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Abstract
The purpose of this study is to investigate methods for assessing the value people place 
on preserving our natural environments and resources. It focuses on the contingent 
valuation method, which is a method for directly asking people about their preferences. 
In particular, the study focuses on the use of discrete response data in contingent 
valuation experiments.

The first part of the study explores the economic theory of the total value of a natural 
resource, where the principal components of total value are analyzed; use values and 
non-use values. Our application is a study of the value Swedes' attach to the 
preservation of eleven forest areas that contain high recreational values and contain 
unique environmental qualities. Six forests were selected on the basis of an official 
investigation which includes virgin forests and other areas with unique environmental 
qualities. In addition, five virgin forests were selected.

Two types of valuation questions are analyzed, the continuous and the discrete. The first 
type of question asks directly about willingness to pay, while the second type suggests a 
price that the respondent may reject or accept. The results of the continuous question 
suggest an average willingness to pay of about 1,000 SEK per household for preservation 
of the areas. Further analysis of the data suggests that this value depends on several 
characteristics of the respondent: such as the respondent's income and whether or not 
the respondent is an altruist.

Two econometric approaches are used to analyze the discrete responses; a flexible 
parametric approach and a non-parametric approach. In addition, a Bayesian approach 
is described. It is shown that the results of a contingent valuation experiment may 
depend to some extent on the choice of the probability model. A re-sampling approach 
and a Monte-Carlo approach is used to shed light on the design of a contingent 
valuation experiment with discrete responses. The econometric analysis ends with an 
analysis of the often observed disparity between discrete and continuous valuation 
questions.

A cost-benefit analysis is performed in the final chapter. The purpose of this analysis is 
to illustrate how the contingent valuation approach may be combined with opportunity 
cost data to improve the decision-basis in the environmental policy domain. This 
analysis does not give strong support for a cutting alternative. Finally, the results of this 
investigation are compared with evidence from other studies.

The main conclusion of this study is that assessment of peoples' sentiments towards 
changes of our natural environments and resources can be a useful supplement to 
decisions about the proper husbandry of our natural environments and resources. It also 
highlights the importance of careful statistical analysis of data gained from contingent 
valuation experiments.

Keywords: environmental benefits, contingent valuation, econometrics, discrete response 
data, continuous and discrete valuation questions, cost-benefit analysis.
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CHAPTER 1 

INTRODUCTION

The rapid development of society in this century has meant an unprecedented 

increase in our standard of living, where we think of standard of living in terms of the 

size and increase of the gross national product — i.e. production of services and goods. 

One of our major concerns today is the commonly found trade-off between increasing our 

material well-being and decreasing the quality of our environments and natural 

resources. In attempting to improve the decision-basis for one or another resource use, 

economists have paid attention to the development of potentially useful devices to shed 

light on environmental conflicts. This thesis reports one such attem pt and its motivation 

springs basically from an economist’s desire to inquire into the-proper husbandry of our 

natural environments and resources.

Suppose that we are to decide between development or preservation of one of our 

natural resources, our forests. To be more specific, suppose we are to decide between the 

preservation or development of a forest located in an area known to be plagued by 

unemployment.1 A natural question to ask is what kind of information would be helpful 

in attempting to resolve such conflicts.

Economists often argue that we should try to assemble some information on the 

social costs and benefits of each proposed environmental policy measure, where costs and

One example of such a development/preservation conflict includes that of whether cuttings 
should be allowed in sub—alpine woodlands ("fjällnära skogar") in the north-western parts of 
Sweden.



- 2 -

benefits are given a broad interpretation. A cost-benefit analysis involving a natural 

resource, such as a virgin forest, may proceed as follows. The social benefits of 

preserving the forest would include the spectrum of benefits accruable to the 

recreationist via, say, hunting and hiking. To this "use-value" one could add an 

"existence-value", accruable to those who in some way benefit from the mere fact of 

knowing that the resource exists. A recreationist may also attach a value to having the 

option to visit the virgin forest in the future even though she is not certain that she will 

do so.

The opportunity costs of preservation may be approximated by the net value of 

% lost timber production. Assuming that the total costs and benefits have been properly 

measured (including necessary adjustments for unemployment) and aggregated, a 

simple, but nevertheless appealing, policy would be to choose the project with the 

highest net social gain.

The practical problems of measurement within such an approach are many. At a 

philosophical level other issues arise, the most pressing being whether one can project 

the value of changes in the environment onto a monetary scale in a meaningful way. 

This is a difficult question that perhaps has no answer. It should, however, be noted that 

any choice implies some sort of implicit or explicit valuation. Economics provides one 

way of characterizing the positive and negative aspects of an action using the 

measurement rod of money. Consequently, the moral basis for developing methods that 

shed light on peoples' sentiments towards changes in our natural environments and 

resources using the rod of money is simply that people value goods and services for the 

benefits they provide. Nevertheless, the question of whether there exists a "true" value 

of a natural resource in a philosophical sense is important, but lies beyond the scope of 

our investigation.



- 3 -

The point of departure of this thesis is a belief that we need to generate some 

information about the social benefits and costs incurred by different policy alternatives, 

to be able to make effective decisions about the husbandry of our natural environments 

and resources. Several arguments for this position can be put forward, although they 

separate naturally into two major lines. The first line of argument relates to the value of 

scientific understanding. A cost-benefit analysis necessitates detailed investigation of the 

structure and implications of a project. Even without converting each of the explored 

consequences of a project into a money metric, the gained insight has a value.

The second line of argument is of a different nature and will be considered in more 

detail. In order to do so it is useful to define the characteristics of a useful measurement 

instrument. Ideally, we should design a line of measurement such that benefits and costs 

of any policy are measured on an easily grasped scale — preferably in a consistent and 

repeatable way. Such an instrument has the advantage of being democratic in a specific 

sense, since anyone interested in the particular issue under scrutiny is able to follow the 

process that led to a specific result. This point has been stated more elegantly by 

Ciriacy-Wantrup in 1955, when he wrote: ”There would then [without cost-benefit 

analysis] be no calculation in which the public could have confidence and that could be 

used as a standard to measure various claims. Furthermore, there would be no 

calculation easily open to public scrutiny in every detail.” (reprinted in Ciriacy- 

-W antrup (1986, p. 136)).

We emphasize that the results from a cost-benefit analysis are intended to form 

only a part of the decision-basis. The only possible claim an economist can make is that 

his or her analysis broadens (and possibly improves) the basis for a final decision. 

Whether this claim holds true for the analysis presented in this thesis is ultimately a 

decision the reader has to make. The progress made in the field of the measurement of 

environmental benefits in recent decades will, as will become clear, explain the positive 

attitude taken by the present writer.
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The present study is an attem pt to shed light on the benefits and costs of 

preserving a specific set of forests in Sweden that have high recreational values and 

unique environmental qualities. Our main focus will be on the benefits — or the total 

value — of preservation. To this end we employ the contingent valuation method which 

is a way of asking people directly about their preferences over environmental and other 

goods. Before motivating and exploring the chosen methodology in detail, let us begin 

by making a few notes on the use of forests in Sweden.

The impact of the ”industrial revolution” on the industrial use of our forests was 

felt mainly from the middle of the 19th century when Sweden's export of sawn wood 

flourished and previously "worthless” forests became an important part of our industrial 

base. Although the forestry policy in the first part of the 20th century focused on the 

industrial use of forests, some observers pointed to the value of forests not only as an 

input to industry, but also as a source of scientifically interesting material and a place 

for recreational activities.

A.E. Nordenskjold, a Swedish explorer, introduced the idea of national parks at the 

end of the 19th century, influenced by the establishment of Yellowstone park in 1872. 

These ideas were further sparked by the German professor Hugo Conwentz when holding 

a seminar on "threats to the environment and protection measures11, in 1904.2

The official adoption of these ideas came in 1909 when the law on National parks 

was established. Under this law nine areas with a combined area of about 350,000 ha 

(about 0.8% of Swedenfs total area) were made into National parks, thereby entering 

into a state of strict protection.3 A general tendency in revisions of the Forestry Act in 

the latter part of the 20th century has been a widening of environmental protection

This is based on Grundsten (1983).

The figures are derived from Grundsten (1983). About 67.000 ha, or 18%, of the first Swedish 
National Parks is forest land.
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objectives, through the developments of new institutions like "natural parks" and 

"cultural reserves".4 Thus, we have experienced a shift in main emphasis — the non- 

industrial use of forests is well acknowledged today.

The purpose of this study is to explore various aspects of the total value of a 

natural resource. This purpose can be split into three sub-headings. The first of our 

objectives is to review the relevant parts of economic theory that apply, the theory of 

measuring environmental benefits.

A second objective is to explore the existing methodologies for measuring total 

value, in particular we focus attention on the contingent valuation method. We put 

heavy emphasis on the currently most popular contingent valuation approach, where the 

respondent is to accept or reject a given monetary offer for acquiring/relinquishing the 

resource; this approach is sometimes called "close(d)-ended", but we shall use the more 

specific ’discrete contingent valuation approach'. We have applied the method to shed 

light on the value people place on preserving a set of eleven forest-areas in Sweden. The 

exact motivation for choosing these areas is given in chapter 3.

The last in our triplet of objectives is an attempt to apply the principles of cost- 

benefit analysis to indicate possible magnitudes of the benefits and costs of preserving 

the selected forests.

Before we turn to the content of the thesis, it is appropriate to state some of the 

qualifications that apply. The analysis of total value is restricted to a static analysis 

under certainty. All dynamic aspects of the problem will be left out in the analysis. In 

addition, general equilibrium effects such as the fact that preservation could affect many 

prices in the economy — with corresponding repercussions — will not be considered.

See ödman et al. (1982). For an analysis of recent legislation in the Swedish Forestry Act that 
stipulates environmental consideration in forestry, see Eckerberg (1987).
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Other important aspects in a detailed cost-benefit analysis are distributional effects, but 

they will not be touched upon here. Multiple use questions, the case when one use of the 

forest does not preclude another, are not covered. In short, our focus is on the method of 

benefit measurement using the contingent valuation method. Econometric aspects of this 

method take up the main part of the analysis; thus, the cost-benefit analysis may be 

viewed as an illustration of how environmental benefit measurement can be 

complemented with opportunity cost data to shed light on the value of alternative uses 

of forests.

Chapter 2 reviews recent developments in the economic theory of the total value of 

a natural resource. This chapter discusses several issues in the search for a coherent 

specification of the total value of a resource; this is a part of economic theory in a state 

of brisk development that awaits universal acceptance among economists. A simple 

model of total value is developed serving as the basis for the analysis in the empirically 

oriented chapters that follow.

Chapter 3 explains how the data was collected and motivates the choice of 

methodology for benefit estimation, contingent valuation. This chapter also contains a 

descriptive analysis of the data base which consists of a set of approximately 730 

returned questionnaires. We include an empirical decomposition of total value into use 

and non-use values which can be viewed as a consistency check of the responses to the 

continuous valuation question.

Chapter 4 outlines the theory of welfare measurement in discrete response 

valuation studies. In particular we focus on deriving a descriptive measure of willingness 

to pay, such as the mean or the median, from a set of "take-it-or-leave-it” questions. 

This type of question suggests a cost for rejection/acceptance which is valued across the 

sample; by contrast in the continuous set-up the individual is free to state ”exactly" his 

willingness to pay. Two advantages with the discrete approach are often emphasized: it
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resembles our usual market decision much closer (rejecting or accepting a given market 

price), and the incentive for strategic behavior is reduced because the respondent can no 

longer affect the mean in the same way as is possible in the continuous approach. The 

disadvantages are twofold: first, the method necessitates fairly complex statistical 

analysis; second, the method necessitates an experimental design (selection of the costs 

to be suggested) which is crucial for the success of the method. To these disadvantages 

one could add that there exists no consensus in the literature as to how descriptive 

measures like mean or median willingness to pay should be computed. The chapter is 

divided into two parts: the first three sections discuss relevant parts of applicable theory 

while the last three sections focuses on issues to be resolved in a practical application.

The conventional way to estimate descriptive measures from discrete response data 

is, essentially, a parameterization of a logit model, which implies that one assumes that 

willingness to pay follows a logistic distribution. The pioneering work in this context is 

Bishop & Heberlein (1979), with developments given by Hanemann (1984) and Cameron

(1988).

Chapter 5 is concerned with econometric generalizations of this approach. First, we 

present a generalized parametric approach that includes the conventional logit (and 

probit) applications as special cases. Second, we introduce a non-parametric approach, 

which is based on Ayer et al. (1955). The main advantage is that no assumption about 

probability distributions need be made. Finally, we discuss one possible way to use 

Bayesian approaches. They permit the researcher to invoke any prior information 

regarding the distribution of willingness to pay in a formal way.

Chapter 6 is devoted to further exploration of the discrete valuation approach. The 

first part of this chapter discusses the design issue. To use the discrete approach one 

must decide on the bid-vector, i.e. the costs for the environmental change to be rejected
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or accepted by the respondent.5 It is intuitively clear that a bad design of the bid-vector 

may lead to distorted estimates of descriptive measures of willingness to pay. If, for 

example, everyone in the survey accepts the suggested costs it will be difficult, if not 

impossible, to estimate quantities such as mean willingness to pay. We use two different 

approaches to shed light on this issue.6 We explore the success of the bid-vector used in 

this experiment using a re-sampling approach, and proceed by using a simple 

Monte-Carlo approach to gain some insight into the effect of misspecification of the 

bid-vector (and the probability model).

The second part of chapter 6 explores whether discrete and continuous valuation 

questions are interpreted differently by respondents. There exists some evidence of a 

disparity; our extension of previous research is the way we compare the results from 

these two types of valuation questions.

Chapter 7 attempts to integrate the theoretical and empirical findings of the 

earlier chapters. The opportunity costs of preservation are presented and compared with 

various estimates of aggregate benefits. In addition, some comparative evidence on the 

value Swedes place on preservation of fragile forests is presented. Finally, Chapter 8 

summarizes the main findings of this study and offers some concluding remarks with 

respect to fruitful directions for further research.

W hat new insights are provided by this thesis? The most important are some 

"new" econometric approaches that expands on previous research. We also provide some 

new results on the design of a contingent valuation experiment with discrete valuation 

questions. Finally, we present the first Swedish cost-benefit analysis based solely on 

contingent valuation data.

5 The discussion extends trivially to questions about the minimum sum a person would accept 
to relinquish the environmental good.

6 The problem is well-known within the literature on the design of bio—assay experiments, but 
little attention has been paid to this problem in the economics literature.
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CHAPTER 2

ON THE ECONOMIC THEORY OF THE TOTAL VALUE OF A NATURAL

RESOURCE

A natural and intuitively appealing way to define the economic value of a priced 

good is the maximum amount of money we would be willing to pay to acquire the good. 

Thus, by adding our "consumer surplus" to what we actually spend on the good we 

obtain a measure of the total value of the good. This is the relevant measure of value in 

a cost-benefit analysis.1 While these two components of value are, in principle, readily 

uncovered in the case of a private good, they are often not directly available when we 

are studying the value of an environmental good.

The total value of an environmental good is often decomposed into use value and 

non-use value, where use value is the benefit accruing from use (in some sense) of the 

resource, and non-use value is the value a consumer attaches to a resource independent 

of her use of it. As an illustration, a hunter might value a forest not only for providing 

hunting opportunities, but also because the forest provides recreation opportunities for 

other people. The practical implications of this reasoning is that a park with entrance 

fees running a loss, could be socially profitable if non-use values are taken into 

consideration. It is of some interest to note that the concept of non-use value has begun 

to influence discussions about the financing of National Park management in the U.S. — 

users (visitors) would pay one part of the costs through entrance tickets, say, and 

society as a whole the other part. The share of the financial burden would be based on

A complication that arises is that one may construct many concepts of consumer surplus. 
Issues like aggregation of consumer surplus measures must also be resolved in practice.
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the split of park benefits between recreation use values and non-use values.2

The purpose of this chapter is threefold. First, to discuss the concept of total value 

via a brief review of the literature. Second, to provide a simple theoretical model of the 

total value of an environmental good. Third, to briefly present practical methods for 

measuring environmental benefits. On the basis of this review we suggest that the only 

method that fulfills the purpose of this thesis is the contingent valuation method. A 

detailed presentation of the contingent valuation method will be made in chapter 3.

2.1 Components of total value

The various services provided by a private good like a car are not of interest per se 

when attempting to measure the economic value of the car since these values are all 

summarized by the going market price. In contrast, an enumeration of the spectrum of 

services offered by a natural resource to consumers is, and has been, important in the 

theoretical development of the total value of an environmental good.

Consider a few examples of the services rendered by a forest: hunting grounds for 

the hunter, berries and fungi to consume (or sell), wildlife for the spectator and 

(possibly) scientifically interesting material. These examples consists of activities that 

may be subsumed under the heading consumption — or use of the resource. In addition 

to these services, it may be argued that the resource provides benefits to those who 

never expect to visit the resource, for example in the form of ”knowledge that the 

resource exists". Such values may be called non-use values.

A correct taxonomy of values is crucial to a cost-benefit analysis involving 

environmental goods. If, for example, the taxonomy of values includes benefits accruing

2 See e.g. Loomis (1988).
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only to those who use a resource in-situ, there is a risk of under-estimating the benefits 

and subsequently a risk of misallocation of scarce resources. We may note that early 

cost-benefit analyses involving environmental goods focused on the direct users of the 

resource and the benefits they perceived from using the resource in-situ.3

Two influential articles, Weisbrod (1964) and Krutilla (1967), give theoretical 

support for values that do not arise directly from current in-situ use of a resource. The 

authors argue that there are two categories of people who should be considered "users" 

of an environmental good, even though they do not undertake any activities at the site. 

The reason offered is that although some people are not present users of the resource, 

they are likely to place some sort of value on its continued existence. Weisbrod's (1964) 

"option value" caters to people who may be future users of the resource, while Krutilla's 

(1967) "existence value" applies to people who never will visit the resource but still 

benefit from its continued existence.

