing data

. Establish “baseline” conditions; should include data on stressors

. Identify hotspots and ecosystems at risk

. Formulate specific questions to address with monitoring

. Select indicators -structural, functional and compositional elements at appropri-
ate levels

. Establish controls and treatments
. Design and implement sampling scheme
. Validate relationships between indicators and sub-endpoints

0. Analyze trends and recommend management options

Number 1 is described as the necessary first step in which primary and secondary

goals are identified, which is a matter of policy rather than science. In the context of the

Oregon Coast Range (OCR), (Noss 1993) identifies four fundamental objectives for

biological conservation:

1. Represent all native ecosystem types and seral stages in a system of reserved areas

2. Maintain viable populations of all native species in natural patterns of abundance

3. Maintain ecological and evolutionary processes, including disturbance regimes,
hydrological processes, nutrient cycles, biotic interactions, and genetic differentia-

t1

on of populations

4. Manage with responsiveness to short- and long-term environmental change

Objectives 1 through 3 also outline approaches to conservation that, while comple-

men

tary, are often portrayed in the literature as substitutes, particularly in an institu-

tional sense. The question has been framed thus:




“What are the best strategies? Are approaches based
on protecting individual species the most effective
tools, both from a pragmatic and from a scientific point
of view? Or would approaches that focus on habitat or
ecosystem function represent a more scientifically
defensible, and more politically practical, alterna-
tive?” (Levin 1993, pp. 201)

Franklin (1993) has argued that an ecosystem approach is necessitated by the sheer
number of species to manage for at the landscape scale, particularly when invertebrates
are considered. Attempting to manage on a species-by-species basis, he argues, faces seri-
ous limitations of time, financial resources, societal patience, and scientific knowledge.
To achieve broad biological conservation goals which encompass ecosystem function
and species other than vertebrates and vascular plants, landscape and regional perspec-
tives are required. In addition to the siting of reserves, it is essential to alter the condi-
tions on land used for commodity production to both buffer effects of extractive uses on
reserve function as well as to improve the dispersal of populations through improved
connectivity, apart from specific dispersal corridors. While recognizing the value of a
species approach to motivating public opinion, it is argued that it cannot ultimately be

successful if the objective is to preserve biodiversity more broadly defined.

In an associated article, Orians (1993) points out that the difficulty in defining an
institutional response to ecosystem conservation is the difficulty in defining a taxonomy
of ecosystems. Noting that the endangered species act (ESA) has been widely criticized
for, amongst other things (Rohlf 1991), an “emergency room” approach that is triggered
only when a species population is very small and recovery efforts are expensive if not
futile, it is suggested that an ecosystem approach would compliment the ESA. The
author argues that the chief failure of the ESA is attributable to the single species focus.
Orians also argues that the ESA has failed in part due to inadequacy of funding and

intransigence on the part of agencies in discretionary listing decisions, recovery plan

development and implementation. He seems to argue, nonetheless, that an “Endangered

Ecosystems Act” would complement the ESA and address its many shortcomings. The




13

author’s points regarding the biological shortcomings of the ESA and the need for an
ecological classification system may be cogent, but they seem to disregard the importance

of institutional reasons for failure of the species approach.

In another companion article, Wilcove (1993) provides a counterpoint in the spe-
cies/ecosystem debate by arguing from a pragmatic perspective that existing federal leg-
islation provides many of the needed levers to protect vertebrate species on large parts of
the landscape. With limited augmentation of existing institutions, and careful use of the
umbrella function of vertebrates in protecting other elements of biodiversity, conserva-

Vtion objectives could be advanced considerably. Key institutional advances would: (1)
strengthen the ESA and extend the National Forest Management Act (NFMA) species
protection mandates to other agencies; (2) extend the classification of research natural
areas (RNA’s) and areas of critical environmental concern (ACEC’s) to classify and pro-
tect multiple examplés of natural communities on all federal land units; and (3) imple-
ment the Wild and Scenic Rivers Act and Clean Water Act mandates to protect the
integrity of freshwater ecosystems. This latter point is taken up by Naiman, Decamps et
al. (1993), who argue that aquatic habitats and riparian corridors represent concentra-
tions of species and ecological diversity due to the sharp environmental gradients and
dynamic disturbance regimes which they contain. Due to the strong influence of activi-
ties throughout the watershed on conditions in the riparian corridor, landscape scale
management is necessary to maintain the diversity and function of freshwater and ripar-

1an systems.

The above is a brief review of some of the literature relevant to operationalizing bio-
logical conservation and ecosystem management on a landscape scale. Though the liter-

ature is vast, the above identifies four key approaches to conservation '

1. Also see (Haufler 1999) for a recent review of the literature on strategies and approaches to biodiver-
sity conservation; the author develops a list rather similar to that provided above.
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1. Species-based (“fine filter”) approaches: focus on protection of umbrella and key-
stone species as indicators of general ecosystem health and biological diversity

2. Reserve based approaches: focus on siting networked reserves within which ecologi-
cal processes, including natural disturbance regimes, are allowed to function largely
free from constraints inherent in commercially managed areas

3. Freshwater and riparian zone protection: focus on protection of corridors, both to
provide connectivity to facilitate species dispersion over the landscape, and to protect
diversity “hotspots” given characteristics of riparian zones as steep environmental
gradients and loci of disturbance processes

4. Integrated management of unreserved land (“coarse filter”): focuses on integrating
diversity objectives into management of developed and semi-developed land to
increase resident diversity and improve connectivity function of managed portions of
landscapes

Each of the above is discussed in the literature largely in terms of their scientific
attributes. Each of these techniques, however, also defines the core element of an insti-
tutional response to conservation and each is represented by management initiatives that
are currently being implemented within the OCR by various agencies and j urisdictions.
Both the federal and state endangered species processes have been invoked and federal
recovery plans for listed species have been adopted, as well as numerous Habitat Conser-
vation Plans (Service 1982; Service 1983; Service 1986; Service 1991; Service 1992; Ser-
vice 1997). The reserve based approach is represented by the nerwork of designated
Wilderness Areas, areas of critical environmental concern (ACEC’s), research natural
areas (RNA’s) , and late successional reserves (LSR’s) designated under the Northwest
Forest Plan (USDA Forest Service 1994),. Other elements of the NWFP are comprised
of riparian zone management and integrated management of unreserved land. The
Oregon State Plan for Salmon and Watersheds (OWPSW) (Oregon Coastal Salmon
Restoration Initiative 1997) is also focussed on aquatic and riparian habitat in the OCR.
The OSPSW was arguably initiated as an alternative to endangered species listing of
coastal coho salmon and constituted a species based approach focussed on salmon and
associated habitat. Finally, the structure-based management approach being imple-
mented by the State of Oregon on its holdings in the northern OCR (Oregon. Dept. of

Forestry 1998) is focussed in part on maintaining representation of a diversity of forest
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age classes and structures, including late seral conditions, on land actively managed for

timber production.

The process of defining a landscape scale strategy for conserving biodiversity thus
defined is clearly extraordinarily complex and demanding in terms of required time,
expertise, and public expenditure. While different approaches are advocated by the
authors cited above, all advocate an integrated approach that employs a variety of meth-
ods, and all advocate clear definition of goals and objectives. It seems essential, then, that
Noss’s first step - setting priorities and identifying objectives - incorporate the interests
of stakeholders if the outcome of planning efforts are to be useful in terms of managing
resources in the public interest.! In discussing what are identified as ten key “themes” of
ecosystem management, Grumbine (1997) concludes by emphasizing the need for sci-
entists and resource managers to step away from purely technical considerations and
confront the nature and variety of human values that principally drive management deci-
sions. The research documented in this thesis is intended to provide one measure of
(public) stakeholder preferences to assist policy makers in setting objectives for manage-

ment in the OQCR.

2.2 Methods for Amenity Resource Valuation

2.2.1 Elements of Total Economic Value

There is an extensive literature on the values that people, individually and collec-

tively receive from natural resources, ecosystems and their constituent elements. Typol-

ogies of these values are manifold (Krutilla 1967; Edwards and Abivardi 1998; Pearce,

1. Though the point is overlooked by Noss, there is likely to be some endogeneity between step 1 and the
successive steps in the process, particularly with Steps 4, 5, and 6, and most especially, with Step 3. As
discussed in Chapter 7, public preferences tend to anchor on the status quo.
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Moran et al. 1994; Jakobsson and Dragun 1996; Brown 1990; Freeman 1993, Ch. 5,
amongst many others), but the central theme is typically that benefits can be classed as

either direct- or indirect-use. benefits, or non-use benefits.! Direct use benefits are those

Figure 2-1. Elements of Total Economic Value

TOTAL ECONOMIC
VALUE

USE VALUE NON-USE VALUE

DIRECTUSE ~ ECOSYSTEM EXISTENCE BEQUEST
VALUE FUNCTION VALUE VALUE
| VALUE | |

Qutputs | | |
o fish Benefits Benefits Benefits

* game * flood control » satisfaction that * altruism
. reso ersist .
* climate SOurce persists intergenera-

* timber . :
tional equity

fuelwood photosynthesis

. nutrient cycles
recreation CY

. waste assimila-
tourism

Adapted from Pearce, Moran et al. (1994, p. 20),

derived from the active use of the resource, either through extraction and consumption,

such as timber harvest or mining, or nonconsumptive use such as recreational activities

1. (Turner 1999) provides a detailed discussion for the motivation for existence values, as well as a
broader classification of ecosystem values than those cited above.
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or genetic prospecting Indirect benefits are those which contribute to the production of
goods and services which provide direct uses. Many ecosystem services, such as carbon
cydling and waste assimilation fall into this class. Option value is the value of maintain-
ing capacity and access to the flow of goods and services for future direct or indirect use,
though no such use may be occurring in the present period. Thus, option value is in
essence a risk premium when there is uncertainty about future demand or supply of a

good.!

Non-use benefits are those benefits which do not arise from any physical contact
with a good or with other goods derived or produced therefrom. The insight that eco-
nomic value could be attributed to the essentially psychological benefits in this class of
goods was crystallized by Krutilla (1967). Three sources of non-use value were identified
in his seminal article: existence, bequest, and scientific. Existence value is the value that
individuals derive from simply knowing that some desirable state, e.g. the existence of a
species or grove of ancient trees, is maintained, without any anticipation of actually vis-
iting or using them in the future. Bequest value is the altruistic value of maintaining the
resource for the benefit of future generations. Charitable giving to organizations like the
World Wildlife Fund or Nature Conservancy is often cited as evidence of the validity of
the existence value construct. A third element of non-use values discussed by Brown
(1990) in the context of biodiversity is the scientific value of public knowledge that may
derive from study of a species or ecosystem function in the future, which the author dis-
tinguishes from the option value of potential future use noted above. Freeman (1993)
further distinguishes between pure existence value and non-use value. Given tolerance
thresholds for renewable resources that are subject to irreversible loss, such as species
extinction, pure existence value is the value for maintaining the resource just above the

threshold. Non-use value is that which is derived from levels of the resource above this

1. The concept of option value and the related but distinct quasi-option value, are enmeshed in the liter-
ature on the economics of uncerrainty, Useful discussions in the context of biodiversity valuation can be

found in Johansson (1993, Ch 8-9.), Freeman (1993, Ch. 8), and Walsh and McKean (1999).
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threshold. Thus, given this distinction, non-use value is lost due to degradation of a
resource, whereas pure existence value is lost only when existence of a species or other
valued resource is eliminated. Though Freeman is concerned mainly with the additivity
of the various elements of TEV in the consumers utility function, the distinction relates
also to the existence of substitutes for a exhaustible good in the utility function. In the
case of a species, for example, individual representatives of the species are essentially fun-
gible at levels above viability thresholds', though consumers may regard the last remnant

of a species as having only imperfect substitutes..

2.2.2 Utility Theoretic Foundation of Welfare Estimation

The estimation of non-use values typically has the intent of identifying the welfare
impacts of changes in the level of environmental services. The fundamental construct of

welfare theory is the consumers’ utility function and the optimization problem:2

max U(G, Q)s.t. mz PG 2-1

where U is the consumer’s utility expressed as a function of G=(gy,...gy)» a vector of
market goods, and Q=(g;,..., q), a vector of environmental goods and service flows. P
is a vector of market prices and m is the consumers income. For simplicity it is assumed
that all elements of Q are unpriced. The solution to this problem is the consumers indi-

rect utility function (where conditional demand functions for the goods are implicit):

V= V(P,Qm) @2

Inverting Equation 2-2 for m yields the consumers’ expenditure function, which is

the dual of the maximization problem in Equation 2-1:

1. Though, perhaps many of the fans of Keiko the killer whale and Tsing Tsing and Ling Ling the giant

pandas would balk at characterization of these icons as fungible.

2. See Johansson (1993) and Freeman (1993, Ch3) for more complete exposition.
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VP, Q m) = E(P,Q U) = min PGstU(G, Q)= U (2-3)

Thus, the expenditure function minimizes cost subject to a utility constraint. By
replacing U in the expression for E with the indirect utility function, we can express util-

ity entirely in observable terms in what is known as the indirect money metric of utility:
0 0 0 0 0 0 0
m = EP,Q,VP,Q,m)) = EQ,Q,m))
where, for simplicity P is suppressed on the assumption of constant prices.

Given a change in the level of environmental services, holding prices and income

constant, the change in utility (welfare) for a given individual can be described as
AV = VP, Q' m)- (P, Q% m) ' (2-4)

Given that utility is unobservable, measurement of the welfare impact of the change
in environmental service from Qp to Q;, requires money measutes of utility change for
empirical analysis. The most common measures are the Hicksian utility measures of

compensating and equivalent surplus (Hicks 1943). Compensating surplus is defined

such that:
V(P, Q' m-CS) = V(P, Q, m) @5)
cs = |- EQ, ") 2-6)

where CS is the adjustment to income required to maintain constant utility as Q
changes from Q) to Q;. CS assumes that the initial state, Q, is the reference point.
Thus, if the change from Q) to Q; is an improvement, CS is the maximum willingness
to pay (WTP) for the change, and if the change is a deterioration in environmental ser-
vices, then CS is the minimum willingness to accept compensation (WTA) for the

change. Equivalent surplus is defined such that:
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WP, Q°, m+ES) = V(P,Q', m). 2-7)

ES = |m' - E(Q%, UM 2-8)

* In contrast to CS, ES assumes that the subsequent state, Qy, is the point of reference.
Thus, if the change from Qpto Q;isa decrement in environmental services, ES is the
maximum willingness to pay to avoid the loss. In the event of an environmental
improvement, ES is the minimum WTA to forego the improvement and maintain level
Qp- Thus, CS measures the income change (positive or negative) associated with main-
taining the initial utility level given the subsequent (post-policy change) level of environ-
mental services; ES measures the income change (+/-) that maintains the subsequent
level of utility given the initial level of environmental services. Choice of an appropriate
measure depends on the reference level inherent in the policy question at hand and
hinges largely on the presumed allocation of property rights. This can often be a matter
of considerable controversy as private property rights and environmental resources in the
public trust can often be in conflict (Bromley 1995) and the choice of appropriate mea-
sure can have significant implications for the magnitude of the measured welfare change

(Hanemann 1989). This issue is taken up further below.

2.2.3 Valuation Techniques

Non-use benefits of species and ecosystems, as well as some indirect and non-con-
sumptive use benefits such as some types of recreation are pure public goods manifesting
both nonrivalry in consumption and nonexcludeability properties.1 As a result of these
properties, markets for these goods do not develop and there is, therefore, no basis on

which market prices can be observed as indicators of marginal social values. Lacking mar-

1. Nonrivalry denotes the property that the amount of a good consumed by one individual does not
appreciably effect the amount that is available to others. Nonexcludeability refers to the practical impos-
sibility of rationing a good by denying access to it.
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kets, public goods are externalities which must be provided through extramarket mech-
anisms, typically by government or other collective choice institutions (Ostrom 1990).
To the extent that either markets or benefit cost analyses influence management deci-
sions, failure to consider the value of public goods in this calculus will underallocate
resources to the maintenance and provision of public goods. This has long been recog-
nized in the economics discipline (Ciriacy-Wantrup 1947) (Krutilla 1967), and develop-
ment and refinement of techniques for estimating the values of public goods has been a
defining stream of research in resource economics. Methods for estimating values for
non-marketed goods have been broadly classed as revealed preference approaches (RP),
which use observable market transactions and other behavior to make inferences about
the value of associated non-market amenities, and stated preference (SP) methods which
utilize a variety of survey based methods to elicit statements of individuals’ value for a
nonmarket good. Mitchell and Carson (1989, pp 74-87) further stratify non-market
techniques along two dimensions: whether the observation is based on actual behavior
(as in RP) or responises to a hypothetical market specified in a survey context (SP), and

whether the technique measures value directly or indirectly through inference.

Observed/Indirect methods include hedonic price (HPM) and zravel cost methods
(TCM). The HPM utilizes the prices of private goods in determining the values of some
public goods. Price of a private good is specified as a function of attributes of the good
(one or more of which are unpriced amenities), and implicit prices for attributes are
inferred. Thus, in the market for real estate, attributes of property include public good
elements such as air quality, proximity to open space, and other amenity values. By com-
paring sales prices of homes which are differentiated by different levels of a given ame-
nity, its value can be inferred. The chief limitation of this method that it only applies to
certain public goods for which there are associated private goods to use as indirect sur-
rogates of value. Operationally, the large number of attributes that determine value of
complex goods like homes, and the difficulty of gathering sufficient sales data to effec-

tively control for variation in all of the relevant atuributes make it difficult in practice to
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identify the value of the public good attribute of interest. Further, buyers must have per-
fectinformation on the level of the amenity good associated with the surrogate good, and
must not have subjective (unobservable) expectations regarding the level. Finally, Free-
man (1993, Ch 11) reviews further results on the identification problem associated with

the endogeneity of the indirect price and quantity chosen of the public good attribute.

The travel cost method, initially implemented by Clawson (1959) uses the differen-
tials in access and travel costs that individual users of an amenity resource pay in order
to construct a demand function for the resource. TCM is used primarily for estimating
site-specific recreation benefits. In the simplest “zonal model” form of TCM, distance
zones from a site are defined, number of visits from each zone to the site for a given time
period are counted, and per capita visits are then estimated as a function of travel dis-
tance and other control variables. To express the value of the site in monetary terms, it
is then necessary to impute a cost to travel time and distance. While the cost of distance
is typically measured simply as the cost of whatever mode of travel is employed, the
opportunity cost of travel time is more difficult to gauge. Rules of thumb have been
applied to associate opportunity costs of travel time as some fraction of the wage rate,
but these are largely arbitrary. Mitchell and Carson (1989) cite a number of studies that
have found that, at least in scenic areas, the opportunity cost of travel is negative, i.e.
travel itself generates positive utility. Multi-site models have been developed that incor-
porate the effect of substitute sites, though the large number of substitutes in many cases
can make estimation difficult. See Freeman (1993) for a review. To address some the
limitations of TCM, Brown and Mendelsohn (1984) introduced the hedonic travel cost
method, which integrates the TCM and HPM. Not surprisingly, however, use of the
method is hampered by the compounding of liabilities associated with TCM and HPM,
particularly data intensiveness and the identification problem on HPM noted above.
Fundamentally, the chief limitation of all Observed/Indirect, and RP methods generally,

is the very limited range of values that can be estimated, namely direct use benefits asso-
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ciated with recreation, and to some extent ecosystem Service benefits. Estimation of

broader classes of non-market goods requires more flexible methods.

Mitchell and Carson (1989) discuss a variety of hypothetical approaches to valua-
tion. The principal advantage of these methods is in the flexibility to estimate values for
virtually any class of goods, and they are the only methods capable of estimating non-use
benefits.! As with the revealed preference methods discussed above, the authors partition
hypothetical methods into direct and indirect methods. The authors describe a number
of direct methods, though only the contingent valuation method is commonly employed
in natural resource valuation applications. Indirect hypothetical methods discussed
include contingent ranking, allocation games, priority evaluation techniques, and con-
joint analysis. Though not included explicitly in this listing, choice experiments are
another indirect hypothetical method closely related to contingent ranking. All hypo-
thetical methods attempt to simulate a decision-making scenario to elicit the behavioral
intentions of respondents. As such, these methods uniformly depend on the consistency
of responses in real and hypothetical scenarios, the lack of any strategic responses, and

the ability of the process to collect data without inducing distortions.

2.2.3.1 The Contingent Valuation Method

The contingent valuation method was originally proposed by Ciriacy-Wantrup
(1947) and implemented by Davis (1963). The method underwent a period of height-
ened scrutiny due to a series of events spanning from 1989, with the publication of
Mitchell and Carson’s book (1989), which provided a reference manual for CVM and

precipitated a small explosion in the number of CVM studies performed, to the publi-

1. However, (Larson 1993) argues this is only in the (implausible) case of pure existence values which
don’t enter the budget constraint and are weakly separable from demand for other goods. If these assump-
tions are relaxed, the author argues, indications of existence values can be identified in normal consumer
spending decisions.
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cation of the NOAA Blue Ribbon Panel Report on CVM (Arrow, Solow et al. 1993).!
The NOAA Panel’s report identified a set of baseline standards for the practice of CVM

which included five “burden of proof” criteria which, if failed, would render the results

unreliable in the Panel’s judgement. These include:

* High instrument or item nonresponse
Insensitivity to scope of environmental change
Lack of understanding of choice task
Lack of belief in full restoration scenario

Yes/no votes not supported in follow up questions by reference to cost/ benefit of
program

General guidelines also included the following;:

Probability sampling

Personal interview survey

Derailed reporting

Careful instrument pretesting

Conservative design

Willingness to pay/referendum elicitation format
Accurate description of policy/program
Pretesting of photographs

Reminder of substitutes

No-answer option

Open ended follow to referendum question to identify invalid responses

The conclusion of the panel was that, conditional on high standards for survey
design and administration, the CVM is capable of producing valid estimates of W'IP for

existence values as well as direct use values. Many of the Panel’s guidelines apply to

survey research in general and are required to maximize the reliability and validity of ana-

1. (Portney 1994) provides a synopsis of the events leading up to the formation of the Panel and its con-
clusions regarding the use of CVM in damage assessment and BCA.
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lytical results in any survey context. Key elements that apply to elicitation of non-market
values are the WTP/referendum format and the inclusion of reminders to prompt con-
sideration of budget constraints and substitutes for the goods under consideration.! Sub-
sequent to the Panel’s prescriptions, debate over the validity of the method has
continued unabated. Jakobsson and Dragun (1996, Ch. 6) provide a review of the recent
literature on methodological concerns in CVM. “Embedding” remains a prominent
concern, though the authors find that the term is used in the literature to describe a
number of different effects. Hanemann (1994) and Carson, Flores et al. (1993) are cred-
ited with identifying three main themes in the literature on embedding effects: scope,
sequencing and subadditivity effects. The scope effect describes the failure of respon-
dents to distinguish differences in the amount or scale of environmental change. The
sequencing effect describes the tendency of respondents to indicate different WTP values
depending on whether a hypothetical good is offered at the beginning of a list of possible
goods than if it appears at the end of the list. The subad’ditivity effect is in evidence when
non-use values elicited separately for different goods sum to a larger amount than if
values are elicited jointly. Both the sequencing and subadditivity effects are argued to be
consistent with utility theory and represﬁnt substitutions and diminishing marginal util-
ity (Hanemann 1994). Since these effects arise in the valuation of any sequence of goods,
regardless of method, they are endemic to the analysis of the welfare effects of a contin-

uum of public goods.

Diamond and Hausman (1994) cite four studies which find respondents’ answers to
WTP elicitations are insensitive to scope, including Kahneman and Knetsch (1992),
which originally identified the embedding effect in the CV literature. However, Carson
and Mitchell (1995) and Hanemann (1994) identify numerous severe flaws in all of
these studies, which fail to meet many of the NOAA Panel’s guidelines intended to

maintain validity of results. Subsequent to the Kahneman and Knetsch (1992) study and

1. A number of the Panel’s guidelines not listed above specifically addressed issues pertaining to assess-
ment of damages in a litigation context.
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i’s echoing in Diamond and Hausman (1994), CV researchers have responded strongly
with a series of studies which demonstrate a pervasive sensitivity to scope. Carson (1997)
demonstrates that, in three of the four papers cited in Diamond and Hausman (1994),
sensitivity to scope is indicated using more appropriate statistical tests. He also identifies
a large number of studies (contrary to the claim of Diamond and Hausman) in the CV
literature that perform split sample tests of scope and find that nearly all reject scope
insensitivity with high p-values. Other meta-analyses with similar implications include
Hanemann (1995), Walsh, Johnson et al. (1992), and Smith and Osborne (1996).
Noting a claim by Desvousges, Johnson et al. (1993) that non-use values are particularly
insensitive to scope, Carson finds that 19 out of 31 studies he reviewed included sub-
stantial non-use components, all of which were sensitive to scope. Several other papers
are cited which demonstrate that survey respondents are sensitive to other subtle speci-
fications in the value elicitation context. A notable example is a study valuing water level
changes at Mono Lake (Jones and Stokes Associates 1993) which found that over three
level increases, respondents expressed increasing WTP over the first two levels, but a
decline in preference for the third and highest level to very near the baseline water level.
The third level was described as having ambiguous effects on species overall and loss of
some visual features of the lake. Thus, rather than having a simple “more is better”

response, the survey found that preferences were sensitive to specifics of the scenario.

In addition to the embedding issue, Jakobsson and Dragun (1996) review several
additional sources of bias inherent in hypothetical methods. Two key issues are whether
or not respondents know and can express their willingness to pay for the specified
change, and whether or not they express their WTP truthfully. The latter gives rise to
the question of strategic bias. Strategic bias arises if there is an incentive to misrepresent
preferences. In the context of public goods, this is typically manifested as an opportunity
to free ride. The empirical evidence cited suggests that, particularly where the referen-
dum format is employed with a tax based payment vehicle, there is little indication that

strategic bias is common in CVM studies. Despite the common conclusion that the ref-
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erendum format is incentive compatible, i.e. no respondent has an incentive to misrep-
resent her preferences, Sugden (1999) argues that, to the extent that respondents
understand the nature of the hypothetical referendum, the survey offers a costless way to
make a point. Ultimately, however, the author observes that strategic incentives are weak
and that any divergence between stated and actual WTP is more likely to be attributable

to difficulty respondents have defining preferences for public goods.

The issue of hypothetical bias is somewhat more problematic in that it is generally
only possible to test in situations where actual payments can be collected. Bishop,
Champ et al. (1997) refer to this as the criterion validity of CVM studies. Several studies
have appeared in the recent literature that tend to support the criterion validity of CVM,
particularly in the context of use-values of public goods. A particularly notable study by
Carson and et al. (1996) identifies 83 studies that contained both stated preference and
revealed preference estimates of WTP for a given environmental change, which yielded
616 possible comparisons of SP and RP WTP. Overall, this study found that CVM stud-
ies produced lower estimates of WTP than comparable SP estimates, though the ratio
was very close to one, indicating a high degree of convergent validity!. Studies which
have tested for hypothetical bias in statements of preferences for non-use values, how-

ever, are largely inconclusive.

Although the criticisms of Diamond and Hausman (1994), Kahneman and Knetsch
(1992), and others in the same vein appear to have been largely refuted by the large pre-
ponderance of empirical evidence, the issues they raise regarding the nature of prefer-
ences for public goods and non-use values particularly, bears further consideration.
Sugden (1999) discusses the theory of public goods and a number of theoretical attempts
to explain voluntary contributions in terms of rational self interest. The phenomenon of

free ridership and the result of the Prisoner’s dilemma game are well known examples

1. Convergent validity is de fined as the tendency of two measurement instruments to produce similar
empirical measurements of the object of study.
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from economic theory that suggest that socially suboptimal outcomes will be jointly
achieved by individually utility maximizing individuals. Attempts to explain voluntary
contributions to public goods use the device of including a private good benefit to vol-
untary contributions. Thus, contributions to public goods have instrumental, non-rival
value to the contributor insofar as the contribution increases the provision of the public
good. In the ¢case of large social goods funded by many contributors, the instrumental
value is proportional to the increase associated with the individual and is therefore very
small. It is hypothesized, therefore, that voluntary contributions must have some private
value, which Sugden terms expressive value, which enhances the individual’s self-image.
This is the motivation for the “warm glow” effect, which Kahneman and Knetsch (1992)

suggest as motivating existence values with the implication that responses to elicitations

of the value of non-use goods reveal more about expressive value than they do about

instrumental value. While the case is somewhat different in referendum voting than in
voluntary contributions, Sugden cites theorists who argue that the act of voting itself
cannot be explained in terms of instrumental value, at least not where electorates are
large and costs of voting are nonnegligible. Given this, Sugden infers that decisions
expressed on the ballot are not motivated wholly by instrumental values, and turns to the
notion of fzirness as contributing an essential motive in voting behavior. As evidence for
this, the author cites a common result in CVM studies using a willingness to accept com-
pensation (WTA) format to elicit the amount of private benefit an individual requires to
accept a decrease in provision of a public good. The high rate of protest responses com-
monly observed in these studies suggest that respondents reject this conception of prop-
erty rights that allows exchange of public benefits for private benefits. Sugden argues that
such protest responses reveal respondents’ sense of fairness rather than their preferences
in an instrumental sense. While Sugden admits that the expressive/instrumental dichot-
omy is imprecise and that purchases of some private goods may be motivated as much
by expressive value as by instrumental value, his argument is the logical extension of rea-
soning put forth by the strongest critics of the use of hypothetical techniques to measure

existence values. It is worth pointing out, that the implication of the above is that
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because preferences for public goods cannot be purely instrumental and preferences for
existence values are insensitive to scale, therefore expressive values must be insensitive to
scale. Apart from the large body of empirical results that refute the second proposition
above, the argument appears to be a false syllogism. Even accepting the notion of expres-
sive value as describing preferences for existence values, it is an empirical question

whether these preferences are sensitive to scale.

2.2.3.2 Choice Experiment Analysis

The choice experiment analytical technique is one variant of the conjoint analysis
approach to preference elicitation.! Conjoint techniques in general use multiattribute
specification of a good coupled with experimental designs to vary the artributes and
create different “treatments” or alternative specifications of the good. By observing indi-
viduals” preferences over alternative treatments, it is possible to estimate “part-worth
utilities” to the individual attributes. The conjoint technique was developed in the mar-
keting research literature and was originally conceived as a tool for pretesting the market
performance of alternative product designs.2 Other variants of conjoint analysis have
appeared in the economics literature, including contingent ranking, contingent ratings
and paired comparisons (Mackenzie 1993), though the choice experiment method has
emerged as the most common.® In terms of Mitchell and Carson’s typology of non-

market valuation techniques, the choice experiment analysis (CEA) approach is most

1. See Louviere (1988) for an extended treatment of the theory of complex decision making that under-
lies conjoint approaches, as well as the experimental design and analysis of muldattribute decision mod-
els.

2. Louviere cites Green and Wind (1973) and Green (1971 #365) as the earliest references to conjoint
analysis.

3. The focus herein in the comparison of the choice experiment method to dichotomous choice CVM.
See Mackenzie (1993) and Adamowicz, Boxall et al. (1999) for a review of alternative conjoint methods

in economics.
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consistent with the indirect hypothetical methods, though it employs the referendum
framework and random utility model (RUM) specification of dichotomous choice CVM
(Hanemann, 1984) with the multiattribute specification employed in the hedonic travel

cost framework (Bockstael, McConnell et al. 1991).

In the CEA method, respondents are presented with panels of choices (choice sets)
with two or more alternatives each, where each alternative is a bundle of attributes which
are specified at different levels in each alternative. The inclusion of a price or cost
attribute permits estimating the effect of cost on the respondents’ choice. For example,
a recreationist may choose from a number of different sites in her choice set, each of
which exhibits variation in an array of attributes such as scenic quality, congestion, travel
distance, and access fee (where the latter two are price components). The recreationist
chooses the site to visit on any given trip depending on the balance of preferences for
different attributes and the degree to which they are represented at a given site. In a
survey context, the researcher identifies the essential attributes and levels of the environ-
mental good in question and designs the choice question to reveal the structure of the

l‘CSpOI’lantS pl‘CfCl‘CI’lCCS1 .