2.1.1 Option value

In a seminal article Weisbrod (1964) introduced the concept of option value as a 

response to Friedman (1962).4 Friedman (1962) suggested, in his well known essay on 

capitalism and freedom, a simple way of deciding whether a park should be preserved for 

the benefits of visitors, or whether it should be developed for the benefits of those

This is not a criticism of these studies since they represented the state-of-the-art at that time, 
e.g. Davis (1964).

Weisbrod (1964) is rightfully credited with having pointed to the possibility of an option 
value, but it is still of some interest to note that W. Stanley Jevons (1888) defined a concept 
that seems closely related. In chapter III of his ”Theory of Political Economy" Jevons (1888) 
outlines the theory of utility. He introduces actual, prospective and potential utility and it is 
the concept of prospective utility that seems most applicable here. Jevons writes "Only when 
there arises some degree of probability, however slight, that a particular object will be needed, 
does it acquire prospective utility, capable of rendering it a desirable possession". (Jevons 
(1888, p. 70)). Jevons closes his discussion about prospective utility with; "By far the greater 
part of what we hold might be allowed to perish at any moment, without harm, if we could 
have it re-created with equal ease at a future moment, when need of it arises". Jevons (1888, 
p. 70). See also Kriström (1990).
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employed in that project (as well as consumers of the generated products). Friedman's 

(1962) idea was based on the workings of the market system and its entrepreneurs' 

willingnesses to make profits. "If the public wants this kind of an activity [a park] 

enough to pay for it, private enterprises will have every incentive to provide such a 

park. And of course, there are many private enterprises of this nature now in existence.

I cannot myself conjecture any neighborhood effects that would justify governmental 

activity in this area". Friedman (1962, p. 31).

According to Weisbrod (1964), Friedman's (1962) free-market type of allocational 

device would not be sufficient, because it would fail to subsume all the relevant benefits 

of preservation: "To see why, the reader need recognize the existence of people who 

anticipate purchasing the commodity (visiting the park) at some time in the future, but 

who, in fact, never will purchase (visit) it. Nevertheless, if these consumers behave as 

"economic men" they will be willing to pay something for the option to consume the 

commodity in the future. This "option value" should influence the decision whether or 

not to close the park and turn it to alternative use". Weisbrod (1964, p. 472).

Weisbrod's (1964) option value gave rise to a large literature, but will not be 

discussed further here.5 There are two reasons for this omission. The first relates to the 

scope of our study. To define option value we need to introduce uncertainty, which is 

beyond the scope of our analysis.6 Second, several issues require more investigation before 

option value will have a firm place in applied environmental economics.7

In addition, we shall not discuss quasi—option value. This value may be interpreted as a kind 
of option value and relates to the problem of evaluating decisions that are irreversible. For an 
overview of the literature on option value, see e.g. Johansson (1987).

Option value is defined as the difference between option price and expected consumer surplus, 
in a context where future use of the resource is assumed to be uncertain. Option price may be 
defined as the willingness to pay to keep the option of future use —  a payment made before 
the uncertain state of the world is revealed. Expected consumer surplus is computed as the 
weighted sum of the consumer surplus from using the resource, where the weights are given by 
the probabilities of using (not using) the resource.

See e.g. the recent discussion between Johansson (1988) and Bishop (1988).
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2.1.2 Existence value

The alternative rationale, existence value, can be defined within our framework 

and will therefore be considered in more detail. Two aspects of existence value have been 

given attention in the literature: First, why do people hold existence values? Second, 

how can existence value be integrated into the conventional neoclassical model of 

consumer demand?

To introduce the concept of existence value we reiterate the notion of a natural 

resource as generating many different services to individuals. These services might be 

enjoyed directly (in-situ), or indirectly via, for example, TV-programs and magazine 

articles. Krutilla (1967) argued that there are people M— who place a value on the mere 

existence of biological and/or geomorphological variety and its widespread distribution". 

(Krutilla (1967, p. 781)).«

Existence value is, in its simplest interpretation, unrelated to any way of using the 

resource and is therefore often defined as the willingness to pay for the knowledge that 

the resource exists. One may, therefore, motivate existence value by reference to a 

"fellow feeling" towards present and future generations. Adam Smith thought it obvious 

that, in general, this fellow feeling existed. He explored the "sympathy principle" in his 

Theory o f Moral Sentiments (1790) which commences: "How selfish soever man may be 

supposed, there are evidently some principles in his nature which interest him in the 

fortune of others, and render their happiness necessary to him, though he derives 

nothing from it except the pleasure of seeing it". (Smith (1790, p. 65)). Dressed up in 

the syntax of modern economics, we would speak of "utility interdependence among 

consumers" and substitute the word "altruism" for "fellow feeling".

8 This quote and the following often quoted marked the birth of "existence value" in economic 
theory: "There are many persons who obtain satisfaction from mere knowledge that part of 
wilderness of North America remains even though they would be appalled by the prospect of 
being exposed to it". (Krutilla (1967, p. 781).)
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Randall k  Stoll (1983) axgue that existence value is motivated by altruism and 

suggest three types: Interpersonal, intergenerational and "Q "-altruism. Interpersonal 

altruism arises from the well-being we might experience knowing that somebody else will 

be able to use the resource. Intergenerational altruism reflects the desire to pass some of 

our present endowments onto future generations. Finally, Q-altruism is the utility that 

one derives from simply knowing that the resource exists.

In a similar vein Boyle k  Bishop (1985) explore, in addition to bequest value, four 

motives for existence value: Benevolence towards friends and relatives, sympathy for 

people and animals; environmental linkages and environmental responsibility (see Boyle 

k  Bishop (1985) for details). These motives are all related to some form of altruism. 

Boyle k  Bishop (1985, p. 11) write; "— the term existence value should be used to refer 

to nonuse values that arise due to altruistic motives". This view is challenged by 

Brookshire k  Smith (1987) and Madariaga k  Me Connell (1987) who suggest that there 

may be other motives than altruism that explain existence value.

Some authors disclaim altruism as the motive for existence value. Instead, they 

interpret the benefits of passing our natural environments and resources to future 

generations as a consumption of the resource "through others". More precisely, such 

benefits are subsumed under the heading "intertemporal vicarious consumption".9 

Further, the desire to preserve the environment for the benefits of the present generation 

is not an existence value according to Brookshire et al. (1987), rather it is "intra- 

temporal vicarious consumption" of the resource.

Loomis (1988) suggests a broadening of the concept of existence value as defined 

by Bishop k  Boyle (1985). Loomis (1988, p. 24) claims: "In the current literature, the

Brookshire et al. (1987, p. 22).
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selfish enjoyment of the knowledge that Q [the natural resource] exists seems to be 

ignored". According to Loomis (1988) there exists a "self-consumption" of the natural 

resource which is unrelated to altruistic motivations for existence value. This idea draws 

on parallel thoughts in the economic literature on fairness and equity, in particular 

individual's perceptions of (fair) income distributions. If the distribution of income 

enters as a parameter of the individual's utility function, she will suffer a loss in utility 

if the income distribution changes in some unfavorable direction from the individual's 

point of view. His suggestion seems, anyhow, to be closely related to the Q-altruism 

suggested by Randall k  Stoll.(1983), the difference being that the Loomis (1988) term is 

unrelated to altruism.

The above brief review suggests that there exist no consensus among economists 

regarding the definition of and motivation for existence value. The many motives 

suggested for existence value led Freeman (1988), in a recent review of the literature on 

non-use values, to write "The arguments for motivations seem to be offered for the 

primary purpose of persuading the reader of the plausibility that nonuse values are 

positive". Freeman (1988, p. 5).10

The variety of motives for and definitions of existence value suggested in the 

literature may have arisen because it is difficult to agree upon an exact definition of use 

or consumption of an environmental resource: What is the exact distinction between 

non-consumptive use value and existence value? Are we using the resource when reading 

a book about it? Is this a non-consumptive use value and hence a kind of use value, or is 

it a non-use value because the use is not performed in-situ? What follows out of this 

discussion is the problem of integrating existence value into the mainstream model of 

household behavior. One often used approach, illustrated below, is to introduce the stock

10 Compare also Brookshire et al. (1987). On the basis of a review of several studies of existence 
value they conclude: ” While of all these (definitions of existence value) are related, there is 
clearly a lack of consensus as to the exact nature of existence value”. (Brookshire et al. (1987,
p. 16)).
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of the resource in the utility function. Existence value can then be related to the change 

in the stock of the resource. Several problems arise with this technique and we return to 

them below when illustrating our discussion of total value within a typical model. The 

model we develop serves to shed light on two important features of the analysis: First, 

what kind of information do we need to estimate total value and its components? 

Second, what kind of estimation methods are feasible?

2.2 A model of total value

Several different theoretical models of total value based on the neoclassical theory 

of a utility-maximizing consumer have been suggested in the economic literature.11 We 

shall follow this tradition here. To introduce the model let us consider a consumer that 

uses a forest for recreation purposes. She consumes two types of priced goods connected 

to the use of the resource. The first type of good (hj) is assumed to be a private good 

priced in a perfectly competitive market. It would be more general to consider a vector 

and include all goods that relate to consumptive, non-consumptive and indirect use of 

the resource traded in perfect markets, but for notational simplicity we shall use a single 

good representation. Examples of such goods include visits to the forest and books. The 

second type of good (hg) is also a private good, but taken to be rationed in the sense 

that the individual is unable to buy the commodity in what the individual feels to be 

sufficient quantities.12 For example, the individual may be a hunter in the forest under 

consideration and not be allowed to hunt the number of days she feels is optimal. The 

third type of good in the model is public good services (h^), i.e. non-priced goods over 

which the consumer has no control. Examples include bird-watching in the forest and 

watching TV-programs about forests. The final good (z) connected to the forest is an 

index of the size, quality etc. of the forest itself. This is the existence value argument in

11 The model presented here draws heavily upon Johansson (1987). For slightly different models, 
see e.g. Boyle k  Bishop (1985) and Freeman (1988).

12 This good may also be interpreted as a vector of all rationed good connected to consumptive, 
non—consumptive and indirect use of the resource.
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the model. The last type of good is a vector of other private goods (XelRn).

Assuming that the consumer selects the h p  hg and X goods to maximize utility 

subject to a budget constraint and a quantity constraint, we have the following utility 

maximization problem:

public good, z° the current ”quality level” of the forest, p? (1=1,2) current prices of the h 

goods, p° a price-vector of other private goods, and y° current exogenously given 

income.13 The marginal utility of the arguments in the utility function is assumed to be 

positive and decreasing.14 From the above maximization problem we obtain the indirect 

utility function V( • ), i.e. utility as a function of the exogenous parameters in the model:

Taking derivatives of (2.5) with respect to the exogenous variables (except for the

A prime denotes a transposed vector.

Existence value may be argued to be a step function of the ”stock” of a natural resource, i.e. 
it changes at some treshold level of the resource rather than continuously with the stock. See 
e.g. Brookshire et. al (1987, p. 24).

Max U (hp  h2, h°, z°, X) (2.1)

subject to

(2.2)

h =  h° 
2 2

(2.3)

where U ( • ) is a strongly quasi-concave utility function, hjj the current provision of the

(2.5)
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prices of private goods), produces via the envelope theorem (after having divided 

through by the marginal utility of income, A):15

- V  / A = i y a « )  (2.6)

V-  V„ /  A -  (2.7)

V A =  I> 2 (a', ) ‘ P5 ,2 '8)

V A ‘ (2'9)
V J  A .  rriE(a°) (2.10)

where, for example V , is the derivative of the indirect utility function with 
P1

respect to p p  A= Vy(a°), a0 =  (p®, p° , h|j, h°, z°, y°- p® h® ) and m^ (a0) denotes the

partial derivative of the indirect utility function with respect to its third argument 

divided by A.

To interpret these derivatives it is useful to observe that by dividing by the 

marginal utility of money, A =  Vy(a°), we transform units of utility into units of money. 

Thus, the first equation (2.6) shows the effect on utility (transformed into money) of a 

change in the price of h p  This effect can be directly observed by simply observing the 

current demand for h p  Similarly, equation (2.7) says that we may observe the 

monetized welfare change of a marginal change in the price of the rationed good by 

observing the current consumption of this rationed good. A key difference between the 

effects of (marginal) changes in prices of unrationed and rationed goods is that there is 

no substitution effect when the good is rationed. This is because the individual will buy 

whatever is supplied of the rationed good; the only effect will be an income-effect in 

contrast to the usual income and substitution effect we observe in case of an ordinary 

private good.

Subscripts will be used to denote differentiation. For an exposition of the envelope theorem see 
e.g. Varian (1984, p. 327-329).
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Equation (2.8) shows the effect of marginally changing the ration of good h2. Since 

the individual is rationed, her marginal willingness to pay will be greater than the price 

of the rationed good; this is exactly what equation (2.8) states. To interpret this 

equation further consider the following example: if an individual is permitted one more 

day of hunting she will reallocate her spending on other goods to cover the cost of this 

extra day. Her utility (in money units) increases by the first term on the right hand side 

of (2.8), but this increase is partly offset by the decrease in spending power on other 

goods. The final two equations give the willingness to pay for marginal changes of the 

provision of the public good services, and marginal changes in the "quality" of the 

forest.

The above analysis suggests that welfare impacts of marginal changes in prices, 

quantities and environmental quality may, loosely speaking, be obtained by summing 

the separate effects in equations (2.6) to (2.10). In addition, we may take account of a 

possible change in income by adding that particular change. This idea is formalized by 

totally differentiating equation (2.5) and converting the change to money units by 

dividing through by the marginal utility of money.16 This yields:

dV/A =  -h j(a°)dPl -  h°2dp2 +  ( m ^ a 0) -  p°)dh2 +

+  m^ (a°)dhg +  mz(a°)dz +  dy 
3

(2 .11)

Equation (2.11) provides a money measure of utility change when marginal 

changes are involved. The separate terms relate to demand and willingness to pay 

functions for the goods in the model; indeed, except for the (added) change in income,

(2.11) is the sum of equations (2.6) -  (2.10). As an illustration of the usefulness of

For simplicity we keep the prices of private goods fixed.
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(2.11), consider a situation where p j changes by dp^. The welfare impact of this change 

can be recorded by simply observing the current demand for h^. The welfare impact of a 

change in all parameters (except px) is accordingly calculated by summing the separate 

effects in (2.11).

We are often interested in discrete (i.e. large) changes, and the question arises as 

to how the money measure in (2.11) should be modified. Assuming that we somehow 

know the demand and willingness to pay functions in (2.11), we would integrate over 

some chosen change of the exogenous parameters in the model. A closer inspection of

(2.11) reveals that we would sum areas similar to the usual consumer surplus triangles 

encountered in introductory economics text-books (we illustrate the principle below).

It is, unfortunately, the case that such a procedure is almost always quite 

meaningless, because the resulting total value depends, in general, on the chosen path of 

integration. Unless one is willing to make restrictive assumptions on the utility function, 

a money measure obtained via (2.11) will be path-dependent.17 The path-independency 

conditions imply symmetrical cross-effects of price and quantity changes on demand 

functions. Nothing guarantees that this symmetry exists in the general case. The 

mathematical details of the path-dependency problem are, however, well-known, and 

will not be elaborated further here.

The Hicksian Equivalent and Compensating variation (EV and CV) are examples 

of money measures of welfare change that can be used to address the path-dependency

A necessary and (almost) sufficient condition for a line—integral /  Eg. (w^, w^, ... ,w^) dw.

taken over some path c to be path—independent is that the mixed derivatives are symmetric, 
i.e. if dg./dWj=r dgj/dw. for all i,j. (Johansson (1987, p. 26)). In the model above the g.

functions corresponds to the demand and willingness to pay functions and w. to the

exogenously given parameters in the model.
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problem discussed above.18 These money measures are compensated measures in the sense 

that the individual is kept at the same utility level throughout the change one is 

studying. Depending on the utility reference level, EV and CV give the maximum sum 

of money a person would be willing to pay to acquire a higher environmental quality, or 

the minimum compensation required to accept an environmental degradation.

Consider an environmental change as represented by changes in the quality of the 

forest. If we use the state of the world after the change as the reference point, we can 

define the EV of this change in the following way:

V(b°,y° -  p£h£ -  EV ) = V (b V - p£h£) = V1 (2.12)

where 0,1 denotes the current (final) position, b° =  ( p j, p£, h£, h^, z°) and b*= (pj, p^, 

h£, 14, z1).

According to this definition of (a change in) total value, EV corresponds to the 

sum of money that equalizes utility in the two states of the world. Note that this 

definition allows for changes in prices, rations and incomes as the quality of the forest is 

changed. Such quality changes may for example arise due to cutting down parts of the 

forest. The construction of a road through a forest may also hamper the environmental 

quality of the forest. Such changes may affect hunting conditions, prices and incomes.

It is straightforward to define a measure of CV in this model. This is accomplished 

by fixing utility at the initial level; CV correspond to the sum of money that keeps the 

individual at her initial level of utility.

If all goods are unrationed private goods, it can be shown that EV (CV) is path—independent. 
See Johansson (1987, chapter 3). A concise introduction to the properties of these money 
measures of welfare change is given by Johansson (1987), see also Just et al. (1982).
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To further explore the components of total value it will be convenient to totally 

differentiate the left hand side of equation (2.12), adjusting EV so as to maintain utility 

at the predetermined level, V1. This yields:

dV=-Ac(c°) [hj (c°)dp1 +  h°dp2 -  (m ^(c°) -p°) dh2 -

-m £ (c°)dh3 -  m®(c°)dz -  dy +dEV] =0 (2.13)
3

where a c denotes an income-compensated function, c°= (pj, p£, h£, h|j, z°, y° -  

p^h^-EV0) and px has been assumed to be unaffected by the considered change in 

environmental quality. Note that EV° is such that the equality (2.12) holds. The 

separate terms in (2.13) can be given the same interpretation as the one presented above 

for equations (2.6 -  2.10). To tie this analysis together with our discussion of total value 

as consisting of use and non-use values we solve for the change in EV to obtain:

dEV= -  h j (c°)dPl -  h®dp2 +  ( m ^ c 0) -p«)dh2 

+  (c°)dhjj +  m£(c°)dz +  dy.