Using a RUM framework? to estimate the effect of the attribute levels on the prob-
ability of choosing or rejecting a given alternative, it is possible to estimate Hicksian
measures of surplus associated with changes in individuél attributes (Ben-Akiva and
Lerman 1985; Hanemann 1984). Because multiple levels of each attribute can be
included in the choice set, the CS/ES values can be estimated for a continuum of changes

in the attribute, thus estimating a “valuation function” and by differentiation, compen-

1. Hanley, Wright et al. (1998) cites the “characteristics theory of value” (Lancaster 1966) as providing a
theoretical foundation for the attribute-specific depiction of utility.

2. The random utility model is rigorously defined in Chapter 3. In short, the RUM assumes that an indi-
viduals utility, though known to the individual with certainty” is only measurable by an observer, upto a
known (estimable) distribution. Thus, the individuals utility function can be specified as the sum of fixed

and random components.
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sated demand functions.! Methodological advantages of CEA relative to CVM are dis-
cussed further below, but two principal advantages are readily apparent: given the
complexity of natural resource decisions, the CEA method can provide important infor-
mation on preferences over a number of decision attributes or variables as well as over
continuous variation in each of the attributes. Thus, the greater flexibility afforded by
this technique potentially renders it a much more powerful tool for policy analysis appli-

cations of non-market valuanion.

Adamowicz, Boxall et al. (1999) review the components of a CEA study:

1. Identification of relevant attributes

2. Selection of measurement unit for each attribute

3. Specification of the number and magnitude of the attribute levels
4. Experimental design

5. Model estimation

6. Use of parameters to simulate choice.

Steps 1-3 closely parallel the initial phase of design for a CVM study, where the focus
is on developing a concise and sufficiently complete representation of the valuation sce-
nario which will provide the survey respondent with an appropriate information set on
which to base statements of preference. This phase uses information from secondary
sources and experts in fields relevant to the decision scenario, focus groups and personal
interviews, and pretesting to refine the informational content of the survey instrument.
Step 4 is much more complex in CEA in that the experimental design is critical to pro-
ducing a data set that will yield estimable parameters for the attributes in an econometric
model of preferences. In dichotomous choice CVM, the only appreciable experimental
design issue is the specification of the bid vector, i.e. the set of bid levels to include in

alternative specifications of the referendum.? Carson, Louviere et al. (1994) illustrate the

1. Formal derivation of these measures is presented in Chapter 3.

2. Noting that in most CVM studies experimental design is approached in an ad hoc fashion, Kristrom
(1997) reviews several recent papers on optimal design theory as applied to CVM.
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issue of experimental design by considering the problem of a choice experiment with
four three-level attributes, generating 34 potential alternatives. Assuming choice sets
comprised of three alternatives each results in 85,320 possible triples. If the design is
specified to céntain 54 choice sets, the problem then becomes selecting' which of
85,3201/541(85,320-54)! designs to employ, which is a very large number. More com-
plete discussion of statistical issues and techniques of experimental design are is provided
below in Chapter 4. Louviere (1988) provides a comprehensive discussion of the funda-
mentals of experimental design in CEA. Kuhfeld, Tobias et al. (1994) provide a more
recent review and discuss alternative design selection criteria. Given the importance of
experimental design in the CEA, a common refrain in many publications is the need for

extending statistical insights into the properties of alternative design criteria.

Steps 5-7 are again similar to the CVM process, although the specification of multi-
ple alternatives and choices renders these tasks more complex in a CEA study. In partic-
ular, the instrument design phase involves decisions about the number of attributes to
include in each alternative, the number of levels for each attribute to include in the
expeﬁmental design, and the number of alternatives to include in each choice scenario.!
Determination of these limits is principally determined by the analyst’s judgement
regarding the cognitive capacity of respondents and the complexity and familiarity of the
choice context. Carson, Louviere et al. (1994) suggest that the average CEA survey
employs sevén attributes, four choice sets and four alternatives per set, though they note
that there is a great deal of variability and this average does not constitute a best practice.
Swait and Adamowicz (1996) investigate the effect of respondents’ learning and fatigue
over successive choice sets and find that both effect the variance of responses for the
choice task at either end of the choice section of a survey. Thus, warm up questions
which allow the respondent to become familiar with the choice task and to refine their

internal preference map are recommended. Carson, Louviere et al. (1994) claim to have

1. A DC/CVM can be viewed as a choice experiment with two alternatives and one choice set.
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successfully administered surveys with up to 32 choice tasks, though this requires scaling
down the number of alternatives and attribute levels accordingly. Adamowicz, Boxall et
al. (1999) cite evidence that suggests that respondents can endure large numbers of
choice sets but sets with more than 6 alternatives tend to exceed cognitive limits. Addi-
tional bounds to be considered are the plausibility of attribute levels and combinations
thereof: alternative specifications which are perceived by the respondent as implausible
are unlikely to be treated seriously by respondents and may degrade the quality of the
data on successive choice tasks. It is also important to avoid presenting choice tasks
where a preferred alternative is obvious in that it dominates other alternatives, i.e. one
alternative has greater benefits and lower cost. These observations reveal nothing about

the marginal effect of attribute level on the choice probabilities.

An additional design consideration is the inclusion of a constant status quo alterna-
tive which appears in all choice sets. The liability of including a status quo alternative is
that respondents may use it as a means of limiting cognitive effort. Boxall, Adamowicz
et al. (1996) and Mazzotta et al. (2000) specify a status quo alternative and represent it
with an alternative-specific constant (ASC) in the econometric model. Both studies find
that the ASC is significant, suggesting that, ceteris paribus, respondents have some pref-
erence for or against the status quo that is not attributable to the values of the respective
attribures!. Though this result has not been highlighted in the literature, it does have
implications for isolating the component of preferences which is insensitive to scope vis-
a-vis the embedding effect discussed above. That is, since CEA is structured to identify
the effect of variation in attribute levels on the choice probabilities, it automatically mea-

sures sensitivity to scope. However, as the dichotomy between instrumental and expres-

1. Adamowicz, Boxall et al. (1999) and Hanley, Wright et al. (1998) speculate that CEA avoids the “yea
saying” bias exhibited in DC/CVM (Brown and et al. 1996) because it avoids the stark ‘all or nothing”
contrast inherent in the latter. Since the choices presented are between alternative specifications of envi-
ronmental improvements, there is no unambiguous “pro-environment” alternative and responses are
therefore more likely to express preferences rather than environmental attitudes. However, as these stud-
ies indicate, neither yea- or nay-saying are eliminated in the CEA approach, but the structure of the
method permits isolating these effects.
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sive values discussed above illustrates, there may be some component of preferences

which is insensitive to scale. The capacity to distinguish this component from prefer-
ences that are scale sensitive offers the ability to defuse the debate over the embedding
effect that has characterized the CV literature. Apart from these advantages and liabili-
ties, in the referendum context, the status quo alternative represents a “no” vote and

therefore must be included to realistically represent an actual voting scenario.

2.2.3.3 Advantages of CEA Relative to DC/CVM

Several advantages of CEA have already been noted:

* A common utility theoretic foundation with DC/CVM and hedonic travel cost
models;

* The ability to estimate compensated demand functions (i.e. marginal values) for dis-
cretely or continuously variable attributes of a good, and therefore the capacity to
“evaluate more complex decision scenarios. Natural resource decisions typically con-
cern changes in attributes of natural environments rather than wholesale gains or

losses in environmental resources;

* Tests for scope are built into the structure of the method as well as the ability to test
for a component of preferences that is insensitive to scope (i.e. yea- and nay-saying
effects);

* An experimental design phase that permits structuring choices to identify attribute
effects.

There is also a considerable advantage in avoiding the juxtaposition inherent in
CVM of the trade-off between a public (environmental) good and money. As Kahn
(1995) has pointed out, many respondents perceive this trade-off as one between money
and an ethical principle. Spash and Hanley (1997) and Stevens, More et al. (1991) find
that stark trade-offs berween money and biodiversity prompt reactions based on ethical
considerations rather than preferences in the neo-classical sense, and find that these
expressions can be interpreted as lexicographic preferences’. As Kahn (1995) points out,

the CEA skirts this problem by presenting alternative states of the world which are char-
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acterized by an array of attributes which include cost, rather than the stark contrast of
DC/CV. By portraying the decision scenario as more complex than a simple ethics/
money trade-off, respondents may engage in the more complex task of considering their
preferences. An associated advantage is the ability of the method to measure compensat-
ing amounts of attributes for changes in a given ateribute. This is particularly advanta-
geous in the damage assessment context, where it has been suggested that compensating
goods, e.g. restoration and mitigation at the damaged site in addition to environmental
improvements at other sites, rather than monetary compensation is a potentiaJ means for
defusing the controversy over disbursement of damage compensation (Mazzotta,

Opaluch et al. 1994).

An additional advantage is the greater data gathering efficiency of CEA. While most
CVM studies collect a single data point, the CEA produces as many data points from a
given respondent as alternatives included in the survey instrument. Though this is less
of a methodological advantage than the others noted above, considerable cost savings can

result, permitting improved quality in other elements of the survey process.

2.2.3.4 Empirical Applications of CEA in Environmental Valuation

Compared to the number of published studies using CVM, there is a small handful
of CEA and other conjoint-based studies in the published environmental economics lit-
erature. Recent papers include Layton, Brown et al. (1999), Roe, Boyle et al. (1996),
Opaluch and et al. (1993) and Mackenzie (1993) which employed a conjoint rating elic-

1. Lexicographic preferences over a pair of goods implies that the goods are perfect compliments, and
thus that efficient consumption occurs in fixed proportions. When a WTA elicitation reveals a refusal to
accept money compensation for decreases in an environmental amenity, lexicographic preferences imply
that income and the amenity are perfect compliments and therefore any change in their relatve propor-
tions decreases total utility resulting in a refusal to accept the compensation offer.
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itation techniques, and Champ and Loomis (1998), Loomis and et al. (1998), and Peter-

son and Brown (1998) which employed paired comparison techniques.

Adamowicz, Louviere et al. (1994) employed a CEA to evaluate preferences for alter-
native ﬂow regimes on two rivers in Alberra in recreationists’ site selection decisions.
Choice sets were constructed which included ten site attributes: travel distance (used as
proxy for cost), water quality, fish size and catch rate and others, as well as attributes spe-
cific to either standing or running water. Other design elements included 16 choice sets
per survey and a constant “other” alternative which allowed the respondent to abstain
from the hypothetical marker. A key element in this study is the inclusion of a revealed

preference (travel cost) model and a model which pools revealed and stated preference

data for site demand. All estimated parameters in the CEA study were significant,

though not in the revealed preference model, and it was found that CEA data could be
pooled with RP data control problems with collinearity in attributes in the latter. While
the CEA produced welfare estimates 2-5 times greater than the RP model, the pooled

model estimates were very close to those from the RP.

Boxall, Adamowicz et al. (1996) report the use of a CEA to measure recreation values
for moose hunting sites in Alberta. Six attributes of the design included distance trav-
elled, moose population size, grade of roaded access to and within the site, congestion,
and timber hdrvest operations at the site. Three alternatives were specified per choice set,
one of which was a constant status quo alternative. With the exception of road quality
and timber harvest, all attributes were significant and of the expected sign. A DC/CVM
elicitation was included in the instrument design to measure WTP (in terms of increased
travel) for increases in moose populations. The DC/CVM produced WTP estimates 20
times higher than the CEA. Possible explanations for the disparity are respondents’ fail-
ure to understand the choice task, yea-saying in the DC/CV, and respondents’ failure to
consider substitute sites when replying to the DC/CVM query. The authors provide

some statistical evidence that the latter is the chief cause.
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Xu (1997) performed a CEA to estimate values for ecosystem management in west-
ern Washington State amongst timber-rural, other-rural and urban households.
Attributes of ecosystem management were identified as: aesthetics, biodiversity, rural
unemployment, dominant management strategy, and cost to households. Aesthetics
were characterized visually with photographs and charts as forest age class distributions.
Biodiversity is described in terms of a biodiversity restoration index (a weighted version
of the Shannon Index) with a baseline level of 50 and a historical-norm value of 100.
Management strategies (three alternative strategies - preservation, commercial, and mul-
tiple-use) are described in terms of principle focus and pros and cons, thus nesting addi-
tional attributes which are not individually valued. Cost is specified as increases in wood
products costs with a payment vehicle of increased product costs and sales taxes. The
study included a DC/CVM question regarding WTP for increases in the biodiversity
index, and results were compared to the CEA to test for an “omitting information”
effect, ie. the effect of omitting the information on trade-offs and substitutes that is built
into the CFA elicitation. Other statistical tests included an independence of irrelevant
alternatives (IIA) test and a test for anchoring using split sample bid vectors, both of
which present favorable results. The author follows the utility-balance approach to
experimental design advocated by Huber and Zwerina (1996). This approach uses prior
information on attribute utilities (gained from a pretest of the survey instrument) to
compose sets of experimental contrasts (choice sets) that are very close in utility. In the-
ory, this permits more statistically efficient estimation of preferences, though Xu recog-
nizes that significant cost is incurred in terms of unrealistic alternatives which he
speculates may have impeded carefully considered responses. [t may also assume a greater
precision in preferences over passive use goods than is realistic. Survey results indicate a
maximal total willingness to pay (TWTP) of nearly $1300/year for increases in mature
and overmature forest to 60% of the forest age class distribution amongst urban house-
holds and $400 and $700 annually for timber-rural and other-rural households, respec-
tively. Values for biodiversity increases range up to $680/year and $400/year amongst

urbanites and other-rural communities for a BRI level of 75. Timber-rural residents
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expressed an intermediate value of $580/year, which is maximized at a slightly lower BRI

level than that preferred by the other regions.

In the first published application of CEA to measurement of non-use values,
Adamowicz, Boxall et al. (1998) study public preferences for old growth forest preserva-
tion and protection of threatened caribou populations in Alberta®. The survey instru-
ment incorporates both CEA and DC/CVM WTP elicitations or comparison purposes.
The survey design specified three alternatives in each choice set, one of which was the
status quo, and eight choice sets in each instrument. Five attributes describe each alter-
native (with four levels for each attribute): (1) wildlife populations (caribou and moose),
(2) wilderness area, (3) recreation restrictions, (4) forest industry employment, and (5)
tax increases. Attribute levels also spanned the status quo, thus allowing estimation of
both WTP for increases and WTA for decreases in the attributes. Random digit dialing
was used to identify 900 individuals who agreed to receive the survey, which was then

mailed and self-administered.

Data analysis included models estimated on both the CEA and CVM datasets as well
as a pooled dataset. In the pooled and CEA data, a status quo alternative specific constant
(ASC) is estimated, and both linear and quadratic functional forms are estimated for all
three data sets. The authors discuss the inclusion of demographic covariates in the
model, but note that only environmental group membership and income were signifi-
cant (with the latter only in the quadratic specification) and do not present this with the
model results, leaving demographic effects for further investigation. With the exception
of employment, all attribute parameters are significant and of the expected sign. In the
CEA, the quadratic model outperforms the linear specification, while the opposite result
was found for the CVM models. The status quo ASC was negative and significant, indi-

cating a disutility for varying from the status quo condition. When allowing for hetero-

1. Though not yet published in a peer-reviewed journal, (Xu 1997) appears to be a concurrent applica-
tion of CEA to passive-use values.
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geneous error variance between the data sets, the CEA and CVM were not significantly
different in the bid parameter. Comparisons over other attributes are made on the basis
of welfare estimates. Given the linear specification, the CEA produced more conservative
WTP estimates for the caribou program. In the quadra;ic specification, the opposite was
true, although inclusion of the status quo ASC lowered the CEA estimate to below that
of the CVM. Marked nonlinearity in WTP for caribou population improvements
observed in the quadratic model is attributed to characterization of an intermediate pop-
ulation level as a minimum viable population (MVP). Thus individuals expressed high
marginal values up to the MVP, and low marginal values thereafter. The authors inter-
pret the status quo term as indication of an endowment effect, and conclude that the
welfare estimates based on the quadratic model which incorporate the status quo effect
are likely the most accurate measures. Using effects codes for above and below baseline
levels of the caribou, wilderness and cost attributes, the authors identify further evidence
of endowment effects analogous to a WTA/WTP disparity. Negative marginal utilities
for decreases in the wilderness and caribou attributes are found to be much larger in mag-
nitude than the marginal utility of increases above baseline. This suggests that there
should be a kink in the compensated demand curves at the baseline level, though the

authors fail to discuss the implications of this disparity for welfare estimation.

Hanley et al. (1998) employed a CEA study to estimate willingness to pay for desig-
nation and implementation of Environmentally Sensitive Areas (ESAs), a program used
in Scotland to improve biodiversity conservation in agricultural areas. Five attributes of
ESA designation were identified: woods, heather moors, wet grasslands, dry stone walls,
and protection of archeological features, in addition to a cost attribute. The design
included eight choice pairs per respondent and the response format offered either of the
choice pair (choice A/choice B) neither (i.e. status quo), or “don’t know”. The instru-
ment used visual characterizations to describe changes in attributes as part of the survey
design, though depicted changes were qualitative rather than quantitative. Artribute

levels under with/without ESA scenarios were predicted using ecological models. All
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attributes were statistically significant with parameters of the expected signs in the choice
models. Linear and quadratic forms were estimated (only a quadratic term for tax was
included) with the latter exhibiting superior fit, and ASC’s were estimated but not found
to be significant. Parallel surveys were conducted using both dichotomous choice and
open-ended CVM elicitation formats and results of the DC/CVM and CEA were not
found to be significantly different, though both produced higher estimates than the
open-ended CV. The authors conclude with a discussion of the use of CEA attribute
values in benefit transfer analyses, suggesting that, insofar as the value of environmental
changes can be decomposed, the flexibility of CEA measures render benefits transfer

much more viable.

Finally, Mazzotta et al. (2000) presents a CEA study of public values for protection
of the Peconic Bay Estuary on eastern Long Island. Attributes of the bay environment
included in the study were acres of: farmland, undeveloped land, wetlands, safe shellfish-
ing areas, and eelgrass communities. The latter was included as a proxy for fish and shell-
fish populations because of the close association of the two and given the recognition of
unpredictability in the fish populations. The survey was administered using convenience
intercept sampling at high visitation locations around the bay. The instrument was
designed with five choice sets, each of which features a status quo scenario and two con-
servation alternatives, where the status quo was a 20-year projection under the current
management régime. The design specifies three levels for each of the attributes - the pro-
jected baseline level and two increases relative to the baseline projection. Three alterna-
tive modeling techniques are use to analyze the data, a standard conditional logit with-
and without ASC’s for each of the non-baseline alternatives, and a nested logit model
which specifies the status quo as one branch and the two other alternatives within a sep-
arate branch. All attribute coefficients in all three model specifications are significant
with expected signs. Both the nested and conditional model with ASC'’s indicate a cezeris
paribus inclination to choose a non-baseline alternative, which the authors interpret as a

yea-saying bias reflecting respondents’ symbolic value for environmental protection.
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Welfare estimates from the two models are not significantly different, though attribute
values are 1/2 to 2/3 the magnitude of those estimated based on the conditional logit
that fails to control for yea-saying. It is interesting to note that the authors regard it a
matter of course that the yea-saying effect should be controlled for and excluded from
the welfare calculation. This effect is essentially the same as that observed by Adamowicz,
Boxall et al. (1998), though in this instance it has a positive value versus a negative value
which the earlier paper interprets as a status quo bias or endowment effect. Adamowicz
et al. apparently interpret the value as a legitimate expression of preferences in that they
judge welfare estimates with a deduction for status quo effect to be the most accurate of
the alternative specifications. While it remains ambiguous which perspective is correct
(i.e. inclusion or exclusion of the SQ value), it should be pointed out that the interpre-
tation of a yea-saying bias in Mazzotta et al. appears to be erroneous. Because the speci-
fication of the status quo in their design was a 20-year projection of current trends,
whereas the levels under the conservation scenarios would maintain conditions closer to
the present day baseline relative to the 20-year projection, the observed status quo effect
appears to be the same as that observed by Adamowicz et al. and interpreted as an

endowment effect.

Again, the above is only a brief review of a vast literature on nonmarket valuation
techniques and applications. Though the published literature on CEA is currently very
limited, the apparent advantages offered by the method in terms of flexibility, potential
for benefits transfer, and measurement of multiattribute preferences presage a growth in
this literature similar to that observed in the CVM over the last decade. As public and
private land managers increasingly confront the complexities and implications of ecosys-
tem management, multiattribute methods such as CEA are likely to become increasingly
necessary. The research documented in this thesis identifies some important advantages

of CEA as well as significant areas for future development.




Chapter 3: Theory

3.1 Random Utility Models

Statistically, both the DC/CVM and choice experiment models in this survey are of
the class of multinomial choice models used to analyze the discrete response data pro-

duced by the survey instrument. The principal alternative method of WTP elicitation is

using open ended questions to which the respondent provides a direct statement of the

amount they would pay to gain an economic benefit, or alternatively, accept in compen-
sation to forego. Although this elicitation method is much simpler to analyze from a sta-
tistical perspective, it has been shown to be problematic in eliciting accurate responses
(Arrow, et al. 1992). The advantages of closed-ended, discrete response elicitation ques-
tions with respect to realism and incentive compatibility are purchased at the cost of
greater statistical complexity. Both the DC/CVM and the choice experiment methods
rely on the random utility model (RUM) framework to provide a utility theoretic inter-

pretation of the discrete responses observed from the respondents.

Given a set of alternatives 4, presented to an individual 7, the probability that any

one alternative 7 is chosen is given by:

P(i|4,) = P(U,,= U, ViEA,) (3-1)

where U, is the utility that individual 7 achieves by choosing alternative . The prin-
cipal insight of random utility theory (Ben-Akiva and Lerman 1985; Hanemann 1984-
from which the following derivations are adapted) is that utility, which is not directly
observable, can be partitioned into a deterministic component and a random compo-
nent. The accompanying assumption is that the individual knows their utilty function
with certainty, but due to unmeasured attributes of the good being valued, variations in
tastes, and other measurement errors, from the perspective of the investigator, utility 1s

stochastic:
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Uin = Vvin + ein (3-2)

where V,, is the mean and ¢, the random disturbance of the stochastic random util-
ity function. The specification of V;,, includes a vector of attributes of alternauve 7, X,
which includes a price or bid variable, and a vector of characteristics of the respondent,

R,, including income. Thus:

Uin = B'AX,, R,) +¢;, 3-3)

where the deterministic component is here specified as linear in parameters, though
the function f(.) can be nonlinear. While it is possible to specify a non-linear in param-
eters statistical model, this becomes much more complicated to estimate and interpret.
With the indirect utility specified as above, the individual seeks to maximize utility such
that

Pn(z'An) = P(B’ﬂXin’ Rn) + ein > B’f()(}'ﬂ Rn) + 8]-”) (3-4)
L P MKy BB Ay Ry) 2 (8, €,))i] €4, 1%

Notice that, unless R_ enters the function f{*) nonadditively, it appears identically
on both sides of the inequality and cancels out of the equation. Thus, R, must enter non-
additively if the effects of respondent characteristics on choice are to be measured. If e,
and g, are assumed to be extreme value independently and identically distributed (IID)
with scale parameter W, then e*=¢;,-¢ . is logistically distributed (Ben-Akiva and Lerman
1985, pp. 104-106). This distributional assumption approximates the normal and i1s
used for mathematical convenience as P, (#)A,) is an indefinite integral if the normal dis-

tribution is used. This distributional assumption leads to the multinomial logit (MNL)

model for the choice probabilities (McFadden 1974; Ben-Akiva and Lerman 1985):

K Y; X, ‘RX,» R,
P(ila,) = &7 N L= HEAX R 3 B R)
A &4,

(3-5)
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Since p appears as a multiplicative constant on every parameter of the model, it is
not identifiable. A common assumption employed by users of MNL models is that the
scale parameter, W, is equal to one, which connotes homoscedastic disturbances. While
this assumption is sufficiently innocuous for a given set of observations, it can confound
the comparison of parameters estimated on different sets of observations if the data give
rise to different scale parameters such that p,,/py = 1 where M and N denote datasets
1,...,m and 1,...n, M=N. Empirical observations in similar studies have found that this
ratio was not significantly different than one (Xu 1997; Adamowicz, Boxall etal. 1998),

and we adhere to this assumption in this study.

The log likelihood function for the MNL model above is

L= Y 5,P64,) =3 ; 5o B K Rn)-m’; BAX,R)) 69
nic€A, n

w i€A, €4

where s;, =1 if alternative 7 is chosen by individual , else 5;,=0. The necessary first
order conditions to maximize the likelihood function are obtained by setting the first

derivative of Equation 3-6 with respect to the parameter vector equal to zero:

euﬁ ,_ﬂXin’ Rn)(ﬂXim Rn))

d R Y jEA4,
b—BlnL -_— Eﬂ ’ siﬂ ﬂXiﬂ’ Rﬂ) + Mﬁ’ﬂX,—m Rn) - O (3‘7)
4

jEA

n

or in more compact form

N

2L = S 3 (o PO Koo B)) = 0k = L K 69
ﬂ:liEAn
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McFadden(1974) demonstrates that, under relatively weak conditions, /zL in
Equation 3-6 is globally concave so that a solution to Equation 3-7, if it exists, is unique.
Thus the ML estimator of B is consistent, asymptotically normal, and asymtotically effi-
cient. Also note that the binary logit used in the DC/CVM component of the analysis is
a special case of the multinomial logit, where there are two elements in the set A, and

Equation 3-5 collapses to

Mﬁlﬂ/Yin’ Rr/) 1
P (i) = = (3-9
n ' A,R ! . - ! '7R”— X’rpRﬂ
with log likelihood function:
N euﬁ'ﬂX;m R,)
= . (3-10)
InL E {smln(( WP AX, R)  uBAX, R”)) +
n=1 e + e
el,kﬁ'ﬂx,-m R,)
‘fﬂ“’{ wB X R,)  WBAX, R,) }) }
e +e
and first order conditions
g N ‘
==L = Y [5;,~ P ()X, R,) (3-11)

B,

n=1

WTP/WTA estimation: Estimation of Hicksian welfare effects from the MNL

choice probabilities follows the method outlined by Hanemann (1984) and Hanemann
and Kanninen (1999). Given a quantity change in the level of a public good from X° to
X', the compensating surplus which exactly offsets the utility gain of the change is the

level of C which solves the equality:
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v(p, X ,y-C Re) = v(p, Xy R ¢) (3-12)

where v is indirect utility, p is the vector of market prices (hereafter assumed constant
and left implicit for simplicity), a X is vector of attributes other than the bid level C, y is
income, R is a vector of sociodemographic characteristics, and ¢ is a random error term.
The objective is to solve for the expected value of C=C(p,X0,X1,y.R, ¢), which is the max-
imum WTP for the change from X’ to X’. Assuming the additive separability of the cost
attribute of the good in the individual’s indirect utility function, we can express the

deterministic part of utility as
— ’
Vin = B f()(in’ Rn) + O“Cin

where Cis the specified bid level for alternative 7, and @ is associated parameter. The
following measures TWTP/TWTA for a change in the attributes of a good from state
to state j aggregated over all observations (adapted from Hanemann (1984), see also

Adamowicz, Fletcher et al.(1994) and Xu (1997)):

TWTP|TWTA = CS = —1{ IS ¢~ In E'e”f"} (3-13)
o €A JEA
_ 1 {m 3 eﬁ’ﬂX;mRnHaCm}_ {m 3 eﬁﬂ&-m&)w@”}
S T €

If the mean value of TWTP/TWTA for the change in all attributes from state 7 to

state j is of interest, Equation 3-13 simplifies to

TWTP|TWTA = CS = —é(a(c,.— C) + B (X, R) - X, R))) (3-14)
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where f{XR) is evaluated at the sample mean value of R, recalling that R drops out
of the equation if it enters f{.) additively. The TWTP/TWTA for the “part-worth” of
the change of an individual attribute £ from state 7 to state 7, holding other attributes

constant, further simplifies to

B

Finally, the Hicksian compensated demand curve, depicting marginal WITP/WTA

for attribute £ at level 4, is given as:

MWTP|MWTA, = %Cs - —gf(Xi,?, R (3-16)

(Hanemann 1991; Beenstock, Goldin et al. 1998; Li, Lofgren et al. 1996)

3.2 A Note On Measures of Central Tendency

Hanemann and Kanninen (1999, pp18-19.) make an important distinction berween
the conventional regression techniques used in analysis of open ended WTP data and the
limited dependent variable models used in conjunction with discrete choice elicitation
methods. With the former, the investigator obtains an estimate of the mean WTP con-
ditional on the regressors. The latter estimates the entire conditional cumulative distri-
bution function (cdf) of the dependent variable. The preferred measure of central
tendency by which to summarize the estimated cdf is therefore at the discretion of the
investigaror, and its selection can significantly alter the results of the analysis. This is dis-
tinct from the selection of central tendency in the sample, i.e. whether to evaluate WP

at the sample mean, median or other quantile values of the covariates.
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Given a linear specification of the regression model f{*), the mean and median of the
logistic distribution coincide, though this is not the case with other, e.g. log-linear, func-
tional forms. Generally, therefore, it is important to note that the mean is more highly
sensitive to the tails of the distribution. Thus, for example, in instances where the tails
are not well defined given a high proportion of yes responses to the highest bid level spec-
ified in the survey design, the investigator must be cautious about using the mean WTP

to summarize the distribution.

It is customary to use the sample mean to represent aggregate welfare effects for the
purpose of benefit cost analysis. The economic foundation of the BCA decision rule is
the Kaldor-Hicks potential compensation criteria, which compares the aggregate gain to
aggregate losses over the entire population (Johansson 1993, pp. 117-120). Kaldor-

Hicks is in fact a social decision rule that states that, if a given policy initiative results is

sufficient aggregate net benefits that gainers could compensate losers and still achieve a

net gain, i.e. if the policy creates a potential Pareto improvement, then the policy-is con-
sidered to improve social welfare. Hanemann (1989) restates a point that has been made
repeatedly: as a social decision rule, the Kaldor-Hicks criteria is inadequate as on ethical
grounds!, and suggests that a more acceptable decision rule in many contexts is a major-
ity voting rule, which is equivalent to the sample median WTP. That is, the sample
median is equivalent to the level of policy cost at which 50% of the population would
vote yes. The essential point is that, by choosing a measure of central tendency by which
to summarize the analytical results, the investigator makes a decision that may strongly
influence the conclusions of the study, and which has important ethical dimensions vis
a vis the operative social decision rule. While the objective of a given nonmarket valua-

tion study may be to obtain welfare estimates strictly for the purpose of BCA, consider-

1. Amongst other objections, the K-H criteria is criticized on the grounds that it would approve a
resource reallocation that benefits wealthy individuals at the expense of the poor, so long as the beneficia-
ries’ gain outweighs the total losses of those who bear the costs.




49

ation of the appropriateness of BCA in a specific context is not beyond the domain of

economic analysis and should not be ignored in any complete study.
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Chapter 4: Survey Development and Design

4.1 Definition of measurement objectives and techniques

Development of the valuation survey began in March, 1998. The initial planning
consisted of several meetings with collaborators in the Coastal Landscape Analysis and
Modeling Study (CLAMS) to determine the informational needs of the larger modeling
project. These meetings identified an extensive list of biodiversity indicators which
would be produced by the CLAMS models and for which economic values were desired.
This initial list was determined to be far too extensive to incorporate into a standard val-
uation exercise. Through consultation with CLAMS scientists and review of the conser-
vation biology and forest management literature, it was determined that most
biodiversity indicators of interest in CLAMS could be nested within five themes: game
management, aquatic habitat and anadromous fish, threatened and endangered species,
forest structural and age-class diversity, and biological reserve networks. Each of these
themes represents both a key element in the biodiversity literature as well as distinct pro-
grams of management institutions operating on the Coast Range landscape (see

Section 2.1 for further detail).

Amongst the range of valuation techniques available, the choice experiment method
was identified as offering the greatest potential to address the range of valuation issues
identified for analysis, specifically the need for continuous value estimates (i.e. demand
functions) rather than point measures, the multiattribute nature of the valuation prob-
lem, and the largely passive-use nature of biodiversity benefits. It was also determined
that a mail survey would be necessary given the need to present a relatively large infor-
mation set to survey respondents. Despite liabilities of mail surveys associated with non-
response problems (Arrow, Solow et al. 1993), the need for visual aids rendered

telephone surveys infeasible and time and budget limitations precluded a personal inter-
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view approach with sufficient sample sizes. The survey was carefully designed, tested and

administered to minimize problems of nonresponse.

4.1.1 Focus Groups and Preliminary Survey

During July and August of 1998, a series of six focus groups were conducted, two in
each of the three principal geographic regions Qf the statel. The initial round of three
focus groups were principally ethnographic investigations to determine the level of
familiarity of the lay public with environmental issues, and the appropriate vernacular
for conveying forest management concepts in a survey instrument (Carson, Louviere et
al. 1994). Questions addressing participants’ use of Coast Range resources and relative
importance of attributes were posed to prompt discussion. In importance ratings, all five
of the elements discussed above were rated as moderately to very important. In ranking
the elements, game species were universally identified as least important, although
responses varied between the remaining four attributes. The game species attribute was
subsequently dropped from the survey design. Responses to written material indicated a

need for more simplified terminology.

Prior to the second round of focus groups, additional consultations with CLAMS
investigators were conducted to identify hypothetical scenario descriptions and a simpli-
fied information set to present to focus group participants. Portions of a preliminary
survey instrument were developed describing the management situation, factors influ-
encing elements of biodiversity, and alternative metrics for describing change in each of
the attributes. Due to inability to predict changes in salmon population levels, a deter-
mination was made to express changes affecting coastal salmon populations in terms of

quantity of habitat protected. Subsequent focus groups were used to pretest a number of

1. Redmond and Klamath Falls (Eastern Oregon); -Portland (Willamette Valley), and Coos Bay and
Newport (Coast Range).




Table 4-1. Focus groups

Focus group location Date Number of participants

Redmond 7/13/98 11
Newport 7/15/98 - 9
Portland 7122198 12
Portland 8/12/98

Klamath Falis 8/19/98

Coos Bay 8/20/98

potential survey questions and formats. Acceptability of policy scenarios, specifically
payment vehicle, was addressed and it was found that, though generally unpopular,

respondents felt that income taxes were the most appropriate funding source for biodi-

versity protection. It was thus concluded that this payment vehicle would not generate

an excessive level of protest response. Graphic elements were pre-tested including pie
charts, icons and photographs used to illustrate changes in attribute levels, and found to

be perceived as neutral.

4.1.2 Mail pretest

A pretest survey was sent out on November 10, 1998. A random stratified sample of
Oregon households was generated by a professional sampling firm, with 40 households
each in the Coast Range, the Willamette and Umpqua Valleys, and Central and Eastern
Oregon regions. Strata were identified on the basis of postal zip code boundaries to con-
form as closely as possible to the Coast Range physiographic provincial boundary and
the Eastern Oregon congressional district (Figure 4-1). The survey was administered
according to a modification of Dillman’s Total Design Method (Dillman 1978), with a
cover letter describing the survey and its purpose, a $1 bill and a postage paid return
envelope. A reminder postcard was sent one week later, followed by a second copy of the

survey instrument after an additional week, accompanied by a cover letter reiterating the
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importance of representing the respondents’ views. A final reminder postcard was sent
December 3. Forty-two respondents returned partially or fully completed questionnaires
and 20 surveys were returned as undeliverable. Phone calls to nonrespondents indicated

that the relatively low effective response rate of 42% was due primarily. to the holiday

Figure 4-1. Sample Strata
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season, and did not represent a systematic effect due to particular disinterest or views on
biodiversity amongst the nonrespondent group. The cover letter for the pretest mailing
noted that it was a preliminary version and requested comments from respondents on
the content and design of the survey instrument, and several respondents provided
extensive comments. Of particular concern was the high rate of item nonresponse in the
choice experiment section, given that a majority of respondents completed only the first

of three elicitation questions.

As a result of information gained from the pretest, significant revisions were made to

simplify the design of the survey. Examples of changes include simplification of the
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forest age class description from four to three classes, reconfiguration of the choice exper-

iment section to improve clarity of alternative descriptions and decrease item nonre-

sponse, and a change in the endangered species attribute from probability of species
extinction to percent of endangered species habitat under protection, the same metric

used to express changes in salmon protection.

A subsequent draft of the survey was reviewed by a public school science instructor,
who suggested several changes to address the questionnaire at a 7th-grade reading level.
Additional reviews by valuation practitioners Drs. Stephen Swallow, Rebecca Johnson
and John Loomis suggested numerous changes in phrasing, layout and experimental
design. After incorporation of these changes, a draft questionnaire was tested in 10 per-
sonal interviews using a verbal protocol analysis (Schkade and Payne 1994). Interview
participants included a shop owner, a blacksmith, a retired farmer, and a waiter, and
spanned a broad array of income and education levels. Results were quite satisfactory,
with respondents able to independently understand the informational content and the
choice tasks. Respondents typically completed the survey in approximately 25 minutes,
although many suggested that they would go slower if they had received the survey at
home and were not in an interview setting. After minor corrections, the final draft of the
survey was mailed using the same protocol as for the pre-test survey, with a stratified
sample of 1000 households in each of the three regional strata. Details of the survey
administration are provided below. A copy of the final draft of the survey instrument and

accompanying cover letter and reminder postcards are included in Appendix A.

4.1.3 Instrument Design

The survey instrument is composed of four sections. An introduction and informa-
tional section review the background and purpose for the survey, introduce the concept
of biodiversity and ask the respondents to identify personally important benefits of

Oregon forests. Five pages of the survey booklet are devoted to describing the four
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attributes of biodiversity protection, identifying causal factors for decline, and current
state, federal, and private actions to improve their status. Each of the attributes is
described in terms of a programmatic mechanism for protecting one of the elements of
biodiversity and the baseline level of implementation is specified. Thus, for example,
salmon protection is described as the extension of the current level of habitat protection
on federal land encompassing 15% of Coast Range streams (see Appendix A for conser-
vation program descriptions). Color graphics are used extensively throughout to main-
tain respondents’ interest. Graphic icons are presented for each of the conservation
programs which visually depict quantitative changes in the program by incorporating
either a pie chart or histogram with a representative image of the program. These are
designed to be used in the choice questions to present variation of the attribute levels in

visual as well as textual terms.

The information section is followed by a summary in which the four biodiversity
programs are contrasted, and the choice situation is motivated. Creation of a biodiversity
trust fund is identified as a mechanism to pay for improvements in biodiversity protec-
tion, to be paid for through income taxes paid by the general public as well as fees paid
by industrial and recreational forest users. Questions that ask the respondents to rate and
then rank the four programs are posed, followed by a question that asks the respondents
to compare the biodiversity programs’ importance to other social programs requiring
public funding, e.g. education, crime prevention, rural development, et cetera. A DC/
CVM question asking the respondent’s willingness to pay is presented for one of the con-
servation programs (where the design specifies one program in each of our versions of
the survey instrument) preceded by a brief paragraph exhorting the respondent to con-

sider trade-offs to biodiversity in the Coast Range and constraints on household spend-

ing.

A brief passage precedes the CEA section which provides instructions, specifically

emphasizing the importance of answering all of the choice questions. The choices are
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described as hypothetical ballots in a state referendum and the income tax payment vehi-
cle is reiterated. Each of four choice scenarios asks the respondents to express their first
choice of three alternatives: a status quo alternative and two alternatives which include
variations in the levels of the four conservation attributes and a bid level described as an
annual cost to the household. The choice questions include a follow-up asking the

respondent to briefly describe the reason for their selection. The CEA section is followed

by a set of demographic questions and an open page for comments.

Principles of conservative design: As noted above, the design of the survey offered

the opportunity to incorporate both choice experiment and dichotomous choice contin-
gent valuation elicitation questions. In addition to empirical objectives of identifying
welfare measures and relative preferences for changes in biodiversity conservation, meth-
odological development is achieved by comparative analysis of alternative measurement

techniques.

Following the NOAA Panel’s recommendation, the design of the survey instrument
incorporated a number of measures to control instrument effects and other biases, tend-
ing to produce conservative welfare estimates. The selection of the CEA framework was
motivated in part by the suggestion of the NOAA Panel and several other authors that
the CEA will tend to produce more conservative estimates of WTP. By portraying nat-
ural resource decision making in light of complex trade-offs, the existence of substitutes
is emphasized in the framework of the elicitation question (although in most applica-
tions the range of substitutes portrayed is narrowly restricted to attributes of the good,
rather than alternative goods). To the extent that respondents are inclined to respond
positively to referendum questions due to a yea-saying or symbolic bias, the multiple
alternatives in the CEA render the “symbolically superior” alternative ambiguous. Since
the status quo alternative is described in terms of the baseline level of the attributes, each

of which is a positive value, it is less starkly contrasted to the other alternatives and the
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relative “symbolic value” of the latter is diminished. Thus, arguably, the choice experi-

ment is less prone to yea-saying. Additional conservative design elements include:

* Use of willingness to pay welfare measure rather than willingness to accept’, which is
frequently demonstrated in the literature as generating much higher welfare esti-

mates than WTP (Knetsch 1990; Hanemann 1989)

e The elicitation of household WTP rather than individual WTP, the latter of which
has been demonstrated by Quiggin (1998) to be subject to double counting due to
within-household altruism;

e Questions prior to the WTP elicitations that prompt the respondent to rank and
rate the biodiversity attributes. To remind respondents of budget constraints and
other substitute public goods, a question is included that asks respondents to rate the
importance of a number of public goods programs, including the biodiversity mea-
sures in the survey as well as public education, crime reduction, health care and oth-
ers. These exercises prepare the respondents for the prioritizing exercise encountered
in the choice experiment section of the instrument. Carson, Louviere et al. 1994)
speculate that warm-up exercises such as these reduce the error variance of the WTP
estimates as respondents refine their preference mapping. Loomis, Gonzalez-Caban
et al. (1994) also finds that reminders of substitutes and budget constraints tend to
decrease estimated WTP by controlling hypothetical bias.

» The potential for interviewer bias inherent in telephone and in-person interview sur-
veys is eliminated by use of a self-administered survey instrument delivered by mail.
The mail format presents some liabilities in terms of high nonresponse rates. This is
ourweighed, however, by the ability to gather large amounts of data affordably with a
well-designed and thoroughly pretested instrument.

e Tests of the effect of the order of presentation of the attributes in the information
section and the DCCV and CEA elicitations on choice probabilities are included to
identify anchoring biases.

As a final note, it is widely recognized in the valuation literature that the validity and
reliability of hypothetical values are in opposite proportion to the familiarity of the

respondent with the subject of valuation. Ajzen, Brown et al. (1996) provides evidence

1. The CEA elicitations in the survey instrument are always expressed as WTP, i.e. bid amounts are all
positive. However, other attributes include levels that are below baseline. It is possible, therefore, to iden-
tify how much less the average individual is WTP for an alternative which is characterized by a decrease
from the baseline level for a given attribute, relative to a alternative with no decreases and which is other-
wise identical. In effect, this measures WTA for decreases below baseline without directly asking the indi-
vidual to accept money compensation for a decrease in biodiversity protection.
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that unfamiliarity increases variance of estimates and, if the survey instrument invokes
an altruistic response, WTP is biased upward. The survey instrument designed for this
research attempts to present a balanced view of resource management of the relative
trade-offs required in identifying a conservation strategy for the Coast Range. The long
history of resource use and controversy in Oregon and the prominence of the public
debate and media coverage concerning natural resource use and policy has resulted in a
population that has an uncommonly high degree of familiarity with these issues. Thus,
it is likely that respondents do not regard the choice scenarios presented as purely hypo-
thetical, as there have been comparable precedents on recent state ballots and in policy

and management decisions at all levels of jurisdiction.

4.2 Experimental design

A key element of choice experiment analysis and conjoint methods generally is
experimental design. Conjoint methods are essentially experiments in which the investi-
gator measures the effect of experimental factors on choice probabilities. Thus, the spec-
ification of choice scenarios is analogous to experimental contrasts of alternative
treatments represented by composite goods. Composites are distinguished by differences
in attribute (factor) levels. The interface of the conjoint analysis literature with the exper-
imental design literature is much greater than that of CVM. In the latter, the bid vector
is typically the only attribute which is subject to variation, and the relative simplicity of
the design issue in CVM studies has been typically treated in an ad hoc fashion (Kristrom
1997). As noted in Section 2.2.3.2, the potential number of contrasts in an experiment
as large as the one executed in this research is huge. The problem of selecting which con-
trasts to specify in the design is critical to minimizing the variance of parameter estimates

in the choice modelling.

Central design questions in a CEA are the number of attributes to identify, the

number of alternatives to present in each choice set (i.e. contrast), and the number of
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choice sets to present to a given respondent. These effectively define the parameters of
the experimental design and are determined largely on the basis of the investigator’s
judgement with respect to respondent’s cognitive limits and the complexity of the deci-
sion scenario. Carson, Louviere et al. (1994) suggest “average” designs feature seven
attributes, four alternatives per choice set and four choice sets per survey instrument,
though they note that there is considerable variation in the published literature!. As
described above, the design used in this research included four attributes to describe
biodiversity conservation. With the addition of the bid attribute, there are five factors
specified in each choice alternative. Given the complexity of the subject and the length
of the questionnaire booklet, it was determined that four choice sets would be included
in each questionnaire. Each choice set is composed of three alternatives - one constant
status quo alternative which does not vary between choice sets, and two alternatives
which vary in attribute levels. In the survey instrument, alternatives are labelled Alterna-
tive A, Alternative B and Alternative C: No Change. Carson et al. note the advantages
and liabilities of specifying a status quo alternative. Advantages are the added realism that
the SQ alternative adds given that in most purchase or referendum decisions the no-pur-
chase or no vote are available choices, as well as defining a baseline for comparison of
relative values. In a nonmarket valuation context, the status quo alternatiye is particu-
larly useful for identifying an element of choice probability that is insensitive to changes
in the attribute levels. The principle liability is the potential that respondents will choose
the SQ simply to avoid the cognitively demanding task of weighing alternatives. Inclu-
sion of the SQ alternative requires a somewhat more complex choice probability model,
though its effect can be captured quite simply using an alternative specific constant

(ASC) in the utility model.

1. Many of the studies reviewed were marketing analyses for consumer goods with which respondents are
likely to be much more familiar than is the case with public goods and passive-use amenity resources. The
number of alternatives and choice questions that are feasible is generally in opposite proportion to the
unfamiliarity and complexity of the goods being valued.
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The reviewed literature suggests that quadratic effects of all attributes are potentially
significant. Thus, a minimum of three levels for each attribute are required to permit
estimation of linear and quadratic effects. Statistical efficiency of the design is enhanced
by specification of the minimum number of levels necessary to estimate all terms of
interest. For a linear model, for example, an optimal design will feature two levels of each
factor, set at the upper and lower extreme of the relevant range. Statistical efficiency not-
withstanding, valuation practitioners strongly recommend use of 5-9 levels for the cost
attribute, to permit identification of nonlinear effects of cost on choice and to minimize
the chance of poorly defined tails in the choice distribution (Swallow, personal commu-
nication; Loomis, personal communication). Boman, Bostedt et al. (1999) also point
out that maximizing the number of points of the bid vector is the most important design
criteria for nonparametric methods, since the proportion of yes responses at each bid
level is the sole basis for estimation of the WTP distribution. Thus, eight levels of the
bid factor are specified in the design for the CEA and DC/CVM portions of the survey
instrument. The range of bid levels was adapted from those used in the study by Xu
(1997) and adjusted based on the results of the survey instrument pretest. Design levels
are listed in Table 4-2 along with the description of the conservation programs from
which alternatives were composed. In order to permit estimation of willingness to accept
(WTA) for decreases below the baseline level of the respective conservation programs,
below baseline levels are specified in the design. For the forest age program this is repre-
sented by an elimination of the estimated 5% of old growth remaining in the OCR as
well as a decrease in the amount of forest in the <50 year age class, supplanted by a
increase in the middle age class. Above baseline levels were selected based on the range
of management proposals appearing in a survey of both the published and gray literature.
The upper levels are intended to represent “extremes” and the lower levels represent
more broadly acceptable alternatives as indicated in responses to the preset survey. Base-
line levels for salmon and endangered species habitat are the percent of land in the OCR

federally owned. Biodiversity reserves comprising the baseline level of 10% of the OCR

are the contiguous areas of land under federal ownership that are designated in protected
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status (i.e. areas of critical environmental concern, wilderness areas, research natural

areas, and Late Successional Reserves, identified using digital maps of ownership and

management status in the CLAMS database. The baseline age class distribution is taken

from Wimberly, Spies et al. (2000). Two bid vectors are defined based on results from

the pretest that indicated the Willamette Valley stratum expressed a schematically higher

WTP than the Coast Range or Eastern Oregon strata. Thus, the bid vector for the WV

stratum is shifted up from the values for the other strata as indicated in Table 4-2.

Table 4-2. Design levels for biodiversity attributes

aturibute description below baseline level | baseline level above baseline levels

Salmon habitat-% of coastal streams man- 5% 15% 40%, 90%

aged at highest level of protection for coastal

salmon

Endangered species:% of Coast Range land | 5% 15% 25%, 75%

covered by recovery plans for endangered

species

Forest age class:% of Coast Range Forests in | 55%/4 5%/0% 70%/25%/5% 33%/34%/33%,

<50 year, 50-150 year and >150 year age 25%1/25%/50%

classes

Biodiversity reserve:% of Coast Range land 5% 10% 20%, 40%

placed in network of large scale reserves set

aside for biodiversity and natural processes

and functions

Annual cost in increased income taxes 0 CR, EQ:10, 22, 45,
86, 145, 236, 365,
648;
WV: 22, 45, 86, 145,
236, 365, 648, 1272

Desien of Choice Sets: Each survey questionnaire includes four choice sets, each

composed of two variable alternatives plus the constant status quo alternative. A bal-

anced incomplete block (BIB)! design was used to select the set of alternatives (termed

runs in the design literature) from the universe of possible factor-level combinations and
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arrange them into blocks of four choice sets of two runs each. To each pair of runs was
added the constant status quo alternative to compose the choice sets. A design of 64 runs
was specified to permit estimation of all linear and quadratic effects of the five attributes.
The SAS OPTEX procedure was used to generate efficient designs according to the D-
efficiency criterial (Kuhfeld, Tobias et al. 1994) using the technique outlined in Kuhfeld
(1996). The OPTEX procedure iteratively selected sets of 64 runs from a candidate set
of 640 runs representing a full factorial design. By iteratively selecting design sets and
testing their efficiency, the OPTEX procedure identified sets of 64 runs blocked into 16
blocks of four pairs each, that achieved the same level of D-efficiency as the full factorial
design. In a second phase, the pfocedure selects balanced designs from the most effi-
cient designs identified in the first phase. Ten maximally efficient, balanced designs were
generated using this process and then manually inspected to identify dominating and
dominated afternatives in each choice pair. The least dominated design included four
out of 64 pairs which included a dominating alternative. In each of these, the bid levels
were swapped to eliminate the dominance. The resulting design was tested again using
the OPTEX procedure (Kuhfeld 1996, p. 69) and found to exhibit no loss in efficiency.
The final choice set design is listed in Appendix B.

1. The BIB design is balanced in that each level within each attribute appears in the design set an equal
number of times, resulting in minimal design pairs in which a given attribute has the same level in both
alternatives. Incomplete block refers to the blocking of the design set into subsets such that each respon-
dent responds to only eight choice sets, in four pairs. In an unblocked design, respondents would be
exposed to all 64 alternatives in the design simultaneously. Thus in the incomplete block design
employed in this study, respondents are exposed to triplets of alternatives - two design alternatives and
the constant SQA - rather than the entire design set simultaneously. Individual respondents receive differ-
ent blocks of choice sets, and therefore do not receive the full set of blocks which comprise the complete

design. See (Kuhfeld 1996) for further detail.

1. D-efficiency is quantified as the determinant of the information matrix [XX} of the design. See Carson
(1994) and Kuhfeld, Tobias et al. (1994) for further discussion of this and alternative efficiency criteria.

2. D-efficiency levels of 33.56% were achieved by both the 640 run full factorial and balanced incom-
plete blocks designs of 64 runs. As D-efficiency is a relative measure of design efficiency, the design
employed in the study achieved 100% efficiency relative to the full factorial design.
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4.3 Sample and survey administration

The sample for the final survey was selected at random from the population of
Oregon houscholds by Affordable Samples, Inc., drawing from a database compiled
from a variety of sources and updated monthly using postal service and telephone com-
pany change of address records. A sample of 3000 households was drawn, stratified by
region with 1000 records in the CR, WV and EO strata, respectively. The survey was
administered using the same process as that for the pretest survey. A copy of the survey
booklet with an accompanying cover letter, business reply envelope and an attached $1
bill was mailed on June 2nd, 1999. A reminder postcard was sent one week later on June
8th. Difficulties in reproduction of the survey booklet delayed the third mailing until
July 16th. This mailing contained a second copy of the survey booklet (which matched
the version of the booklet sent to each respondent in the first mailing), a cover letter and "
a business reply envelope. A second reminder postcard was sent one week later on June
23. The pattern of survey returns is plotted in Figure 4-1, which indicates that 79% of

the responses were received prior to the mailing of the second survey copy.

Of the original 3000 surveys mailed, 460 (15.3%) were returned as undeliverable by
the postal service. Of the deliverable surveys, 1372 were returned either fully or partially
completed representing an effective response rate of 54%. Of these, 1090 surveys pro-
duced usable results, with 20% of those returning the surveys failing to complete the val-

uation questions or providing unusable responses.
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Figure 4-1. Survey response rates over time.
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Many of the design and administration principles that have been developed over the last
decade for CVM studies are directly applicable to CEA studies. However, this newer
technique introduces several new elements to survey development and design for which
there is little published research on which to draw. Definition of attributes in the multi-
attribute framework is likely to remain something of an art. This component of CEA
research must balance informational needs of managers and policy makers (and possibly
other technical analysts in the case of integrated policy analyses), which may be quite
narrowly defined, with the interests and cognitive limits of the lay public. The number
and complexity of choice tasks presented to respondents is also determined largely on the
basis of the investigators’ judgement, though some empirical work has recently been
undertaken to artempt to define some of these limits. Similarly, criteria for selection of
experimental designs that will minimize the variance of parameter estimates and permit
estimation of sufficiently flexible econometric models is an additional area ripe for

research. If the vigor of research in CEA applications in nonmarket valuation resembles

that seen in CVM research, many of these issues are likely to be addressed with consid-
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erable insight in the short term, though new controversies are likely to erupt just as rap-

idly.




Chapter 5: Analysis and Results

The focus of this research is the estimation of simulated prices for biodiversity con-
servation. Analysis of willingness to pay data collected in this survey is presented in this
chapter. In addition to the elicitation questions, the survey design included questions to

investigate respondents’ attitudes regarding each of the four conservation programs, gen-

eral attitudes regarding alternative uses for Oregon’s coastal forests, and rating and rank-

ing questions of the four programs relative to public programs which are alternative
targets for public expenditures. These latter questions were intended to set both the DC/
CVM and CE elicitation questions in the context of public referenda and to remind the
respondent of constraints on personal and public budgets and the existence of substitutes
for the goods being valued (Loomis, 1994; Arrow, Solow et al. 1993). The following sec-
tion presents the analysis of data collected with these questions. This is followed with the

results of the WTP modeling analysis and a comparison of the CEA and DC/CVM

results.

5.1 Attitudes

Table 5-1 presents cross tabulations of response data for four questions regarding
respondents’ familiarity with and artitude roward biodiversity conservation and salmon
restoration. The uniformly high proportion of respondents stating that they have read
or heard the term “biodiversity” and are aware of the decline in salmon populations
reflects the generally high rate of literacy on environmental issues of the Oregon public
(OFRI 1999). While the data do not reveal the degree of familiarity or the level of under-
standing of conservation issues, it is likely that most survey respondents will have some

prior information about the policy context of the survey instrument. With the exception
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of a slightly lower level of familiarity of Eastern Oregon (EO) residents with the Gover-
nor’s salmon restoration initiative and importance rating of Coast Range biodiversity

loss, there is little difference in the regional strata.

Table 5-1. Respondent familiarity and attitudes regarding biodiversity conservation
and salmon restoration

: Coast Willamette Eastern
Survey question Response Range Valley Oregon
Have you read or heard of the term | no 20% 18% 20%
“biodiversity” before?
yes 71% 76% 72%
not sure 8% 6% 8%
Do you think that loss of biodiver- | no 14% 1% 11%
sity is an important issue in the Ore-
gon Coast Range? yes 66% 71% 62%
not sure 20% 20% 27%
Have you read or heard about the no 1% 2% 3%
decline of Oregon's native saimon
populations? yes 98% 98% 96%
not sure 1% 0% 1%
Have you heard or read about the no 21% 21% 26%
Governor's saimon restoration plan?
yes 67% 66% 59%
not sure 12% 13% 15%

Figure 5-1 presents responses to questions intended to probe respondents’ attitudes
toward wild versus hatchery salmon, and compensation of landowners for restrictions on
land use for conservation purposes. With respect to use values for salmon, specifically for
sport fishing and culinary uses, respondents tended not to have strong preferences with
the neutral response generating the highest proportions. It should be noted that the

phrasing of the question regarding recreational fishing renders the response somewhat
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Figure 5-1. Attitudes toward landowner compensation and wild salmon
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ambiguous in that the respondent may have interpreted “strongly disagree” as either no
preference or a preference for catching hatchery fish. The only marked difference
between the regions on either of these questions is the lower rate of recreational fishing
in the Willamette Valley (WV), as exhibited by a somewhat higher rate of N/A
responses. Views on substitutability of hatchery versus wild salmon were much more
polarized, both within and across regions. Eastern Oregon and Willamette Valley resi-
dents differed most strongly — 44% of Willamette Valley residents regarded hatchery fish
as poor substitutes compared to 30% who held the opposite view. By almost exactly
opposite proportions, Eastern Oregonians regarded hatchery fish as an adequate substi-
tute. Amongst Coast Range (CR) residents, similarly strong views were expressed,
though they were more equally divided. Regarding the compensation of riparian land-
owners, residents in all three regions tended to favor compensation, though WV resi-
dents tended to be somewhat more ambivalent: EO and CR residents responded with

both strong agreement or strong disagreement at higher rates than WV residents.

Figures 5-2 and 5-3 present cross tabulations of respondents’ importance ratings of
the four conservation programs identified in the survey. There is a notable difference
between WV residents rating of endangered species protection and biodiversity reserves
(Figure 5-2): WV residents regarded endangered species protection as highly important
and reserves as unimportant, whereas both CR and EO residents tended to take the
opposite view. For both of these programs, however, the largest proportion expressed a
neutral view. In contrast, a much larger proportion of respondents across all regions of
the state expressed a high importance rating for salmon habitat protection’. The most
striking result of the forest age class question (Figure 5-3) is the large proportion of

respondents across all strata that prefer an even distribution (33%/34%/33%). Whether

1. The 1998 Oregon Population Survey [Vaidya, 1999 #131] found that 14% of the state’s residents felt
that salmon protection was unimportant. A population weighted average of the stratified importance rat-
ings in the lower panel of Figure 5-2 indicates that 14.6% of survey respondents felt salmon habitat pro-
tection is unimportant.
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this indicates a strong evaluation of the merits of this choice or a heuristic response is
uncertain. Also of interest is the relatively higher approval amongst CR residents for the
status quo alternative. CR residents also had approximately equal proportion (9%) pre-

ferring the maximal old growth alternative as preferred the alternative with zero old

growth.

Figure 5-2. Attitudes toward conservation program importance
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Figure 5-4 depicts the relative ranking of the four programs by region. Across all
three regions, increasing forest age and salmon habitat protection were ranked as most
important, and endangered species recovery was identified as least important. Biodiver-
sity reserves were regarded as intermediate in importance. Overall, there was strong
agreement amongst the three regions in the ranking scores, with salmon habitat protec-

tion having a slightly higher mean ranking by CR residents than by the other two strata.

To set the policy context for respondents and reinforce the existence of budget con-
straints and substitutes at both the household and social level, respondents were asked to
rate the importance of several other government and social services as well as the four
conservation programs. The results of these ratings are presented in Figure 5-5. The
most marked result is that CR and EO residents regarded conservation programs as less
important that any other social program; whereas WV residents rated two of the conser-
vation programs as more important than social programs other than crime reduction and
education. Generally the results are consistent with the results of the conservation pro-
gram rankings in Figure 5-4, though there is some reversal regarding the relative impor-
tance of salmon conservation and forest age, though probably not at a significant level.

On the whole, the comparison of the results in Figures 5-4 and 5-5 is evidence of stable

preferences.
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Figure 5-5. Rating of conservation and other social program
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5.2 Preference Modelling

As discussed in Section 4.1.3, the design of the survey instrument included two sep-
arate groups of WTP elicitations: a standard dichotomous choice contingent valuation
question eliciting willingness to pay for an increase in one of the four conservation pro-
grams from the level identified as the status quo, followed by a set of four choice exper-
iment questions which were structured to simultaneously elicit preferences for all four
programs. The DC/CVM and CEA analyses are discussed in the next two sections, and
comparison of the two will be presented later in this chapter. For responses to both the
DC/CVM and CEA questions, observations were censored from the data set under the

following conditions:

* observations of yes responses to bid levels exceeding 5% of the respondent’s reported
income

* respondent indicated a failure to understand the question

A total of 20 yes responses and 54 no responses out of 1327 observations were cen-

sored from the data set based on these criteria.

This chapter presents the results of these models. Comparison of model results is

presented in Section 6.1.3.

5.2.1 Choice Experiment Analysis

Multinomial Logit (MNL) was used to analyze data collected in the CEA section of
the survey instrument, using the PHREQ procedure in SAS (Kuhfeld 1996). Numerous
alternative model specifications were tested and included terms for the attributes in the

choice experiment, alternative specific constants (ASC’s) and demographic terms. The
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final model specification which appeared to achieve the best fit to the data included both
linear and quadratic terms for the attributes, as well as a subset of the demographic terms
for which data were collected, and an ASC term for the status quo alternative!:
B' Xk + aChy +TQu + Y RiZy;
¢
B'Xy+ aCy+TQy+ 1 RZy,

4
€4

(5-1)

Py(i|4) =

where P,(i}4) is the probability that respondent £ chooses alternative 7 from elements
j of choice set A; Xj; is the vector of linear and quadratic terms for the four conservation
program attributes and By; is the vector of associated regression coefficients; Cy; is the
bid level and o is the bid coefficient; Q; is a binary term with value set to zero for the
status quo alternative and set to unity for the other two alternatives in the choice set, and
< is the associated coefficient?; and Ry, is a vector of demographic terms describing the
respondent and Zj; is the linear component of the vector X}, such that RiZ; is a vector
of interactions between the demographic terms and the program attributes, and y is the

associated vector of coefficients on these terms.