(2.14)

From this equation we may infer marginal changes in total value by examining the 

consumption of the priced goods in the model at the current level of prices etc. (i.e. c°), 

as is seen by the first two terms on the right hand side of (2.14). The third term shows 

the difference between the marginal willingness to pay for the rationed good and its 

price, as earlier. To obtain total value, EV, we would integrate both sides of (2.14) over 

some chosen path of price, quantity, quality and income changes. This explains our 

earlier loose claim that total value may be thought in terms of consumer surplus 

triangles. For example, integrating h£ between p j and p j gives the the area bounded by 

the compensated demand curve for hj and the two prices before and after the change. 

Proceeding by integrating 1^ between p£ and p^, noting that this area is evaluated
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subject to p j=  p j, we obtain the welfare change (in money terms) associated with a 

change in the price of h^  A particular path of parameter-changes is illustrated below.

, 0 _ i 0 , 0 , 0  0 wl%
b. “ ( p^Px,  *̂2 * 3 * ^ ’

% ( b 20) 
X ( b° )

A

vh3<b?) b;.IP;.pX.h,.*V)

U° ( 1 0 L1 L 1 X/1!b =(p p , h , h , z,  V ) 
4 r l X 2 3

Figure 2.1 Illustration of total value and its components.
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The shaded area in the first diagram in Figure 2.1 gives the use-value of the 

resource as it relates to uses involving the unrationed private good. Since income is 

adjusted (i.e. EV) to maintain the individual at the utility level V1 we are evaluating 

this area for the compensated (Hicksian) demand curve; utility, rather than income, 

then enter as an argument in the demand function. Note, however, that for some given 

point, i.e. c°, the uncompensated (Marshallian) and the compensated demand functions 

coincide (as is well-known).19 The second diagram illustrates the use-values related to the 

use of the rationed good. We have illustrated a change of the price as well as a change of 

the supply of the rationed good in the same diagram. The shaded area in the third 

diagram shows the change in benefits for the considered change in the provision of public 

good services. Finally, the fourth diagram gives the separate value of the change in 

quality of the forest. We may interpret this area as the change in the existence value of 

the resource.

The areas are evaluated for a particular path of integration; indeed, the separate 

values will be different for another path because the demand and willingness to pay 

curves will shift in a different way when the exogenous parameters changes in a different 

way. Thus, decompositions of total value are not unique; the separate values depend on 

the chosen path of integration. However, provided the path-independency conditions 

hold, the sum of the separate values do not depend on the path of integration. Still, the 

observation that the separate values are not unique raises the issue of whether the 

decomposition of total value is fruitful at the individual level. Another and perhaps 

more fruitful approach is to analyze values as they arise to different user groups, e.g. 

users and non-users.20 We illustrate this approach in chapter 3.

See e.g. Varian (1984, chapter 3). That is, h^(c°) =  h j  (pj, p®, h®, h®, z°, V1). This holds for 

the other functions in (2.11) and (2.14).

Freeman (1988) makes essentially the same argument.
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As a final remark on this model we note that the final state may be one where the 

resource is completely extinguished (z*= 0). In principle, to calculate the change in total 

value for some change in the exogenous parameters, including the change z° to zero, we 

would extend the integrals accordingly.21

Now, what insight does this simple model give in terms of proceeding towards 

empirical measurement? One possible approach is suggested via Figure 2.1; it suggest 

that we need to generate some information about the curves in Figure 2.1 in order to 

perform the indicated integration. In principle, we may estimate conventional demand 

curves for private goods by standard econometric practice (given that sufficient 

information exists). Disequilibrium econometrics may be used to estimate consumer 

surplus measures when rationed goods are involved.22 It is not immediately clear how to 

obtain the marginal willingness to pay curves for h^ and z. We discuss three possible 

approaches to estimate the value of environmental benefits below.

2.3 Indirect approaches to benefits measurement

The cluster of practical approaches to measuring benefits of environmental change 

that hinge upon relations between using (consuming) a natural resource and consuming 

a private good are usually called indirect methods. The two most popular approaches in 

this category are the travel cost method and the hedonic pricing method.

The travel cost method utilizes the travel costs a visitor to a natural resource has 

paid as a proxy for the unobservable price for using the resource. This price is then 

utilized to generate a demand curve from which consumer surplus measures are

If all goods are non-essential it is possible to define a measure when the resource become 
extinguished. The concept of non-essential goods is developed rigorously by Willig (1978). See 
chapter 3 for a informal discussion of this concept.

See e.g. Quandt (1988) for an exposition of disequilibrium econometrics.
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computed. The travel cost method has enjoyed widespread popularity, and the 

interested reader is referred to the recent review by OECD (1989) for references.

The value of a good depends, among other things, on it characteristics. For 

example, the price of a house is probably related to the relevant environmental quality 

in the vicinity of the house. A (very) crude way to measure the value people place on a 

higher environmental quality is to compare house prices across various environmental 

quality levels. A more sophisticated approach — the hedonic pricing method — aims at 

identifying the demand curve for housing. A regression analysis is usually performed, 

where variables representing environmental quality are included in addition to the set of 

other variables that affect the price of a house. The second step of this analysis is to 

derive the inverse demand curve for environmental quality, using the information from 

the regression equation. A well known example of this technique is the study by 

Brookshire et al. (1982) concerning the value people attach to air-quality in the Los 

Angeles — as expressed by price differences between houses in areas of varying air 

quality.

In order to be useful for this investigation a practical methodology should allow 

estimation of use-values as well as non-use values. It is, however, difficult to estimate 

non-use values using an indirect approach. Somewhat loosely speaking, the problem 

arises because we are to estimate a value that is independent of the use of the resource 

through the use of a related marketed good. The question is whether such values are 

mapped into the demand curve for the private good and can be disentangled. To put it 

another way, does the knowledge that a forest exists map into the demand curve for a 

private good connected to the use of the forest? In general, this seems difficult to 

establish. Several authors have concluded that indirect methods are not feasible in terms 

of estimating non-use values.23 A direct approach can be used to infer such values.

For example, Freeman (1988, p. 29), Mäler ( cited in Brookshire k  Smith (1987, p. 933)) and 
Fisher et al. (1986, chapter 6).
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2.4 Direct approaches to benefit measurement

A direct approach entails constructing a hypothetical market for the 

environmental good. The usual practice is to provide agents participating in the 

hypothetical market experiment with a description (scenario) of the environmental good 

to be traded. The participant is then encouraged to reveal her preferences, either via 

asking for a (maximum) payment, or for the minimum compensation the individual 

would accept.

This is the essential working of the contingent valuation method, which will be the 

method of choice for benefits measurement in this study. The contingent valuation 

method works irrespective of relationships between marketed goods and any 

environmental good under scrutiny and can be applied to a wider set of problems than 

the indirect approaches. The approach also offers some hope in terms of providing a 

methodology to estimate non-use values. These remarks provide the basic motivation for 

choosing the contingent valuation method for benefits measurement in this study, 

further motivations will be given in the next chapter.

2.5 Concluding remarks

In summing up this chapter it seems as though we are forced to end on somewhat 

discordant notes. Several issues in the theory of the total value of a natural resource 

have just marginally been touched upon, and several issues have been left unresolved. In 

addition, there exists no consensus among environmental economists as to the exact 

definition and interpretation of existence value. This, however, may be a matter of 

definition and not of substance. Nevertheless, substantial progress has been made the 

past two decades. This progress is manifested by the impact on practical matters the 

development the theory of the total value of a natural resource has had. In particular 

the notion of total value as consisting of not only use values, but also non-use values is
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trickling through several layers of society.

We turn now to a sequence of chapters that deal with the practical problems that 

arises when trying to measure environmental benefits using the contingent valuation 

method. The subsequent chapter introduces, describes and motivates our application of 

the contingent valuation method. One of the purposes with the next chapter is to shed 

some light on the various components of total value that has been described in this 

chapter.
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CHAPTER 3 

THE CONTINGENT VALUATION STUDY

This chapter opens a sequence of empirically oriented chapters, all being 

concerned with various aspects of inferring the value of preserving a set of forests in 

Sweden by using the contingent valuation method. We begin by discussing the choice of 

valuation method; we discuss in detail the arguments made for choosing the contingent 

valuation method in this study. We then outline the specifics of the contingent valuation 

method and describe how it has been tailored to fit our investigation. We proceed with a 

descriptive analysis of our data-base that consists of 732 questionnaires (out of 1100 

mailed). Finally, we present a simple way to empirically decompose the total value of a 

natural resource into use and non-use values. The main purpose of this chapter is to 

provide detailed information about the collected sample and the valuation problem the 

respondents were asked to solve. This chapter focuses on the continuous valuation 

question; the discrete question will be analyzed in subsequent chapters.

3.1 Motivating the chosen methodology

The two main approaches used to estimate environmental benefits were briefly 

described in the previous chapter. An indirect approach relies on observable market 

behavior and a link between the value of a non-marketed good and observable market 

behavior. A direct approach creates the missing market directly, wherein which 

individuals are encouraged to reveal their preferences. The choice of preference 

revelation mechanism (if a choice has to be made) will depend on several factors. One 

factor is what types of benefits the method may cover. We have already argued that 

indirect approaches may not be an ideal choice in some cases, because it is difficult, if
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not impossible, to estimate existence values. The type of the good to be valued may also 

limit the applicability of the indirect approaches; specifically, the relevant market may 

be missing.

The contingent valuation method was chosen here on basis of the following 

considerations. To apply the hedonic price approach we would need a sufficiently 

”thick" market to be able to estimate environmental values. No such market exists that 

would cover the areas under scrutiny here. The travel-cost method could have been used 

in the sense that respondents in a questionnaire study could have been asked about their 

travel costs to the areas. One disadvantage with such an approach is that we do not 

know ex ante whether the randomly selected person is a visitor or not. In addition, 

people may place a value on the areas that they have never visited, or did not visit, 

within the time frame suggested by the questionnaire. Such problems may be addressed 

within a contingent valuation approach.

These few remarks are sufficient to suggest that a hypothetical market approach 

is the most suitable approach to estimate the total value of preservation in this 

application. This choice of preference elicitation method presents the practitioner with a 

number of problems that do not arise within the indirect approaches. First, we need to 

address the psychological barrier of having to rely on "hypothetical answers to 

hypothetical questions". Second, we need an understanding of the parts of the 

experiment that may cause a divergence between a respondent's "true" valuation of a 

resource, and the value she reports in the survey. We shall address these issues below, 

but will begin with some remarks on the development of the contingent valuation 

method.

3.2 Remarks on the contingent valuation method

The history of creating a hypothetical market for trading environmental goods
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begins with the analysis of Davis (1964).1 He interviewed a sample of hunters and 

recreationists in order to measure the benefits accruing from visiting a particular 

recreational area. Davis's (1964) pioneering study did not immediately lead to 

subsequent applications and refinements. In fact, the number of applications did not 

start growing rapidly until the middle of the 1970's. A possible explanation of this fact 

is, according to Mitchell & Carson (1989), the publication of the influential Randall et 

al. (1974) study in the first issue of the Journal o f Environmental Economics & 

Management, that made it available to a large audience. Other factors include the 

flexibility of the contingent valuation method and a growing optimism towards the 

quality of information generated by hypothetical market experiments.

A large number of applications exists and the range of issues analyzed is wide. 

Some examples include analyses of: the value of preserving wilderness in Colorado, 

U.S.A, the value of protecting marine mammal populations in California, U.S.A, the 

value of improving air quality in Sweden; the value of preventing damage to Dutch 

forests and moose—hunting value in Norway.2 While there has been some interest in 

Europe, the applications of the contingent valuation method have to date concentrated 

on the U.S.A —  as noted in a recent OECD (1989) survey of methods for benefits 

measurement.3 This pattern is now changing since the interest in contingent valuation, 

and benefits measurement in general, is increasing in Europe.4 Several excellent 

overviews of the contingent valuation method are available to which the reader is 

referred. The Cummings et al. (1986) volume, Johansson (1987), Mitchell & Carson

Davis's study first appeared as his doctoral disseration presented to Harvard University 1963. 
The early developments of the contingent valuation method are described by Mitchell k  
Carson (1989).

The studies are: Walsh et al. (1984), Hageman (1985), Johansson k  Kriström (1988), 
Oosterhuis k  Van der Linden (1987) and Södal (1989). Mitchell k  Carson (1989, appendix A) 
provide a detailed summary of a large number of contingent valuation studies.

One explanation of this fact may be that benefit assessment is officially endorsed in the U.S.A 
under executive order 12291 of February 17, 1981. See e.g. OECD (1989).

A signal of increased interest in Europe is the newly formed association for European 
Environmental Economists.
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(1989), OECD (1989) and Smith k  Desvouges (1986) all contain very useful summaries 

of the literature on the contingent valuation method.

3.2.1 Validity and bias issues

The essence of the contingent valuation method is to ask people to place a 

monetary value on an environmental good in a hypothetical setting, a fact that sets the 

stage for a wide range of potentially serious measurement problems. In order to grasp 

the range of these measurement problems it is useful to recapitulate the basic 

assumption underlying a contingent valuation experiment: An individual knows 

approximately how much she maximally would be willing to pay (W TP) to acquire an 

environmental good, and given an optimal design of a survey instrument she would 

report this value. Economic theory provides several insights into circumstances that 

may cause a divergence between ”true" and reported values; the best known is the 

"free-rider" problem (to be discussed below). Another important input in the 

construction of a questionnaire is the literature on survey research in which the type of 

measurement problems to be discussed below are well-known.

One line of research pursued by contingent valuation researchers is to partition 

the measurement errors into several groups of "biases". The conventional classification 

is the partition into (i) general biases, (ii) procedural biases and (iii) instrument—related 

biases (following Smith k  Desvouges (1986)).5

General biases include strategic (the free-rider problem) bias, information bias 

and hypothetical bias. Information bias occurs if the level of information provided 

distorts the respondent’s WTP. Hypothetical bias may arise because the valuation 

situation is hypothetical.

See also the Cummings et al. (1986) volume for a detailed discussion of the conventional 
classification schemes, as well as a critical assessment of them.
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Procedural biases include sampling bias and interviewer bias. These biases are 

connected with the collection of data, i.e. the sample may be unrepresentative and the 

interviewer may influence the respondent's WTP in undesirable ways.

Payment—vehicle (e.g. utility bill versus direct payment) and starting point bias 

are examples of instrument—related biases. We shall return to the choice of 

payment—vehicle below. The conventional schemes of classification have been critiqued 

by Carson (1989) and Mitchell & Carson (1989). In particular Carson (1989) argues: "—  

that the terms hypothetical bias and information bias, be banished from the vocabulary 

of constructed market discussions". (Carson (1989, p. 5—15)). His argument is, 

essentially, that the hypotheticalness of the situation does not itself create bias, but may 

cause a larger variance of WTP. People not only have preferences over the 

environmental good to be traded, Carson argues, but also over the way it will be 

provided, who will obtain the good and who will have to pay for the good. Thus, WTP 

will always be a function of the information provided by the questionnaire.6

Carson (1989) suggests a different classification scheme, too detailed to be 

outlined in full here.7 The typology of "response effect biases" are gathered into three 

major groups:(i) incentives to misrepresent responses, (ii) implied value cues and (iii) 

scenario misspecification. The first category covers strategic bias and compliance (i.e. 

interviewer/ sponsor) bias. The second category involve elements of the created market 

experiment that conveys a "true" value of the good to the respondent and influences the 

response (e.g. a suggested cost in an iterative-bidding framework). Finally, the third 

group of response effects includes a number of effects related to the scenario as put 

forward by the researcher and perceived by the respondent; e.g. the researchers specified

Samples et al. (1985) use an experimental/control group approach to investigate the effect of 
information disclosure on willingness to pay for preservation of an endangered species (the 
humpback whale). Varying the level of information affects mean willingness to pay. The 
means are not significantly different at the five percent level, but at the 20 percent level.

See also Mitchell & Carson (1989).
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scenario is misunderstood by the respondent and she values only a part of the intended 

environmental good.

In light of the above discussion one is led to ask: "Does contingent valuation 

work?"8 To shed light on this question we need a point of reference to assess estimates of 

values derived via a hypothetical market. Ideally, the point of reference should be the 

"true value" people place on an environmental good. Unfortunately, a reference point is 

not easy to find. The values produced by an indirect method are often used in research 

on the validity of the contingent valuation method. One problem with this line of 

inquiry is whether one can establish that the same quantity is measured with two 

different methods. Nevertheless, a substantial amount of empirical research exists on the 

validity issue, and we review a portion of it here.9

Brookshire et al. (1982) use the hedonic price method to estimate the value of 

air-quality, using information on price-differences of housing in areas of varying air- 

quality. These results were compared with those generated in a simulated market 

experiment. The market was established via a survey instrument; the respondent was 

able to perceive different levels of air-quality via a sequence of photographs and maps. A 

variety of payment vehicles were used: the utility bill, a lump-sum payment and a tax 

increment. The values obtained through the hypothetical market were generally lower 

than the values obtained via the market experiment; this result was consistent with the 

predictions from their theoretical model.

The travel-cost approach has been compared with the contingent valuation 

method in a number of studies.10 These studies obtain "comparable" values for the

8 Some readers will undoubtely recognize the question as the title of Bishop & Heberlein's 
article in the Cummings et al. (1986) volume.

9 For a recent thorough validation experiment, comparing the contingent valuation method and 
the travel cost method, see Bishop et al. (1988).

10 See e.g. Bishop et al. (1983) and Walsh et al. (1989b).
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travel-eost and the hypothetical market approach. Again, a problem with such 

comparisons is that it is difficult to assert that we are measuring exactly the same thing; 

non-use values may be difficult to estimate within a travel-cost approach. Moreover, 

while consumer surplus measures estimated from private goods might seem the ideal 

measure of value, the sensitivity of consumer surplus measurement to estimation 

technique and model specification can be substantial. One example is the choice of 

estimation method, for example a robust regression method versus ordinary least 

squares. The conventional estimation method used is ordinary least squares, although 

this choice is not self-evident in light of the evidence on the non—robustness of 

least-squares estimates towards "unusual" observations.11

Another way of looking at the validity issue is the distinction between actual 

behavior and intended behavior, using Bishop & Heberlein's terminology. In their 

famous 1979 article they compare actions in a hypothetical hunting-permit market 

(selling/buying hunting permits) with a real market (the permits were traded using real 

payments). The estimated surplus per permit was about $63 in the "real" market and 

$101 ($21) per permit for a discrete willingness to sell (pay) question in the hypothetical 

market. As we will show in chapters 5 and 6, these estimates can be sensitive to the 

choice of estimation technique.12

Loomis (1990) and Hanemann et al. (1989) compared the validity of the 

contingent valuation method across time. Loomis (1990) uses a re-sampling approach, 

while Hanemann et al. (1989) employs two random samples drawn at different times. 