Because of the linear-in-parameters structure of the MNL model, demographic and
other terms which do not vary across alternatives within a choice set for a given respon-
dent simply cancel out of the equation, which can be seen by inspection of Equation 5-
1. It is necessary, therefore, to enter these terms in such a way that they do not cancel or

to stratify the data by demographic group and estimate separate models. The method

1. A specification with logarithmic transformations of the four attribute level variables replacing the lin-
ear and quadratic terms was tested. Results indicated that the logarithmic model exhibited highly signifi-
cant parameter estimates on the attribute levels for the Coast Range strata, but performed very poorly for
the other two strata. This may indicate that different functional forms may be appropriate for the differ-
ent strata, burt this was not tested in the analysis.

2. Asa point of clarification, it is noted that this is a somewhat unusual way to treat the coding of
dummy variables. Though it would be more standard to code the status quo term equal to unity when
the condition is true, i.e. the alternative in question is the status quo, the convention used herein is con-
sistent with the published literature that focuses on the status quo issue.




76

used in this analysis was to interact demographic variables with the attribute terms in
order to measure the effect of respondents’ characteristics on choice. This offers the
advantage of providing estimates of the relative preferences amongst different demo-
graphic groups for the individual attributes without unnecessarily complicating the sta-

tistical analysis with numerous pairwise t-tests or sacrificing degrees of freedom.

Table 5-2 describes the variables entered into the model and Table 5-3 presents the
results of the analysis stratified by region, for both a quadratic and linear utility model
specification. Additional demographic interaction terms were considered in the analysis
but were found to be insignificant and were dropped from the final model. These
included income and regional length of residence. It should also be noted that the vari-
ables F and F2 describe the proportion of old growth forest in the coast range forest age
class distribution. However, the alternative depictions included pie charts for the distri-
bution which also identified the proportion of young and mid-age forest. Due to insuf-
ficient degrees of freedom in the experimental design, it was not possible to estimate
more than ten parameters for attribute effects. The specification of a simple index func-
tion which would capture the effect of all three age classes was explored, however, none
could be devised that would have a unique value for each of the four age class distribu-
tions offered in the choice sets without excessively abstracting from the information pre-
sented in the survey instrument. Though it would have been desirable to capture the
effect of all three age classes, only the linear and quadratic effect of old growth are
included in the final model. Further discussion of alternative model specifications with
respect to forest age class as well as the other conservation programs is included in

Section 6.1.2.
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Table 5-2. Description of Model Terms

FXPOL, BXPOL

Variable Description®

C Bid level: two bid sets were specified in the design, [0*, 22, 48, 86, 145,
236, 325, 648, 1272] for the Willamette Valley, and [0%, 10, 22, 48, 86,
145, 236, 325, 648] for the Coast and E. Oregon regions

S % of coastal salmon habitat protected at highest protection standard: [5,
15%, 40, 90]

§2 squared value of S to capture quadratic effect of salmon program

E % of endangered species habitat in the Coast Range in which species are
protected at highest protection standard: [5, 15%, 25, 75]

E2 squared value of E to capture quadratic effect of endangered species pro-
gram

F % of forest age class distribution > 150 years [0, 5*, 33, 50]

F2 squared value of F to capture quadratic effect of forest age program

B % of Coast Range land designated as Biodiversity Reserves [5, 10*, 20, 40]

1 B2 squared value of B to capture quadratic effect of reserve program
STATUSQ dummy variable for status quo alternative
1

SXOCCN, EXOCCN, | dummy variable indicating forest products occupationb muldiplied by S, E,

FXOCCN, BXOCCN F and B '

SXGRN, EXGRN, dummy variable indicating environmental group membership multiplied

FXGRN, BXGRN by S,E, E and B

EXLOR, FXLOR, quantitative variable indicating length of residence in Oregon multiplied

BXLOR, by E, E, and B (the interaction with S could not be estimated due to col-
linearity in the model)

SXPOL, EXPOL, interaction Likert scale rating for political alignment multiplied by S,E, E

and B; 1=liberal...5=conservative; response values 1-2 recoded to -1, and 4-
5 recoded to 1.

SXED, EXED, FXED, quantitative variable for years of education multiplied by S,E, E and B
BXED

SXAGE, EXAGE, quantitative variable for age of respondent multiplied by S,E, F and B
EXAGE, BXAGE

a. Attribute levels identified as status quo are denoted by *.
b. Responses were coded as forest products employees if the indicated occupation fell into SIC codes 081,
083, 085, 241, 242, 243, 261, 262, 263 (Budget 1987)
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Results in Table 5-3 generally have expected signs and high degrees of significance.
For all three strata, the null hypothesis Ho: 3 = 0 forall B is rejected with p=0.0001,
and the Pseudo-R? statistics are quite highl. Most of the conservation program attributes
are significant in the quadratic model, with the exception of the linear effects of salmon
and old growth forest amongst Coast Range residents, and the linear effect of reserves
across all three regions. All quadratic-term effects were significant at the 95% level and
10 out of 12 are significant at the 99% level. The linear and quadratic effects of attribute
levels were retained in the model if either were significant at 95%. The demographic
covariates were grouped as sets of interaction terms as indicated in Table 5-2. Statistical
significance of these terms was determined by testing the null hypothesis that all four
(three, in the case of length of residence) coefficients were equal to zero on the basis of
the likelihood ratio test and retained in the model if found jointly significant at p<0.05.
The effects of demographic interaction terms for income and regional (i.e. CR, WV,
EO) length of residence were found to be insignificant (though length of residence in
Oregon was significant) and were dropped from the final model. The effect of the bid
amount is highly significant and negative, as expected. The status quo effect is also neg-
ative and significant, indicating a significant tendency amongst respondents to refuse
any of the actions offered as alternatives for increasing or decreasing biodiversity conser-
vation, regardless of the degree of increase or decrease. The interpretation of this effect
raises important methodological questions and is discussed further below. With the
exception of the effect of salmon amongst CR residents, all of the linear effects are pos-
itive with negative quadratic effects, indicating respondents regard the four conservation
programs as positive economic goods which generate declining marginal utility. As the

level of the program activity increases, however, the negative quadratic effect in some

1. Pseudo-R? is used as a somewhat analogous measure of model fit to the R? (coefficient of determina-
tion) measure used in linear regression models (Greene 1993), though it does not measure the proportion
of variation in the dependent variable explained by the regressors as the R does. The Pseudo-R? values
reported in the studies reviewed in Section 2.2.3 ranged from 0.04 to 0.354, and 8 of the 12 models
reported had values of 0.17 or less. Noting, as Hanemann and Kanninen (1999) point out, that there is
no standard threshold that indicates a satisfactory model fit, the values derived form the estimation per-
formed in this analysis are relatively high.
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Para- | Term Estimated Coefficients
meter
Coast Range Willamette Valley E. Oregon
Quadratic Linear model | Quadratic Linear model | Quadratic Linear model
model model model
a C -0.003214** | -0.003153** | -0.002153** | -0.002134** | -0.004297** | -0.004304**
Bs; |S -0.006982 | -0.031761** | 0.016116 | -0.00144 0.034209** | 0.012636
Bsy |S2 -0.000278** -0.000193** -0.000226**
Ber | E 0.037968** | 0.015436 0.058958** | 0.00567 0.044707** | 0.008389
Br, | E2 -0.000251* -0.000638** -0.000415**
Br | F 0.026838 | -0.030927* | 0.06135** | 0.015521 0.037894* | -0.004812
Brs | F2 -0.001198** -0.000904** -0.000837**
Bs; | B 0.026756 | -0.003711 | 0.034725 |-0.008161 | 0.019884 | -0.027302
Bs, | B2 -0.000692* -0.000871* -0.001054**
1, | STATUSQ | -0.776431* -0.903957** | .0.30116* | -0.472129** | .0.745023** | -0.884193**
Y50 | SXOCCN | 0.003812 | 0.003359 -0.002281 |-0.002331 | -0.00102 -0.000214
Ygo | EXOCCN | -0.016453* | -0.015814** | -0.00103 -0.002117 -0.00747 -0.007584
Yro | FXOCCN | -0.012441% |-0.012001* | 0014782 |-0.013177 | -0.007399 | -0.007305
Yp.0 | BROCCN | 0.006422 | 0.005192 -0.0078 -0.005321 | -0.01366 -0.013445
Ys.g | SXGRN | 0.002325 | 0.003424 0.005406 | 0.005106 0.003889 | 0.003797
Yeee | EXGRN | -0.003116 |-0.003734 | 0.004046 | 0.002927 0.010723 | 0.010086
Yr | FXGRN | 0.005829 | 0.005019 -0.004745 |-0.002803 | 0.007948 | 0.007762
Yp.c | BSGRN | 0.003473 | 0.003393 0.016448 | 0.015586 0.023427* | 0.020778*
Yeg | EXLOR | -0.00014* |-0.000125* |0.000105 | 0.000090 0.00001560 | 0.00000881
Ypg | FXLOR | -0.00026* |-0.00024* | -0.000144 |-0.000127 | -0.000342** | -0.000327**
Yy | BXLOR | 0.00009194 |0.00004092 | -0.000129 |-0.000109 | 0.00000899 | 0.00001336
Ygop | SXPOL -0.000651 | -0.000752 | -0.001983 | -0.00189 -0.003053 | -0.0028
Yep | EXPOL | -0.004939* |-0.004811* | -0.001225 |-0.00141 0.000361 -0.000183
Yrep | FXPOL ~0.00691** | -0.006467** | -0.008663** | -0.007916** | -0.005904* | -0.004807
Ypp | BXPOL | -0.010671* |-0.009914* |-0007922 |-0.008209 | -0.00997* |-0.009161"
Y. £ | SXED 0.002344** |0.002233** | 0.000436 | 0.000378 0.000272 | 0.000207
Yep | EXED -0.000122 | -0.000166 | 0.000165 | 0.000135 -0.00057 -0.000503
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Table 5-3. (Continued)Results of MNL Analysis of Choice Experiment Data

Para- | Term Estimated Coefficients®
meter
Coast Range Willamette Valley E. Oregon
Quadratic | Linear model { Quadratic | Linear model | Quadratic Linear model
model model model
Yrge | FXED 0.003414* | 0.003323** | 0.001612* 0.001602* 0.002236** | 0.002319**
Ypr | BXED 0.000425 | 0.00055 0.000254 | 0.00001392 | 0.001371 | 0.001294
Yseu | SXAGE 0.000185* 0.000155 —0.0000.’;23 -0.00004068 | -0.000199* | -0.000195*
Yeu | EXAGE -0.000147 -0.000125 -0.0000950 | -0.000103 0.0000059 0.00001743
Yrea | FXAGE 0.0000255 | 0.0000390 -0.000356* | -0.000324* -0.0000168 | -0.0000184
Ypwa | BXAGE -0.0000915 | -0.000104 0.000258 0.000237 0.000131 0.000133
Obs 3987 3987 3303 3303 3756 3756
Log L -1239.4455 | -1280.308 -1010.687 -1081.056 -1041.901 -1176.76
X 771013 | 689.288" | 417.179 | 351.146™ | 429.456** | 650.19**
Adj. R? 0.24862672 | 0.2222490 | 0.18624905 | 0.1528479 | 0.18559813 | 0.2274487

a. * significant at = 95% level; ** significant at = 99% level

cases causes marginal benefit to become negative, potentially overwhelming the linear
effect and causing total utility from the increase to be negative. This effect is illustrated

by the estimated willingness to pay functions in the next section.

Across the three sample strata, forest products occupation, political alignment,
length of Oregon residency and age all had predominantly negative effects, though indi-
vidual terms were significant in only a few cases. Coast range residents exhibited a neg-
ative interaction effect berween both forest products occupation and length of residency
and the endangered species and forest age programs. Politically conservative CR resi-
dents exhibited a negative preference for both old growth protection and biodiversity
reserves. Amongst WV respondents the only significant negative demographic effects -

age and political alignment, occur with respect to the forest age program. EO residents
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exhibited a less consistent pattern of preferences, with significant negative interactions
between old growth and length of residency, biodiversity reserves and political align-
ment, and salmon habitat and respondents’ age. The lack of significance for forest prod-
ucts occupation may have been due to the low proportion of respondents in all three
strata who reported being employed in this sector, particularly in the WV and EO sam-
ples. Forest products occupation, length of residency, and political alignment were con-
sistently and negatively associated with preferences for biodiversity conservation across
all programs and regions, though not uniformly significant. The lack of significance of
linear effects of both salmon and old growth forest conservation programs in determin-
ing CR residents’ choices in the quadratic model is interesting and contrary to expecta-
tion. The large and positive, and significant values of the SxAGE and SxED terms,

however, exert a strongly offsetting effect to the negative value of the S term.

In contrast, age and education had a significant positive effect on preference for
salmon habitat amongst CR respondents, as well as a positive association between edu-
cation and preference for old growth protection. Interactions between the salmon habi-
tat attribute and environmental group membership, and forest age and education,
identified positive and significant preferences amongst WV residents. Endangered spe-
cies protection/environmental group membership, and old growth/education interac-
tions acted positively in EO residents’  preferences. Overall, education and
environmental group membership were largely associated with positive preferences, and
the insignificance of the latter is probably due to the low rate of membership reported in
all three regions. Age had a less consistent effect on preferences across regions and pro-

grams, perhaps indicating a more complex relationship between age and preference for

biodiversity conservation.
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5.2.1.1 Model Selection

Status —quo term

Carson, Louviere et al. (1994) point out that inclusion of a status quo alternative
(SQA) is desirable in that it increases the realism of the choice scenario. In both public
referenda and most consumer choice situations, the no-change alternative is present. In
a consumer context, it also avoids eliciting preferences of individuals who are not actually
in the market for the goods being studied. However, as the authors point out, the SQA
also has the liability of offering an “easy out” for the respondent, impeding accurate mea-
surement of preferences. This is particularly problematic where evaluation of choice sce-
narios is cognitively demanding. Results of the analysis reported herein strongly indicate
that respondents are inclined to choose the SQA. There are several possible explanations
for this, with implications for comparison of DC/CVM and choice experiment results,
and for interpretation of passive-use valuation studies in general. These broader consid-
erations will be taken up in Section 6.1.1. It should be pointed out, however, that inclu-
sion of the status quo effect in the calculation of welfare estimates may bias these
estimates downward to the extent that individuals choose the status quo alternative to
avoid the more cognitively demanding task of weighing the merits of the other two alter-

natives.

Carson, Louviere et al. (1994) also note that inclusion of a status quo alternative has
implications particular to the MNL framework. Citing Olsen and Swait (1993), the
authors observe that decision processes are quite different when a no-action alternative
is present. The assumption of independence of irrelevant alternatives implicit in the
MNL framework does not likely hold in the presence of a no-action alternative and is
directly analogous to the red bus/blue bus' problem common to MNL (Ben-Akiva and
Lerman 1985; Hanemann and Kanninen 1999). The authors suggest using a nesting

structure or other modeling technique to control for dependence amongst alternatives.




83

Inclusion of the status quo parameter is analogous to imposing a nested structure, where
the no-change alternative is one branch and the other two alternatives (Alternatives A &
B) are the other branch (Figure 5-6) (Train 1986, pp. 69). Since the status quo dummy
is set equal to one for the Alternative A/Alternative B branch of the nesting structure, the
reference level of the parameter becomes the inclusive value of the SQA. As in a nested
model, inclusion of ASC’s permits the probability ratios to change between nests,
though IIA is not maintained within a nest. Thus, nested models or ASC’s are only a
partial solution for the IIA problem generally, but in the current problem, with only two

alternatives in the largest nest, IIA is maintained both within and across nests.

Figure 5-6. Choice structure

Alternative A

Alternative B

Choice Set
ASC=0

Status Quo Alternative

1. The red bus/blue bus problem is commonly used to illustrate the IIA property of MNL: if an individ-
ual has a choice of using a private car or a red bus to commute and chooses each with a probability of 1/
2, such that the ratio of probabilities between the two mode choices is 1/2 to 1/2 = 1, the I1A property
requires that the ratio of choice probabilities is unchaged by the addition of an addtional alternative.
Thus, if a blue bus becomes available as a third commute alternative, IIA requires that the ratio of choice
probabilities between the red bus and the private car must remain equal to one, i.e. 1/3 to 1/3. Since
there is most likely little difference between the two buses in terms of choice probability, a more likely
scenario is that the original probability of choosing the bus versus car would remain 1/2 and 1/2, respec-
tively, and the choice probability of each color bus would be split evenly, such that the choice probabili-
ties would become 1/2 car to 1/4 red bus to 1/4 blue bus. This, however would violate the 1IA
assumption by changing the ratio of choice probabilities of the original two choices. from 1/2 10 1/2 = 1
to 1/2 to 1/4 = 2. It may well be that the choice between consevation alternatives A and B is the survey
instrument relative to the status quo is similar in nature to the choice between a red bus or a blue bus rel-
ative to the private auto in this example.
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(Quadratic terms

Specification of quadratic terms in the model seems to capture an essential feature of
preferences for the biodiversity programs. Without these terms, it would be impossible
to estimate the slope of the compensated demand functions and, by implication, the x-
intercepts that identify levels in the programs associated with zero marginal utility
(seeFigures 5-7 and 5-8 below). The quadratic shape of the TWTP function is to some
degree an artifact of the functional form of the specified model, which is very limited in
its flexibility. This gives rise to a non-standard result from the perspective of neoclassical
consumer theory, which holds that marginal utility values are non-negative and TWP is
nondecreasing (i.e. demand is nonsatiated) (Varian 1984, pp. 39). Apart from limita-
tions in model flexibility, two observations may explain this result. Nonsatiation is pred-
. icated on the assumption of free disposal.! The standard assumption of free disposal in
consumer theory doesn’t necessarily apply in the case of public goods: a correlate of the
nonexcludeability characteristic of public goods is that in many cases they are non-refu-
seable (Hanemann 1994), thus violating the assumption of free disposal. Beyond some
satisfactory level, then, it is plausible that increasing levels of the conservation programs
are associated directly with disutility. Alternatively, and probably more likely, respon-
dents infer increasing opportunity costs as resources are increasingly allocated to conser-
vation programs: allocation of land in the Coast Range to one particular conservation
purpose necessarily requires that other activities be reduced. Although the instrument
instructs respondents that the cost of the alternatives includes compensation of affected
land owners, respondents may anticipate additional externalities of over-allocation of
land to conservation purposes, giving rise to threshold levels where compensated
demand curves cross the x-axis. Both of these effects are at play to some degree in any
decision regarding public goods provision, and welfare effects such as those described in

this study (with total utility not monotonically increasing), are likely characteristically

1. In consumer theory, free disposal is defined as the ability to dispose of any quantity of a good at zero
cost.
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sensitive to threshold effects! (the term ‘threshold’ is used here to refer to the level of the
conservation programs where demand falls to zero and beyond which WTP is negative).
This having been said, it is possible that a less restrictive specification than the quadratic
model used here would generate qualitatively different results. As noted in the discussion
of the research below, introducing greater flexibility is a primary objective for further
research?. In future applications of CEA, it seems critical that experimental designs have
sufficient resolution to permit flexible model specifications and identification of thresh-
olds with adequate precision, including quadratic and, possibly, cubic terms as well as

ASC’s.

Demographic terms

In the brief CEA literature in resource economics, there are few instances of inclu-
sion of respondent specific effects in the model analysis (Boxall, Adamowicz et al. 1996).
An alternative approach, used by Xu (1997), is stratification of the data and estimation
of separate models for different demographic groups. As noted above, the approach used
here has the advantage of simplifying the analysis and preserving degrees of freedom. An
alternative specification was tested which interacted the demographic variables with

ASC’s for each alternative instead of with the linear terms for the respective conservation

1. This is an untested hypothesis. It has been uncommon in the nonmarket valuation literature to esti-
mate demand functions for environmental amenities, and thus the issue of thresholds does not seem to
have appeared widely in the literature. Further investigation with the use of CEA and similar techniques
may shed more light on this question.

2. Options to explore for increasing the flexibility of the model are inclusion of a cubic term for some or
all of the conservation programs, use of the Box-Cox specification (Hanemann 1999), or a semiparamet-
ric specification such as that suggested by Creel and Loomis (1997). The use of functional forms has nor,
as of this writing, been addressed in the published literature on CEA in nonmarket valuation.
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programs. While this method also avoided cancellation of the demographic terms from
the probability response equation (Equation 5-1), it was not found to significantly
improve model fit. While this approach would be preferred if there is a desire to isolate
the demographic effect from the scale of the conservation program, the demograghic/

program interactions seemed to provide useful insight to this analysis.

5.2.1.2 Validity and Reliability

Considerable effort was invested to ensure the validity and reliability of the survey,
from the instrument and experimental design, to survey administration and data analy-
sis. These procedures were discussed in previous chapters. This section focuses on a vari-
ety of statistical tests and comparisons to identify any potential biases in the results

presented herein.

Anchoring Bias and Order Effect

Insofar as possible, it is important in valuation survey design to capture cognitive
effects of the survey instrument itself on the respondent’s replies, and to attempt to iden-
tify and correct any biases that may result (Arrow, Solow et al. 1993; Hanemann and
Kanninen 1999; Carson, Louviere et al. 1994)1. The design of the survey instrument
included a contingent valuation elicitation prior to the choice experiment section of the
survey. There is, therefore, the potential that the size of the DC/CVM bid level provides
an implied value cue to the respondent. This effect, widely recognized in the CVM

CVM literature, is termed the anchoring effect and is driven by a cognitive bias originally

1. The broader classes of bias effects important in survey research and revealed preference valuation tech-
niques in particular are reviewed in Section 2.2.2 and Section 2.2.3. The literature on survey bias is
extensive and the distinction berween different bias effects can be subtle (Mitchell and Carson 1989, pp.
235-260; McLeod 1994, Ch. 2). This exposition does not attempt to provide a detailed catalog of bias

effects but identifies prominent effects.
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identified by Tversky (1974; see also Giraud 1999). Other elements in the instrument
design, such as the conservation program specified in the CVM scenario or order of pre-
sentation of the conservation programs, may provide additional value cues. If the bias is
shown to be present, this is indication that individuals do not consult a stable preference
ordering to identify prefered alfernatives, but rather use information presented in the
survey instrument to spontaneously construct a preference ordering (Payne, Bettman et
al. 1992; Schkade and Payne 1994). As Hanemann (1994) has argued, the theory of con-
structed preferences is not inconsistent with neoclassical utilty theory, so long as con-
structed preferences are stable. If individuals adjust their WTP responses in the choice
questions depending on the relative size of the CVM bid, this bias effect would suggest
that respondent’s preferences are in fact unstable and would call into question the valid-

ity of the WTP estimates as approximating a global preference ordering.

There are three tests for anchoring bias and survey context effects effect built into the
structure of the survey instrument. One is the specification of the bid amount in the DC/
CVM section of the instrument prior to the choice experiment section. If the specifica-
tion of the CVM bid amount induces an anchoring effect, then WTP estimated in the
choice experiment model will be positively correlated with the CVM bid level. This is
tested by including interaction terms for each program with the CVM bid level. With
the null hypothesis Hy: BpycvBID = BExCVBID = BExCVBID = BsicvBip = 0 (df=4), the
likelihood ratio test (LRT) results are displayed in Table 5-4. For all three regional strara,

the null hypothesis is not rejected at the 95% level.

The second test is the effect of the program specified in the DC/CVM scenario. The
hypothesized effect is that respondents will be prompted to react more strongly to the
program specified in the CVM scenario than the other programs in responses to the CE
questions. To measure this effect, four dummy variables are created in the data vector,
one for each program, and coded = 1 where the corresponding program appears in the

CVM scenario. The linear term for level of each program in the CE model is interacted
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with the respective program dummy to create four interaction terms: BxCVProgB,

ExCVProgE, FxCVProgF, and SxCVProgS.! The null hypothesis for this test is Hy: g,

CVProgB = PExCVProgE = PExCVProgF = PBsxCVProgs = 0- The LRT results are also depicted
in Table 5-4. The results of both tests do not reject the null hypotheses. Thus, there is
no statistical evidence of anchoring on either the bid level or the program specified in

the DC/CVM scenario.

Table 5-4. Likelihood ratio test results for anchdring effect

Region LRT Critical | 2*LogLike- | Test: CVM Bid Level Test: CVM Program
X;}:l 141; (p=-95, g};):;;icte d Z*PL—Unre— Test Statistic Z*PL—Unre- Test Statistic
Model stricted stricted
Coast Range | 9.49 2252.308 | 2248.877 6.999 2245.309 3.431
Willamette | 9.49 2013.942 | 2007.85 7.882 2006.06 6.092
E. Oregon 9.49 2124.881 | 2119.962 7.458 2117.423 4.919

The third test for context effect designed into the instrument uses alteration of the
order of presentation of the programs in both the information section of the survey and
in the choice sets. The hypothesis implicit in the order effect is that respondents take the
sequence of presentation of informational elements in the survey as somehow implying
the relative importance of the conservation programs. Two sequences are specified?, and
a 0/1 dummy variable is created in the data vector to represent the sequence presented

to a given respondent. Interaction terms are coded and entered in the regression model

1. For example, CVProgB = 1 where the biodiversity reserve program is specified in the DC/CVM sce-
nario, and = 0 otherwise. The parameter on the interaction term BxCVProgB therefore measures the
effect that the CVM scenario alters the respondents’ valuation of the respective programs.

2. Sequence 1: Salmon, Forest Age, Biodiversity Reserves, Endangered Species; Sequence 2: Salmon,
Endangered Species, Forest Age, Biodiversity Reserves. Note that salmon always appeared first due to for-
matting restriction is the survey instrument.
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in the manner discussed above. Results of the likelihood ratio test for the order terms as
a group are presented in Table 5-5. The null hypothesis is that Bg,oRDER = BPExORDER
= BrxORDER = BsxORDER = 0> and is rejected for the Coast Range strata at the p=0.95
level. The values of the order effect parameters are presented in Table 5-6. Only the old

Table 5-5. Likelihood ratio test results for order effect

Region Critical Value 2Logl-Restrict » 2LL-Unrestricted | Test stat (df=4)
(p=0.95), df=4

Coast Range 9.49 2252.308 2257.294 9.986

Willamette Valley 9.49 2013.942 2015.191 1.249

E. Oregon 9.49 2124.881 2125.753 0.872

growth forest program interaction term is individually significant. This result is surpris-
ing, given that respondents are thought to be particularly prone to context effects when
preferences are not well-defined (Mitchell and Carson 1989, pp. 240). Since preferences
regarding old growth forests amongst Coast Range residents are likely to be rather well-
defined relative to other preferences measured in the survey, this effect is unexplained.
Since there is no utility theoretic interpretation of the order effects detected, they are not
included in the estimation of welfare effects described below. The reader is cautioned,

however, that these results may suffer from a small but unexplained context bias.

Table 5-6. Magnitude of order effects

Program/Order Willamette

Interaction Coast Range Valley E. Oregon
SXORD 0.002028 -0.000998 0.000534
EXORD -0.004114 -0.00077 0.001348
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Table 5-6. Magnitude of order effects

Program/Order Willamette

Interaction Coast Range Valley E. Oregon
F3XORD 0.009961* 0.002226 -0.002034
BXORD 0.001228 -0.006952 0.003859

Nonresponse Bias

A fundamental element of validiry for any survey instrument is the issue of self-selec-
tion, or non-response bias. There is always a potential that the individuals opting to
complete and return the survey hold systematically different views than the sample as a
whole and the larger population. Since, by definition, the researcher has no data col-
lected from non-respondents, detection of nonresponse bias can be difficult.! Since the
survey administration process employed in this research involves a series of reminders
following the initial mailing, one test for nonresponse bias can be achieved by comparing
the responses of individuals who responded shortly after receiving the first mailing to
those who responded only after being repeatedly contacted. The implicit behavioral
assumption is that individuals with more strongly formed preferences will respond
promptly, whereas those who respond only after repeated reminders have less defined
preferences for biodiversity conservation. If the central tendency of the later group is dis-

tinct from that of the earlier group, this is evidence that nonresponse bias is present.

1. In a study which employed extensive follow ups with sample nonrespondents, Mattson and Li (1994)
found that there were no significant differences in attitudes regarding recreational access to Swedish for-
ests berween respondents and nonrespondents to an initial mail survey. Bostedt and Boman (1996) also
found that attitudes regarding environmental values did not differ significantly between respondents to a
mail survey and nonrespondents contacted through follow up telephone interviews, concluding that non-
response was due to general rather than survey specific factors.
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As indicated in Figure 4-2 on page 64, surveys were collected over the period span-
ning from June 4 to August 30, 1999. Prior to the third mailing on July 16, which con-
sisted of a replacement copy of the survey pamphlet, 79% of all responses had been
received. A test for differences in preferences berween the early and late groups of
responders is therefore employed to detect nonresponse bias. To implement the test, a
dummy variable for date of response is created in the data vector and coded= 1 if the
response was received after July 16, and 0 otherwise. As for the tests described above,
interaction terms were entered for each of the four programs, resulting in four model
terms: BxDATE, ExDATE, SxDATE, and FxDATE. The significance of these interac-
tion terms was tested for the group using the LRT. Results of the test of Hy: BpypaTE =
BEDATE = BsxDATE = BrxDaTE = 0 are given in Table 5-7. As the test statistic for E.
Oregon indicates, there is a significant difference in response probabilities berween the

early and late groups.

Table 5-7. Likelihood ratio test results for nonresponse bias

Region Critical Value® 2LogL-Restrict 2LL-Unrestricted Test stat (df=4)
(p=0.95), df=4

Coast Range 9.49 2426.885 2433.168 6.283

Willamette Valley | 9.49 2122.574 2123.743 1.169

E. Oregon 9.49 2198.206 2209.871 11.665*

The values of the response date /program interaction terms for E. Oregon are given
in Table 5-8. The value of the terms indicate that respondents in the late group, who are
likely to be more representative of nonrespondents than the early group, have higher
response probabilities for higher levels of the conservation programs than the early
group. Thus, the E. Oregon WTP estimates represented in Table 5-3 are biased down-

wards and constitute conservative estimates. Adjustment for this and other bias effects is

suggested below.
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As noted on page 69 n. 1, the 1998 Oregon Population Survey (Vaidya, 1999)
found that 14% of the Oregon public rated salmon protection unimportant, compared
to a weighted average of 15% of respondents to the attitudinal question regarding
salmon habitat in the biodiversity survey. This lends further evidence that survey respon-

dents’ attitudes are generally representative of the Oregon population.

Table 5-8. Value of model nonresponse terms

Nonresponse term Parameter value p-value

SXDATE 0.002191 0.5204

EXDATE 0.010207 0.0228

F3XDATE 0.003318 0.5403

BXDATE 0.004706 0.582
Representativeness

A validity concern closely associated with nonresponse is sample bias. Sample bias
occurs when the selected sample is not drawn at random from the population. The
sample of household from each of the regional strata used in this analysis was purchased
from a professional sampling agency and was drawn from a variety of sources, including
phone company records, postal service change of address records, and others. Though
the multiplicity of sources is intended to avoid any systematic bias built into a given
source, it is nonetheless practically impossible to generate a perfectly random sample of
households. Coupled with the issue of sample source is the nondeliverable rate of the
sampled addresses (15% of the original sample) and any systematic differences between
the respondents and the general population. The test for nonresponse bias above con-

trolled for differences in significant demographic covariates berween the early and late

group. This does not, however, account for demographic differences between respon-
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dents and the population. To identify any demographic differences between the respon-
dent group and the population at large, the sample mean values of the demographic
parameters for each of the three regions are compared in Table 5-9 with statistics from
other sources which are less prone to nonresponse, e.g. US Census data. As indicated,
the sample means for age and length of residence are much higher than for the popula-
tion of each region, (-40% and ~80% higher, respectively). This is common amongst
surveys, and is particularly common with mail surveys, which are much more likely to
be completed by older recipients (John Loomis, personal communication). Education
rates are slightly higher amongst the survey sample in all three strata, with about 1 addi-
tional year of education amongst survey respondents. The rate of environmental group
membership is overrepresented in the CR and WV samples (156% and 24% higher,
respectively), and the EO strata reporting a 12% lower rate of membership than in the
population. Similarly, rates of forest products employment are 188%, 64% and 54%
higher amongst the CR, WV, and EO samples than in the respective regional popula-
tions. With political alignment coded on a -1 to 1 scale (liberal to conservative), the pop-

ulation is considerably more liberal than the samples in each region.!

Given the significant discrepancies in the population and sample demographic char-
acteristics, adjusted welfare estimates can be calculated by weighting the calculations by
the estimated population means rather than the sample means for the significant demo-
graphic covariates. This adjustment is depicted along with the unadjusted WTP esti-

mates described below.

1. No direct measure of the liberal/conservative distribution of Oregon residents was available. As a
proxy, voter registration in the Democratic and Republican political parties is used. With Democrats
coded -1 and Republicans coded 1, the proportion of registered voters in each party was multiplied by
these codes and the mean value of the two weighted proportions was taken as an index of mean political
alignment. This assumes both that proportions of voters registering in the two largest political parties is
representative of the political alignment of the Oregon population generally, and that political moderates
(i.e. those indicating “neutral” on the liberal-conservative Likert scale) are divided evenly amongst the
two parties). While this approach nests two untested assumptions, it nonetheless provides the best avail-
able estimate of political alignment by which to adjust the sample mean value.
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Table 5-9. Population and survey sample mean values for selected demographics

Coast Range Willamette Valley E. Oregon

population | sample population | sample population | sample
Length of Residence® 20.0355 38.1890 19.4480 35.2108 19.8179 33.9482
Education® 13.1709 13.8850 13.9073 14.7528 13.1068 14.3254
Environmental Group 0.0400 0.1024 0.1065 0.1325 0.1115 0.0986
Membership©
Political A]ignmentd -0.0687 0.1457 -0.0474 0.0476 0.0427 0.0822
Age® 40.6737 56.0299 | 35.7637 51.1735 37.6606 54.8546
Forest Products 5.9727% | 17.23% 3.5077% 0.0578% | 7.7834% 12%
Employmentf

a. (Oregon Progress Board 1998, Table All-R1)

b. (Oregon Progress Board 1998, Table All-EL1)

c. (OFRI 1999)

d. (State of Oregon, Secretary of State Office 1998)
e. (USACE 1999)

fc

1t

5.2.1.3 WTP Estimation

Estimation of willingness to pay for increases in the level of protection of biodiversity
for each of the four conservation programs is presented below. The calculation of WTP
is based on the utility-difference approach derived by Hanemann (Hanemann 1984; see
also Hanemann 1991; Beenstock, Goldin et al. 1998; Li, Lofgren et al. 1996) and
detailed in Equations 3-12 through 3-16 above, where compensating surplus for a

change in the quality or quantity of attributes of a good is represented as:
TWIPITWTA, = CS, = _E[ﬂXjn) -AX. )] (5-2)

and marginal WTP, which defines the compensated Hicksian demand curve, is

derived as
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CcS (5-3)

MWIPIMWTA

The computations of WTP for the four conservation programs using the estimated

MNL parameters in Table 5-3 are the following:
1
TWTP(X,) = —&[1: o+ (Bx* ZY W R (K= X,,) (54

+ BXi(X/f]'Z —inz)}

1
MWTP(X,) = —~By + E(y WR)+2B 2X, (5-5)
4

where X denotes the four conservation programs 4=1...4;
R denotes the demographic covariates /=1...7.
and parameters are as described in Table 5-2

The measures above represent both the mean and median of the individual respon-
dents’ logistic WTP/WTA distribution, which coincide given the linear specification of
the regression function, which is additive in the attributes and covariates, and linear in
the cost (bid) level (Hanemann 1989). Noting the caveats raised in Section 3.2, the

mean is used as the measure of central tendency in computing the aggregate WP mea-

sures for the regional strata presented in the figures below!. Inspection of Equation 5-5

. . "( Bx,+ )Y klRl)
indicates that there is a constant component, , and a component that
a

1. Asnoted in Section 3.2, there are two separate distributional issues pertaining to welfare estimation in
discrete choice, random utility modeling: the distribution of individual WTP, which we have assumed to
be logistic, and the distribution of aggregate WTP, for which no particular distributional assumption is
made. For the former, the summary measure produced (mean, median, etc.) depends on the manipula-
tion of model parameters represented by Equations 5-4 and 5-5. For the latter, the summary expression
of individual WTP must be evaluated for some representative member of the sample, typically repre-
sented by either the sample mean or median values of demographic covariates. In the figures presented
below, the mean used to summarize both the individual and aggregate WTP distributions.
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B..X
varies with X, ——%

,representing the intercept and slope of the compensated demand

curve, respectively. Integration of the area under the demand curves gives the TWP/

I'WTA functions, which are shifted by the value of the status.quo constant.! The mean
value of the intercept and slope for the four compensated demand curves and the status

quo constant are presented by region in Table 5-10 with 95% confidence intervals for

the mean values of these terms.? Finally, the table presents the adjusted intercept, slope
and SQ constants for the four compensated demand curves, evaluated at the regional

population means of the demographic covariates given in Table 5-9.

Coast Range residents exhibit the largest status quo preference and Willamette
Valley the smallest, and all three regions exhibit negative status quo effects. This is an -
intuitive result: Coast Range residents are likely to be subject to the greatest constraints
on land use under any conservation initiative. Insofar as the status quo effect measures a
generic aversion to change of any kind (Samuelson and Zeckhauser 1988), clearly the
region that is most directly affected by this change will express the strongest aversion.
However, because E. Oregon residents express a status quo preferehce intermediate to
the other strata, physical proximity to the changes in land use implied by the conserva-
tion scenarios is unlikely to be the only explanation for the magnitude of status quo
effects. While extended discussion of the status quo issue is reserved for the next chapter,
it is noted that the sample includes individuals whose choice of the status quo was
explained in the follow up question as a protest of government policy, taxation, interfer-
ence in private property rights, or other form of protest. The higher degree of political

conservatism in the EO strata relative to WV respondents may therefore explain the rel-

1. Further discussion of the interpretation of the status quo effect is presented in Section 6.1.1.
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ative magnitude of the EO status quo effect. While it is customary in CVM research to
Censor protest responses, they were retained in this study for two reasons: the recognition
that policy vehicles are relevant to preferences for public goods, and the ability to isolate
the protest effect from the marginal values for increases in the conservation programs by

inclusion of the status quo term in the model.

The width of the confidence intervals provides a measure of the variability in
MWTP within a given region, where wide intervals tend to suggest a high degree of
polarization on a given issue. The forest program exhibits the narrowest intervals, relative
to the size of the estimated slope and intercept terms, indicating that there is a relatively
high degree of agreement amongst residents within each of the three regions. The widest
intervals are associated with the biodiversity reserve program, indicating a relative lack
of consensus regarding the WTP for this program.The adjustments for sample represen-
tativenes are nearly uniformly increases, with WTP terms being lower for the reserve

program in WV and EO strata, and all other adjustments resulting in higher WTP. This

2. CI'sare computed using the Krinsky-Robb method with 5000 random draws with replacement (Krin-
sky and Robb 1986; Park, Loomis et al. 1991). While reporting of confidence intervals for point mea-
sures of WTP is becoming increasingly common in the CVM literature, an added dimension of
complexity arises in calculation of CI's for WTP functions in CEA applications. In the Krinsky-Robb
method for calculating CIs, a simulated WTP distribution is constructed by taking multiple random
draws from the distribution of the parameter vector using information contained in the parameter vector
and variance covariance matrix from the ML estimation. Ordering the replicated WTP values permits
construction of a confidence interval around the mean of the simulated distribution. In the case of WTP
functions the ordering depends on the value of X (i.e. the level of the environmental amenity) at which
the WTP function is evaluated. Thus some arbitrary level of X at which to evaluate the CI must be
selected. The CI's depicted above are selected from an ordering of the intercept terms alone, which
amounts to evaluating the CI at X=0. An additional complication arises from the calculation of CI’s for
the distinct attributes from choice observations of composite goods. Distributions for the compensated
demand functions can be simulated separately and corresponding CT's constructed for point measures of
WTP for the respective attributes. Alternatively, a TWTP distribution can be simulated for some partic-
ular composite (i.e. the summed value of MWTP for the £ attributes, each evaluated at a particular level),
and corresponding CI’s for TWTP constructed. The former method, which is used to estimate the CI's
depicted above, represents the full variability in the marginal WTP functions, but overstates the variabil-
ity in TWTP. That is, there is more variability indicated by separate orderings of the demand curve inter-
cept values for the four programs than in a joint ordering of the sum of these four values.




Table 5-10. Confidence intervals, mean and adjusted values for WTP constants and slope coefficients

Coast Range Willamette Valley

Mean | Upper | Adjusted Mean | Upper | Adjusted Adjusted
Bound Bound

Status Quo -241.55(-174.13 | -241.55 -139.88|-49.39 |-139.88 -173.37

Constant

Infércept 6.35
Slope -0.089

 Endangered Spec
“ﬂltercept 0.81
-0.022

Intercept

Slope

I‘ntercept 17.0576
Slope -0.809
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indicates that the unadjusted results are relatively conservative and also suggests that any
nonresponse bias is unlikely to be due to higher environmental values in the respondent
group than in the population. The difference between mean and population adjusted
values is generally quite small, with the largest adjustment being a 33% increase in CR
residents WTP for endangered species protection.! All other adjustments are less than
15%. This indicates that the estimated values are relatively robust to the degree of rep-

resentativeness of the respondent group.

Figures 5-7 and 5-8 depict the compensated demand curves constructed from the
adjusted figures in Table 5-10. Note that each figure includes a vertical line identifying
the status quo level for each program and the above and below baseline levels specified
in the experimental design. The survey design included a below-baseline level for each
of the programs in addition to two above baseline levels, with the intention of measuring
WTA for decreases below baseline as well as WTP for increases. Also note that the esti-
mated demand curves for all four programs in all three regional strata cross the x-axis,
indicating threshold levels for each of the attributes below which program increases gen-
erate negative utility. Taking the current baseline as defining the current specification of
property rights and the reference level of utility, changes in the amount of provision that
generate negative utility would require compensation to, rather than payment from, the
individual to maintain the initial level of utility (WTA), and the theoretically correct
measure of welfare is therefore equivalent surplus (ES), where ES=-CS (Hanemann and
Kanninen 1999). Since the compensated demand functions in Figures 5-7 and 5-8
depict marginal changes in CS, integration of the area bounded by the demand curves
and the x-axis from level i to level j provides a measure of CS for the quantity level change
from 7 to j (where the status quo effect is an integration constant). Thus, for quantity
changes to the left of the baseline level in Figures 5-7 and 5-8, WTA=EV=-CS is the neg-

ative of the value shown on the figure. As discussed above in Section 5.2.1.1, the esti-

1. Note that demographic parameters only enter the intercept term, and the status quo and slope terms
are not affected by adjustment.
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Figure 5-7. Compensated Demand Functions for Salmon and Endangered Species
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Figure 5-8. Compensated Demand Functions for Old Growth Forest and Biodiversity

Reserve Programs, by Region
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mated marginal and total welfare functions depicted in Figures 5-7 and 5-8 display some
anomalous properties in the context of standard neoclassical conventions. Unlike the fig-
ures below, well-behaved demand curves tend to be non-negative at positive values on
the x-axis, and CS/ES functions are correspondingly non-decreasing in x. As noted
above, in the current context it is not surprising that the estimated curves violate these

conventions.

The compensated demand curves indicate distinctly different preferences for the
respective conservation programs across regions. Generally, the WV residents indicate
higher WTP for increases at most quantity levels of the programs than do either of the
other regions and consistently display less elastic demand. An exception is the salmon
habitat program, where coastal residents’ demand is everywhere above the other regions.
With a steeper demand function, but a lower threshold level, WV residents’ WTP is only
slightly below that of CR residents over the full range of increase in protection level. EO
residents exhibit a flatter demand for salmon habirat protection, with a lower intercept

but higher threshold level than either of the other two regions.

The regional disparity in MWTP for increasing endangered species protection is
striking. All three regions indicate positive WTP for increasing protection of critical
endangered species habitat up to approximately 50% of the total. However, WV resi-
dents have much lower demand elasticity overall, corresponding to much higher WTP/
WTA for changes from the baseline level. Given the similarity of WV residents’ WTP
for increases in salmon habitat with that of the other two regions, the much higher WTP
for endangered species may indicate that WV residents regarded the latter program as

capturing the benefits of the narrower focus on salmon. In addition, the salmon habitat
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program was described in the information section as being associated with the Gover-
nor’s salmon recovery plan, whereas the endangered species program was described in
the context of the federal ESA. Thus, the disparity in demand for endangered species
protection may indicate a higher degree of acceptability of federal intervention amongst

WV residents.

The relative preferences of WV and EQ residents for increasing the proportion of
coastal forests in the >150 year age class are qualitatively similar to the endangered spe-
cies program, with both exhibiting positive WTP for increases up to approximately 38%
as consistent with attitudinal findings in Figure 5-3, and the WV demand function
being everywhere above that of the other strata. All three regions expressed higher mar-
ginal WTP for the old growth program than for any of the other programs, with the CR
demand curve having an intercept twice that of any other program. This is offset by a
relatively low threshold value, however, indicating a relatively strong disutility for
increases above the 33% level. It should be noted that the scenario described in the
survey instrument was framed in terms of age class distribution, rather than strictly old
growth forest, which is used as a proxy for the full age class distribution in the utility
modelling due to constraints in the experimental design. Given that the threshold levels
indicated by the respondents are clustered around the 33% old growth level that was
described as part of an even age class distribution (i.e. 33% young forest, 34% mid-age,
and 33% old growth), this may indicate a preference for a maximally diverse age class
distribution. It is also quite plausible, however, that the amenity benefits (e.g. recre-
ational and aesthetic benefits) of the forest age-class program apart from biodiversity

conservation were most likely perceived by respondents as being much greater than the

other programs, in which case it is not surprising that WTP is highest for this program.
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The demand functions of CR and EO residents for biodiversity reserves are nearly
identical, with positive WTP up to a level of approximately twice that of the baseline and
very small marginal values (below $5/year for increases above baseline). With approxi-
mately the same threshold level, the WV region has mean WTP about twice that of the
other regions. At the baseline level, both WV and EO residents’ marginal values are vir-
tually the same as for endangered species protection. The biodiversity reserve program
elicited the lowest values of all the conservation programs presented in the survey. With
respect to the threshold levels, this is indication of a solid understanding of the relative
merits of the programs, in that the other programs would have a lower impact on the
total amount of land designated, i.e. the other programs focus on increasing coverage of
certain classes of land - riparian zones and critical habitat for exampl - whereas the
reserves program would increase the percent of the total land in the Coast Range in
reserve status. It is not surprising, then, that respondents would view large allocations to
reserves as having greater implicit opportunity costs beyond those captured by the bid

price.

As a general observation, EO residents indicate a WTP of approximately $6 for small
increases above baseline levels for all but the old growth program, for which they indi-
cated a higher WTP of ~$11 for marginal increases just above the baseline level. How-
ever, the elasticity of demand varies significantly over the different programs, perhaps
indicating different levels of tolerance for high levels of resource allocation to the differ-
ent programs. Again, as expected, WV residents have expressed nearly uniformly higher
WTP/WTA for conservation. Despite some significant disparities in the quantitative
levels of WTP, it is notable that no gross qualitative differences are indicated: all regions
exhibit significant WTP for the conservation programs and threshold levels tend to be

similar between regions, but distinct between programs.
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Figures 5-9 and 5-10 depict TWTP/TWTA (i.e. compensating surplus/equivalent
surplus) for changes above and below the baseline level for each of the four programsl.
For simplicity of exposition, the weighted average TWTP/TWTA (adjusted for popula-
tion representativeness) for each of the four programs, averaged over the three regions,
are presented?. TWTP functions are depicted without the status quo effect in Figure 5-
9, and with the SQE in Figure 5-10. Given the much larger population of the Wil-
lamette Valley, the weighted average TWTP is largely reflective of higher marginal WTP
values of the WV region. However, given the qualitative similarity of the compensated
demand functions between regions, the weighted average does not mask any fundamen-

tal differences in preferences.

As noted above, TWTP/TWTA curves in each graph represent the area under the
compensated demand curves with and without the negative value of the status quo effect
(SQE). For the CR, WV and EO regions, the value of the status quo effects are -$242,
-$140, and -$173 respectively. The without-SQE curves cross the x-axis at the baseline
level, whereas each of the with-SQE curves drawn in Figure 5-10 are shifted downward
by the full value of the SQE. 3. As discussed in the next chapter, the SQE represents a
dispreference for changing the status quo in the context of changes in all four of the con-
servation programs in the survey. It is not possible to identify interactions between the
SQE and the individual programs in the statistical model®. Thus, relative allocation of
the SQE to individual programs is ambiguous, and the curves drawn in Figure 5-10

where the full value of the SQE applies to each program, represent the polar extreme to

1. Again, below baseline levels are associated with otal willingness to accept compensation (TWTA) for
the reduction, compared total willingness to pay (TWTP) for increases above baseline.

2. 1998 population levels in the three regions CR, WV and EO are 78353, 996010, and 269750, respec-
tively (USACE, 1999).

3. Note that the value of both sets of functions is zero at the baseline level, meaning that the with-SQE
curves have a discontinuity at the baseline level, though they are otherwise continuous. This discontinu-
ity is not visible in the graphs because it appears only at the baseline level of the respective programs, and
thus represents a single point of discontinuity in an otherwise continuous function.
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Figure 5-9. Weighted Average TWTP/TWTA for Changes in Conservation Programs -
No Status Quo Effect?
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a. Markers on the curves denote above- and below-baseline design points. The status quo level is
the x-intercept in the without-status quo figure.

those in Figure 5-9 where the SQE does not apply to any of the four programs. Note
that allocation of the full value of the SQE to two or more program s separately over-
counts the SQE, and therefore each of the curves in Figure 5-10 should be interpreted
as the TWTP/TWTA for the respective program, holding the other three programs con-

stant at the baseline level. Joint changes in two or more programs would require using

4. Because baseline levels of the programs appeared only in the baseline alternative of each choice set,
and not in either of the other two alternatives, there were no scenarios in the design that features changes
from baseline levels for some programs and not for others. Including baseline levels for some attributes in
non-status quo alternatives would permit identification of attribute-specific status quo effects. While this
would decrease the statistical efficiency of the design, in future applications this should be considered.
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Figure 5-10. Weighted Average TWTP/TWTA for Changes in Conservation Programs
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the without-SQE values depicted in Figure 5-9, and adjustment in the total value of the
joint change to account for the SQE. An alternative would be to apply some allocation
rule to divide the SQ constant across the four programs. Lacking any particular basis for
such an allocation rule, the curves are presented with and without the SQE. Again, dis-
cussion of these implications are addressed in the next chapter. As a last point of clarifi-
cation, note that the TWTP/TWTA curves are truncated below the 100% attribute level
to avoid extrapolating far beyond the limits of the design. Maximum levels specified in
the experimental design are 90% for salmon habitat, 75% for endangered species habi-

tat, 50% for older forests and 40% for biodiversity reserves. Owing to the quadratic
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shape of the TWTP curves, extrapolations far beyond the design points result in highly
negative WTP values that are not reliable. The curves are truncated 10 percentage units

above the maximum design level for each of the programs.

As indicated in Figure 5-9, exclusive of the status quo effect, all programs exhibit
positive estimated TWTP values for increases above baseline, which becomes negative
with large increases above baseline. Estimated TWTP for old growth forest has the high-
est maximum value, peaking at $384 per year for an increase to 37% of forests in the >
150 year age class. TWTP for the historical level of 50% of old growth falls from the
peak WTP, to $322 per year per household and bec omes negative at levels above 70
%.Estimated TWTP for endangered species protection peaks at $250/year at 47% of
habitat covered, falling to zero WTP at 79% habitat coverage. Maximum TWTP for
salmon habitat protection is estimated at $144/year/household at 57% habitat coverage
and remains above zero up to nearly full coverage of all salmon habitat in the Coast
Range. Biodiversity reserves are associated with the lowest TWTP, peaking at $46/year/
household at 22%, approximately twice the basline level of 10% of Coast Range land in
large-scale protected reserve status. All four programs are associated with negative
TWTP for decreaces below baseline, i.e. respondents indicate that compensation would
be demanded for decreases in current levels of biodiversity protection. The shapes of the
estimated curves jsuggest that endengered species habitat protection is associated with a
higher aversion to decreases, with twice the level of compensation demanded relative to
the other three programs. With the SQE included, only the old growth forest and endan-
gered species programs exhibit positive surplus values. Maximum TWTP for these pro-
grams are $231/year at 37% old growth forest and $97/year to increase endangered
species habitat protection to 47% of the Coast Range landscape. While both the salmon
habitat and biodiversity reserve programs are associated with positive marginal WTP up
to 56% and 21% of the Coast Range landscape, respectively, the TWTP does not out-

weigh the full value of the status quo effect for either of these programs. As this simply
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represents a uniform upward shift in the curves by a constant of $153, the qualitative
change in the results is trivial in a sense, but it again highlights the importance of the

status quo effect in the interpretation of the analyrtical results.

5.2.2 Dichotomous Choice/Contingent Valuation

The experimental design of the DC/CVM is derived as a subset of the CEA design
with three experimental factors. The conservation programs are merged into a single
experimental factor with four levels represented by the four conservation programs. A
policy change factor is specified with two levels of increase above the baseline for each of
the conservation programs (levels specified were the two above-baseline levels specified
in the CEA design), and the eight-level cost factor. This comprised a 4x2x8 full factorial
design. Each respondent received one treatment which elicited WTP for a specified
increase in one of the four programs. The response rates by treatment, pooled over the
bid level factor, are listed in Table 5-11 for the three regions. An informal inspection of
the response rates does not indicate any clear pattern of invalid or “don’t know” (DK)
responses by treatment. Two modelling techniques were employed in the analysis of the
DC/CVM data produced in the survey: a standard binomial logit model and a nonpara-
metric method based on the empirical distribution of positive response rates plotted
against bid level. In both models, the DK responses were censored from the data set.}

The latter method was employed in the attempt to address the small sample properties

of the data and to further investigate the decision process employed by respondents.

1. In addition, an ordered logit model was estimated, treating the DK responses as intermediate between
‘yes’ and ‘no’ responses (Wang 1997; Cameron, Poe et al. 1999; Svento 1999). While the results were
interesting with regard to incorporation of preference uncertainty, the results of the ordered model did
not differ significantly in the WTP calculations and are not reported here.
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Though the pooled data set contained a total of 765 valid observations with yes or no
responses (with 244 DK responses and 225 otherwise invalid responses), estimation of
both the effect of regional preference differences for different conservation programs and
the sensitivity of responses to scope, through either stratified models or covariates in a

pooled model, drew on very small subsamples (Table 5-11).

Table 5-11. Item Response Rates by Survey Treatment

Region Program Increase level Observations | Valid | % Valid | DK | %DK | Used Obs
Coast Range reserves 20% 51 . 38 75% 10 26% |28
40% 63 53 84% 9 17% | 44
old growth 33% 58 46 79% |8 17% |38
50% 52 43 83% 12 28% | 31
salmon 40% 62 49 79% 6 12% | 43
90% 56 44 79% 10 23% |34
end. Species 20% 68 49 72% 13 27% | 36
40% 48 39 81% 9 23% | 30
Willamette Valley reserves 20% 47 38 81% 14 37% |24
40% 57 48 84% 15 31% |33
old growth 33% 41 35 85% 5 14% | 30
50% 47 42 89% 14 33% |28
salmon 40% 37 29 78% 8 28% | 21
90% 47 38 81% 9 24% |29
end. Species 20% 36 31 86% 3 10% |28
40% 53 40 75% 14 35% |26
E. Oregon reserves 20% 51 42 82% 9 21% |33
40% 56 43 77% 10 23% {33
old growth 33% 48 39 81% 11 28% 28
50% 49 44 90% 10 23% |34
salmon 40% 62 59 95% 14 24% |45
90% 53 45 85% 10 22% |35
end. Species 20% 46 37 80% 8 22% |29
40% 46 38 83% 13 34% |25
Total | 1234 1009 81% 244 24% | 765
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5.2.2.1 Model Specification and Selection

The general form of the logit model employed in the analysis of the data catalogued
in Table 5-11 is defined as:

1-P

P.
logit(P) = In—= = c+aBID;+B'X;+Y'R; (5-6)
i

where 7 denotes the individual respondent, P is the probability of a ‘yes’ response; ¢ is a
model intercept term; BID is the bid level and @ is the associated parameter; X
is a vector of variables associated with the conservation programs with coefficient
vector B and R is a vector of demographic variables with coefficients y.

The logit model results are presented in Table 5-12. Data were pooled across pro-
gram and regional strata in order to preserve degrees of freedom given the small sample
properties noted above, and the effect of program and region was represented by inter-
cept terms. As in the CEA, the percentage of old growth forest in the age class distribu-
tion is used in the model as proxy for the full distribution described in the scenario.
Several alternative model specifications were tested, with the inclusion of additional
demographic variables for income, age, and length of residence in region (CR, WV, or
EO). These additional terms were not found statistically significant and were dropped
from the final model. Several linear models with interaction terms between the program
intercepts, the strata intercepts, and the demographic variables were tested and not
found significantly different at p=0.90 from the final model using the likelihood ratio
test. Thus, the data do not provide any evidence that the program constants differ by
region or that the effect of respondent characteristics interact differently with the respec-
tive program attributes across the regional strata, or that stratified models would be jus-
tified. A loglinear specification of the utility model was estimated as well, with the
natural log of the bid replacing the linear effect of the bid in the original linear specifi-

cation, but did not perform as well as the linear model. The restriction of nonnegative

WTP imposed by the loglinear model is also inconsistent with the structure of prefer-

ences indicated by the CEA models.




Table 5-12. Dichotomous Choice Contingent Valuation Model Results

Parameter | Model term | Variable Description Parameter values®
C INTERCPT | Model intercept 0.1291
Br B 0/1 dummy set to 1 if biodiversity reserve program spec- | -0.7034**
ified in CVM question
Be E 0/1 dummy set to 1 if endangered species program spec- | -0.7318**
ified in CVM question
Bs S 0/1 dummy set to 1 if salmon habitat program specified | -0.7549**
in CVM question
F 0/1 dummy set 1o 1 if forest age program specified in
CVM question; used as reference level for the program
dummies - no parameter estimated
BL LEVEL 0/1 dummy set to 1 for higher level increase -0.0582
a CVBID quantitative variable for bid level -0.00228**
Yol STRATA1 | 0/1 dummy set to 1 if resident of Coast Range -0.7196**
STRATA2 | 0/1 dummy set to 1 if resident of Willamette Valley;
used as reference level for the region dummies - no
parameter estimated
Y53 STRATA3 | 0/1 dummy set to 1 if resident of Eastern Oregon -0.7449**
TLOR RESLOR quantitative variable for length of residence in Oregon | -0.021**
TEp FPCODE | 0/1 dummy for employment in forest products industry | -1.1358**
TENY ENVIRO [ 0/1 for membership in environmental organization 1.2365**
TpoL POLAFF 1-5 Likert scale rating for political orientation, 1=lib- -0.4588**
eral, S=conservative
TED EDUC quantitative variable for years of education 0.1038**
Obs 879
Log Likelihood -438.9405
X 218.523
Adj. Pseudo R? 0.210253702
Correct Predictions 77.80%

a. * denotes parameters significance at the 95% level and ** denotes the 99% significance level.
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Generally, the linear model fits the data quite well, with a pseudo—R2 value compa-
rable to the CEA models. Nearly all parameters are significant at the p=0.05 level. The

important exception is the term for level of program increase, suggesting that respon-
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dents may be unresponsive to the degree of quantitative change of the program!. The
negative sign on the level term indicates that the higher level of conservation program
implementation elicits lower TWTP values, consistent with the results of the CEA mod-
els®. The negative sign on the three program dummies indicate that respondents are less
likely to select the ‘yes’ response‘ for these programs relative to the forest program. As
expected, the parameter on the bid level is negative and significant. The negative value
of the stratal and strata3 terms indicate that respondents in the Willamette Valley are
more likely to give a positive response than the other two regions. Both environmental
group membership and education contribute positively to likelihood of choosing the yes
response, while length of residence, political conservatism and an occupation in the

forest products sector all contribute negatively.

Calculation of willingness to pay for increases in the conservation programs is done

in the following manner:

For the linear model specification, WTP/WTA is:
WTP|WTA, = CS|ES = —é[cvr B+, + zrkRkJ 57)

where i =1...3 denotes conservation program, (old growth program = reference level);
j=1...3 denotes region, (STRATA2 = reference level)
k=1...5 denotes demographic covariates

(Hanemann 1984; Hanemann 1989).

1. While this insensitivity to the scope of the program change provides some evidence of the embedding
effect for which the CVM is frequently criticized, the results of the choice experiment analysis provide an
alternative interpretation. Given that the TWTP curves estimated in the CEA exhibit regions of falling
TWTP above the threshold levels, individuals may be indifferent to high and low levels of increase,
though they may exhibit increasing TWTP up to the threshold. Since the levels specified in the DC/
CVM design span the threshold values, it is conceivable that the insensitivity to scope measured in the
DC/CVM analysis is due to the underlying bell shape of the TWTP function. The two level design of the
CVM experiment is thus inadequate to identify this quadratic effect, which is strongly indicated in the
CEA.

2. Inspection of Figure 5-9 reveals that a line intersecting the two above-baseline design points for each
of the four programs would be negatively sloped.
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Table 5-13 presents average WTP values for each of the three strata, based on the
respective sample means and medians. Given the characteristic sensitivity of the mean
measure of central tendency to the tails of a distribution, comparison of mean and
median estimates gives an indication of how well-defined the tails of the estimated dis-
tribution are. WTP is not significantly different between the upper and lower level of the
programs speciﬁed, given the insigniﬁcance of the level term, so a single point measure
is identified in the table, derived from the model estimated without the level term. In
addition, a population mean adjusted value is identified, consistent with the adjustment
applied to the CEA results for the difference between sample and population mean
values of significant demographic covariates. Finally, an adjusted TWTP value for each

of the programs, by weighted average over regional strata, is identified.

Table 5-13. WTP/WTA Estimates from Bivariate Logit Model ($/year)

Reserve Program Endangered Forest Age Salmon Habitat
Species Program Program Program

la. Linear model - No Level | -279 -258 -302 -281 -4 17 -284 -263

Adjusted for population -228 -241 80 -251

means

2a. Linear model - No Level | 121 133 98 110 396 408 117 129
Adjusted for population 146 134 454 124
means

3a. Linear model - No Level | -214 202 237 -225 61 73 -218 -206

Adjusted for population -211 -223 97 -233

means
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The results of the model indicate that CR respondents would require substantial
compensation (ES) to offset the utility loss associated with increases in any of the con-
servation programs except for the forest age program. The biodiversity reserve, endan-
gered species and salmon habitat programs are all characterized by negative WTP
estimates of nearly equal magnitude. The median values are all more strongly negative,
though the sample means and median values are close in magnitude, indicating a well-
defined upper tail. The adjustment for population demographic values shifts the esti-
mates in the positive direction, increasing mean WP for expansion of old growth forest

to $80/year, though WTP for other programs remains strongly negative.

Sample mean results for the WV stratum indicate again that increasing forest age is
the most strongly preferred conservation program, with an estimated sample mean WTP
of $408/year, increasing to $458/year with adjustment. The other programs are all asso-
ciated with positive WTP, estimated af $110/year for the endangered species program
and approximately $130/year for both the reserve and salmon habitat programs. Median
values are very similar to the means, again suggesting well-defined rails and adjustment
for population demographics increases the estimates by proportions ranging from 4% to

20%.