Their results provide additional support for the notion of consistency of valuation across 

experiments.13

See Nyquist (1988) for a detailed account of robust regression procedures.

See also Cameron (1988) and Hanemann (1984).

For a different approach to compare hypothetical and real markets, see Dickie et al. (1987).
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Finally, there is the issue of strategic —  free-riding behavior. According to 

conventional economic theory, individuals have an incentive to misrepresent their 

willingness to pay for a public good. For example, an individual may think that to 

maximize the probability of a project being undertaken, she should overstate her 

willingness to pay because she would probably not be asked to pay the stated sum if the 

project is undertaken. A substantial body of research exists on the free-rider problem 

and while the evidence is not conclusive, the free-rider hypothesis is given weak 

empirical support.14

The validity of the contingent valuation method is, to repeat, a question that 

must be resolved empirically. It is clear that any measurement of the economic value of 

a good, be it a private or public good (or some intermediate hybrid), is plagued by 

measurement error. Indeed, given the size and the complexity of economies today, we 

would not expect to measure economic aggregates, like inflation or unemployment, 

exactly.15 Therefore, prudence suggests a healthy grain of skepticism towards any 

aggregate measure of economic phenomena, including the results from a contingent 

valuation experiment. Whether the values produced via an application of the contingent 

valuation method are more in error than values produced by other monitors of economic 

activity is an empirical question, although a difficult one to resolve.

In this author's view there are two ways to establish whether the contingent 

valuation method "works" or not. First, if the values reported in (carefully executed) 

contingent valuation experiments repeatedly turn out to be "random numbers" this 

would suggest an inherent methodological problem. Second, if the same experiment is 

repeated a number of times with different samples and careful statistical analysis reveals 

no correlation between variables collected, this is warning flag.

See e.g. Bohm (1972), Schneider & Pommerehne (1981), Milon (1989) and references therein.

The classic analysis of this issue is the one by Morgenstern (1965).
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It should be noted that values reported in hypothetical market experiments are 

seldom purely "random numbers", in the sense that they bear no relation to the 

variables suggested to influence them by economic theory . This assertion is supported 

by the "meta-analysis" of Walsh et al. (1989a). They use regression analysis to explore 

the results of 129 completed surveys. The reported average values were used as the 

dependent variable, while a set of variables describing type of area, type of recreational 

activity, elicitation method etc. were used as explanatory variables. Since several of the 

independent variables had significant coefficients, one is tempted to draw the conclusion 

that the reported values via the hypothetical market approach are not haphazard, 

random numbers.

In summary: the body of research on the validity of the contingent valuation 

method suggest that the method presents the practitioner with a potentially valuable 

tool for assessing environmental benefits. In order to reverse this proposition we would 

require a significant number of attempts showing that the contingent valuation method 

is subject to an internal and fatal inconsistency; at present such evidence is lacking.

3.2.2 Choice of welfare measure

A basic choice to be made in a contingent valuation study is the choice of welfare 

measure, i.e. compensating variation (CV) versus equivalent variation (EV). The CV 

measure is an ex ante measure in the sense that the pre-project level of utility is taken 

as the point of reference. The EV measure is in this sense an ex post measure, because 

the ex post level of utility becomes the point of reference. Depending on the particular 

project under consideration, CV and EV turn into willingness to pay and willingness to 

accept (WTA) valuation questions. Asking the participants about their willingness to 

pay for preserving the forests in their present state is interpreted here as an attempt to 

estimate a measure of EV, because the respondents are paying to avoid a decrease in 

environmental quality. Note that a question about the willingness to pay for an
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environmental improvement is a measure of CV, because the ex ante (pre—project) 

utility level is lower than the ex—post level; CV is the sum that makes utility in the two 

states equal.

It is straightforward to prove that CV equals EV, if the income effect is zero and 

the goods are all private.16 In the context of contingent valuation experiments this result 

is not very useful, because we usually do not apply the contingent valuation method in 

that case to estimate CV (EV). Randall & Stoll (1980) extended the well-known Willig 

(1976) result for private goods and show that the value of CV should be close to EV 

when we are analyzing public goods, if an income effect is ”small". Hanemann (1986) has 

explored the Randall & Stoll (1980) results further, and has shown that the difference 

between CV and EV in an environmental good-setting is related to an income effect, as 

well as to the elasticity of substitution between the environmental good and the private 

good(s).

An intuitive explanation of Hanemann's theoretical results is that the difference 

between money measure of welfare change involving environmental goods must take into 

account the elasticity of substitution between "other goods" and the environmental 

good. For example, a hunter might not find his hunting substitutable for any bundle of 

private goods. His willingness to pay will then be equal to his income, but his willingness 

to accept cannot be defined.17

There is often a large disparity between willingness to accept and willingness to 

pay in contingent valuation studies.18 There are, in addition to Hanemann's theoretical 

result, some other explanations of this fact. According to the theory developed by

See Johansson (1987).

M&ler (1985, p. 39) discusses Willig's (1976) result and explains, via a similar example, that 
the difference between EV and CV can be arbitrarily large in an environmental good setting.

See Mattsson & Kriström (1987), Södal (1989).
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Kahneman & Tversky (1979) people view losses and gains asymmetrically; losses are 

decidedly different from gains even if the income effect is zero.19 Thus, the disparity 

between willingness to pay and willingness to accept may, or may not, be greater than 

suggested by economic theory.20

There are other differences between CV and EV, which will not be relevant in 

our application, but could be an issue in a different setting; an important difference 

between CV and EV is their ranking properties of several projects. It can be shown that 

EV will rank any number of commodity bundles consistently, i.e. EV has the same sign 

as the underlying utility change. CV does not share this property, as is shown by 

Johansson (1987). This has led some authors to suggest that EV is the preferred 

measure, a point effectively answered by Johansson (1987). The ranking properties are 

reversed if one studies a number of initial bundles and only one final. Thus, in this sense 

no welfare measure is strictly preferred to the other; see Johansson (1987, chapter IV) 

for a lucid comparison of money measures of welfare change.

While economic theory cannot give strict guidance to the appropriate choice of 

EV or CV, and hence whether to use WTP or WTA valuation questions in an 

application, a general contention among practitioners is that WTA tends to be an 

unreliable welfare measure within today’s elicitation technology.21 One reason for 

preferring WTP questions is that we are used to being on the buyer’s side of the market. 

Consumer’s are often unused to being on the seller’s side of the market and may 

therefore find it more difficult to estimate the minimum sum of money they would

Compare Adam Smith (1790): ”We may suffer more, it has already been observed, when we 
fall from a better to a worse situation, than we ever enjoy when we rise from a worse to a 
better". Smith (1790, p. 133).

The interested reader is referred to Knetsch k  Sinden (1984) or Gregory (1986) for an 
overview of the disparity issue.

See the Cummings et al. (1986) volume and Mitchell k  Carson (1989) for a discussion of this 
issue.
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require in order to relinquish the environmental good. Consequently, obtained values 

from a WTA question may be more unreliable than from a WTP question.22 In this study 

we use a W TP question, although it would have been possible to construct a WTA 

question for the good under consideration.

3.2.3 Choice of contingent valuation framework

There are several available ways to pursue a contingent valuation study. The 

valuation questions may be framed as the conventional continuous valuation question or 

the discrete valuation question, as explained in chapter 2. Another approach is to use 

payment cards, where the respondent is asked to circle the appropriate amount on a 

payment card. Those cards may include information about government spending on 

other activities such as defense and health care.23

Bidding games involve suggesting a price and revising it upwards or downwards, 

depending on the respondents initial reaction to the suggested price. The bidding 

proceeds until convergence is reached.24 Contingent ranking does not ask directly for the 

respondent's valuation of an environmental change, instead the respondent is asked to 

rank combinations of quality and personal payments. The values may be inferred from 

such data, using statistical techniques that are similar to those used for the discrete 

valuation question.25

Hanemann & Chapmann (1988) describe the contingent behavior approach. This

Brookshire & Coursey (1987) and Bishop et al. (1988) reach the same conclusion. Mitchell & 
Carson (1989) argue that WTP is often the preferred measure in terms of property rights 
assignment, even when one is considering projects where WTA may at first appear to be the 
correct measure.

See Mitchell & Carson (1989) for details about this technique.

See e.g. Boyle & Bishop (1988).

For a recent application of this technique, see Lareau & Rae (1989).
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technique involves a combination of the usual contingent valuation question with other 

information such that a demand curve for the environmental amenity may be estimated. 

An example of question used in this technique is: "How many more fishing trips do you 

think you would take if the salmon catch rate doubled?". Answers to such questions 

may then be used to infer the demand curve for fishing trips.

3.3 Sample selection, sample size and data extraction

The determination of target population, sample size and method of data 

extraction is governed by: the nature of the good traded in the hypothetical market, 

desired stability of statistical inference, and factors related to data availability in 

general (legal constraints and institutional constraints).

The market established in our questionnaire contains a single environmental 

good: preservation of a set of eleven forest—areas spread out from the south to the north 

(see map below). One choice of stratification is whether to use a fully "random" or a 

stratified sample. A fully "random" sample conforms better to our main purpose in this 

study; our main purpose is to shed light on the value the average Swede places on the 

suggested preservation-measure. A stratified sample could have been used to shed light 

on differences between those who could be directly affected by a preservation measure, 

and those who would be less directly affected. For example, if forestry were banned in 

the areas under consideration we would expect different regional impacts with regard to, 

say, unemployment. Thus, a stratified approach may be used to investigate 

distributional effects. Such investigations are, however, beyond the scope of this study.

Sample size is a statistical issue as well as an economic one. Determination of the 

optimal sample size is, in general, a difficult question to resolve. A theoretically 

appealing approach is to collect information until the marginal benefit of information 

equals the marginal cost. A simpler approach is to compare the sample sizes in similar



- 4 2  —

studies and derive a sample size from that information.26

There may be significant economies of scale connected with the administration of 

a survey, but a researcher may have to choose between sacrificing statistical accuracy 

and deciding whether to carry out the study at all. The decision unit is, in this study, 

taken to be the household. There is about 3.67 million households in Sweden and we 

sampled 1100 of those households.27 The sample size is therefore 0.03% of the total 

population. The data on background variables were extracted from the official tapes on 

the Swedish population. This method of sampling has advantages over the common 

method of using telephone lists, because we include people who either do not have a 

telephone or are not listed.

3.4 The questionnaire

We began our investigation with a pilot-study to test various components of the 

questionnaire. The pilot study also provided the basis for the costs to be suggested, i.e. 

the bid-vector used in the discrete valuation question. The questionnaire was mailed in 

the spring of 1987.28 It contained 9 different questions and a map of Sweden that 

described eleven forest areas (to be described below and in detail in chapter 7). Prior to 

mailing, the sample was split into two sub-samples for the purpose of comparing two 

different valuation question designs. Sample A (for short) received both the discrete and 

the continuous valuation question and contains 900 individuals. Sample B received only 

the continuous version of the question and contains 200 individuals. See chapter 6 for 

details of this comparison.

For an analysis of the sample size issue, see Rossi et al. (1983, chap. 5).

Statistical Abstracts of Sweden (1990, table 36, p. 42). Figures refer to the 1985 census.

The cover letter and the questionnaire can be found in appendix 1.
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An introductory letter explained our research interest and the purpose of 

undertaking the study. The scientific status of the study was established by letterheads 

with our university's and our department's addresses. We guaranteed the respondents 

full anonymity. The questionnaire contained four attitudinal questions, two household 

specific questions, two valuation questions —  one continuous and one discrete, and two 

questions about previous and expected visits to the areas marked on the accompanying 

map.

3.4.1 Method of administration

The questionnaires were mailed using a self-addressed return envelope. After two 

weeks a follow up was made, and those who had not responded were sent an identical 

survey —  the cover letter being slightly changed. After four weeks we made the third 

and final follow up. No follow up of non-respondents was made.

3.5 The sample

732, or 67%, of the questionnaires were returned. This is a high response rate in 

this context. The response ratio 67% does not guarantee that the sample provides a 

useful base to make inferences about the parent population, because there may exist 

selection—bias (i.e. the sample is not a random draw from the parent population). We 

may still note that Loomis (1987) finds, in a recent scrutiny of response rates, the 

average to be around 40% in contingent valuation studies. We need to explore two 

important characteristics of the sample: item non-response (question left blank) and lack 

of selection—bias.

The item non-response was small, being greater than 5% only in the case of the 

continuous willingness to pay question; 35% of the respondents left this question blank. 

We will consider the blanks as missing values in the sequel, although some authors
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would axgue for putting these values to zero instead.

Three questions permit comparison with the parent population; we will present 

two of them here: household size and net household income. The average household size 

in the sample is 2.68 with a standard deviation of 1.34. The official estimate on the 

average household size in Sweden is 2.23.20 Net household income in the sample amounted 

to 109.565 SEK on the average, or about 18.260 U.S.$ using 1 SEK =  1/6 U.S.S. A 

comparable official estimate is 105.000 SEK.30 Since we did not make any analysis of non

respondents we will have to assume that they are not different from those who 

responded; sample-selection bias will be assumed to be insignificant.

The following table brings together main sample characteristics.

Table 3.1 Characteristics of the surveyed population

mean trmean median spread std.dev N

Sex 0.52 0.52 * 0-1 .5 731
Birthyear 42.9 43.2 44.0 13-69 15.5 729
Household 2.7 2.6 2 1-9 1.3 722
WTP 1438 655.0 200 0-99999 6871 477
Visits 7.6 4.27 2.0 0-100 17.4 726
Expect 2.8 2.8 3 1-5 1.03 729
Protect 686.4 700.7 1000 1-1110 488.6 726
Income 110E+3 110E+3 20E+3 220E+3 51E+3 702

Notes: trmean = trimmed mean, 5% of the smallest and largest observations deleted; Sex =  Male(l), 
female (0); Household =  number of household members; WTP = maximum willingness to pay, contin
uous question; Visits = Number of visits made to the areas; Expect = expected visits to the areas the 
coming ten years (1 =  at least ten visits, 2 =  5 — 10 visits, 3 = 1  — 5 visits, 4 = no visit (uncertain) 5 
=  no visits (certain)). Protect =  motives for preservation; see section 3.7 for details; Income =  net 
household income in SEK.

Computed from Statistical Abstracts of Sweden (1990, tables 35, 36, p. 41, 42). Figures refer 
to the 1985 census.

Income from work (wage income, entreprenurial income, sickness allowance and parent 
allowance). Official Statistics of Sweden (1990, table 215, p. 207).
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3.5.1 The valuation questions

The purpose of a hypothetical valuation question is to describe, as accurately as 

possible, the transacted good, the conditions under which the transaction is supposed to 

be carried out, and the payment vehicle. One trade-off a researcher faces is between the 

degree of detail with which the scenario can be described and the quality of the 

information received. A precise but involved scenario-description will tend to discourage 

the respondent, but on the other hand, a short account of the project injects a large 

amount of uncertainty into the nature of the good traded in the market.

The willingness to pay question was headed by a short introductory passage 

explaining the reason for posing this kind of question. It was then suggested that fragile 

forests might be valuable to present and future generations in several ways, amongst 

other reason as a habitat for extinct-threatened animals, birds and plants. We then 

referred to a map of Sweden detailing eleven areas containing fragile forests; this map is 

reproduced below.

10. Asnen- 
Listerlandet

11. Dalby- 
Söderskog

4. Dala-Härjedals 
och Jåmtlandsfjällen

5. Hamra
6. Garphyttan
7. Tiveden
8. Norra Kvill
9. Kullaberg • 

Hallandsåsen

1. Muddus
2. Tärna-Graddis
3. Skule

0 100 km

Figure 3.1 The map used in the questionnaire
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The areas were selected using the Government bill 1975:46 and other information 

about fragile forests. The bill identified 23 (later 25) primary recreational areas in 

Sweden, where a primary recreational area is defined to satisfy certain conditions: It 

should contain large areas of fragile ecosystems, carry unique environmental qualities, be 

close to densely populated areas and have a well defined cultural history.31

After screening the primary recreational areas, mainly in terms of forest content, 

we chose six of those areas. In addition we selected five ”virgin" forests. These areas 

comprise forests with high recreational and environmental qualities. We claim without 

proof that most of the areas are quite well known to most Swedes, making them suitable 

for inclusion in the questionnaire. For a detailed description of the areas, see chapter 7.

After providing an introduction to the areas under consideration via the map, the 

cover-letter and the introduction to the valuation question, we presented a scenario 

where the eleven areas were to be left in a state of preservation for an unspecified period 

of time. The alternative scenario is then the case of harvesting the given areas.32 We can 

interpret our market as one where the respondent is offered the opportunity to buy a 

certificate in a closed auction; the certificate guarantees that no development shall be 

undertaken in the forests in the given areas.

There has been much interest in the literature on payment vehicle bias.33 A 

payment vehicle that quickly comes to mind, that is often used, is the utility bill or the 

tax bill. The disadvantage with these payment vehicles is the (negative) connotation of 

taxes and bills in general, which may lead to a distortion of the respondent's answer. It

For additional details, see Ds Jo 1978:2 and Ds Jo 1978:2 (supplement).

The value of timber varies considerably across the areas. Not all of the areas would be of 
interest for forestry at present. See chapter 7 for details.

See the Cummings et al (1986) review. For a critique of the payment vehicle debate, see 
Carson (1989).
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might also be more difficult for the respondent to calculate the effect of a one percent 

increase in taxes than the effect of a specific monetary payment. The respondents in this 

survey were asked how much they would be willing to pay, once and for all, for the 

suggested scenario without explicitly ”ear-marking" the money into a "preservation- 

fund”. Another alternative is to ask for a yearly payment, an issue we discuss in chapter 

7.

The continuous WTP question was given the following wording:

There are many pristine woodlands, for example virgin forests and sub-alpine 
woodlands, that may be of considerable interest to us and future generations. 
Other woodlands harbor animals, plants and birds threatened with extinction. 
Suppose we would abstain from forestry in the fragile areas marked on the map 
that you find in the end of this questionnaire. How much would you maximally be 
willing to contribute to cover the costs for preserving the areas? I would be 
willing to contribute a once-and-for-all sum of maximally a b o u t SEK.

3.6. Empirical results: the continuous willingness to pay question

The continuous willingness to pay question was given to all participants in the 

survey. 477 persons answered this question. For convenience we repeat the descriptive 

statistics for the continuous question below.

Table 3.2 Summary statistics for the continuous valuation question; full sample.

Mean median trmean std.dev Min Max N

1438 200 655 6871 0 99999 477

The difference between the mean, the trimmed mean and the median suggest that 

the distribution of willingness to pay is skewed; this is a common occurrence in 

valuation studies. To explore further it is convenient to examine the corresponding 

boxplot for WTP.
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[*0 0 0 0 0

1-------------------1-------------------1------------------1-------------------1-----
0  2 0 0 0 0  4 0 0 0 0  6 0 0 0 0  8 0 0 0 0

Figure 3.2 Boxplot of WTP; full sample

The median is indicated with an M in the box. The middle half of the data are 

within the box. A possible outlier is marked with a and a probable outlier is marked 

with an "O". A possible outlier is defined to lie between the inner and outer fences, 

where an inner fence is located at (lower hinge — 1.5 * H-spread) and (upper hinge + 

1.5* H-spread). A hinge is essentially a quartile, and the H-spread is the difference 

between the upper and the lower hinge. The outer fence is defined in the same way as 

the inner fence, by changing 1.5 to 3. For details about boxplots and other EDA 

techniques, see Hoaglin (1983).

The distribution is markedly skewed; the figure suggests five outliers. Outliers 

form, in general, a challenge for the analysis. It is, for example, well known that 

commonly used procedures like linear regression and descriptive measures like the mean 

are sensitive to outlying observations. One challenge for the survey practitioner is to 

identify unusual observations on willingness to pay; is the observation a protest-bid or 

not? A protest-bid will be understood here as a significant attem pt by the respondent to 

increase mean W TP.34 There exist no agreed definition of a protest-bid, e.g. as some 

percentage of the respondents income. We will treat those who can not cover their 

stated willingness to pay with their net household income as delivering protest-bids; this

34 Some arguments can be made for interpreting a zero bid as a protest—bid. In addition, it may
be argued that those who do not answer are delivering a kind of protest bid.
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definition suggests two outliers in the sample. We acknowledge that this definition is ad- 

hoc.35 Smith k  Desvouges (1986) have pointed out that an unusually high willingness to 

pay might not be a protest-bid when one takes into account the characteristics of the 

household. Their approach builds on the technique of identifying influential observations 

in regressions. Thus, an extra-ordinarily high willingness to pay could be '’explained1' by 

some personal characteristic like the fact that the respondent is a billionaire.

As mentioned above, outliers tend to have large effects on non-robust estimators. 

This is indeed the case here since by deleting the two protest-bids we obtain:

Table 3.3 Descriptive statistics for WTP adjusted for protest—bids

Mean median trmean std.dev Min Max N

1023 200 635 2499 0 30000 475

|Mj—** 0 0 0 0

+  1 1 1------------------------1—
0  7 0 0 0  1 4 0 0 0  2 1 0 0 0  2 8 0 0 0

Figure 3.3 Boxplot of WTP adjusted for protest—bids

The deletion had a large effect on the mean, diminishing it from 1438 to 1023, a 

roughly 30% reduction. As expected the median does not change, illustrating the 

robustness of the median. We return to the mean/median issue in chapter 4, when 

discussing approaches to estimate them within a discrete valuation question experiment.

Gerking et al. (1989) give examples of different approaches to handle "unusual" observations 
on willingness to pay in contingent valuation experiments.
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Let us now turn to a more detailed analysis of continuous willingness to pay; we will 

relate a person’s willingness to pay to known personal characteristics by using linear 

regression. Thus, we are estimating what is usually called the bid function in the 

literature. It should be noted that the two protest-bids will be deleted in the future.

3.6.1 The bidfunction

Bidfunctions are estimated in nearly every application involving continuous 

willingness to pay questions, either as an exploratory device or as a way of extrapolating 

characteristics of sample behavior. Bidfunctions are usually ad-hoc constructions since 

they cannot be integrated into some known utility function. Nevertheless, we may either 

view a simple linear model as a linear approximation or perceive the analysis as 

exploratory (and not as a direct test of the underlying theory). The following table 

reports the results from the first regression analysis.

Table 3.4 OLS estimates of the bidfunction, full sample

coef t-ra tio Sign, level

Constant 998.3 1.3 0.18
Sex 304.7 1.3 0.18
Birthyear 2.8 0.4 0.68
Household 4.8 0.1 0.95
Visits -5 .3 -0 .7 0.47
Expect -312.4 -2 .0 0.04
Protect 0.5 2.3 0.02
Income 0.003 1.1 0.25

Adjusted R2 = 0.03 F(7,446) = 2.9 BP (7) =  164.4

Notes: BP is the Breusch—Pagan test for heteroscedasticity and can be compared with a chi-squared 
distribution with 7 degrees of freedom. The t—ratios have been computed by using Whites' heterosced
asticity—consistent covariance matrix estimator. See any modern econometrics textbook for details 
about these statistics.

A coefficient is said to be significant if the significance level is below 0.05; the 

t- te s t for each coefficient refers to a two-sided test. We will use the convention that a
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variable is said to be significant if the significance-level for the corresponding coefficient 

is less than 0.05.

The summary statistics suggest poor model performance overall. The adjusted R- 

square of 3% is low; the model explains little of the variation of WTP. A low R-square 

is, incidentally, not unusual in cross-section studies. The F-statistic shows that the 

model as such is not significant at the 5% level (the critical level is around 3.2). Finally, 

the Breusch-Pagan statistic suggests heteroscedasticity, i.e. non-constant residual 

variance, which is an indication of model misspecification.

According to this model, a man is expected to pay around 300 SEK more for the 

suggested preservation measure compared to a woman —  everything else being given. 

Further, the point-ostimates of birthyear and household size suggest small differences 

between smaller/larger households and younger/older people. A two person household is 

expected to have a 5 SEK higher willingness to pay compared to a single household, and 

a person bom in 1969 is expected to have a 28 SEK higher willingness to pay compared 

to a person born in 1959, ceteris paribus. However, these effects are not significantly 

different from zero, according to the model.

The number of visits made to the areas have an insignificantly negative impact 

on W TP. In contrast, the expected number of visits has a positive and significant effect 

on W TP (although the coefficient on the variable is negative).

The variable protect reflects motives for preservation. Basically, a positive sign 

on the estimated coefficient on this variable suggests that the more motives a person has 

for preserving the areas, the higher her WTP. We shall return to this variable in section

3.7 for a fuller analysis of motives and their relation to WTP. Finally, income does not 

enter the regression equation significantly; we may interpret this as saying that there is 

no (significant) difference between people across income brackets in terms of willingness
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to pay for preservation. Of course, given the poor performance of the model all 

predictions must be interpreted with care.

We have at several points in this chapter alluded to the sensitivity of estimators 

like the mean and linear regression towards unusual observations. It is therefore of 

interest to analyze this issue in more detail. Such an analysis is important for a number 

of reasons. First, it gives a short-cut way of finding misrecordings of the data; second, 

we can hope to gain more insight into the structural relationship between willingness to 

pay and known personal characteristics because it might well be that the relationship is 

hidden in a veil of distortionary observations. These distortionary observations are 

either misrecordings of the data, an attem pt to distort the analysis by the respondent or 

"true", but unusual, observations.

A data-set to be analyzed by linear regression may have three types of unusual 

observations. First, an observation on the dependent variable may be unusual. Second, 

an observation among the independent variables may be unusual and finally we may 

have a combination of the two types. Such observations may be traced by analysis of 

residuals and the projection matrix.36

The analysis identified 25 unusual observations.37 The respondents are 

characterized by; a larger household, a much higher willingness to pay, six times as 

many visits and 20% higher income compared to the average household. By screening

The projection matrix is defined as X((X’X)~l)X\  where X is the data—matrix and prime 
denotes transpose.

The MINITAB program's regression procedure was used to identify the unusual observations. 
This program substitutes the mean for a missing observation on the dependent variable, hence 
an observation may be identified as unusual even if there exist no observation on the 
dependent variable. The procedure identified 32 unusual observations; seven of those had a 
missing observation on the dependent variable.
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the data and omitting the 25 "unusual" observations we obtained the following results:

Table 3.5 OLS estimates of the bidfunction; unusual observations omitted

coef t-ra tio Sign, level

Constant 86.6 0.3 0.81
Sex 208.8 1.9 0.06
Birthyear 8.0 2.0 0.04
Household -99.9 -2.2 0.02
Visits 1.0 0.1 0.90
Expect -69.5 -1.0 0.33
Protect 0.6 4.8 0.00
Income 0.002 2.0 0.04

Adjusted HZ =  0.08 F(7,421) =  6.3 BP (7) = 87.3

The effect of omitting the unusual observations is, maybe somewhat trivially, a 

better model performance overall. By comparing with table 3.4 we find some changes. 

The adjusted R-square is higher and the F-statistic suggests that the set of independent 

variables have a significant effect on the dependent variable in contrast to the earlier 

model. Heteroscedasticity is still present according to the BP-statistic, which suggests 

that the model specification may be incorrect.

A man is predicted to have a WTP exceeding that of a woman by 209 SEK, a 

lower difference compared to the predictions of the earlier model; the coefficient is 

significantly different from zero at the 5.5 percent level. The age-variable now enters 

the regression with a higher t—value, suggesting that the variable has a significant 

impact on WTP; the model predicts an expected difference between a 20 year old person 

and a 30 year old person in terms of willingness to pay of about 80 SEK. The earlier 

estimate was around 28 SEK. Similarly, the number of household members now enters 

significantly (but with a negative sign); a two person household is expected to have 

about SEK 100 lower WTP than a single person household. It is difficult to point to a 

specific reason why the coefficient changes from 4.8 to about -100, because the value of
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the slope coefficients are not independent of the other variables (except in the case of 

orthogonality).

The number of visits made to the areas has again a low t—value. The 

point-estim ate suggests that the effect is positive in contrast to the estimates provided 

by the earlier model. The variable reflecting (expected) future direct use of the resource 

is no longer significant, although the direction of the effect is the same as predicted 

earlier (positive).

The variable measuring the motives for preservation is strongly significant. Given 

the construction of this variable (see section 3.7), this result suggests that an important 

determinant of a respondent’s willingness to pay for preservation is the number of ways 

she expects to benefit from preservation. For example, a person who expresses both 

altruism and use-values is likely to have a higher willingness to pay than a person who 

expresses only use-values, everything else held constant; the difference can be computed 

to be about SEK 60.

Finally, compared to the earlier model we find that the parameter on the income 

variable is reduced in value. The difference between this model and the earlier one 

presented is that the income effect is now significantly different from zero.

An important question to answer is in what sense this analysis improves our 

understanding about sample-behavior. Deletion of observations should be based on some 

information specific to the investigation (i.e. the unusual observations have been coded 

incorrectly), or, ideally, some theoretical results regarding those respondents. Neither of 

these considerations apply (strictly) here, but the analysis serves our purpose of 

exploring the data more carefully. The judgment of which model presents a better 

picture of sample-behavior is left to the reader.
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In summary, by deleting unusual observations, about 4% of the full sample, we 

obtain a model relating willingness to pay to personal characteristics that presents, at 

least in some respects, an intuitively appealing picture of how a person’s characteristics 

affects their willingness to pay for preservation. One would be tempted to say that the 

'true' intricacies of the model are hidden under a veil of distortionary observations when 

the full data-set is analyzed. This temptation is, however, easily resisted since the 

definition of an outlier is made within an linear regression context; a method that uses a 

distance metric particularly sensitive to "unusual observations". More importantly, 

without any information on why these "unusual observations" exist, they cannot be 

taken out of the sample. In the future the full data-set will be used, except for the two 

observations deleted for reasons given above.

3.7 Decomposing total value

The discussion in chapter 2 hinted at a way of empirically separating total value 

into use and non-use components. We shall employ an idea suggested by Johansson 

(1989) to obtain this separation. By asking the respondents why they feel that, in 

general, fragile forests should be preserved, we can analyze how willingness to pay 

breaks down on different types of motives. We gave the respondent a multiple choice 

question about motives that had four alternatives. The first motive suggested benefiting 

through personal experiences. The second suggested that other people would have the 

opportunity to enjoy the resource. A third category catered to other, unspecified, 

reasons; c.f. the Q-altruism discussed above and Loomis's (1988) discussion of selfish 

"existence value". Finally, the respondent was given the choice to deny such motives for 

preservation.

It is appealing to interpret those who only marked the first alternative as " pure 

users", while those who marked the first and the second alternative as users with "fellow 

feelings", i.e. expressing altruism. A simple hypothesis is then to check whether the user
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k  altruist group has a higher willingness to pay than the pure user group etc. In fact we 

will separate four groups, although the combinations of alternatives actually filled out 

by the respondents permits identification of eight groups. The first group is the user 

group, the second the user k  altruism group, the third the user k  altruism k  unspecified 

and the final group is identified as altruists, those who only marked the second 

alternative. 85% of the respondents fell into these four categories.

This approach has some advantages over earlier ones in the literature. The usual 

approach is to ask the participant a number of different valuation questions, an 

existence-value question, an option-value question etc. One example is Smith k  

Desvouges (1986) who, when analyzing water quality benefits, employ a use value 

question, a supply uncertainty question and an existence value question. An advantage 

with our approach is that we do not need to confront the individual with, allegedly, such 

difficult questions as the individual's 'option value'. Note that the theoretical results in 

chapter 2 showed that there is a sequencing problem in the sense that the separate 

components of total value in general depend on the order the separate questions are 

asked. As a corollary it follows that if one sample is asked a non-use value question and 

another sample a use-value question, the sum of these separate values will be quite 

meaningless in general.

In summary, our approach identifies the four user groups;

* users

* users k  altruists

* users k  altruists k  other motives

* altruists

The following results were obtained:
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Table 3.6 WTP by preservation—motives, a breakdown analysis

motive mean W TP 8td.dev

use 938 1615
use & altruism 1349 2519
use II altruism k  other motives 1780 3413
altruism 711 3013

The table provides an intuitively appealing picture of how we expect willingness 

to pay to vary with preservation motives.38 Viewed as point estimates we find that the 

"pure" user group appears to have a lower willingness to pay than those who in addition 

to use values express altruism. The highest mean willingness to pay is found among the 

respondents who added "unspecified reasons" to use and altruistic motives. These 

"unspecified reasons" could include the "selfish" existence value discussed by Loomis 

(1988), or the Q-altruism introduced by Randall k  Stoll (1983). The pure altruist 

values, on the average, preservation lower than those who use the resource in some way. 

Note that we are comparing all these numbers ceteris paribus, taking no account of 

income differences or other structural information about the respondents.

The standard deviations suggest that the hypothesis of increasing willingness to 

pay as the number of motives increases fails on any conventional level of significance. 

Still, we may view the above analysis as a consistency check of the questionnaire itself 

and conjecture that the differences would become significant in a larger sample.39

There are minor, but unimportant, differences between this table and an earlier version based 
on preliminary research presented in Kriström (1989).

Among those who 31 persons who did not beleive that they would benefit from preservation 
12 did not report WTP, 15 reported zero and the 4 remaining 25, 50, 250 and SEK 300.
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3.8 Concluding remarks

This chapter outlined the procedures for obtaining a willingness to pay measure, 

in particular we focused on various aspects of the continuous valuation question. When 

summarizing the empirical results of this chapter it seems plausible to suggest that they 

give additional support for those who feel that hypothetical market experiments provide, 

in some sense, interesting and credible information about people’s sentiments towards 

changes in our natural resources and environments. We turn now to a sequence of 

chapters that deals with the discrete valuation question. This type of question presents 

the analyst with several important theoretical and practical problems that do not arise 

in the continuous case. The next chapter brings together some relevant pieces of 

economic and statistical theory, in particular it is shown how the discrete question may 

be incorporated into the economic theory of household behavior.
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CHAPTER 4

MODELLING AND ESTIMATION OF WELFARE MEASURES IN DISCRETE 

RESPONSE VALUATION EXPERIMENTS

The purpose of this chapter is to describe the theory of welfare measurement in 

discrete response valuation surveys, and to address conventional methods for estimating 

summary measures like mean and median willingness to pay within this approach. We 

begin by considering the economic theory of welfare measurement in discrete response 

surveys in the first section, and turn in the second section to a description of how to 

derive measures like mean and median willingness to pay (WTP) from discrete response 

data. The third section discusses the choice between the mean and the median W TP, a 

matter of some controversy in contemporary literature.

These three sections focus on theoretical aspects of discrete response surveys. The 

following three sections concern issues an analyst is likely to encounter in a practical 

application. The analysis in section four centers on a value judgment that is peculiar to 

the discrete approach, namely the researcher’s view of in what range W TP lies. This 

value judgment arises because one is forced to specify a distribution function in order to 

estimate WTP. Different distributional assumptions may imply different ranges of 

WTP; assuming a normal distribution implies that WTP can take any value, while a 

log-normal distribution constrains WTP to be non-negative. By conditioning the 

distribution we describe how mean willingness to pay is calculated for any selected range 

of WTP. The fifth section discusses the issue of discriminating between different 

statistical models in the discrete set-up. We argue that conventional model selection 

procedures do not apply automatically and suggest a condition when standard selection
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procedures apply. We conclude this chapter by outlining conventional approaches to 

estimate descriptive measures —  a natural bridge to the subsequent chapter where we 

suggest some generalizations of these approaches.