Results for the EO strata indicate a pattern similar to the CR stratum. Estimarted
values are negative for increases in the biodiversity reserve, endangered species and
salmon habitat programs, somewhat less in magnitude than revealed by CR respondents,
and all within a -$200 to -$225/year range. Adjustments for population representation
only slightly exceed this range. Positive WTP for increased forest age is somewhat higher
than the CR estimate, though the disparity is decreased after adjustment.General obser-
vations of the above results suggest substantial heterogeneity in welfare effects between
the WV and the CR and EO regional strata. However, while WTP estimates differed
substantially, the preference rankings were very consistent, indicating a strong preference

for increased forest age class diversity and old growth forests, and similar values for the
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other programs. This conclusion is supported by hypothesis tests indicating statistical
insignificance of region/program interaction terms in the regression model. While the
results of the choice experiment suggest an explanation for the negative WTP values if
one assumes that the status quo effect indicated therein is also expressed (though not
identified statistically) in the DC/CVM results, concerns about the influence of func-
tional form and specification bias in both the CEA and DC/CVM analysis suggest fur-
ther investigation. Lacking an a prior7 basis for selecting an alternative functional form,
the nonparametric methods discussed below offer some possibility of revealing WTP
while avoiding some of the potential for specification bias inherent in the parametric

approach.

5.2.2.2 Non-parametric Analysis of DC/CVM Data

The contingent valuation literature has recently seen the development of a number
of nonparametric and semiparametric techniques for analyzing dichotomous choice data
(Kristrom 1990; Duffield and Patterson 1991; Creel and Loomis 1997; Haab 1997;
Boman, Bostedt et al. 1999). The principle advantage of these techniques is the indepen-
dence from non-theoretical distributional assumptions. While the techniques are math-
ematically rather simple, the utility theoretic foundation is well established and is
consistent with the RUM framework . As in the RUM approach of specifying the prob-
ability of an individual respondent accepting a contingent offer at bid level 4; as
P; = H(A;)) = 1 -G, (A;) where G,,() is a parametric specification of the TWTP
(CS) distribution, the alternative method specifies H(A) nonparametrically using the
proportion of yes responses as a function of the bid level (Hanemann and Kanninen
1999). Thus, the specification is based entirely on the empirical observations without
relying on distributional assumptions. The only restriction is that H(A) must be mono-
tonically nonincreasing, which is the discrete equivalent of the restriction that 9

0A

as specified in the random utility formulation.
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The sample proportions of Placcept(A;)]==;are plotted in Figure 5-11 for each of the
four programs, based on the sample pooled across strata. As is quite clear from the plots,
the =; functions violate the monotonicity restriction, which is a common result, partic-
ularly for small samples. Kristrom (1990) introduced an algorithm originally proposed
by Ayer, Brunk et al. (1955) into the CVM literature which converts a nonmonotonic
function into a monotonic one.The algorithm, known as the pooled-adjacent-violators
rule (PAVA), specifies the replacement of »; and =;, 1, where n;<n;, { with the mean of the
two values such that
~ (ki k)

L= A 5.8
T () .

M=

Equation 5-8 is solved iteratively until the sequence =y...x,, is smoothed into a non-
increasing monotonic function. The resulting functions calculated for the survey data
are labelled Smoothed(P{Accept]) in the figures. In addition, a linear regression line esti-
mating n=a+pA is also fitted for the purpose of comparison. Recalling that the median of
the WTP distribution is the value of C that solves 1-G(C)=0.5, the figures suggest the
basis of the negative welfare estimates produced in the logit models - in all but the forest
program, the linear estimated function takes the value p=0.5 in the negative quad-
rant.Similarly, without restricting WTP to be non-negative, the mean is calculated as the
area below the curve to the right of the vertical axis, less the area above the curve in the
negative quadrant, and clearly negative mean values would be estimated based on the
linear estimates depicted below. On casual inspection it appears that, with the exception
of the salmon habitat program, both the empirical and smoothed functions appear to
have an approximate logistic shape, though they do not appear to be strictly positive and

may pass into the negative quadrant in the lower (leftmost) tail of the distribution.




Figure 5-11. Empirical WTP Distributions
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Boman, Bostedt et al. (1999) identify three welfare estimation techniques based on
the smoothed empirical distribution which have been used in the literature which repre-
sent, respectively, an empirical maximum likelihood estimator of WTP (upg1), and esti-

mated upper and lower WP bounds (uy, np):

k-1

1 A A
Wayr = z ﬁ(lAH ll—[/lil)(nl-+nl.+l) 5.9
i=1
E-1
by = Y (el - [ADE; ’ (5-10)
i=1
b1
= ) (4] - DR (5-11)

i=1

Since =; is decreasing in i, pp produces a lower estimate than pyy. An intermediate
value is produced by w1, which sums the area under the linear interpolation of points
xy...m 1. Though terminology varies somewhat, p is commonly cited as the Kaplan-
Meier-Turnbull estimator and wyyy. is cited as the Spearman-Karber estimator of mean
WTP. Notice that both of these estimators truncate the tails of the WTP distribution at
Aj and 4. Results of these two estimators for the pooled data for each of the four con-
servation programs are presented in Table 5-14. A disadvantage of the empirical distri-
bution generally is the difficulty in either incorporating covariates or extrapolating
beyond the endpoints. A variety of semiparametric techniques have been suggested
which break H(A) into components with known and unknown distributions (Horowitz
1994; Hanemann and Kanninen 1999). A simple semiparametric alternative is proposed
in this analysis and implemented in an attempt to identify differences in the WIP
between the regional strata. This combines a parametric specification of strata-specific
intercepts (analogous to the strata specific constants in the logistic regression model
described above) with the nonparametric specification of choice probability as a function

of the bid level.
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For each conservation program, separate linear OLS models were estimated for the

function ==a+pA4 on each sample strata. The three resulting intercept terms from these
regressions for each of the conservation programs are used to adjust the Turnbull and
Spearman-Karber estimates from the pooled data set in the following manner:! .

F-1 1
Wopr = E E(IAH | = [ ADGE+ &y - 2(0, - 7))

i=1

E-1

W = 2 (% _IAil)(ﬁ:i+ 1= (o, —my))

i=1

While the Turnbull estimator is regarded as a lower-bound estimator of WTP
(Boman, Bostedt et al. 1999), this specification maintains the restriction that P(4y)=1,
i.e. that WTP is nonnegative. Haab (1997) maintain that this assumption is appropriate
in the context of most public goods, since an unwanted public good can simply be
ignored, and attribute the frequent occurrence of negative welfare estimates in CVM
analyses as artifacts of statistical fit and functional form. Thus, the authors argue, it is
theoretically justified in most cases to impose the restriction of nonnegative WTP. As
noted above, however, there are reasons to remain more agnostic regarding nonnegativ-
ity of preferences in the current context, and the interpretation of the Turnbull estimates
depicted below as lower bounds only holds insofar as this assumption is maintained. Fur-
ther consideration of this assumption in light of the CEA results will be taken up in the

next section.

1. 'This method is employed in an exploratory manner to investigate the structure of preferences
expressed in the data, and the influence of regional preference differences. While this appears to be a sim-
ple and intuitive means of incorporating the effect of one covariate into the nonparametric method, and
is consistent with the general approach of semiparametric methods discussed by Hanemann and Kan-
ninen (1999), it is not formally supported. Thus, use of the stratified results in Table 5-14 for any pur-
poses other than qualitative comparison is strongly cautioned against.
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Table 5-14. Results of nonparametric and semiparametric analysis of DC/CVM data

Reserve Program Endangered Old Growth Salmon Habitat
Species Habitat Program Program
Program

WTP; 5 213 375 273 294
WTPyy 147 307 222 293
WTP; 5 218 177 131 138
WTPyy 152 120 88 132
WTP; g 252 578 415 436
WTPyy 186 503 361 429
WTPp - 180 494 322 179
WTPyy 125 419 268 173

The results of the nonparametric analysis suggest distinctly different preference
rankings of the four programs than those drawn from the logit analysis. Unlike the logit
analysis, preference rankings are not found to be consistent across regions. Most notably,
for CR respondents, the biodiversity reserve and endangered species programs are ranked
first and second, respectively, and WTP is substantially higher than the old growth or
salmon habitat programs. This result is contrary to findings of the CEA as well as to the
attitudinal statements depicted in Figures 5-2 and 5-3. If one regards the CEA results as
more robust, this suggests that truncation of the negative portion of the WTP distribu-
tion significantly distorts the estimation of preferences for Coast Range residents, both
in terms of magnitude of welfare estimates and the relative preference orderings. Results
for WV and EO respondents are generally more consistent qualitatively with the choice

experiment results, with both ranking endangered species protection first and biodiver-

sity reserves last.




122

While the visualization of the empirical WTP functions is useful for developing
insight on the nature of the negative WTP estimates resulting from the logit analysis, it
is unclear whether WTP estimates based on this analysis are more accurate than those
from the logit results. While the latter are certainly more conservative with respect to the
status quo, they may overstate the magnitude of negative WTP to some degree. Inspec-
tion of Figure 5-11 suggests that the left tail of the empirical distributions for the endan-
gered species, forest age and reserve programs are likely to be quite small. That is, it
appears that the empirical distributions conform roughly to a logistic shape, though it is
likely that they intercept the vertical axis. An informal visual extrapolation of the
smoothed empirical curves into the negative quadrant suggests that the tail might be
small relative to the negative tail indicated by the linear regression line. While this obser-
vation is purely speculative, it does suggest that the linear specification in the logit anal-

ysis may overstate the size of the left (negative) tail, leading to larger negative WTP

estimates and smaller positive estimates.
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Chapter 6: Discussion

The objectives of this study encompass both empirical and methodological issues in
the investigation of public preferences for passive use resources in the context of land-
scape-level planning and resource management. With competing, and to some extent,
mutually exclusive demands for resource use and allocation in the Oregon Coast Range,
there is a clear need to investigate the preferences Oregonians hold regarding priorities
for conservation, as well as commercial use, of resources. This research attempts to
empirically map the structure of Oregonians preferences for four distinct approaches to
conserving biological diversity currently in effect on this landscape. The demands of this
empirical objective suggested the need for a multiattribute approach to non-market val-
uation, which offers the opportunity to investigate the properties and effectiveness of a
variant of the conjoint approach to preference analysis (Carson, Louviere et al. 1994;
Louviere 1988). With a common utility theoretic and statistical foundarion, both the
choice experiment variant of conjoint analysis and the dichotomous choice CVM -
approach produce comparable welfare analyses. A further objective of this study is to
investigate the advantages of CE relative to the more commonly used CVM. This dis-

cussion interprets the results of the analysis in light of these objectives.

6.1 Methodological Implications of Study Results

6.1.1 Status Quo Effect: Interpretations

A central issue in the interpretation and application of the study results involves
understanding the nature of the status quo effect identified in the CEA model. As indi-
cated in Figures 5-7 and and 5-8, the inclusion of the SQE influences estimation of total

WTP by shifting the respective curves downward by a large lump sum. The puzzling

implication is that any change in the current state of forest management and biodiversity




124

conservation induces a discontinuous drop in the welfare of Oregonians due to the loss
of the status quo itself, though this loss is offset to some degree by further incremental
increases in conservation measures which are regarded as beneficial, ultimately produc-
ing positive welfare effects. This interpretation of the statistical result probably reflects

respondents’ preferences to some degree, but likely also reflects survey instrument and

cognitive effects as well. Thus, what exactly the SQE measures and whether it is included

in calculating the welfare effect of changes in Coast Range conservation policy bear fur-

ther consideration.

A review of the literature reveals a number of papers which indicate thart a status quo
preference arises, at least in part, from a pervasive cognitive bias. Kahneman and Tversky
(1984) termed this loss aversion and it is widely known in the valuation literature as the
endowment effect. This effect is apparently inherent in choice behavior (Kahneman,
Knetsch et al. 1991; Samuelson and Zeckhauser 1988) and in essence causes individuals
to overweight losses relative to gains in decision making. Even in the case of apparent
gains, the uncerrainty associated with change can be perceived as a loss. Interestingly, this
cognitive effect is also cited as a causal factor in the disparity between WTA and WTP
welfare measures for equivalent goods (Brown and Gregory 1999). Several recent or
pending publications identify the status quo effect in the context of non-market valua-
tion survey research. Beenstock, Goldin et al. (1998) and Hartman, Doane et al. (1991)
both identified a status quo effect in simulated markets for improved reliability in elec-
trical service. This effect was expressed as negative value estimates for small improvements
in electrical service, i.e. respondents required compensation for improvements in reli-
ability resulting in reduction in power outages of four hours annually. As service
improvements increased, the investigators found that increasing utility eventually out-
weighs the status quo effect, resulting in positive net WTP for greater levels of improve-
ment. Both authors interpret this effect as a nuisance parameter inconsistent with
rationality, though both are ambiguous about how to treat its effect on WTP estimates.

The broader implication is that any disturbance of the status quo in itself is perceived as
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a “bad” because it increases uncertainty, though with sufficient gains from the change,
the negative effect of uncertainty is outweighed by positive benefits. The perceived cer-

tainty of the status quo can thus be seen as an endowment in itself.

Adamowicz, Boxall et al. (1998) employed a choice experiment in a valuation con-
text quite similar to the one reported herein, with the inclusion of a status quo alternative
in the experimental design and an alternative specific constant in their econometric
model to capture the ceteris paribus inclination of respondents to choose the status quo
alternative. As in this analysis, the authors identify a negative status quo effect, indicating
a disutility for taking any action to increase attribute levels, though parameters on the
environmental attributes themselves were positive and resulted in positive WTP esti-
mates. While recognizing that the SQE is consistent with an endowment effect where
respondents perceive change in itself as a loss, the authors speculate that it could also
indicate doubts on the part of respondents that programs would be implemented effec-
tively. It could also be the default choice of respondents who were uncertain about pref-
erences between the other two alternatives. Carson, Louviere et al. (1994) note that the
principle liability of specifying a status quo alternative is that it provides an “easy out”
for the respondent when the choice task is complex, but that it is necessary to provide a
reference level for welfare calculations. The authors find that a quadratic model with a
status quo ASC provides the best statistical fit, and interpret WTP adjusted downward

by the amount of the SQE to be the most accurate estimate of TWTP.

Mazzotta et al. (2000), using similar experimental and statistical methods in a study
of amenity values of the Peconic Bay estuary, identified a negative value for maintaining
the status quo, i.e. there was a ceteris paribus preference for taking some conservation
action to alter the status quo. The author attributes this “yea-saying bias” to the value of
conservation that is symbolic and not sensitive to the level of conservation program

attributes. If this interpretation is correct, this would appear to be the embedding effect

that Kahneman and Knetsch (1992) attribute to “the purchase of moral satisfaction” and
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is one of the chief points of criticism of passive-use value estimation and stated prefer-
ence methods in general (Diamond and Hausman 1994). In contrast to Adamowicz, et
al., however, the baseline scenario in Mazzotra et al. was described in terms of expected
conditions 20 years hence under current trends. This was contrasted with alternative sce-
narios that mitigated the current trends and maintained environmental conditions closer
to those of the present day status quo. Thus, rather than being a symbolic preference for
environmental protection, the effect measured in their research is entirely consistent
with the status quo preference revealed in both-Adamowicz and this thesis, which the
former interpret as an endowment effect. In calculating aggregate WTP estimates, Maz-
zotta et al. used only the part- worth values of the attributes of the conservation programs
and did not include the status quo value attributed to symbolic bias, thus reducing the

magnitude of the WTP estimates!.

In the context of the research reported herein, there are a number of possible expla-
nations for the status quo effect, and it is likely that multiple factors are in effect. Given
the apparent ubiquity of the endowment effect, it is likely to account to some degree for
the magnitude of the SQE. However, there are most likely other factors in effect. The
choice task with which respondents are confronted is fairly complex, and it is likely that

some respondents choose the SQ as a proxy for a “don’t know” response.® Like the

L. It is interesting to note that, while both Mazzotta et al. and Adamowicz et al. reflect careful and
insightful analyses, they make what appear to be contradictory assumptions regarding interpretation of
the SQE in order to produce conservative estimates of WTP. This may be indicative of a tendency
throughourt the literature to produce conservarive estimares of WTP as recommended by the NOAA
Panel (Arrow, Solow et al. 1993). While a conservative bias in WTP estimates may be advisable in a dam-
age assessment context, the aggregate effect of such a bias in policy analysis may ultimately lead to under
provision of public good amenities, particularly if cost benefit ratios are heavily weighted in decision cri-

teria (Knetsch 1990).

On a related note, the endowment effect is frequently cited as a reason for using a WTP elicitation when,
in many cases, a WTA measure is more consistent with the property rights allocation in a given valuation
setting. Given the NOAA Panel’s dictum to use conservative estimates, the WTP measure is frequently
used when the WTA measure is more appropriate. Although inclusion of the status quo effect in the cal-
_ culation of welfare estimates may produce more conservative estimates, it would be logically inconsistent

to do so when using WTP in place of WTA when the latter is the theoretically appropriate measure as
this would, in effect, double count the endowment effect.
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endowment effect, this introduces a downward influence on the TWTP estimate if it is
included in the calculation, at least relative to what we would expect in the context of
well-behaved utility functions. Notwithstanding the reinterpretation of the results in
Mazzotra et al. above, to the extent that there is a “warm glow effect” to choosing a non-
status quo alternative, it will also be captured in this term, pushing its value upward.
Thus, the tendency to choose the status quo (in the face of uncertainty or undefined
preferences) and the yea-saying effect influence the value of this parameter in opposite
directions. Ideally both factors would be excluded from welfare estimation as they are
both response biases which hold no information on preferences, though neither can be

identified independent of other factors influencing the status quo term.

It should be noted that the approach to treating “protest no’s” in this analysis differs
from the more customary approach: 76 respondents indicated that they chose the status
quo due to distrust of the government, opposition to property rights interference, oppo-
sition to taxes in general, or other forms of protest relating to the policy mechanism or
bid vehicle. While it is customary to censor protest responses such as these, they are
retained in this data set with the recognition that their effect on estimation of mean
WTP estimates will be captured in the SQE. Protest responses are typically censored
because they are not interpreted as revealing anything about preference for the good
being valued, but rather for the policy mechanism or payment vehicle specified in the
survey instrument. In the context of this study, however, the goods being valued are
inseparable from policy mechanisms, and therefore “protest” responses do reveal some-
thing about preferences. In any case, these responses are particularly relevant to consid-
eration of the choice scenarios as hypothetical public referenda. The SQE is largest in the
Coast Range strata, which suggests that it may reflect respondents’ reticence to undergo

further dislocation due to additional regulatory changes in resource management insti-

2. One area for further investigation would be the inclusion of a DK response in addition to the SQ
alternative, in order to isolate the effects of uncertainty. While this may help to better isolate the SQE, it
carries the liability of further reducing the incentive for respondents to think carefully through the choice
task. An alternative may be to include a strength of preference follow up question.
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tutions (Keith, Fawson et al. 1996). Though it is not possible to isolate this component
of the SQE from the bias effects discussed above, it has the most interesting implications
in terms of application of welfare estimates to public decision making. From the perspec-
tive of policy makers, should reticence on the part of the public to advocate government
action influence welfare estimarion? In a sense, the SQE could be viewed as a sunk cost
which should not influence decision making, provided some initial public choice deci-
sion has been made to take action. Thar is, once a sunk cost is sunk, it no longer con-
tributes to efficiency analysis. Thus, it must be decided where society is on the decision
making continuum - before or after the point where regulation is unavoidable and the
cost is sunk. While this could easily become either a semantic or philosophical debate,
and neither would be appropriate in the current context, the point is worth further con-
sideration. The question posed, then, is whether it is possible to remain art the status quo
point, i.e. can government legally or feasibly refrain from taking further regulatory action
in a dynamic environment? If not, then the aversion that the public has to any govern-
ment action, regardless of the merits of the action itself, should not influence welfare esti-
mation, though it undoubtedly influences decision making more broadly. While the
answer is ambiguous and beyond the scope of this research, the significant effect of the

SQE on welfare estimation implies that the question is an important one.!

Clearly, an advantage of the choice experiment approach is its capacity to more fully
model the respondents’ choice behavior. It is notable that the status quo effect is implicit
in DC/CVM approach, but that it cannot be isolated in the dichotomous choice sce-

nario. Thus, DC/CVM estimates are unavoidably influenced, though there is no way to

discern the direction, much less the magnitude, of this distortionZ. This should provide

1. (Diamond 1996) also makes the point that there are difficulties in the BCA context of including pref-
erences over (government) action by the following example: "Assume that people have a utility gained
from seeing a development proposal blocked. Then a government with no interest in developing wilder-
ness could raise welfare by proposing such welfare and then not doing it.”(Diamond 1996, p. 345). As
measured by the SQE, social welfare could be improved by proposing a conservation policy and then not
implementing it. While Diamond’s point is arguable, it does point out the awkwardness of the status quo
effect in the context of orthodox welfare economics.
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strong incentive to further develop the choice experiment method and suggests that it is

a more powerful tool for measuring public preferences for non-market goods.

6.1.2 Interpreting the magnitude of welfare estimates

An examination of the TWTP functions in Chapter 5 reveals that, under the maxi-
mum benefits scenario (where TWTDP is evaluated at the peak of the respective curves),
mean TWTP of Willamette Valley residents for the optimal’ level of all four programs
is in excess of $800/year. Excluding the status quo value would increase this by an addi-
tional $140/year. With a median household income in the Willamette Valley of less than
$50,000/year, this represents approximately 1.6% of annual income. Estimated TWTP
for increased old growth forest alone reaches as high as 380, 0.76% of annual household
income. Estimates of maximal joint TWTP-for both the Coast Range and E. Oregon
strata are both approximately $275/year. Statistical tests indicate a high degree of validity
and reliability, and comparison with the DC/CVM results indicates that the CEA pro-
duced relatively conservative estimates of WTP, particularly in the Willamette Valley
stratum which predominates in the statewide weighted average. The reader is cautioned
that summing accross the TWTP estimates for all four programs is problematic in that
this could produce TWTP estimates for policy scenarios that are patently infeasible.
While a definitive validity test is not available, some insights gained both from the anal-

ysis as well as from comparable studies shed some perspective on the empirical results.

2. Ready, Whitehead et al. (1995) for example used a polychotomous choice format which allowed
respondents to express ambivalence to the yes/no alternatives. Comparison to a parallel DC/CVM elicita-
tion demonstrated that respondents in the DC/CVM format who are ambivalent tend to vote no. wWTP
estimates were as much as an order of magnitude smaller for the DC/CVM results.

1. Optimal only in the sense of maximal WTP, not maximal net private or social value.
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Estimated WTP for biodiversity protection amounting to as much as 0.76% of
annual gross income represents a nonnegligible reallocation of household resources.
Given the general aversion of Oregonians to income and property tax increases, and
numerous competing demands for public funding and private spending, any estimate of
this magnitude should be considered carefully. It should also be noted, however, that the
values being estimated in this survey are not exclusively existence values, but most likely
encompass an array of amenity values. Given that the scenarios specified in the choice
experiment described different degrees of reallocation of Coast Range land to alternative
uses which benefit biodiversity, respondents may have perceived other amenity benefits
to the reallocation apart from the passive-use values associated with increasing species

and ecosystem diversity.

In a telephone survey of Oregon residents, the Oregon Forest Resources Institute
(OFRI, 1999) found that a majority of Oregonians place the highest value of the state’s
forest resources on wildlife protection and ecosystem services (principally protection of
water resources). While 84% of respondents stated that private property rights and
financial returns to forest owners were important, these values were generally attenuated
by the public goods vaﬂues of forests. Forty-eight percent of respondents rated “tax and
other [voluntary] incentives” as the best means of promoting environmental protection.
Haynes and Horne (1997) estimated that 89% of economic benefits produced on federal
land in the Columbia basin in 1995 were environmental amenity values. In a study sim-
ilar to that reported herein, Xu (1997) estimated an average household annual WTP of
$1417 to increase the forest age class distribution in western Washington from 25% to
45% mature and overmature stages (i.e., greater than 50 years) and extend biodiversity

protection to a similar degree.

While these and other studies suggest that WTP for biological conservation is sub-
stantial, there are significant concerns about the potential for overestimating mean val-

ues. There is some evidence that the estimates suffer to some extent from
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misspecification bias, which is problemaric in most dichotomous choice valuation stud-
ies (Creel and Loomis 1997; Haab 1997). The magnitude of the estimates would likely
be reduced with the use of a more flexible functional form, possibly with the inclusion
of cubic terms for the program attributes. Unfortunately, any changes in form to
improve fit would require additional model terms and the current model specification

exhausts the degrees of freedom in the experimental design.

Of particular concern is the inability to model the disparity between WTP for
increases in program attributes and WTA for decreases below the baseline. There is
ample evidence in the literature that there is a strong discontinuity between WTP and
WTA (Knetsch 1990; Hanemann 1991; Beenstock, Goldin et al. 1998). Hanemann
argues that this disparity can be explained in utility theoretic terms and arises when there
are no close substitutes for the public good in question. Other arguments suggest that
the disparity arises from cognitive biases and is inconsistent with utility theory. In either
case, empirical results in the literature indicate that there may be a kink in the actual
compensated demand curves at the status quo point!, with the curve being much steeper
for decreases below the baseline. The failure to incorporate this discontinuity, if it indeed
exists in the data, would have the effect of biasing above-baseline estimates upward and
below-baseline estimates downward. It should be noted that an advantage of the choice
experiment approach is that it is possible to specify a design that will estimate both WTP
and WTA values by including levels of the attributes below the WTP/WTA reference
point, while suppressing the tendency of WTA questions to elicit protest responses.
Researchers should be cautious if using a design of this type, however, to have sufficient
statistical flexibility to model the discontinuity in the compensated demand curve. The

first priority for extending this research is to improve the accuracy of welfare estimates

1. A model was tested which included a dummy variable for decreases below baseline for each of the con-
servation programs. While the parameters on these terms were highly significant and negative, suggesting
a discontinuity in demand at the baseline and proportionately higher WTA for decreases, there were
insufficient degrees of freedom to estimate more than one of these terms in the model, and none could be
estimated simultaneously with the status quo term.
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through the use of more flexible functional forms. A promising direction is the potential
for bootstrapping the experimental design to simulate responses to additional experi-
mental treatments, thus gaining additional degrees of freedom. It is unclear at this point
if this will ultimately be successful, however, and the required statistical research is
beyond the scope of this thesis. If successful, however, this could provide a useful tool
for controlling the need for large designs aﬁd simplifying the complex survey design and

administration process attendant with CEA.

6.1.3 Comparison of CEA and DC/CVM Results

In addition to the empirical objectives of estimating WTP/WTA for changes in the
implementation of biological conservation, a methodological objective of this research is
to compare the results of the choice experiment and DC/CVM methods to determine if
the CEA produces results that are systematically different. The null hypothesis is that the
CEA will produce more conservative (lower) estimates of compensating or equivalent
surplus for each program. The reason this might be expected is that the CEA has been
suggested as an improved method for passive use valuation in that it avoids the embed-
ding problem associated with contingent valuation. While the method certainly offers
advantages in terms of efficiency and flexibility, the accuracy of measurement of true
welfare effects of environmental change is the most essential criteria. While DC/CVM
is not without critics who dispute the validity of the method and of hypothetical meth-
ods generally, comparison of CEA can shed some light on whether some improvement

in accuracy is achieved with the alternative method.

Cameron, Poe et al. (1999) argue that the literature on comparative analysis of non-
market valuation techniques mistakenly focuses on mean measures of willingness to pay.
Of greater importance, the authors argue, is the compatibility of underlying utility func-
tions revealed in alternative applications. Thus, pairwise comparisons of WTP for simi-

lar goods estimated in separate studies are not particularly meaningful if the ad-hoc
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assumptions regarding the form of the average respondent’s utility function (e.g. func-
tional form) are inconsistent. In a case study, the authors employ a set of survey instru-
ments which are carefully designed to permit comparison of seven different preference
elicitation techniques, including DC/CVM and CEA, finding very little statistical evi-
dence that there is any distinction berween preferences elicited with these two tech-

niques.

While the need for a consistent basis of comparison is well taken, it is ambiguous to
what extent this criteria applies to pairwise comparisons of empirical results which do
not fully meet the standards of experimental control established by Cameron, Poe et al.
(1999). In the context of the thesis research, such experimental controls are not available.
The investigative objective is to identify the effect of including multiple attributes in the
CEA, which function to some degree as substitutes, compared to the single attribute
specification in CVM. It was necessafy, therefore, to vary both the elicitation format and
the description of the valuation scenario in comparing the CEA to the CVM. While it
may be possible to construct a more rigorous experimental design for this comparison,
which controls one or the other of these confounding factors, the other study objectives
in this research imposed limitations on the experimental design for the comparative anal-
ysis. The comparisons which follow, therefore, are not fully generalizable to differences

in the CVM and CFA framework.

While Cameron, Poe, et al. (1999) criticize comparisons based on different ad hoc
statistical model formulations rather than identical utility specifications, there is some
intuitive appeal to pairwise comparisons of results based on models which best fit their
respective data sets. In order to address both of these comparative standards, Table 6-1
presents comparisons of the DC/CVM results with results of three different model for-
mulations for the CEA data. The DC/CVM model is that reported previously in
Table 5-12, which used a linear specification of the utility function with a number of

demographic covariates. Given the key importance of both the quadraric and status quo
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terms in the CEA, which are not estimable in the DC/CVM specification, the statistical
model which best fits the CEA data is not applicable to the CVM data. For purposes of
comparison, then, a pair of linear models with and without the status quo term are esti-
mated using the CEA data.! The linear CEA model with no SQ term is equivalent to the
model specification in the DC/CV. Also, recall that the scope of increase in the four pro-
grams was not found to be significant in the DC/CV. Thus, the estimates in Table 6-1
represent TWITP/TWTA evaluated at the midpoint between the upper and lower
attribute levels specified in the CVM design for each of the respective conservation pro-
grams: 25%/50% for the endangered species program, 20%/40% for the reserves pro-
grams, 33%/50% for the forest age program and 40%/90% for the salmon habitat
program. Given the concavity of the TWTP/TWTA curves estimated in the quadratic
specification of the CEA model, the means of the estimated WTP values at the above-
baseline levels for the respective programs, rgther than the midpoints on the estimated

curves, represent the valid measures from the quadratic CEA model results to compare.

Comparison of the linear-without-SQ CEA model (i.e. the linear model with no
status quo term specified) to the DC/CVM results indicate that the CEA is nearly uni-
formly more conservative than the CVM, with the CVM estimates being lower in two
of the twelve pairwise comparisons, though not to a large degree. The relative rankings
resulting from these two models are almost identical, with only small rank reversals (for
example, switching between rank 1 and 2, but not 1 and 3) occurring. In the E. Oregon
results, there are larger rank reversals, but this is attributable to rather small differences

in estimated WTP for three of the programs.