4.1 The discrete response approach

The discrete valuation question asks the respondent to accept or reject a 

suggested cost (or compensation) for a given environmental change, where the cost is 

varied across the sample in a pre-specified way. This technique entails a number of 

significant advantages over the continuous approach. The most significant is that the 

discrete valuation question mimics our day-to-day market decision much closer than the 

continuous valuation question does. A market decision is usually of the discrete type; 

either we buy the good or we do not, depending on whether the price of the good is lower 

or higher than our reservation price.

Another advantage with the discrete approach is that it reduces the incentive for 

strategic behavior, as has recently been discussed by Loomis (1987). It is more difficult 

for the respondent to influence the mean willingness to pay within the discrete approach 

than within the continuous approach, for obvious reasons. Moreover, according to the 

theoretical results developed by Hoehn & Randall (1987) an individual's optimal 

strategy is truth-telling within a discrete valuation set-up.

There are, however, several disadvantages with the discrete approach. First, the 

data contains a limited amount of information and necessitates involved statistical 

procedures in order to derive any useful summary statistics on willingness to pay. 

Second, no consensus exists regarding how to obtain these summary statistics; the 

expected value of willingness to pay is derived in many different, and sometimes 

incorrect, ways.
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Thus, a number of issues need to be cleared up before we can ultimately say 

whether one or the other approach is to be preferred. It is important to point out that 

the two approaches, at least theoretically, should give the same answer. It is therefore of 

interest to obtain some insight into circumstances that cause the results to diverge. The 

present chapter focuses on the theory of welfare measurement within the discrete 

response approach, while chapter 5 presents different approaches to empirical 

measurement. The design of a discrete valuation experiment and the important issue of 

whether respondents perceive the two valuation questions differently will be addressed 

in chapter 6. We begin our exploration of the discrete valuation question by outlining 

the mechanics of the approach.

The researcher selects m different costs, A j, ..., Am, and distributes these to 

nr  nm individuals. At each cost Aj (i= l to m) we observe kj people accepting the 

cost for the suggested project and nj — kj rejecting to pay Aj. This approach to ask 

people to reveal their preferences over environmental goods was introduced in the path- 

breaking article by Bishop & Heberlein (1979). It will be recognized as the economic 

analog of (quantal) bio-assay experiments in which laboratory animals are subjected to 

various levels of some substance in order to infer its properties.1 An animal will respond 

to the substance if the dose is higher than the animal's tolerance level and conversely.

The tolerance level is, however, random and biometricians have developed several 

methods to make inferences about the potency curve Gp(t), which is defined as the 

distribution of tolerance levels, i.e. the probability of getting a positive response at dose 

t. The analogy in a contingent valuation experiment is that we observe a no-answer (a 

"response") if the suggested cost is greater than the individual's reservation price, his 

maximum willingness to pay. The statistical techniques used to make inferences about 

tolerance and willingness to pay distributions are therefore identical.

i See Finney (1971) for an overview.
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There are, however, important conceptual differences. The most interesting from 

an economist's point of view is that there exists a behavioral theory for household 

behavior, and as will be discussed below this theory limits the class of 'potency curves'. 

Put simply, the practical ramification of this reasoning is that "curve-fitting" is a 

questionable technique in the economic context. It should be emphasized that this view 

is not shared by every environmental economist (e.g. Cameron (1988)). We return to 

this issue below, and turn now to Hanemann's (1984) contribution. He showed how the 

discrete response questions can be integrated into the economic theory of the household.

4.1.1 The random utility maximization model and the discrete valuation

question

Bishop & Heberlein's (1979) innovative contribution was basically concerned 

with an analysis of differences between hypothetical and actual markets. Their 

contribution spurred a great deal of interest, since the new way of asking valuation 

questions had great appeal. It was not clear, however, whether the welfare measures 

derived from a discrete response experiment automatically carried over to the 

conventional continuous case, where the link between economic theory and valuation 

question design is easy to establish. This issue was addressed in another seminal article 

in the valuation literature by Hanemann (1984).

Hanemann was able to provide the "missing link" via the random utility 

maximization model. The random utility maximization model was introduced several 

years earlier in the transportation research literature, providing the theoretical base for 

which discrete choice decisions could be interpreted as the outcome of a utility 

maximizing choice process. When faced with the choice between two outcomes the 

individual is thought to choose the one that brings him the greatest amount of 

satisfaction. The analyst has incomplete knowledge of the consumer's decision process,
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however, and this lack of information is represented via a random error term with an 

expected value of zero. The randomness arises because of the lack of information, and 

not as an assumption that an individual's choice behavior is random.

Another interpretation of the random utility maximization model used by 

Hanemann (1984) is that it provides a way of separating known and unknown personal 

characteristics in two parts. Consequently, the analyst can observe two individuals with 

identical background characteristics that make different choices. While their observable 

personal characteristics imply the same choice, some unobservable characteristic causes 

them to make different choices.

To formalize the above we write the individual's utility function in the following

way;

v (z, y; B) =  U (z, y; B) +  e (1)

where V ( • ) is the individual's utility function as defined in chapter 2 but with prices 

and rationed quantities suppressed for simplicity; z is an index of environmental quality, 

y is household net income and B is a vector of household characteristics. U ( • ) is the 

observable part of the utility function and e is a random disturbance term with an

expected value of zero. To repeat, V ( • ) is a random variable from the researcher's point

of view, but "known" by the individual.

The respondent accepts a cost Aj for a change in z (z° —» z1) if:

U (zi, y -  A.; B) +  e l > U (z<>, y; B) +  e0 (2)

where ( i= l,0) are identically and independently distributed (i.i.d) random variables. 

Equation (2) is the researcher's interpretation of an individual's acceptance of the
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suggested cost Aj in the survey. From her point of view the suggested cost may lie far 

from (or arbitrarily close to) the individual’s maximum willingness to pay to acquire z1. 

It is therefore not immediately clear how to infer descriptive measures of the unobserved 

variable W TP. This is the focus of the next section.

4.2 Welfare measures in discrete response valuation experiments

We define willingness to pay in this model by finding the cost Aj that turns the 

inequality in (2) into an equality;

This formulation makes it apparent that W TP is a random variable; it will 

depend on the structure of the utility function and the properties of the random error 

terms. Two descriptive measures of WTP come to mind, the mean and the median. To 

show how they can be estimated we describe, following Hanemann (1984), two 

equivalent ways to compute the probability of a yes-answer.

The random variable W TP will have some cumulative distribution ^ ^ ( A ) .  This 

function gives the probability that W TP < A, therefore 1 -  G ^ ( A )  gives the 

probability that A < W TP, which is the probability that an individual will accept the 

suggested cost A. Formally,

U (zi, y -  WTP; B) +  Cj =  U (z®, y; B) +  eQ. (3)

Prob {"yes"} =  Prob (A < W TP) =  l - G ^ A ) (4 )

where G ^ ^ A )  denotes the cumulative distribution (c.d.f) of the random variable
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WTP. An equivalent way of defining the probability of acceptance is, using equation 

(2),

Prob {"yes"} =  Prob { U (z1, y -  A}; B) +  > U (z°, y ; B)+€q}

s F „ ( A U ( . ) )  (5)

where is the cumulative distribution function of v, v  =  eg — £j and 

AU =  U (z1, y — A; B ) - U ( z ° ,  y; B).

Thus, we have tied together a probability defined over utility space with a 

probability defined over willingness to pay space; two equivalent definitions of the 

probability for acceptance are:

Prob {"yes"} = (A U(A)) =  1-  G ^ A ) .  (6)

To compute the expected value of willingness to pay we use the fact that for any 

random variable \  belonging to the set of real numbers with distribution function F, it 

can be shown2 that

E(x) =  ? ( l - F ( * ) ) d x -  /F (x )d * . (7)
0  —00

Consequently,

E(W TP)= /  (1-  G (A))dA -  /  G (A)dA (8)
0 y —00 V

2 See e.g. Gnedenko (1969, p. 166).
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=  7 F ^ A  U(A))dA -  /  ( l - F ^ A  U(A))dA. (9)
0  —00

To calculate E(W TP) we need to decide upon a utility function U(-) to compute 

AU, then decide upon some distribution function and finally invoke equation (9). 

According to equation (8) it is seen that the expected value of the random variable 

W TP is the area under l-G^tpCA) less the area under G ^ p(A). This leads to a 

graphical illustration of E(W TP) and the median.

e ( w t p )= a 1-  a 2

Figure 4.1 Graphical illustration of mean and median WTP

The median W TP, which will be denoted A+  in the sequel, is a cost such that 

the probability of acceptance is one-half, i.e. the median individual will be indifferent to 

the choice of paying A+  to acquire z1, and the possibility of remaining at the prevailing 

environmental quality z°. The median-measure can also be given a fruitful interpretation 

in terms of a referendum; in a referendum 50% would accept the cost A+ , while 50% 

would reject it. Note, however, that any other percentile could be selected: we could 

easily compute the .9 percentile, thereby obtaining a cost that 90% of the population 

would accept. The median can be defined in the following way:
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Prob { U (z1, y -  A+ ;B) +  > U (z°, y; B) +  eQ } =  0.5 (10)

By way of illustrating the mechanics of the approach, suppose that one chooses 

the simple linear-in-income utility function:

U j ^  +  ZJy (11)

where i= 0,l, Oj is a constant and ß  is the marginal utility of income.

Hence,

AU =  a  — /? A (11*)

where a = — <*q. Choose to be the logistic distribution, i.e. =

(l-fexp(-(A U ))’’1. Finally, applying (9) and (10) gives

E(W TP) =  /  (l+exp(—a  +  M ))- 1 dA -  /  (1 +  ex p (a -  ß  A))- 1 dA 
0 —00

A+ :{(l+exp(—a  +  0 W TP+ )} 1 =  0.5. (12)

Computations show that

E(W TP) =  A+ =  a/0. (13)

By a first-order approximation argument we can interpret (13) as saying that average 

WTP is obtained as the utility change (represented by a) converted into monetary 

terms by division with the marginal utility of money (/?). This model presumes that each 

individual has the same utility function up to a random component. One possible



- 6 8 -

generalization, not pursued here, is to let the parameters a and ß vary across the 

population.

The most straightforward way to estimate the parameters a  and ß is to compute 

the proportion of yes-answers (jr.) at each Aj, and regress ln (jr./(l—jtj)) on Aj (this 

technique is usually called logistic regression and was employed by Bishop k  Heberlein 

(1979)).3 We return to available estimation techniques below.

The above example summarizes the simplest and most often used combination of 

A U and F , which will be called the linear logit model here. Another commonly used 

specification is to employ the model AU =  a  — ß  In (A), and keep the logistic function. 

As proved by Hanemann (1984) the log-linear model is not compatible with utility 

maximization. To prove this result it suffices to note that it is impossible to construct a 

utility difference depending only on In (A); the income terms will net out only when the 

utility function is linear in income. Examples of studies using either of these two models 

include; Bishop k  Heberlein (1979), Bowker k  Stoll (1988), Hanemann (1984), 

Johansson k  Kristrom (1988), P. Johansson k  Kristrom (1988), Loomis (1987), Sellar et 

al. (1985) and Åkerman (1988).

4.2.1 A useful result

Computing mean willingness to pay involves, in general, integration of 

distribution functions. In this section we derive a useful result that permits calculation 

of E(W TP) for any combination of utility and distribution function. A corollary to the 

main result gives the well-known fact that integration is not necessary if the utility 

function is linear in income.

3 See Cox (1970) for details about this technique.
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PROPOSITION 1

For any distribution function Fy and utility difference AU mean willingness to 

pay takes the form;

E(WTP) =  ?  A U f (AU(A))dA =  ?  A g (A) dA (14)
—oo —oo wtp

where =  dU/dy and fv, gw^  denote the densities o f v and WTP respectively.

The proof is given in appendix 2. This result is, of course, identical to equation 

(8). The new insight it provides is that it highlights the importance of the marginal
Q T T

utility of money The middle part of (14) says that the expected willingness to pay is 

obtained by weighting each bid A with the probability f^(AU(A)) and the marginal 

utility of income. A simple corollary follows by examining the assumption of a constant 

marginal utility of money.

C o r o l l a r y

I f  the random variable v has expected value zero and the utility function is linear 

in income, U-= a- + ßy, implying A U  = a -  ßA, then the expected value o f willingness to 

pay takes the form

E(W TP) =  a/ß. (15)

PROOF. See Appendix 2.

The last result has been obtained via a simpler argument by, among others, 

Hanemann (1984).
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A simple extension is the following. Suppose one wishes to estimate the model 

AU =  a  — 0A +  £ 7j Xj, where 7. are parameters to estimate and Xj are vectors of 

background variables. Then, E (W TP| Xj) =  (1/0) {a +  E 7. X^}, where a A identifies 

an estimated parameter and Xj denotes the computed mean for each background 

variable. In an application one may like to measure the background variables as 

deviations from their mean when the corollary follows directly because then E (Xj)=0 

(see appendix 2). While a model with more background variables implies the same 

calculation of E(W TP), it will not necessarily give the same estimates as the linear-in- 

income utility model. This is due to fact that correlations between and Xj can affect 

the ratio a/0. Hence, the effects of misspecification in non-linear models apply, see e.g. 

Yatchew & Griliches (1985). The exact consequences of specifying a "too short" model 

in this context are at present not known.4

The practical implication of the result that holds for the linear-in-income utility 

function is that integration is unnecessary. One example of the usefulness of this result is 

given by the generalized parametric framework to be discussed in chapter 5. The 

relevant integral is very difficult to solve analytically, except in some special cases.

4.3 The mean or median controversy

There has been some interest in the literature as to the choice of welfare measure. 

This may be due to the fact that the mean is sensitive to the specification of the 

function F , while the median is robust towards such changes; an ample illustration of 

this circumstance is given by our results in chapters 5 and 6. Hanemann (1984, p. 337) 

gives a statistical argument for preferring the median, but concludes "Nevertheless, this 

still involves a value judgment from which the reader may prefer to dissent".

4 Note that the bids are in theory orthogonal to the background variables.
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(Hanemann (1984, p. 337)).

Johansson et al. (1989), in a comment on Hanemann, argued that the mean 

should be the preferred measure, because it can be shown that the mean is consistent 

with Pareto-efficiency while, in general, the median is not.5 To illustrate, suppose there 

are three individuals of which two have a willingness to pay of $1, while the third 

person's willingness to pay is $1,000. The gross value is then $3 according to the median 

measure, and $1,002 according to the mean measure. On strict Pareto-efficiency 

grounds, a project should be undertaken if the total costs do not exceed $1002. 

Obviously, using the median can lead to underprovision (in this example) of the public 

good if Pareto-efficiency is the relevant criterion. It is easy to construct examples when 

too much of the public good is provided if the median is used and the strict Pareto- 

criterion is employed (e.g. change the second person's willingness to pay to $1,000). This 

example highlights the value judgment involved, since the extreme observation(s) have 

zero weight if the median is chosen.6

Aggregating a median estimate does not have the natural interpretation available 

for the mean estimate.7 Multiplying the mean estimate with the population-size gives the 

total value, no such interpretation can be given to the median (if the distribution is 

symmetric the whole discussion is pointless, since the mean and the median then 

coincide). As was discussed above any percentile of the distribution may be selected, the 

50th (the median) is but one of the choices. Aside from a purely statistical argument one 

may motivate the median via a welfare function related to democracy, where a decision

To be exact we should discuss Pareto-efficiency in terms of a Lindahl equilibrium since we are 
dealing with public goods.

For additional discussion, see Hanemann (1989).

The general problem of aggregating EV(CV) measures for a project that implies both winners 
and losers will not be discussed here. See Boadway & Bruce (1984) for a discussion of the 
problem of aggregation.
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is accepted if at least 50 percent of the population agrees with its outcome. Knut 

Wicksell suggested a 2/3 majority rule for some decisions in the Swedish parliament. 

Accordingly, the 66.66 percentile would be the corresponding welfare measure.

Summing up: the median is robust towards tail-behavior (i.e. observations far off

the median) which is an attractive statistical property in many respects. The mean is 

not robust towards tail-behavior but has a natural connection to the Pareto-criterion. Of 

course, the choice between the use of the mean versus the median arises in any type of 

contingent valuation study. A particular value judgment arises within a discrete 

response experiment, because one is usually forced to impose a distributional assumption 

on W TP. Distributions like the often used normal and the log-normal have different 

properties. The normal implies WTPdR, while the log-normal implies WTPdR~*". The 

next section shows how to compute expected W TP conditional on the desired space of 

outcomes for WTP.

4.4 Computing conditional and unconditional mean willingness to pay

Suppose we accept the simple model AU =  a  — ß  A. If the chosen distribution

function is defined over the whole line, e.g. the normal or the logistic, we implicitly 

assume that willingness to pay can take any value on the line. Some forest owners may 

lose economically on preservation, and need to be compensated in order to remain at the 

current utility level. Hence, a linear logit model can be defended on these grounds in our 

application.

In other cases, like Bowker k  Stoll's (1988) analysis of the value of the whopping 

crane, a negative W TP may seem implausible. They employed the conventional linear 

logit model and obtained negative median estimates for some models; a result they find 

"disturbing". If the researcher's a priori expectation is that W TP should be non

negative, the statistical model may be tailored to fit these expectations. For example,
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one can employ the model of Bishop & Heberlein (1979), a  — ß  In (A) together with 

=  (l+exp(—AU))"”*, within which neither mean nor median WTP can be negative. 

Again, this model is not consistent with the utility maximization hypothesis. This leads 

to the computation of conditional W TP, whereupon one computes W TP conditional on 

the assumption that willingness to pay is, for example, positive.

By focusing on the conditional expected value one can impose any ex post 

restriction on the range of willingness to pay, while keeping the restriction that the 

probabilities sum to one. The linear logit model provides a simple illustration of this 

idea. Suppose we want to impose the restriction that willingness to pay is positive, but 

wish to keep the link with utility maximization via the simple linear-in-income model. 

For computational reasons we may wish to keep the logistic function (so that linear 

regression is sufficient to estimate the parameters a  and /?).

The relevant computations become:

E(WTP I W TPe IR+ ) =  /  ( l+ e x p (-a  +  ß A ) r l )dA /K  (16)
0

where K =  Prob {WTP>0) =  (l+exp(—a))~*.

Using the definition of the conditional expected value by weighting the integral 

with the constant Prob {WTP € C}, where C is the desired space of outcomes, we obtain 

using (14),8

E (WTP I W TPe C) =  JcA Uy y  AU(A))dA/(prob(WTPeC)) (17)

8 For the general result on conditional expected values, see Gnedenko (1969).
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While a researcher may like to impose restrictions on C ex post, she may also like 

to employ some formal statistical machinery to discriminate between different statistical 

models. We turn therefore to a line of argument that is somewhat controversial in the 

contingent valuation literature; we argue that the choice between two models in a 

discrete response experiment cannot be made purely on statistical grounds if the models 

are not comparable in the sense to be suggested.

4.5 Discriminating between statistical models in discrete response valuation

experiments

There is a large set of procedures available to discriminate between statistical 

models in a linear regression context.9 Nested and non-nested tests can for example be 

used to discriminate between two models A and B. The purpose of this section is to 

argue that such procedures have to be used with substantial care when discriminating 

between models in a contingent valuation experiment involving discrete responses.

Suppose that the utility model AU =  a  — ß  In (A) is found to have "a better fit" 

than the utility model AU =  a  — /?(A), where it is assumed that =  [l+exp(—AU)]~*. 

If the better fitting model is used in a cost-benefit analysis it should be pointed out 

that: (i) the model is not consistent with utility maximization and (ii) the model 

restricts W TP to be positive.

The question arises whether the models can be meaningfully compared. First, the 

linear model is compatible with the utility maximization hypothesis and second, it 

places no restrictions on the range of W TP for the given choice of F . If the link to 

utility maximization is not considered to be an issue (or the log-linear model is perceived

9 See e.g. Judge et al. (1985).
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as a local approximation), the focus is on the range of WTP.

We suggest that a natural condition for comparability between two models A and 

B (given F^) is that the support of WTP is the same under A and B. By this we mean 

that the space over which WTP varies should not depend on the model specification. 

Thus, according to this definition the Bishop & Heberlein (1979) model a  +  ß  ln(A) is 

not strictly 'comparable1 to a  +  ßA if, for example, =  (l+exp(—AU))” 1. One may 

still prefer to use the better—fitting model, although the main thrust of our argument 

implies that statistical criterions should not be the only guide for the choice of model.

4.6 Conventional approaches to estimate willingness to pay

At least three different approaches to estimate a descriptive measure of 

willingness to pay can be distinguished in the literature; Bishop & Heberlein (1979), 

Hanemann (1984) and Cameron (1988). These are all based on a parametric function, 

like the logistic. We consider the Bishop & Heberlein (1979) and the Cameron (1988) 

suggestions; Hanemann's approach has been outlined above.

4.6.1 The Bishop & Heberlein (1979) approach

Bishop & Heberlein (1979) suggested that mean willingness to pay can be 

approximated by an area under a logistic function. They selected to truncate this area 

by using the highest bid (i.e. Max {A J) in the bid-set. In terms of the figure illustrating 

E(WTP) above, one would compute the area bounded by the curve up to the truncation 

point. As Hanemann (1984) has pointed out Bishop & Heberlein (1979) probably find 

the estimated area to be a good approximation of the truncated mean. Indeed, the 

truncated area should be weighted by the probability of finding observations on
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willingness to pay in the truncation range —  otherwise the probabilities do not sum to 

one. Our application of the Bishop & Heberlein (1979) method will be reported in 

chapter 5.

4.6.2 The Cameron (1988) approach

In a recent article Cameron (1988) claimed that the Hanemann (1984) approach 

contains many disadvantages; the approach quickly becomes cumbersome if one want to 

employ a general type of utility function and a general type of distribution function. 

Cameron (1988) suggests a different approach, which focuses on the distribution of WTP 

instead of v .

Cameron (1988) assumes that willingness to pay belongs to a logistic distribution 

(rather than a normal) and derives, what the author calls, a censored logistic regression 

approach; i.e. she estimates the parameters of G^.p(A). It should be noted that 

Cameron's and Hanemann's approaches should give the same results; this is clear from 

Hanemann (1984, equation 25). In fact, the approaches are two sides of the same coin. In 

Hanemann's (1984) approach the consumer accepts the bid if utility is higher in state 1 

than in state 0, while in Cameron's (1988) approach similar reasoning leads to a 

respondent accepting if A < willingness to pay. The computational details are found in 

Cameron (1988) and involves application of straightforward maximum likelihood 

techniques. It suffices here to briefly highlight the differences between the approaches.

Cameron (1988) interprets the observed yes and no answers as saying that the 

censored variable W TP is either less than or greater than the suggested bid. Proceeding 

by assuming that the censored variable has a logistic distribution, she derives the 

appropriate log—likelihood. Cameron (1988) finally shows that the underlying function 

for W TP can be recovered via the estimated coefficients.
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Cameron (1988) claims two main advantages to her approach; it is simpler and 

circumvents the computation of utility differences for more complex specifications of the 

utility function. She summarizes her paper by saying "The major contention of this 

paper, however, is that it is unnecessary for researchers using referendum data to appeal 

to Me Fadden's random utility maximization models. —  . There seems to be no 

justification at all for taking the roundabout route of estimating the difference in an 

underlying specific utility function and then (somewhat laboriously) computing from its 

fitted parameters the corresponding Hicksian demand function." (Cameron (1988, p. 

378)).

Hanemann's (1984) approach is elegant because it explicitly focus on the 

formulation of the economic (i.e. utility) model. It also explicitly highlights the fact that 

integration must, in general, be used to calculate mean W TP. Cameron's (1988) 

approach provides, on the other hand, an easier way to calculate the marginal effects on 

willingness to pay of the exogenous variables. The judgment of which of these 

characteristics is the most important must rest with the researcher.

4.7 Concluding remarks

This chapter has provided the relevant economic and statistical underpinnings for 

the discrete response valuation approach. Moreover, we have outlined the conventional 

methods to estimate relevant descriptive statistics of WTP. An important feature of the 

random utility maximization approach is that it starts from the presumption that the 

individual knows her utility function, while the researcher is only able to recover it up to 

a random term. One direction for future development of the above discussed models is to 

explore models where uncertainty enters the model in a different way.

In the two chapters to follow we focus on the problems encountered when 

attempting to infer welfare measures from discrete response data. In the next chapter we
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suggest some extensions of the conventional econometric approaches detailed above. At 

the outset it is important to point out that these methods entail very different 

assumptions regarding the probability models. It is therefore not immediately apparent 

how the results are to be compared. Nevertheless, we begin by outlining a flexible 

parametric approach.
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CHAPTER 5

GENERALIZATIONS OF CONVENTIONAL APPROACHES TO ESTIMATE 

WILLINGNESS TO PAY FROM DISCRETE RESPONSE DATA

The conventional procedure to fit the parameters of the distribution function 

has been via the logit model, implying that willingness to pay follows a logistic 

distribution. Some authors have assumed that the random term v belongs to a normal 

distribution, which leads to the probit model.1 It should be noted that the logit and the 

probit models are nearly indistinguishable in practice as has been shown by Chambers h  

Cox (1967).

While the assumption of logistic or normal errors leads to easy implementation 

within available econometric packages, it seems prudent to test such assumptions within 

a more general class of models. This is the first purpose of this chapter; we employ a 

flexible parametric family of distributions developed by Arando-Ordaz (1981). A 

convenient feature of the Arando—Ordaz (1981) family of distributions is that logit and 

probit models can be obtained as special cases.

Parametric families may have the advantage of flexibility, but it may still be the 

case that they are not rich enough. The second purpose of this chapter is to extend the 

methods to the case where the distribution assumption is not critical. We accomplish 

this task by invoking a theorem of Ayer et al. (1955), which leads to a simple

See e.g. Bowker & Stoll (1988). The argument that one may use the probit model here via an 
appeal to the central limit theorem is not correct. See Cosslett (1983) for details. He develops 
a distribution free maximum likelihood estimator for binary data.
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non-parametric estimator requiring calculations that can be made by hand. Finally, we 

discuss possible generalizations into Bayesian approaches. They permit formal inclusion 

of prior information and can be an appealing complement to other approaches.

The chapter is structured as follows. We begin by describing the flexible 

parametric approach and the estimation techniques. We continue by analyzing the 

properties of fitted models, including standard deviations of estimated means. We 

proceed by describing the non—parametric approach and provide a comparative analysis 

of results from different models. The concluding section outlines one possible way to use 

Bayesian methods in discrete response valuation experiments.

5.1 A flexible parametric approach

Several families of distributions have been developed in the literature. The 

general idea is to embed several distributions in a larger parametric model. These 

families often include the logit and probit models as special cases. Prentice (1976) 

provides a family of substantial versatility, but his family is computationally complex.2 

A versatile family, easily implemented in many statistical packages, is the one suggested 

by Arando-Ordaz (1981). He suggests two families; we shall use the asymmetric family.3 

Within this family the probability for a yes-answer is written as:

Prob{"yes"} =
1 -  ( 1+A exp(AU)) ^  if (A exp(AU) > - 1) 

1 o th e rw ise

(1)

See also Copenhaver k  Mielke (1977) for another suggestion.

See P. Johansson k  Kriström (1988) for the results from the "symmetric family".
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This will be recognized as a Box-Cox type of transformation of the distribution 

function. For different values of A one obtains different distributions. Substituting A =  1 

into (1) gives the logit model, and application of L'Hopitals rule shows that we obtain 

the extreme value model in the limit as A tends to zero; i.e.

1 im  1 — (1+A exp(AU))- 1 ^  =  1 -  exp ( -e x p  (AU)) (2)
A-> 0

5.1.1 Mean and median willingness to pay

To compute the expected value of willingness to pay using (1) we apply the 

formulas given in chapter 4. The integrals are difficult to solve explicitly, except in some 

special cases. In particular, if the simple linear-in-income utility function is used then 

the corollary to proposition 1 in chapter 4 shows that only the quotient ot/ß need be 

calculated.

The median will always be a function of A; this is true of irrespective of the 

functional form of AU. Using the definition of the median we obtain when AU =  a  — ß 

A:

A+  =  /T 1 [In (0.5 ^ -  1) +  a}. (3)

Thus, putting A =  1 gives a /ß  — the median (and mean) in the logit case. For the 

extreme value model the median can be computed to be (using (2));

A+ = a /ß -ln ( ln (2 )) /ß . (4)

The last result shows that the median will be greater than the mean within the extreme 

value model if the marginal utility of z and the marginal utility of income is positive.
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5.2 Estimation

There are several available methods to estimate the parameters a, ß  and A. We 

present two methods here. One is built on the class of models called GLM (Generalized 

Linear Models) described in Me Cullagh k  Neider (1983). Arando-Ordaz (1981) 

suggests estimating his family using the GLIM-package. This entails a grid-search via a 

macro programmed in GLIM. The GLIM-macro can be found in P. Johansson k  

Kristrom (1988). We have also estimated the asymmetric Arando-Ordaz (1981) family 

with maximum-likelihood by using the GQOPT-package. Selected result from the 

estimations are reported below.

Table 5.1 Estimation results for the asymmetric Arando-Ordaz family

o(GLIM) KGLIM) o(ML) «M L ) logl deviance

A =  1 .52 .37E—3 .53 .37E—3 -357.42 30.86
(3.86) (6.9) (3.96) (7.04)

A =  0 .62E-1 .31E-3 .70E-1 .31E—3 -356.01 28.01
(0.66) (7.03) (0.72) (67)

Notes: t—ratios are given in parenthesis. GLIM denotes estimation results by using the GLIM-package, 
see P. Johansson k  Kriström (1988) for details. ML denotes maximum-likelihood estimation using the 
GQOPT-package. logl is the value of the log-likelihood function at the maximum, and the deviance is 
the difference between the full and the estimated model, see Me Cullagh k  Neider (1983).

An application of the Wilks lemma (Me Cullagh k  Neider (1983)), i.e. the 

difference between the deviances are distributed as a chi-square, shows that the extreme- 

value model gives the best fit to the data within the asymmetric Arando-Ordaz family. 

Similarly, a likelihood ratio test for A=1 versus A=0 produces a value of 2.85 (using the 

deviances), which implies that the extreme value fits the data better than the logit at 

the 10% level of significance (the 'exact1 significance level is 2 0.09). Note that the
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deviance can be compared with a chi-square (7) distribution; thus the models do not fit 

the data well.4

We conclude that the asymmetric extreme value model fits these data best and 

will serve as the base for generating mean and median WTP. Hence, the best fitting 

model portends a skewed distribution of WTP, rather than a symmetric distribution as 

the logit probit models. There is substantial evidence in the literature that WTP follows 

a skewed distribution, in the sense that the model AV =  a  -  ß ln(A) is often found to 

fit the data better than the simple linear model within a logit or probit framework.5 This 

is because the log-transformation of A makes these distributions asymmetric; the fitted 

distributions are the asymmetric log—logistic and the log-normal respectively.

5.2.1 Model checking

We applied some standard diagnostic tools and the convenient GLIM—package to 

explore the way the extreme value model fits the data. We scrutinized the model in 

terms of scale of the independent variable, variance assumption and outliers.6 The 

analyzed data-set contains a sequence of yes and no answers. This binary variable is 

conveniently coded 1 for a yes—answer and 0 for a no—answer. Thus, it may be assumed 

to be Bernoulli distributed with parameter ttj, where ttj is the probability that person j 

accepts the suggested cost. If the probability for acceptance is homogeneous within each 

group i (i.e. at each Aj), we can analyze the random variable Yj —  the number of 

yes—answers in each group i. This variable is binomially distributed with parameters nj 

(the number of persons in each group) and 7Tj. Consequently, the number of yes—answers

4 A test of a logit versus a probit specification reported in P. Johansson & Kriström (1988), 
using the symmetric Arando-Ordaz (1981) family, showed that the logit performed slightly 
better in terms of a lower deviance. The deviance for the probit model is 31.32.

5 Examples of studies that find this model to give a better fit include Bowker & Stoll (1988) 
and P. Johansson & Kriström (1988).

6 The reader is referred to P. Johansson k  Kriström (1988) for a full analysis of computations 
and statistical details discussed in this section.
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in each group i is assumed to depend only on the bid Aj, or equivalently, the probability 

of observing a yes-answer depends only on A.. To reiterate, this is exactly what the 

linear—in—income utility model assumes. Now, the model checking procedure (reported 

only in limited detail here) is built around various checks of this assumption. The 

following table reports fitted values.

Table 5.2 Fitted values for the extreme value model

bid #yes Fitted #yes Std. Pearson resid

100 51 39 3.95
400 29 32 -.77
700 33 35 -.41
1000 31 31 .01
1500 25 31 -1.58
2000 16 25 -2.30
2500 21 21 .09
3000 16 18 -.67
5000 21 13 2.60
7000 5 5 .11

Notes: the first column reports the suggested cost (A.), the second gives the observed number of

yes—answers, the third column gives the fitted (rounded) values using the extreme value model and 
the linear—in—income utility function. The last column reports the standardized Pearson residual.7

We find three observations that the model fails to "explain". The observed 

number of yes-answers at the lowest bid of SEK 100 is 51 (out of 60 answers in total), 

while the fitted value is (rounded) 39. The estimated standardized Pearson residual, 

which is asymptotically distributed as standard normal (Me Cullagh & Neider (1983)), 

has the value 3.95. There are two other observations the models fail to explain 

adequately, the observations at the bids 2000 and 5000.

We checked the scale of the independent variable by examining a power

7 The standardized Pearson residual is defined as Y.—Y./ (var(Y.—Y.))®*®. See Me Cullagh &

Neider (1983, p. 86, formula (4.19)) for details. The values reported in the table are based on 
the fitted (not rounded) values.
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transformation of the Box—Cox type, using a parameterization that implies the scale In 

(A) in the limiting case when the parameter goes to zero. This analysis suggested that 

the model AU =  a  -  ß ln(A) reduces the deviance considerably; the deviance for this 

model is 10.78, a good fit. In addition, a check of the variance assumption suggests 

heterogeneity, which in turn suggests that one should explore models that include more 

background information, such as the respondent's income. Such analysis is 

straightforward, but lies beyond the main focus of this chapter.

Summing up: the asymmetric extreme value model fits the data best within the 

simple linear-in—income utility function using the Arando—Ordaz (1981) family. The 

overall fit of this model is not good, however. The Bishop k  Heberlein (1979) 

specification ( AU =  a  — ß  ln(A)) gives a good fit, a result in accordance with earlier 

literature. The extension here is that we consider a more general family of distributions.

Willingness to pay seems to follow an asymmetric distribution rather than a 

symmetric one. Most people tend to have a "low" WTP, while there are a few people 

with very high WTP. This may be compared with the analysis of the continuous 

valuation question in chapter 3, where the distribution appeared to be skewed.

5.2.2 Estimated mean and median

Applying proposition 1 in chapter 4 and formula (3) above for the median, we 

obtain the following mean and median estimates. For reference we include the Bishop k  

Heberlein (1979) suggestion, using the model A U =o -  ß  ln(A) with logistic. The 

truncation point is at the highest bid used in the survey, max(Aj) =  7000. The results 

are reported in the following table.
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Table5.3 Estimated mean and median WTP from the Arando-Ordaz family. 

Bishop k  Heberlein (1979) suggestion included for reference

Probability model Mean Median

k>git 1405 1405
Extreme value 200 1382
BH 2372

Notes; BH denotes estimation of E(WTP) via Bishop & Heberlein's (1979) suggestion, truncating the 
distribution at 7000 using the model AU= a  — ß  In (A) and =  l/(l+ exp(—AU)). Four digits are

used in P. Johansson & Kriström (1988) giving: logit=1424, extreme value= 202 (mean) and 1399 
(median). Using their reported estimates, the mean and the median can be computed to be 1439 
within the probit model (this corrects an error in their table 6.1, p.18).

This table provides some interesting insights. First, it shows the insensitivity of 

the median towards perturbations of the probability model. Second, it illustrates how 

sensitive the expected value of willingness to pay can be to such perturbations. Third, 

the table gives first-hand evidence of the danger of routinely using only one of a possible 

class of models.