A comparison of the linear-with-SQ CEA model with the CVM is qualitatively sim-

ilar: in four of the twelve pairwise comparisons, the DC/CVM WTP estimates are lower

1. Statistical results of the linear model with SQ term are presented in Table 5-3. The specification of the
linear model without the SQ term is identical except for the dropped SQ term. Parameter estimates for
~ the latter model are not presented in the thesis, though it is noted that the parameters will be biased
downwards due to misspecification given the high degree of significance of the SQ term.
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that those from the CEA, though the difference is relatively modest. In the remaining
eight comparisons, the CEA results are substantially more conservative. Preference rank-
ings models are identical within the Coast Range and E. Oregon strata, though a signif-
icantly different preference ranking results from the CEA in the Willamette Valley strata.
The WTP disparity is smaller than that resulting from the linear-without-SQE model.
Given that excluding the SQ term clearly generates a misspecification bias, it appears
that controlling this bias increases the convergence of the CEA and CVM results. Results
of the quadratic CEA increase in the positive direction for most programs across all three
strata relative to the linear specifications. A notable exception is the forest age program,
which is ranked first in all strata according to the DC/CVM model, eliciting the only
positive WTP values out of the four programs from the CR and EO strata. This program
does not stand out as strongly in the quadratic CEA results as in the DC/CVM estimates,
and is associated with WTP estimates which are not significantly different from the
values estimated for the endangered species and reserve programs in the CR and WV
regions. A possible interpretation for this effect is that the forest age program is not char-
acterized as highly by the status quo effect as the other programs. That is, it is not pos-
sible to differentiate the SQE between programs in the CEA results since there are no
alternatives that hold one program at the status quo level while other vary. In the DC/
CV, the SQE is nor identifiable, but since the programs appear in separate elicitation
questions, it is quite possible that the SQE affects the estimates differentially. Thus,
given the much higher WTP estimates for the forest age program produced by the DC/
CVM elicitation relative to the other programs, it is plausible that respondents are much
less averse to the institutional mechanism of increasing diversity in the forest age distri-

bution than is the case for the other programs.

Stevens, Belkner et al. (2000) reviews the small published literature on comparative
analysis of DC/CVM with variants of the conjoint method, including CEA. They con-

clude that, contrary to the null hypothesis above, conjoint methods tend to produce

W TP estimates which are biased upward. In three of the four articles they review, con-
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Table 6-1. Comparison of Choice Experiment and DC/CVM Results

Region |WTP Measure Salmon Endangered | Forest Age | Biodiversity
‘ 1 Habitat Species Program Reserve
Pr

Program Program

m

DC inear Mode -258 (2) (4) (1) 3 (3)
CEA-Linear Model, No SQ =205 (1) -404 (4) -290 (2) -368 (3)
Term
CEA Linear Model with SQ 92| 3784 88(1)]  -289(3)
Term
CEA-Quadratic Model -57 (1) -287 (4) =272 (3) 2241 (2)

405 (1)

DC/CVM Linear Model 133 (2) 110 (4) 129 (3)
CEA-Linear Model, No SQ -195 (2) -219 3 -172 (1) -264 (4)
Term
CEA Linear Model with SQ -162 (3) -45(2) 275(1) =257 (4)
Term

CEA-Quadratic Model -99 (1) -143 (3) -140 (2) -171 (4)

B 206 3)

DC/CVM Linear Model @] 225@)]

CEA-Linear Model, No SQ -222 (3) -142 (2) 221 (1) -302 (4)
Term

CEA Linear Model with SQ -127 (2) -166 (3) 7 (1) -202 (4)
Term

CEA-Quadratic Model -70 (3) =20 (1) -57 (2) -155 (4)

joint methods produce estimates of WTP that are considerably larger than the standard
CVM approach. The exception, cited above, was Boxall, Adamowicz et al. (1996) which
used a CEA elicitation format similar té that employed in this study, including the spec-
ification of a status quo alternative. The strong evidence of status quo preference in both
the CEA and DC/CVM results of this research, as exhibited in the pairwise comparisons
depicted above, suggest that careful consideration of the effect of the status quo on
responses must be considered in the design of CEA studies and is critical in the compar-

ison of this technique to the CVM.
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6.2 Implications of Study Results for Landscape Planning and Policy
Analysis

There is considerable evidence that protection of biological diversity is of great
importance to Oregonians. The results of this study lend further definition to the pref-
erences that Oregonians hold regarding conservation of biodiversity in the Coast Range,
specifically the relative priorities of particular elements of biodiversity and institutional
approaches to conservation and landscape management. By employing the perspective
of welfare economics to identify the structure of public preferences, including preference
differences between stakeholder groups and regional communities, this study provides
valuable information which should help to inform public policy deliberations over forest

management and land use planning.

6.2.1 Actitudes and Preferences

At one level, the results of the study provide measures of political support for con-
servation policy initiatives. The framing of the survey instrument in the context of hypo-
thetical public referenda, while intended to provide a greater degree of realism for
respondents, also provides projections of support that the hypothesized scenarios would
receive in actual public voting.! The attitudinal data collected in the survey provides a
gauge of public support. The CEA analysis provides at least an alternate measure, and

potentially a much more precise one.?

1. The predictions of the analysis unadjusted for representativeness of the public at large (see Figure 5-2
on page 70) most likely provide the best predictor of voting results. While voter participation was not
indicated as a significant predictor of preferences amongst survey respondents, the degree to which the
sample overrepresents political conservatives, elderly and environmental group members most likely cor-
relates strongly with the degree to which it represents active voters.

2. Vatn and Bromley’s (1994) caution regarding misplaced precision is, however, well taken.




138

As noted above, the relative rankings of the programs as indicated by marginal WTP
depends on the levels of the programs.at which the respective demand functions are eval-
uated. The ranking question in the survey instrument asked respondents to rank the
importance of making increases in each of the four programs, with the most important
ranking 1 and the least ranking 4. There was no indication in the question about the scale
of increase being referred to. For the purpose of comparison to importance inferred from
WTP statements, it seems reasonable to assume respondents artitudes toward increasing
the programs referred to the importance of marginal increases above baseline, and there-
fore the marginal WTP at the baseline levels provides a reasonable basis for comparison.
Table 6-2 compares MW TP for each of the four programs with the mean attitudinal rank-
ing and rating values, and the preference orderings indicated by each criteria (though this

is a qualitative comparison not intended to provide testable hypotheses). Across all three

Table 6-2. Preference ordering of conservation programs by mean MWTP and mean
attitudinal ranking® '

Program Coast Range Willamette Valley E. Oregon
Baseline [MWTP |Auitude |Auitude [MWTP [Auitude |Auitude [MWTP [Actitude [Awitude
level $/year |Rank Rating  |$/year |Rank Rating $/year |Rank Rating
salmon 15% 9(2) 20(1) [81% (D) |7(3) 22(1) [88% (1) [5(9 22(1) [75% (1)
end. species | 15% 3 (4) 3.1 (4) 68% (2) [19(2) |3.0(4) 86% (1) {6(2) 3.1 (4) 65% (3)
old growth [5% 17(1) 12.2(1) 69% (2) {24(1) [2.2(1) 80% (3) [11(1) 2.1(1) 77% (1)
reserves 10% 5(3) 2.7 (3) |70%(2) |9(3) 27(3) |55% (4) [6(2) 2.7(3) |65%(3)

a. MWTP is evaluated at status quo level for each of the conservation programs. Attitudinal ranking
(taken from Figure 5-4 on page ;2) is mean artitudinal score in a 1-4 pref%rence ordering, with 1 indicat-
ing most important. Attitudinal ratings (taken from and Table 5-2 on page 70 and Table 5-3) are % of
respondents rating the program as “somewhat important” to “extremely important.”

Figures in parentheses are ordering by WTP and attitudinal criteria, noting that some differences in prefer-
ence orderings are probably not significant.

strata, the forest age program stands out as a preferred program according to the WTP
criteria. This is largely consistent with the attitudinal criteria, though WV residents do
exhibitsome inconsistency berween rating and the other preference measures. Endangered

species protection consistently stands out as the least preferred program amongst CR res-
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idents, though the rating criteria indicates a much closer ordering than the other criteria.
Both the WV and EO strarta exhibit less consistency in orderings across the three preference
measures, most notably exhibiting an apparent preference reversal regarding salmon hab-
itat protection, with the lowest marginal WTP compared to the highest importance rating
and ranking scores. This may indicate that WV and EO respondents regard salmon pro-
tection as highly important, but captured by broader conservation measures, although
endangered species protection is ranked last in importance. Whether these differences are
attributable to greater consideration of trade-offs in the CEA questions or general pref-
erence instability in the CR and EO strata is unknown. A further test for preference insta-
bility may be possible by testing for preference reversals by individual respondents in the
four CEA elicitations in the survey instrumeﬁt, though this extension is not attempted

in the thesis.

As the marginal WTP/WTA curves in Figures 5-7 and 5-8 indicate, attempts to allo-
cate large proportions of the coast range landscape to biological conservation, regardless
of cost to the public in the form of taxes, is unlikely to receive political support in public
referenda. It is imporrtant to note that the estimation of the threshold levels of the con-
servation programs associated with the transition from positive to negative welfare effects
are highly sensitive to the specification of functional form. While further work on func-
tional forms in CEA was discussed above, the salient point in the policy context is that
there are most likely threshold levels of resource allocation to biodiversity conservation
that would not currently receive the support of the Oregon electorate. Given that the
policy scenarios described in the survey instrument specified that a portion of the cost to
households would be used to compensate landowners for financial burdens imposed by
conservation requirements, it appears that survey respondents inferred additional negative
externalities associated with excessive reallocation of Coast Range land to conservation.
Since the primary and secondary economic impacts of harvest restrictions subsequent to
past ESA listings have extended beyond landowners to other elements of local economies,

particularly to forest products employees, it is highly plausible that allocation thresholds
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are an important component of preference structures for the types of public goods char-
acterized in this study. In a similar study which included changes in rural forest products
employment as an attribute of ecosystem management, Xu (1997, pp 101-102) found
thatboth urban and rural respondents expressed significant WTP to prevent rural employ-
ment impacts.! This disutility, though not measured directly in this study, most likely
accounts to some degree for the estimated negative marginal benefits at high levels of

resource allocation to biodiversity programs.

6.2.2 Benefit Aggregation

Figure 6-1 displays the aggregated TWTP/TWTA curves for each of the four con-
servation programs, adjusted for demographic representation (see Section 5.2.1.3), with
and without the status quo effect. The reader is reminded of the caveats stated above
regarding concerns about overestimation of total and marginal willingness to pay resulting
from misspecification bias and is advised to interpret these figures with caution. It should
also be stressed that these figures do not represent net social benefit, but rather estimates
of the maximum WTP to compensate land owners and management entities for costs of
implementing these changes. As this scenario describes substantial changes from the status
quo condition, the costs associated with this change are likely to be quite high and it is
conceivable that the cost-benefit ratio of such a change would be less than one. Speculating

at the magnitude of these costs is, however, beyond the scope of this analysis.

As noted above, the TWTP curves for individual programs which include the nega-
tive value of the status quo effect represent conservative estimates of economic value
(again, any unmeasured misspecification bias notwithstanding). It is assumed for the

sake of discussion that the status quo effect mainly reflects respondents’ disutility for

1. For many respondents, particularly in the urban strata, this represents existence values for rural jobs
and economies.
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Figure 6-1. Aggregated Total Willingness to Pay Functions®

Aggregate TWTP/TWTA Without Status Quo Effect
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a. Markers on TWTP curves in upper graph identify the levels specified in the experimental design.
Curves are truncated to give better resolution to graphs over the range specified in the design, though
truncation is otherwise arbitrary. Points on the curves beyond the upper design point represent extrapo-
lations and should accordingly be interpreted with caution.
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government regulatory changes and that this disutility properly belongs in the calcula-
tion of welfare effects. It should also be noted that, to avoid double counting, the status
quo effect should be deducted only once from the aggregated WTP for any joint change
in two or more of the programs. Thus, the lower graph in Figure 6-1 indicates estimated
value functions for each of the programs in isolation and any joint conservation initiative
would have a greater net value than the summed values indicated by points on these indi-
vidual curves. Rather, aggregated value should be the sum of the values indicated in the

upper graph, less the value of the status quo effect.

As an example, one possible scenario would specify a comprehensive policy which
implements each of the four programs at the level that maximizes the aggregate benefit
as indicated by the curves in Figure 6-1. The (gross) benefit maximizing levels and asso-
ciated values are listed in Table 6-3. The joint TWTP for a comprehensive program
aggregates the benefits of the respective programs exclusive of the status quo cost, and
deducts a single lump sum in the amount of the (negative) status quo effect from the

aggregated value!:
JTWTP, = Y TWTP, + Q,

JTWTP = Y JTWTP, = ¥ Y TWIP, + Q,
k (o i

where £ denotes region, 7 denotes conservation program, and Q<0 is the status quo con-
stant.

Note that the equity effects of this policy scenario are generally unbiased. That is,
given that the joint TWTP of Willamette Valley residents for this alternative is an order

of magnitude greater than that of the other two regions, there is the potential that the

1. The caution is repeated that summing accross conservation attributes to produce a joint TWTP esti-
mate must be done with recognition of the feasibility of the underlying scenario. Indeed, it is entirely
possible that the scenario depicted in Figure 6-3 is beyond the bounds of what can be produced on the
Coast Range landscape, and is presented for illustrative purposes only.
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preferences of WV region would dominate in the context of the Kaldor-Hicks criterion,

though the other regions may suffer net losses in utility. Despite a degree of preference

heterogeneity between regions indicated in the data, aggregation does not appear to

result in identifying an aggregate benefit maximizing alternative that is associated with

qualitatively different regional preferences.

This discussion, of course, does not consider the opportunity costs of devoting

resources to conservation apart from any negative passive use values, so reference to the

scenario depicted in Table 6-3 as benefit-maximizing is only in a limited, partial equi-

librium sense.

Table 6-3. Household and Aggregate TWTP for Maximum Estimated Value

Conservation Scenario

Program Level | Coast Range VVl\l’l:le;tte E. Oregon Stat;j?;gil@
Household TWTP
salmon 52 166 142 143 144
endangered species |48 93 304 929 249
old growth 37 219 455 176 384
reserves 21 37 50 34 46
status quo cost -242 -140 -173 -153
Total Households 78,353 966,010 269,750 1,314,113
Aggregate TWTP
salmon 52 13,035,185 137,485,973 38,580,265 189,101,423
endangered species (48 7,304,846 293,644,049 26,829,429 (327,778,325
old growth 37 17,166,704 (439,455,724 |47,471,684 504,094,111
reserves 21 2,913,423 48,009,828 9,242,094 60,165,344
status quo cost 18,926,553 |-135,124,743 |-46,765,287  |-200,816,583
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6.2.3 Use of Model Results in CLAMS

While the results of this analysis bear relevance to any consideration of changes in
biodiversity conservation policy in Oregon, an important motivation in the develop-
ment of this study was its role as an ancillary model in the context of a larger study, the
Coastal Landscape Analysis and Modeling Study, which is at its core a complex, inte-
grated model of landscape change over time in the Oregon Coast Range Physiographic
Province. The CLAMS model ultimately is expected to produce projections of an array
of resource outputs and conditions of alternative management regimes, which will
include muldple elements of biodiversity as well as commodity and recreational
resources, land use and availability and ecological services. Thus, this research is, in part,
an attempt to partially fill the boxes in the lower right corner of Figure . Other elements
of the CLAMS project address the opportunity costs of alternative conservation scenar-

10S.

Figure 6-2. CLAMS conceptual model

CLAMS Conceptual Model
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As an example, a hypothetical management scenario might include a change in min-
imum rotation ages on public and private forest land. The CLAMS model simulates
landowner responses to policy restrictions as well as other exogenous changes such as
market values for stumpage. Amongst other model output, projections of changes in
forest age class distribution on the Coast Range landscape over time will be produced,
including the change in the old growth component of the age class distribution. Another
ancillary model will predict stumpage production under the hypothetical scenario.
Using market values for stumpage and and applying these to the changes in timber pro-
duction on the Coast Range, the analyst can directly compare the economic welfare
effects of changes in stumpage values to the change in economic welfare reflected in the
compensatiing surplus measures for changesin the pfoportion of old growth in the Coast
Range. Combining these estimates with the welfare effects of any additional chages such
as increases in recreational resources, the analyst can calculate the net welfare effect in

terms of the benefit-cost results of the policy scenario.

6.2.4 Caveat on strict interpretation of welfare measures in BCA

The model sketched above would not, of course, provide a decision making
“machine”, but would provide a powerful information tool to managers and policy
makers attempting to cope with the spatial complexity of resource planning. Further
social and ecological concerns would have to be addressed in the decision making pro-
cess, including equity concerns. Additionally, relying solely on estimated demand curves
for biodiversity resources to motivate conservation potentiates irreversible losses. The
adequacy of benefit-cost analysis as the sole decision rule in the face of irreversibilities
has been the subject of much discussion in the economics literature (Castle, Berrens et
al. 1994; Berrens and et al. 1998). Notably, Hanemann and other widely published non-
market valuation practitioners advise against relying on benefit-cost calculations as the
sole decision rule in environmental policy determinations, particularly in the case of irre-

versibilities (Hanemann 1994; Hanley 1992; Turner 1999; Castle, Berrens et al. 1994;
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Stevens, Glass et al. 1991). As a result of these concerns, the safe minimum standard
(SMS) has received increasingk attention in the environmental economics literature
(Swallow 1996; Berrens, 1998; Berrens, 1999; Farmer, 1998). As a decision rule, the
SMS places irreversible decisions under a spotlight, invoking a broader decision making
process than suggested in the algorithmic approach depicted above. As described by Ran-
dall:

The SMS rule places biodiversity beyond the reach of
routine trade-offs, where to give up ninety cents worth of
biodiversity to gain a dollars worth of ground beef is to
make a net gain. It also avoids claiming trump status for
biodiversity, permitting some sacrifice of biodiversity in
the face of intolerable costs... The idea of intolerable
costs invokes an extraordinary decision process that takes
biodiversity seriously by trying to distinguish costs that
are intolerable from those that are merely substantial.

(Randall, 1992)

If, in fact, minimum viability levels for species populations and other ecological
thresholds can be identified, they could be incorporated as constraints in an optimiza-
tion model such as that sketched above. Under the SMS, optimization proceeds nor-
mally at above threshold levels, and decisions to relax viability constraints are considered
in light of the costs of maintaining the constraint and other concerns. Thus, in the event
that SMS constraints imposed on the optimization model are binding, shadow prices
could be deduced from the model to identify preservation costs, which would reflect

opportunity costs net of nonmarket conservation values.

In summary, as is typically the case in application of new techniques, the research
presented in this thesis raises as many questions as it answers. This is not to say that the
empirical measures of willingness to pay have not value. On the contrary, it would
appear that the measurement of relative preferences amongst the alternative conservation
measures analyzed with the CEA method should provide significant guidance to
resource managers and policy makers. While there are concerns regarding the absolute

accuracy of the simulated prices, there is promise that further refinement can improve
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the accuracy of these measures, at least insofar as correction of presumed misspecification
problems move estimated surplus measures closer to their “true” value. Perhaps the prin-
cipal value of this research, however, is the questions raised. These are provocative and

should provide important directions for future inquiry and development of the CEA.
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Chapter 7: Conclusions and Future Research

Conservation of biological diversity is a complex undertaking at any scale. At the
scale of regions or landscapes, biodiversity conservation represents a massive commit-
ment of public and private resources. The management of forests in the Pacific North-
west and throughout the US has undergone a paradigmatic change since the listing of
the northern spotted owl in 1992. While the intervening period has seen heated, even
violent controversy, management of public and private forests alike has been fundamen-
tally, perhaps irrevocably, changed. The debate has largely moved beyond whether to
conserve biological diversity, to how and to what degree in will be conserved. The appli-
cation of economic methods for weighing the value of biological conservation has been
criticized from all directions, from advocates of preservationism to staunch neoclassical
traditionalists in the economics discipline. However, the very complexity of conservation
efforts, particularly at regional and landscape scales, generates multiple (innumerable?)
alternative strategies for achieving broader conservation objectives. Though technical
expertise is crucial in making intelligent decisions about the long term management of
living resources, in many cases, managers confront multiple alternatives with little tech-
nical criteria for choosing preferred development paths. The input of the public is essen-
tial in providing policy makers and resource managers with guidance to make decisions

that have important consequences over large temporal and geographic scales.

Estimation of passive use values for biological diversity and other environmental
resources and amenities represents the locus of one of the most energetic debates in the
economics discipline. The hypotherical nature of passive use valuation methods, and the
very nature of passive -use or existence values, places a spotlight on neoclassical consumer
theory and its attendant assumptions regarding the formation and stability of consumer
preferences. A confounding factor in the debate is the broad variety of biases and mea-
surement effects that are attendant in survey-based, “stated preference” approaches to

measuring economic value. Improvements in survey techniques which help to amelio-
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rate measurement effects arising from more standard techniques have the potential to
provide greater clarity to the debate over the nature of preferences. At the very least, new
techniques may offer insights into the choice process which further stimulate the meth-

odological debate.

The objectives of this research are, therefore, twofold. By confronting the inherent
complexity of biodiversity conservation planning, at least to a greater degree than has
been achieved in previous valuation efforts in the OCR, this study endeavors to produce
improved empirical estimates of public preferences regarding the management of biodi-
versity. Further, the study focuses on regional heterogeneity to disaggregate the prefer-
ences of Oregonians into distinct regional preferences. In conjunction with the Coastal
Landscape Analysis and Modeling Study, the insights offered by the study results can
contribute significantly to envisioning alternative development paths for the OCR and
the attendant benefits and opportunity costs of use and preservation. In addition, this
research has provided valuable insight into the relative merits of the choice experiment
analysis and the more commonly used dichotomous choice contingent valuation

method.

The choice experiment analysis technique is used in this research to estimate the
preferences of Oregonians for four elements of a composite biodiversity conservation
strategy for the OCR. Extension of habitat conservation plans under the Endangered
Species Act to a larger portion of the private land in the OCR is one alternative program
that brings the protection of T&E species in the OCR to a level closer to that achieved
on public land under the Northwest Forest Plan, while still maintaining commercial
production, though likely at reduced levels. The restoration of coastal riparian areas and
resident anadromous fishes focuses on one very narrow group of species, but would
enhance a crucially important landscape feature and habitat element with broad benefits
for numerous species and ecosystem functions. Protection of large scale biological

reserves is an important feature of current landscape management occupying approxi-
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mately 10% of the Coast Range landscape and is an important mechanism for the main-
tenance of small, nondescript species that would be difficult to maintain in a targeted
approach, as well as the persistence of minimally altered ecosystem function and natural
disturbance regimes. Finally, altering active forest management to restore greater struc-
tural and age class diversity to the forested landscape addresses a move toward the his-
torically dominant vegetative characteristic on the OCR. These four alternative
conservation mechanisms represent the principal institutional conservation initiatives
operating in the OCR, as well as key themes in the applied conservation literature. These
approaches are to a degree complementary, but given the constraints of opportunity

costs, decisions regarding how to allocate resources amongst these efforts are unavoid-

able.

The CEA approach is used in this thesis to measure the relative preferences of resi-

dents in Coast Range communities, the Willamette Valley, and Eastern Oregon for these
four alternatives at different levels of implementation. The CEA survey instrument
reviews the essential background information to set the context for choice statements,
and then offers choices between sets of alternative conservation plans that are distin-
guished by the level of representation of each of the four attributes and the associated
(hypothetical) cost to the respondent in increased income taxes. The random utility
frame work is used to model the exhibited choice behavior to estimate Hicksian com-
pensated demand functions and compensating and equivalent surplus functions for each

of the conservation programs.

Econometric analysis of responses to CEA WTP elicitation questions proved to be
highly significant with respondents expressing identifiable preferences over the four pro-
grams. A key finding was that the individual programs were characterized by downward
sloping compensated demand curves which intersected the x-axis and became negative
at high levels of resource allocation to any one the four programs. Programs differed in

the threshold levels at which marginal WTP fell to zero: residents of all three regions of
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the state expressed marginal WTP < 0 for any increases in endangered species habitat
above 48% of Coast Range land, while the threshold level indicated by all three regions
for biological reserves was approximately 21% of Coast Range land designated with this
status. With respect to increasing forest age diversity, Coast Range residents indicated a
threshold somewhat lower than the other two regions at approximately 30% old growth
in the age class distribution compared to 39% for the other two regions. Finally, for the
salmon habitat program, Eastern Oregon residents indicated a significantly higher
threshold at 69% of salmon habitat in protected status compared to the other two
regions clustered around 57%. With the exception of the salmon habitat program, Wil-
lamette Valley residents expressed higher positive WTP for all levels of the prografns.
Coast Range residents indicated higher WTP for salmon habitat protection up to
approximately 40% coverage of Coast Range streams, where the compensated demand

curve is intersected by that of the Eastern Oregon strata.

A finding which has significance for nonmarket valuation generally, and conjoint
methods particularly, is the identification of a substantial status quo preference amongst
all three regional strata, which is most strongly stated amongst Coast Range residents.
That is, holding all other changes constant, respondents indicated a tendency to choose
the status quo alternative. This effect is echoed elsewhere in the literature and appears to
be motivated at least in part by an endowment effect, though itis likely also a reflection
of cognitive and instrument effects. In this context, the endowment effect arises as
respondents perceive the possibility of regulatory policy changes in land and resource use
which are regarded negatively. Thus, while increases in the conservation programs were
regarded with positive MWTP up to the threshold levels noted above, the disutility of
varying from the status quo has the effect of shifting TWTP downward for changes in
one or more of the conservation programs. The nature of the status quo preference is
something of an anomaly in the context of neoclassical economic theory, and it has
important implications for modeling consumer preferences using CEA as well as more

common valuation techniques.
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In comparing the dichotomous choice CVM with the CEA approach, the latter
appears to generally produce more conservative estimates of WTP. While this effect is
not uniform, it is expressed more strongly when estimation using the CEA and DC/CV
data sets employs similar utility specifications (i.e. linear effects only). Quadratic effects
in the CEA model improve model fit substantially, and also tend to decrease the diver-

gence of the CEA and DC/CYV estimates.

Several caveats should be noted. There is evidence that there may be misspecification
bias in the quadratic CEA model due to inability to specify a sufficiently flexible func-
tional form. Insufficient degrees of freedom in the experimental design prohibit estima-
tion of higher order terms or a Box-Cox specification. There is particularly strong
evidence that there is a discontinuity in the compensated demand curves at the baseline
level such that the curves are much steeper below the baseline level than above it. This
also is echoed elsewhere in the literature and suggests even further that misspecification
may be a significant problem in the CEA analysis. The high level of significance of the
estimated models suggests that the qualitative results derived are most likely accurate,
though literal interpretation of marginal WTP values and threshold levels must be

treated with caution.

The representation of biodiversity attributes as identified with institutional
approaches to conservation carries some liabilities as well. A more standard approach in

the valuation literature is to divorce the estimation of value from means of provision, e.g.

the institutional context. However, it was felt that this is a rather artificial distinction, in

that the institutional framework of conservation planning and management carries
important welfare implications in itself, as clearly indicated in this research. This
research has attempted to extract from the literature key elements of the biodiversity
complex that are distinct in terms of public preferences, represent distinct management
objectives, and identify key indicators of the biological integrity of the Coast Range land-

scape. While focus group research indicated that the portrayal of biodiversity attributes
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was meaningful to group participants and survey respondents, it necessarily simplified a
complex management issue and may well have missed key issues to which public prefer-
ences may be sensitive. On a similar note, the survey instrument relied on a very limited
information set upon which respondents were asked to formulate or express preferences.
While the evidence is quite strong that respondents were successful in comprehending
and executing the decision task with which they were presented, the weight given to the
welfare estimates derived in this research must give note to the divergence between the
complexity of the decision scenario in reality and the simplified version portrayed in the

survey booklet.

Further research: The length of the results and discussion sections of this thesis are

less indicative of the depth of the analysis than of the richness of the data set. The choice
experiment approach offers a research technique which has very considerable advantages
relative to the more standard techniques in use. Though survey design and administra-
tion in CEA is an order of magnitude more complex than in the DC/CV, the well devel-
oped statistical foundation of DC/CV adapts readily to the CEA. An exception to this,
however, is the recent work in nonparametric and semiparametric analyses of DC/CV
data. The CEA places proportionately greater demands on the ad hoc assumptions on
utility structure that characterize discrete response choice models generally. Extension of
empirical techniques have shed considerable light on a number of DC/CV studies to
which CEA would potentially be very useful.

The repeated measures dimension of CEA studies, wherein each respondent receives
several choice elicitations, is largely and regrettably overlooked in this thesis, but for this
comment. The repeated measures aspect offers the capacity to measure the stability of
respondents’ preferences. Swait and Adamowicz (1996) have identified learning and
fatigue effects that develop as a respondent answers successive choice elicitations. Thus,

measurement of preferences may be influenced by the cognitive demands of the choice

exercise itself. It is also possible to test for preference reversals exhibited by individual
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respondents and the use of decision heuristics such as lexicographic preference maps
(Mazzotta and Opaluch 1995). While the issue of insensitivity to scope in CVM WTP
estimates increasingly appears to be a red herring, the stability of preferences in the face
of complex choice tasks over unfamiliar goods is a more cogent issue. CEA provides
somewhat greater possibilities for assessing the general stability of preferences than other

methods currently available.

This analysis has employed a multinomial vlogit (MNL) framework to model the
choice probabilities. While this model is perhaps the most commonly used in empirical
work, it has well known limitations in terms of sensitivity to the independence of irrel-
evant alternatives property. Improvements over MNL that have appeared relatively
* recently in the econometric literature include random coefficients models and numerical
approximation methods for multinomial probit models (Alberini, Kanninen et al. 1994;
Revelt and Train 1998). While the inclusion of alternative specific constants appears to

account sufficiently for correlation in choice probabilities between alternatives, models

which are less sensitive to this property nonetheless offer clear advantages.

On afinal note, the chief limitation encountered in this study is the inability to spec-
ify an econometric model which is sufficiently flexible to allow the CEA data to fully
express itself. As noted above, a more flexible functional form would be highly desirable,
but is constrained by confounding in the experimental design. Additional terms that
would ideally be specified in the econometric models would be dummy variables for
below baseline attribute levels and potentially attribute specific status quo terms. An
interesting potential for extending experimental designs may be bootstrapping to permit
estimation of additional model terms. Given the complexity of CEA designs, the ability
to extend relatively simple experimental designs to permit model flexibility offers con-

siderable promise.
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Appendix A: Survey Mailings

Figure A-1. First mailing - cover letter

June, 1999
Dear Mr. Pruett,

The forests of the Oregon Coast Range are among our state's most valued natural assets. For generations, Oregonians
have enjoyed a host of benefits provided by Coast Range forests, including timber and wood products, wildlife, rec-
reation, and scenery. In the last decade, there has been much controversy over how to manage Oregon's forests as com-
peting uses have come into increasing conflict. Better understanding of what Oregonians want from coastal forests is
essential for managers to use and conserve these resources responsibly. Currently, forest managers lack information on
Oregonians’ preferences for the full range of forest benefits, particularly the value of ecological conservation.

Your participation in this project is very important. You are one of a very small number of people receiving the
enclosed questionnaire, which asks you to give your opinions on forest management policy. Your name was drawn
from a scientific sample of Oregon residents. In order for the study to accurately represent the range of views held by
Oregonians on forest and wildlife management, it is important that you complete the enclosed questionnaire. It
should only take about 25 minutes to complete.

Any information you provide is strictly confidential and will be used only in combination with information provided
by other Oregon households. The identification number on the front page is for mailing purposes only. Tt will be used
to avoid sending you any unnecessary follow-up mailings.

The answers that you provide will be important for forest management in Oregon. The results of the study will be
used by federal and state forest management agencies and will be made available to government representatives and
any interested citizens.

When you have completed the questionnaire, please place it and any comment pages into the addressed, stamped
return envelope and drop it into any mailbox.

The dollar bill in the envelope is a token of our appreciation for your participation in the project. Your answers are
much more valuable than this, and we understand you are busy. Please accept our thanks for your time and effort.

Again, your answers and comments are very important to the success and reliability of this study. Questions about this
survey can be addressed to Brian Garber-Yonts at (541) 737-5874, or by email at yonts@cof.orst.edu.

Thank you very much for your assistance!

Sincerely,

Professor Rebecca Johnson

Project Leader
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Figure A-2.(Continued) First mailing - survey booklet

he Forests of the

Oregon Coast Range

are among the mast
productive in the world. Coastal
farests provide lumber and
wood producrs. wildlife.
recrearion, scenery, and water
quality. Forest managers are
finding berter ways to produce
all of these benetirs togerher.
Nonetheless, management of
coastal forestlands often involves
making some tradeotis berween
different forest benefirs.

Forest managers and policy
makers would like to know
what you as an Oregonian
want from Coast Range
forestlands. Please answer
all of the questions in this
survey. This is your chance to
give us your opinion.

Pease indicate huw important the following Coast Range furest benefits are

ta you. Circle one numbered response on cach line.

Not Somewhat Extremely
Inportant Impurtist importist

ttiking and camping ... ..... .. 1 2 3 L] 5
Wikdlife viewing ............. 1 2 3 R 5
Paper. tumbcr. amd

olher wond products .. .. .. i 2 3 \ k]
Mastiroom, berry. or

greenery picking ... ... .. 1 2 3 i 5
Pleasure from sceing

e forests ...........0. i 2 3 4 3
EEERTRR e e -tz e (e e 1 2 3 A 5
OfE-road motorized

recreation . ......ee e 1 2 3 i 5
Comtrol of Booding

and soll erosion ... ... 1 2 3 L] 5
Firvwood . ... ..o 1 2 3 £ 5
Satistaction of knowiag

forests are there pow

and in the fatore ... ... ] 2 3 1 5
Humting .....ooieeiine s i 2 3 4 5
Mowntain bikimg . ........... 1 2 3 4 D)
Other (please specily below) ... 1 2 3 3 5

Have you ever visited the
Oregan Coast Range before? . iarcle onel Yes  No

If v, about how long has it

heen since yous last visie
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Figure A-2.(Continued) First mailing - survey booklet

SECTION I: BIODIVERSITY MANAGEMENT

What Is Rivdiversity?......

Scientists use the rerm biodiversity t describe the variery of Tife found in places from as small as a mud puddic o as
fargy as the Oregan Coast Range, Biodiversity includes the number and variety of individual species, as well as the
varicty of habicas and natural communiries found over the landscape,

State and federal officials, as well as

private landownery, are considering Uave you read or heard the tenn

ways to conserve biodiversity in “bodiversiny” before?. ... YES NO  NOTSURE
Oregon’s Coast Range. This requires Have you read or beard aboat

making decisions about which species the loss of Ihodiversity around

and habitats to give the highest theworkd? .. ... YES NO  NOT SURE
priority and the best ways w conserve Do you think that koss of biodiversity

them. There are differene approaches i% an important bsve in the

that can be taken w conserve Orepon Coast Ramge? ... ......... YES NO NOT SURE
biodiversiey. For example, some

approaches may target endangered

species at high sk of extinction while

uthers focuy on protecting large areas
of forest habirar

The following pages will describe four different biodiversity conservarion
programs and ask your opinion about their impontance 1o you

PROGRAM I: PROTECTION OF COASTAL SALMON HABITAT

Scientists warn that most native salman
and stecthead species on the Orepon
coast are ar levels far helow rheir
historical numbers. Three species have
been identificd as endangered by the

Are hatchery salmon dn acceplable sobstitale for wild salmon?

federal pivernment. Definitely Definitely Dom't
g : : Yes Indiflerent No Know
The popularions of some species of ) 5 b 2 E 6

salmon are maintained by hatcheries,
however, many wild salmon populations
narive t individual streams in the Cogsr
Range are ar very law Jevels,

Whea | buy salmon in a siore or rextaorant, 1 preter wild salmon 0 batchery
or farm-raised.

Stromgly Strimgly Not
Wi \. ’“’““".‘""O‘;;m Apree Indifferent Disagree Applicable
N AN v i : 3 i 6
ot kY G
i iy When | fish for salmon. | prefer o catch wild salmoa,
‘\,,‘—\ Stroagly Strongly New
; ' e St Agree Indifferent Disagrev Applicable
T D T s (m 1 2 3 N 5 6
Cvaanes of apuwiining Cob sibana in Coosad Onepan ¥
givers, Jveryge by devade
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Poor stream habitag, in addition o other factors, is helieved o be an impartant cause of decline in many
salmon popalations. Road building, tarming, logging, uchan and residential develppment and other land
uses have all contributed w the prablem by

o contaminaring streams with fertiliver, soil, and other pollucans
o altering frosh water Aow and increasing water emperatore

o ducteasing strcanmnide vegeration

o reducing other stream habitat elements needed by sabinon

Scientists bieliove protectian of wild salmon in cach individual Coast Range stream 15 impurant o maintaining
the Tang- term health of salimon specivs, Protection wandd alsa impesve water quality and stcam habizats for other

SpRCIes

Mave you read or beard about

the decline of Oregon's

mative salmon populations? .. ........ YES  NO  NOT SURE
Yave vou read or beard abont

the Governor's salmon

restorstion plas? ..o .. YES NO NOT SURE
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Currenily, strcams an federally owned land are managed o give the highest fevel of protection for
sahmon habitse. Many individual fand owners are also involved in improving salimon habitat on their own Jand
Extending safmon habitar protection on sther public and private land is the next step in improving the conditions
for wild salmon populations on the Onegan Coast.

There are about 14,000 miks of salmon streams in the Coast Range.
Currently, about 15% are managed 1o give satnwon the highese Tevel of
protection, Increasing the miles of streams with high-quality salinon habitat
would require restricting many activities on land near cach stream.
This could reduce the number of trees available for harvest and limit
the building and use of roads near streams. Farming, grazing, logging,
and huilding practices that cause erosinn and pollution would alf be
reduced and the cost of these activities would go up. Habitat restorauon
such as removal of anificial barriers and crosion control witl entail additional

COSEs,
is it important W you 1o Increase the mikes of Coast Range sircams that are
managed (0 protect salmon hibitat?
Not impuortant Somewhat Extremcly
a1 Al Important tmportist 15 percent of Coast Range stream habitad is
1 2 3 § 5 corrently protecied for saimon habital peads

Owners of private land near salmon streams may be asked 0 restrict acthities on
their land that are hurmiul © salmos habitt, Do you think that the peneral public
should pay private landowners foe the costs of these restrictioas?
Delininly Definincly
Yos Nentral No
1 2 3 4 5
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PROGRAM II: THREATENED AND ENDANGERED SPECIES PROTECTION

Endangered species are thase
plant and animal specivs which are ar
very high risk of becoming extinct.
The federal government has identified
48 endangerud species in the state of
Orcgon, 12 of which are native ta the
Oregon Coast Range. Natural facton
have played a role in the decline of
soime species, however boss of habirat o
land uses Jike agriculture, timber
harvest and residential and urban
development is often the most
important cause of decline in coast
range specics. Other factors are the
effeees of nun-native species impurted
hy humans and direct uses Jike hundng
and fishing,

Carrent policy protects end
species habita on 15% of the Oregon

oast Range

e =
- ¢ \ -~
r- 1" THREA TENETY AND ENDANGERED SPECIES 'k_ ]’

NATIVE TO THF ORFGON CoAST RANGE

Masering plants
§. Western ik
£ Nelson's sidalora

Binds
h. marbled rwarrelet
L bxald vigle
j prereprine oo
b Califirrnia condor
L. Surtherm spatied
ol

L

Mammals
a. Cohmndrive whiie-tailed dir

Fish
. cobsor sabmon 3
© coastal cutthrvad troed

. wimter stcvBuwead trout
Inseciy
&, threpom siberspol

“{m s
A Srtey

In the table above, please circle any of these species that you have heard
of.
Which three species do you think should be
top priority for conservation efforts?
(please write the letter of each species)

Ist priority
2nd priority____
3rd priority

The tederal Endanpered Specics Act requires tederal agencies ro
develop recovery plans with the goal of restoring cach endangered
species so that they are no longer in danger of dying out, Federal land
makes up abour 15% of the Coast Range. and specics recovery plans
give the highest priority (o protection of endangered species. Private
individuals and state and local governments are also restricred from
harming endangered specics, Spucies that require very Jarge arcas of habitat
vr whose populations esist mainly on non-federally owned land
receive some protecion, but their lang-term survival is much less cerrain,
One way w increase the level of protection given t endangered species is to
extend recovery plans to some non-federal land in rhe Caast Range.
This would allow habitat protection and active recovery efforts o
tnclude up to an additional 85% «of the fand in the Coast Range.

Speaies reeuvery plans are expensive t design and put 1o work. In
addition to the limitations on land uses that harm endangered specics, plans
require the wotk of many scientists and vther tained individuals. Recovery
plans for non-federal land would require the covperation of private
tandowners and state and ocal agencics, and ir would limir the use of land
tor reereational, residential, timber, and farm uses.

ks it important to you to extend greater protection and recovery efforts for
endangered species on non-federal land?
Not tmportam Somewhat
at All Important
i 3

Extremely
lmportant
L]
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PROGRAM 111: BIODIVERSITY RESERVES

Protection of Coast Range ccosystems is an important element of biodiversity proteerion. Ecosystems arc made
up of the community of species and their complex interacrions with each ather and the physical environment,
There are aver S0 species of plants and animals native to the Oregon Coast Range, and a much larger bun
unknown number of small species such a8 insects, fungi, lichen, and soil micro-organisms Ecological procgsses are
mporiant 1 m.iilll.xillln;_' this nch diw!sriy ot \pn:u'r\ M.m:. rl.lll!l.ll Processes, |l|~c the Cye le of |.‘||L'\|' fire Hh!
natural forest renewal, have been disrupred by human use of the landscape during this century, The long rerm
consequences of this disruption for biodiversity and the healrh of Coast Range forests are unknown.

B ”» i __,.‘;7"’ s S

west managens have set aside - _ ) e \
some reserved arcas that are Jarge L= 1 :

envugh to maintain complex natural e o {

proceswes. These biodiversity rescrves
serve as natural laboratories 1o
protect a large varicty of speeics and
habitats and limis the unknown
effects of human land wses. To be
cffective, biodiversity rescrves muse
be locared on large areas of land,
from 40 1o 180 square miles in size.
The map at righe illustrates the
location and size of areas currently
reserved for biodiversity maintenance,

large areas of land, from 40 o 180 square enniles

nsnng bindiversiry reserves are nede up ol

. This map illustrates the size of these areas

About 1% of Coast Range forests ane now in biodiversity reserves, almost all
of which are on land swned by the federal government. Expanding the network of
biodiversity rescrves would focus on prorecting othee habitats not presently found on
foderal land, Practices like logging, road building, grazing and residential development
are sharply limited in biodiversity reserves. However, many types of low-impact
recreation are permitted. Devoting private land o biodiversity reserves would require
the cooperation of landowners and pussibly the payment of compensation for lost
land value.

Is it importaat © you 10 expasd the aetwork of 40180 square mile blodiversity reserves?
Not tmportant Somewhat Extremely
al All Important Imporiant
1 2 3 4 5
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PROGRAM IV: THREATENED AND ENDANGERED SPECIES

- e
s A\l

oy

R,
Endangered specics are those Q TIREATTNED AND ENDANGERED SPECIES \

plast and animal specics which are ac f NATIVE 16 THE OREGON COAsT RANGE =l

very high risk of becoming extinct. S Mammals Flowering plants

The federal government has identified A Gl e Taliod Sy L Wiestern Ky

48 endangered species in the state of Fish - i

Oregan, 12 of which wre native ro the K “m""';' Birds

Orcgon Coast Range. Narural facrors 0 :,,.,, ::.:: :::. ta:'::;-MH .

have played a role in the decline of P | pereprine faboon |ﬁ

k. Catiornis condor
L Yorthern spatied
owl

somwe specics, howeer fogs of habiras
land uses ke agriculture, timber
harvest and residential and urban
develapment is often the most
important canse of decline in coast

€ Oregon silverspot
bubestly

range specics, Qther factors arc the

clfects of non-native species impurted | In the table above, please circle any of these species that you have heard

by humans and direct uses like bundog | of,

and fishing, Which three species 4o you think shonld be Ist priority_
top priority for conservation efforts? 2ml priority_____
(please write the letter of each species) 3rd priority_____

The tederal Endangered Specics Act requires federal agencies 1o
develop recovery plans with the goal of testoring cach endangered
species so that they are no longer in danger of dying ont. Federal land
makes up abour 15% of the Coast Range. and specics recavery plans
give the highest priority to protection of endangeeed species, Private
individuals and state and local governments are also restricted from
harming endangered specivs. Species that require very large areas of habivar
or whose pupulations exist mainly on non-federally vwned land
receive some progection, but their long-rerm survival is much less cerrain,
One way ur increase the level of protectiom given to endangered species is
extend recovery plans to private and state land. This would protect
endangened species habitat an the remaining 85% of land in the Coast
Range.

Species recovery plans are expensive to dusign and put to work. In
addition to the limitations on land uscs that harm endangered spedies, plans
require the work of many scientists and other trained individuals, Recovery
plans for non-federal land would require the couperation of privace
tandowners and stare and local agencies, and it would limic the use of Tand
for reereational, residential, Uniber, and farm uses

Is it important to you to extend greater protection amd recovery efforts for
endangered species on private and state (non-federal) land?

Carrent policy protects endungered Not Important Somewhat Exiremely
species habiat on 15% of the Chregon a Al 2 I-Po;mm llllp(;ﬂlﬂl
] ) 3 1

Coast Runge
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MAKING A BIODIVERSITY PLAN

Each of the feur programs on
the previous pages is vne part af
a pussible overall conservation
seratepy. The tonr programs sverlap
somewhat, but each has difforent
advantages and no singhe approach is
adequare ta protect all of the
clements of biodiversiry

Public apencies, warking with
privace Jandowners, are discassing
long range plans for conseryation of
species and ecosysrems in onr
State. Each of the Four prograoms
discussed above could be part ot the
overall plan, bur bew o combine
them is a difficult question,

Scientists and experts can
provide some of the answers, but
the most important input comes
from you and other Oregonians.

On the next few pages, we
ask rhat you consider she four
conservation programs and decide
which oncs you prefer. All of the
programs reguise public tunding and
some limitations on ather forest uses,
One way ta pay for these programs

would be 1o establish a biodiversity

trust fund that would be paid into
by the general public through
income taxes. Forest users such as
the timber indusery and
recreationists would also
contribute through user fees, This
mancy would anly go 1o pay for
protecton of speeies avd habitac in
the Coast Range through some
combination of the four
biodiversity programs.

Program [: Salmon Streams

This program focuses on protecting and restoring
salmon habitat in Coast Range streams. This would
improve conditions for endangered salmon, and
would focus on bringing all populations of salmon
to greater levels of abundance.

Program II: Forest Age Management

This program focuses on changing the average age
of the working forests of the Oregon Coast Ringe.
This would improve species and habitat diversity on
lands managed mainly for timber production

Program HI: Blodiversily Reserves

Instead of modifying land vses over the entire Coast
Range to protect individual species, this approach
reserves large patches of land from most human
uses in order to protect whole ecosystems and
retain natural processes,

Program IV: Endangered Species

This program focuses protection on the most
severely threatened species. This approach gives
some protection to other species using the same
habitat, but generally doesn't become effective until
a species s at extreme risk,

192

Each of the programs abose aldresses impoetant concerns. Tn order 1o proceed
with a conservaiion plan. it is necessary W prioritize, Please rank the following in
wrms of their importince o you. with the most important ranking 1 and the easy
important canking 4: (do not rank any the same)

lncrease the aumber of miles of sircam habitat managed at the highest level
of protection for cosstal salmon.

Increase endanpered species reconery on non-federal baind

Increase the umoust of foress in mid-aee and old stapes.

Increase the sumber of Biodiversity Reserves in the Coust Range.
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Policy makers seed o kaow how you rake biodiversity protection compared @0 other povernment programs. How iaportant
are the following issues Jo you?
Not Important Somewhat Extremely
Importaat Importast
Improvisg public roads 5
Improving education
Improvingheatthcare .. ................ ... 1

Reductag vaemployment

Protecting raral communites from job losses

Inceease emdangercd species recovery on son-federat land

Increase the number of miles of siream habitat managed at the

highest level of protection for coastal salmos . .................]
Increasing the number of Blodiversity Reserves in the Coast Range . . .1
Increase the amount of forest in mid-age and old stages

v B b b B b bw

[ TOR N}

w

Your Chance to Vote [Z/

One potential action 0 Improve biodlversity protection in Coast Range forcst land would be W increase the amount fand sct
aside in blodiversity reserves (Program [11). This program would Increase the amount of Land In reserves from the carrent
10% 0 2 total of 35% of the Loast Range, an tncreasc of 1.5 million acres. Fand uses like logging, road buibding. Erming amd
residential development are strictly mited In blodiversity reserves, though many recreatiosal activites are permitied. Gosts
W the public wonld inclwde management expenditures by government agencies as well as payments 1o compensate privaie
landowners. Suppose this program were presentod (o you 25 2 hallot measure In the next stae clection. Wonld you voe for
this charge if 4 cost your housebold an additional $45 per year in increased Imonme taxes? Keep in mind the ansual income
and expenases of your howschold whea you answer,

[ s, 1 woudd vote for this chanpe,
[J No. 1 wouhl sot voie for this change.
23 Not sure,

Please briefly describe the reason for your response

On the next few pages, we ask that you evaluate and vote on several different potential conservation plans,
Suppuse that each of the following four pages is a ballat in a state referenduny. On each ballon, there are three
alternative conservation plans for the Oregon Coast Range. Each ahernative is made up by combining and privritizing
the four programs in differene ways. The “No-Change” alternative is the same on each page and represents the
current management situation and no additional costs to Oregon houscholds,

On cach page, compare the no change alternatise w the other alwrnatives for changing biodiversity cunservation
in the Cuast Range. Other alternatives would entail management costs which would be paid by bouscholds throagh an
increase in Oregon incon taes. We would fike to know how you wald vate if one of these choices appeared on a
state ballt. Even though we are presenting you with four different ballots. please approach thenn independently, as if it
were the only ballot on which you were voting,

These arc difficult choices, but your answers are critical for informing policymakers. There are no right
answers - we want to know your opinion. Please consider the alternatives offered on each of the next four ballots
and make your choices carefully. Again, please complere all four pages.
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BALLOT I

Suppose that Oregon vorers are presented wit

No Change

Alternative A

anly the Tollowing ballot and that no other conservation
plans are being voted on. Compare the three aklternatives and consider which one you would vore for.

Alternative B

194

Annual Cost to

Your
Household

Salmon

Habirat

Forest Age

Management

Biodiversity
Reserves

Endangered
Species
Protection

1 prefer ......
{check one)

2
<

(J No Change

Please brielly deseribe the reason for your selection:

[ Alternative A

{J Alternative B
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Suppose that Oregon voters are presented with an?y the ioilnwing ballot and that no other conservation |
lp|1ns are being voted on. Compare the three alternatives and consider which one you would vote for.

IF 3 el ol
BALLOT II No Change Alternative A Alternative B

Annual Cost to
Your

Houschold

Salmon
Habitart

Forest Age

Management

Biodiversity
Reserves

Endangered
Species

Protection

- . S
A — [ No Change J Alternative A o Alternative

Please brietly describe the reason for your selection:
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Suppose thar Oregon voters are presented with only the i t and that no other conservation
plans are being voted on. Compare the three alternatives and consider which one you would vore for.

BALLOT 11l No Change Alternative A Alternative B
Endangered :
Species | :\“?\‘gj
Protection >

Salmon
Habirat .
™

-

¢
J

Forest Age
Management

Biodiversity
Reserves
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Annual Cost to =
Your M
Houschold
I{ ptefero.;;.). 0 No Change O Aleernacive A J Aleernative B

Please briefly describe the reason for your selection: g = ———
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Suppose that Oregon voters are presented with anly the following ballot and that no other conservation
plans are being voted on. Compare the three alternarives and consider which one you would vote for.

BALLOT IV

No Change

Alternative A

Alternative B

Annual Cost to
Your

Houschold

Salmon
Habirtarc

Forest Age
Management

Biodiversity
Reserves

Endangcrcd
Species
Protection

(check one)

Please briefly describe the reason For your selection:

(J No Change

[ Alternative A

i) Aleernative B




198

Figure A-2.(Continued) First mailing - survey booklet

Section II1 About YOU:

These tast few questions will help us ro ensure thar we've reached a cross-section of Oregonians with
this survey. Your answers are stricely confidential and will only be used in the analysis of this study.
Your answers will not be associated with your name or address in any way, and will not be released
under any CIrCumsLnces.

—_—

. Are you __male __temale

b

» Wt is your age? years
3. What is your zip code?

4. How long have you lved in Oregon?_

5. How long have you lived in the region of Oregon in which you currendy reside? tfor example,
Coastal Oregon, Willametee Valley, Central Oregon, Eastern Oregon) VERLS

6.Arc you a member of 4 conservation or environmental organization?  YES NO
7. Are you a member of sporting club?  YES NO

8. Whar is your
occupation?

9. Did you vore in the last national election?  YES NO

10. Highest level of formal schooling?

123456 789 012 13141516 17 181920 21+
{Elementary) {Jr. High) {High Scheod) {College) {Graduate ar Professional Schoud}

11. How many people live in your houschold?____ people

12 Haw many contribute o paving household expenses? peaple

13. Including these people, about how much was your houschold income from all sources?

__less than $10,000 __$40,000 o $49,999 __5R0,000-89.999
310000 w §19,999 350,000 1o 59,999 __$90.000-399 999
320,000 o $29,999 __SG0.000 w 569,999 _$100.000-5149,999

330,000 1 §39.999 L ST0.000 o $79.999 o $150,000 or more
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Comments

We would appreciate any further comments you may wish to provide,

Thank yon for your participation in this study. When you have completed the questionnaire, please
fold and insert it inw the induded stamped, addressed return envelope and drop it in any mailbox.
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OREGON STATE
UNIVERSITY
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Figure A-3. Second mailing - reminder postcard

June 8, 1999

Dear «title cover» «name2»,

Last week a questionnaire asking for your views regarding forest and wildlife management in the Oregon Coast
Range was mailed to you.

If you have completed the questionnaire already, please accept our sincere thanks. If not, could you please
return it today? Because it was sent to a small representative sample it is most important that your views be
included in the study if we are to represent the views of Oregonians adequately.

If by some chance you did not receive the questionnaire or have mislaid it, please call Brian Garber-Yonts at
(541) 737-5874 or email him at yonts@cof.orst.edu and we will send you another copy immediately.

Yours sincerely,

Professor Rebecca Johnson

Project Director
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Figure A-4. Third mailing - cover letter

July, 1999
Dear Mr. Pruetr,

I am writing to you about our study of public preferences for forest management policy in the Oregon Coast
Range. We have not yet received your completed questionnaire.

The large proportion questionnaires that we have received so far are very encouraging. However, whether we
will be able to describe accurately how Oregonians feel on these important issues depends upon you and the
others who have not yet responded. This is because our experience suggests that those of you who have not yet
sent in your questionnaire may hold quite different views on forest management than those who have.

This is the first statewide study of this type that has ever been done. Therefore, the results are of particular
importance to officials and representatives in Oregon State government, members of Congress and all interested
citizens. The usefulness of our results depends on how accurately we are able to describe what the people of
Oregon want. It is for these reasons that I am sending you this letter.

Any adulss in your household can complete the survey. In case our other correspondence did not reach you, a
replacement questionnaire is enclosed. May I please urge you to complete and return it as soon as possible?

Your contribution to the success of this study will be genuinely appreciated.
Sincerely,

Professor Rebecca Johnson

Project Leader




Figure A-5. Fourth mailing - final reminder postcard

July 29, 1999
Dear «title_cover» «<name2»,

T'am writing to you again about our study of public preferences for forest management policy. We have
not yet received your completed questionnaire. If you have just sent out the questionnaire, please accept
our sincere appreciation and ignore the following message.

Your opinion is important to the success of this study. Your name is among a small group which was
drawn through a scientific sampling process in which every household in Oregon had an equal chance
of being selected. In order for the results of the study to provide accurately srepresent the views of Ore-
gonians to forest managers and policy makers, it is essential that each person in the sample return their
questionnaire. As mentioned in the last letter, any adult in the household can complete the question-
naire.

If you have any questions, please contact Brian Garber-Yonts (541-737-5874, yonts@cof.orst.edu).
Your cooperation is greatly appreciated.
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BLOCK | SET salmon habitat endangered spe- | age class distribution | biodiversity cost
cies habitat reserves

1 1 90% 25% 40%/45%/15% 20% $86

1 1 90% 75% 25%/25%/50% 40% $325

1 2 90% 5% 55%1/45% 5% $45

1 2 5% 25% 55%/45% 40% $236

1 3 5% 75% 40%/45%/15% 5% “$1,272”
1 3 5% 25% 25%/25%/50% 5% $648

1 4 5% 5% 25%125%/50% 20% “$1,272”
1 4 5% 5% 40%/45%/15% 40% $22

2 1 90% 75% 25%/25%/50% 20% $648

2 1 90% 25% 40%/45%/15% 40% “$1,272”
2 2 40% 75% 40%/45%/15% 5% $22

2 2 5% 75% 55%1/45% 40% $45

2 3 5% 25% 40%/45%/15% 20% $325

2 3 5% 5% 25%/25%/50% 5% $236

2 4 40% 75% 25%/25%/50% 40% $145

2 4 40% 5% 55%/45% 20% $86

3 1 90% 75% 25%/25%/50% 5% “$1,2727
3 1 5% 75% 40%/45%115% 20% $648

3 2 40% 5% 25%125%/50% 20% $325

3 2 5% 5% 40%/45%/15% 40% $236

3 3 90% 25% 40%/45%/15% 20% $86

3 3 5% 25% 55%7/45% 5% $22

3 4 90% 75% 55%/45% 40% $145

3 4 40% 75% 40%/45%/15% 5% $45

4 1 90% 5% 25%/25%/50% 5% $22

4 1 5% 75% 40%/45%/15% 40% $86

4 2 90% 25% 25%125%/50% 40% $45

4 2 40% 5% 55%/45% 40% $22

4 3 5% 25% 55%1/45% 5% $145
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BLOCK | SET salmon habitat endangered spe- | age class distribution | biodiversity cost
cies habitat reserves

4 3 40% 75% 25%/25%/50% 20% $325
4 4 90% 75% 55%/45% 20% “$1,272”
4 4 40% 25% 40%/45%/15% 5% $236
5 1 90% 25% 25%/25%/50% 5% $86
5 1 40% 25% 25%125%/50% 20% $236
5 2 90% 5% 40%/45%/15% 20% “$1,272”
5 2 5% 25% 40%/45%/15% 40% $145
5 3 5% 5% 25%/25%/50% 40% $325
5 3 40% 5% 55%/45% 5% $236
5 4 5% 75% 55%/45% 20% $45
5 4 90% 25% 55%/45% 40% $648
6 1 5% 25% 25%/25%/50% 40% $45
6 1 90% 75% 40%/45%/15% 40% $236
6 2 5% 75% 55%/45% 40% $325
6 2 90% 25% 55%/45% 5% $22
6 3 5% 5% 40%/45%/15% 5% $648
6 3 40% 25% 55%/45% 40% $86
6 4 90% 5% 25%/25%/50% 40% $145
6 4 40% 75% 25%/25%/50% 5% $45
7 1 40% 25% 40%/45%/15% 40% $145
7 1 40% 5% 40%/45%/15% 20% $22
7 2 90% 5% 25%/25%/50% 40% $86
7 2 5% 75% 40%/45%/15% 20% $236
7 3 90% 5% 40%/45%/15% 5% $325
7 3 90% 25% 55%/45% 20% $45
7 4 5% 5% 55%/45% 40% $648
7 4 40% 75% 55%/45% 40% “$1,272”
8 1 40% 5% 25%/25%/50% 5% $648
8 1 40% 25% 55%/45% 20% $22
8 2 5% 75% 25%/25%/50% 20% $86
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BLOCK | SET salmon habitat endangered spe- | age class distribution | biodiversity cost
cies habitat reserves

8 2 90% 25% 25%/25%/50% 40% “$1,272”
8 3 5% 25% 40%/45%/15% 5% $45

8 3 90% 75% 55%/45% 5% $86

8 4 40% 75% 40%/45%/15% 40% $648

8 4 5% 5% 55%/45% 40% $145

9 1 90% 25% 25%/25%/50% 5% $325

9 1 5% 5% 55%/45% 20% $648

9 2 5% 25% 40%/45%/15% 40% $22

9 2 40% 5% 40%/45%/15% 5% $86

9 3 5% 75% 25%/25%/50% 5% $145

9 3 40% 25% 25%/25%/50% 20% “$1,272”
9 4 90% 75% 40%/45%/15% 20% $325

9 4 40% 5% 25%125%/50% 40% $236

10 1 90% 5% 55%/45% 5% “$1,272”
10 1 40% 25% 25%/25%/50% 40% $86

10 2 90% 5% 25%125%/50% 20% $648

10 2 90% 25% 55%/45% 20% $145

10 3 40% 75% 55%/45% 5% $45

10 3 90% 75% 40%/45%/15% 40% $325

10 4 5% 75% 25%/25%/50% 20% $22

10 4 40% 5% 40%/45%/15% 20% $236

11 1 5% 75% 40%/45%/15% 5% $325

11 1 40% 5% 25%/25%/50% 5% “$1,272”
11 2 40% 25% 40%/45%/15% 20% $45

11 2 5% 5% 25%/25%/50% 20% $86

11 3 90% 5% 40%/45%/15% 40% $648

11 3 40% 25% 25%/25%/50% 40% $22

11 4 90% 75% 25%125%/50% 5% $236

11 4 40% 75% 55%7/45% 20% $145

12 1 90% 75% 40%/45%/15% 5% $145
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BLOCK | SET salmon habitat endangered spe- | age class distribution | biodiversity cost
cies habitat reserves

12 1 40% 25% 55%7/45% 5% $45

12 2 40% 75% 55%/45% 20% $236

12 2 40% 5% 40%/45%/15% 40% $325

12 3 90% 5% 55%/45% 40% $86

12 3 90% 25% 25%/25%/50% 20% $145

12 4 5% 75% 25%/25%/50% 40% “$1,2727
12 4 5% 5% 55%1/45% 20% $22

13 1 40% 75% 25%125%/50% 5% $86

13 1 40% 25% 40%/45%/15% 40% $325

13 2 90% 75% 55%/45% 40% $22

13 2 5% 25% 25%125%/50% 20% $236

13 3 90% 25% 40%/45%/15% 5% $648

13 3 40% 75% 40%/45%/15% 20% “$1,2727
13 4 90% 5% 40%/45%/15% 20% $145

13 4 40% 5% 55%7/45% 5% $45

14 1 90% 5% 55%/45% 20% $325

14 1 40% 5% 40%/45%/15% 40% “$1,272”
14 2 40% 25% 55%/45% 20% $648

14 2 90% 25% 40%/45%/15% 5% $236

14 3 90% 75% 25%/25%/50% 20% $145

14 3 5% 5% 40%/45%/15% 20% $22

14 4 5% 75% 55%1/45% 5% $22

14 4 5% 5% 25%/25%/50% 5% $45

15 1 5% 25% 25%/25%/50% | 5% $22

15 1 90% 25% 55%/45% 40% $325

15 2 5% 25% 40%/45%/15% 20% $648

15 2 5% 75% 55%1/45% 5% $236

15 3 90% 5% 40%/45%/15% 5% $145

15 3 40% 25% 55%/45% 5% “$1,272”
15 4 40% 5% 25%125%/50% 20% $45
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BLOCK | SET salmon habitat endangered spe- | age class distribution | biodiversity cost
cies habitat reserves

15 4 40% 75% 25%/25%/50% 40% $236
16 1 40% 25% 25%/25%/50% 5% $145
16 1 90% 5% 55%/45% 20% $236
16 2 40% 5% 55%/45% 40% $45
16 2 5% 25% 55%/45% 20% “$1,272”
16 3 40% 75% 40%/45%/15% 20% $86
16 3 5% 75% 25%/25%/50% 40% $648
16 4 90% 75% 55%1/45% 5% $648
16 4 5% 5% 40%/45%/15% 5% $86