5.2.3 Calculating confidence intervals

The individual standard errors for the parameters (a,/?) in the model do not 

provide adequate information of the variance of E(W TP). The computationally most 

straightforward way is via an approximation argument. The following asymptotic 

formula could be used (omitting A on the parameters for simplicity):

var (a /ß) £ ^ { v a r(a )/o 2 +  vai(p)/pP -  2cov(a ,ß)/aß) (5)

see, for example, Abdelbasit k  Plackett (1983). One needs the elements of the hessian 

evaluated at the maximum of the likelihood function to estimate the variance of a/ß. 

The following table reports standard deviations for a /ß  for the logit and the extreme
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value model.

Table 5.4 Standard deviations of a jß

std.dev

A=1 (logit) 411.7
A=0 (Extreme value) 307.8

Thus, within the extreme value model we cannot reject the hypothesis of a mean 

zero for W TP on conventional test levels. This is not true for the logit model where we 

accept the hypothesis of E(W TP)>0. The standard errors can be alternatively computed 

non—parametrically via bootstrapping.8 Applying the bootstrapping technique will be the 

focus of subsequent research on this issue.

Having concluded that the distribution assumption is important, it seems 

prudent to investigate methods where this assumption is not critical. If such (non- 

parametric) methods are easy to use, they seem to be at least a complement to the 

parametric approaches.

5.3 A non—parametric approach 9

A disadvantage with a parametric approach is that a correct distributional 

assumption is tantamount to obtain consistent parameter-estimates. In this section we 

develop a simple non-parametric estimator that seems useful for the discrete response 

data. It relates to utility theory via a first-order approximation argument, as the 

probabilities will depend only on the size of the bid. The algorithm quickly converges 

involving only a few calculations suitably made by hand.

See Efron (1982) for a general exposition of this technique.

This section is a slight extension of my Land Economics (1990) paper.



Our approach is based on a theorem of Ayer et al. (1955).10 They provide a 

distribution-free empirical distribution function for, what they call, sampling with 

incomplete information. Their suggestion sets the stage for an estimator of expected 

willingness to pay (and the median) that has some advantages over parametric 

approaches.

In order to introduce our estimator it is useful to make the following 

observations. The data are grouped by the yes/no answers at each given bid, which 

means that we can focus on the number of yes-answers in each group as discussed

above. By standard arguments it can be shown that the maximum likelihood estimate

of the probability for a yes-answer is the proportion of observed yes-answers ttj at each 

Aj. 7Tj has mean 7r. and variance ^ ( 1—7Tj)/nj, where n̂  is the number of people in group i 

as above. This fact can be utilized to show the asymptotic properties of the proportions 

as an estimator of the probability for acceptance. These (standard) results show that the 

proportion of yes-answers converges to the true probability of a yes-answers as the 

sample size increases. See, for example, Martz & Waller (1982).

A typical discrete-response survey involves a number of different bids, giving a 

sequence of proportions:

tt=  (a -p  jt2 , *3 •••• \ )  (6 )

where we use the convention that corresponds to the lowest bid A p ^  to the next 

lowest bid A2 and so on. The Ayer et al. (1955) theorem shows that if x forms a 

monotone non-increasing sequence of proportions, then this sequence provides a 

maximum likelihood-estimator of the probability for acceptance.

Schmoyer (1984) develops a similar estimator constraining the distribution to have a sigmodial 
shape.
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While one expects the proportions to be strictly decreasing in A in a large sample 

survey, this might not be true in a small-scale experiment. The following table confirms 

this observation. It reports the bids and the observed proportions of yes-answers.

Table 5.5 Bids and proportions of yes-answers

Bid Xj (Proportion yes)

100 51/60
400 29/52
700 33/60
1000 31/57
1500 25/64
2000 16/56
2500 21/53
3000 16/53
5000 21/62
7000 5/45

Ayer et al. (1955) shows that if Xj < Xj+1 for some i( i= l,2,..k—1) then i j  =  

where a bar denotes the maximum likelihood estimates. The proportions Xj and Xj+ j are 

then replaced by

(V, +  Y1+1)/(ni +  n,+1) (7)

where Y. is the number of yes-answers in group i. The procedure is repeated until the 

sequence is monotonie in A. For details see Ayer et al. (1955).

Given this result we can compute the mean and the median WTP by applying 

the algorithm and draw the corresponding empirical survivor function. The complete 

data-set and the survival function are given below.
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Table 5.6 Proportions of yes—answers and Ayer et al. estimates of the probability for

acceptance

Bid (Proportion yes)j Ayer

100 51/60 .85
400 29/52 .56
700 33/60 .55
1000 31/57 .54
1500 25/64 .39
2000 16/56 .34
2500 21/53 .34
3000 16/53 .32
5000 21/62 .32
7000 5/45 .11
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Figure 5.1 The empirical survival function using Ayer estimates

We have information on probabilities of acceptance at 8 different points in ?r,A 

space, as table 5.6 shows. It will not be possible to obtain the mean and median without
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two simplifying assumptions. First, we shall assume that linear interpolation is a 

suitable approximation of behavior in between the known 8 points. Second, we will 

assume, somewhat arbitrarily, that ir =  1 at A =  0, and that * =  0 at A 2 8300. The 

latter figure is obtained via a linear interpolation. We observe in passing that several 

other interpolations can be employed, e.g. cubic splines. The median can be read off at 7r 

=  0.5 from the figure, it equals 2 1130 SEK. The mean is calculated as the area bounded 

by the empirical distribution and equals approximately 2500 SEK.

This result provides another illustration of the robustness of the median towards 

perturbations of the probability model; the difference between the non-parametric and 

the parametric estimates is about 250 SEK. The mean estimate via the non-parametric 

approach is considerably higher than the means obtained via the parametric models. 

This occurs because we have constrained the distribution to have positive support; by 

assuming that ir =  1 at A =  0 we do not allow for negative WTP.

The Ayer estimates are therefore not comparable to the logit and extreme value 

estimates presented above. To obtain comparable estimates we have calculated the 

conditional expected values for these models. The results are presented in the table 

below.

Table 5.7 Comparison of means from Ayer estimator and parametric families 

conditional on WTP > 0

E(W TP| WTP > 0)

Logit 4252
Extreme value 4120
Ayer 2500
BH (repeated for 2372
convenience)

Notes; The integral in the logit case can be computed directly. For the extreme value model repeated 
substitution of variables and a Taylor approximation has been used.
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Thus, while the BH and the Ayer estimator give similar results, the logit and the 

extreme value models provide higher values. This is due to the fact that a large part of 

the density mass lies in the left tail for the estimated distributions.

Hence, the discrete approach allows one to estimate negative WTP:s by 

extending the integration range in the appropriate manner. It may be argued that this is 

not possible if a continuous valuation question is used, because it may not appear to the 

respondent to report a negative W TP. More likely, she will report a zero WTP or 

abstain from answering the question. Additional investigation of the differences between 

the discrete and the continuous valuation question will be made in chapter 6.

5.3.1 Sensitivity analysis

We have not addressed the problem of choosing the point X such that jt(X) =  0, 

and it may well be that the mean is sensitive to the choice of such a point. A sensitivity 

analysis can therefore be performed to illustrate the importance of the choice of this 

point. Since the publication of Bishop & Heberlein (1979) the choice of endpoint has 

been the focus for discussion. They selected the highest bid as the truncation point. This 

choice of truncation point is, however, arbitrary. A more informative approach in the 

parametric case can be to plot the function:

H (z)= /  (1 -  G ^ p (A))dA/ Prob (WTPe(0,z)). (8)

Plotting this function will reveal the sensitivity of mean willingness to pay to the 

choice of truncation point z, and allegedly provide more information than the choice of a 

single truncation point. In the non-parametric approach outlined above, we simply 

calculate mean willingness to pay by varying the choice of the point X, where tt(X) =  0. 

The results of this analysis is reported below.
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Table 5.8 Sensitivity analysis of the non—parametric estimator

Bid Mean W TP

8.300 2.500
10.000 2.625
15.000 2.903
25.000 3.458
50.000 4.857
100.000 7.625

Notes: A is the point where 7T(A) = 0 in the non—parametric approach, compare figure 5.1.

This example highlights the importance of the choice of truncation point when 

computing the mean WTP within a discrete valuation experiment. For example, if 

WTP belongs to the set (0, 100,000) the implied mean is 7.625, while if it belongs to the 

set (0, 8,300) the implied mean is 2.500.

5.4 Bayesian approaches

The sparseness of information obtained from the discrete valuation question 

suggest that it can be useful to investigate approaches where prior information can be 

included in a more formal way. There exists well-developed Bayesian approaches in the 

biometrics literature that can be tailored to fit a discrete response valuation experiment. 

One approach is to invoke a prior belief of the distribution of WTP that may be 

combined with the sample information to yield Bayesian estimates of descriptive 

measures like mean and median WTP. One disadvantage with the Bayesian approaches 

based on parametric functions is that the posterior distribution (the product of the 

likelihood and the prior) may be difficult to compute. Therefore, the results of Kuo 

(1988) may be used to derive a non—parametric survival distribution of W TP. Her 

estimator applies to potency curve estimation within bio-assay experiments, but may be 

tailored to fit a discrete valuation experiment by using the arguments above. Her 

approach does not guarantee that the survival distribution is monotonie in A. It is
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possible (and also suggested by Kuo (1988)) to invoke the Ayer et al. (1955) algorithm 

as described above to obtain monotonicity. The computations are straightforward since 

one need only to invert a certain matrix (see Kuo (1988) for details). The area under the 

estimated survival distribution may be used to infer a Bayesian estimate of mean and 

median W TP. This research will be reported elsewhere.

5.5 Concluding remarks

This chapter considered some straightforward extensions of existing approaches 

to derive descriptive measures of willingness to pay in discrete valuation experiments. 

The main insight of this analysis is that routine application of a small class of 

probability models can be dangerous. More general statistical techniques may yield 

different results, as illustrated above. While this need not be the case, prudence suggests 

evaluation of probability models to obtain a better picture of sample behavior.

Several interesting issues remain to be explored and we pursue two lines of 

inquiry in the next chapter. The first question to be addressed is the design issue (the 

choice of Aj); we begin with an analysis of the used bid—vector using a re-sampling 

approach. We turn then to the general case using a simple Monte-Carlo approach.

A second concern raised by our analysis in this chapter is the (often) observed 

difference between discrete and continuous valuation questions. The non—parametric 

approach outlined above provides a way to shed light on this issue by comparing 

survival distributions directly.
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CHAPTER 6

FURTHER ISSUES IN CONTINGENT VALUATION EXPERIMENTS

The two previous chapters have focused on some econometric issues in contingent 

valuation experiments with discrete response data. In particular we have argued that 

scrutiny of distributional assumptions is an important ingredient in such experiments. 

Several aspects remain to be investigated and the purpose of this chapter is to illuminate 

two important facets: the design of the bid—vector and whether people interpret 

continuous and discrete valuation questions differently.

It is intuitively clear that the success of a discrete response experiment depends 

to some extent on a successful location of the bid-vector. The first part of this chapter 

discusses this issue, using two different approaches. We begin with an ex post analysis of 

the used bid-vector by using cross-validation analysis; what would have happened 

should some of the bids not have been used? This analysis is extended via a 

Monte-Carlo analysis that sheds further light on the issue of designing a contingent 

valuation experiment.

The second part of this chapter deals with another kind of design-issue, the 

choice of valuation question. There is some evidence in the literature that the discrete 

question give higher mean estimates compared to the continuous approach.1 The second 

part of this chapter expands on earlier analysis of this issue by suggesting an approach 

where whole distributions are compared, rather than a single point of the distribution

i See Sellar et al. (1985).
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(such as the mean).

6.1 A Jack-knife analysis of the used bid—vector

As was detailed in chapter 3 we have designed our bid-vector using prior 

information gained through a pilot-study. In order to gain some understanding of the 

success of our particular tailoring of the bid—vector we constructed a simple Jackknifmg 

procedure. This procedure is a part of so-called resampling plans.2 The basic idea is to 

scrutinize effects on the mean/median estimates when the bid vector is redesigned ex

post, by deleting (and replacing) observations to gain understanding about certain 

properties of the model. Such properties include the model’s robustness towards certain 

values in the design matrix. Our simple experiment is based on the following very simple 

and intuitive idea; what would have happened to the results if we had chosen another 

design of the bid—vector? One advantage with our approach is that it sheds additional 

light on the validity of a specific model. We use the simple linear logit model in our 

application. It is a straightforward, but somewhat tedious, exercise to invoke the same 

procedure for all the probability models evaluated in this study. Note that several other 

quantities may be analyzed. In particular the Jack—knifing approach used here may be 

used to shed light on the sensitiveness of standard deviations of estimated means 

towards the design of the bid-vector. As discussed in chapter five we assign further 

exploration of resampling plans such as the Jack-knife and the Bootstrap as a topic for 

future research.

The following table reports the basic Jack-knife analysis.

See Efron (1982).
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Table 6.1 Basic Jack-knife analysis of the effect on mean/median by omitting a bid 
in the bid-vector; linear logit model.

Omitted bid mean(=median)

100 749.17
400 1482.07
700 1453.42

1000 1415.20
1500 1595.56
2000 1643.37
2500 1431.64
3000 1489.18
5000 1314.16
7000 1424.90

The mean (and the median) is not particularly sensitive to a re-design of the 

bid-vector ex-post. If we had decided not to use the lowest bid, then the implied mean 

willingness to pay would have been about half that observed from using the whole 

bid-set. Thus, the table gives some bearing on the notion of getting information in the 

tails of a distribution to estimate the mean effectively.

Minkin (1987) showed that a two point design is efficient under certain 

assumptions. It might be of interest to illustrate the ex—post effect of a two point design 

(the examples do not necessarily follow from Minkin’s (1987) analysis). We 

experimented with some two point ex-post designs; using only the min and the max bid 

provides an estimated mean (and median) of 3,238 within the logit model. Keeping the 

smallest and the largest bid and choosing a three point design with an in-between-bid of 

2,500 produces a mean estimate of 2,373.

6.2 A Monte-Carlo approach

The above results shows the ex-post effect of changing the bid-vector within a 

given data-set. Further insight can be gained by constructing a Monte-Carlo
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experiment, where the true model is known. The experiment investigates the effects of 

misspecifying the range of the bid-vector ceteris paribus. This experiments attempts to 

shed light on the question: suppose our model is correct, what is the effect of 

distributing a bid-vector that covers only a part of the true range of WTP?

This chapter deals exclusively with experimental design from a pragmatic point 

of view. No attem pt is made to follow the various advancements made in the statistical 

literature on the design of non-linear experiments. The fundamental problem we meet in 

our application is that a criterion of optimal design will often depend on the unknown 

parameters of the structural model (e.g. a  and ß  in the simple linear-in-income utility 

model). The interested reader is referred to Abdelbasit k  Plackett (1983) and Minkin 

(1987) for some results on optimal design for binary data. Again, the non-linearity of the 

experiment makes the optimal design dependent on unknown parameters. In a practical 

application one should therefore strive at obtaining some prior information about the 

possible distribution of willingness to pay. Otherwise, the bid-vector may be unable to 

convey any useful information regardless of the complexity of the statistical model used.

6.2.1 Experiment 1. Statistical model correctly specified, short bid-vector

The experiment is set up in the following way. The utility function is assumed to 

be quasi-linear, leading to the simple model discussed in chapter four. The number of 

bids is specified to be ten, and the number of respondents at each bid is assumed to be 

90. This corresponds to the design of the questionnaire. The parameters a  and ß  were set 

to the values obtained from the logit model. A maximum percentile of the distribution is 

then set (using the pre-determined parameters). The nine other bids are computed with 

the simple rule Aj= maximum bid * i/10 for i =1,2,..9. The number of accepters at each 

given bid is then drawn from a binomial distribution with parameters n=90 and a 

probability computed from the logistic distribution, given a, ß  and Aj. Weighted logistic 

regression, using the empirical transform suggested by Cox (1970) to avoid possible
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problems with zero proportions, is then used to estimate mean (median) willingness to 

pay.

The following table reports the results of this analysis.

Table 6.2 Monte-Carlo experiment with bid-vector "too short"

Percentiles
(Max-bid)

Mean Bias RMSE se (Bias)

99% 1413.85 8.44 222.02 0.72
79% 1405.28 -.22 209.48 0.66
63% 1418.97 13.56 246.74 0.78
51% 1451.61 46.20 338.63 1.07
41% 1506.18 100.77 485.90 1.54
32% 1584.97 179.56 685.77 2.17
26% 1704.46 299.05 955.56 3.02

Notes; The true mean is 1405.4, number of replications = 100,000, Max—bid is calculated using the 
linear logit model with Ù = 0.52 and ß = 0.37E—3. For each max—bid 9 additional bids are computed 
with A.= max—bid*i/10 (i= 1,2,..9). RMSE is the root mean square error of the estimated mean 

2
= ( E (Mj”  1405.40) /n )0’5, where is the estimated mean, n is the number of replications. se(Bias)

is the standard error of bias, which is equal to RMSE /n 0*5. Computation time: 21 hours on a 
PC—386 with a 80387 math processor.

Several interesting observations follow from this experiment which, as noted 

above, mimics the design of the questionnaire used in this study. First, we note that the 

small-scale of the experiment makes, in general, the estimated means significantly 

biased. The bias is small when the bid-vector covers a large part of the distribution. If 

the true distribution is logistic then a bad design of the bid-vector, in the sense of being 

" too short", gives significantly biased results. An almost unbiased estimate is obtained 

by fixing the maximum percentile to 79 % and distributing the nine other bids according 

to the rule given above.
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In conclusion; given a correct distributional assumption the bias is likely to be 

small if the chosen bid-vector covers a major part of the distribution of willingness to 

pay in the sample. The magnitude of the bias is, in practice, very difficult to predict, 

because it is a function of many parameters. The above experiment shows the 

effectiveness of the method under ideal conditions such as a correct distributional 

assumption. Consequently, while the discrete valuation question have significant 

advantages on theoretical grounds over the continuous valuation question, there remains 

several avenues to be explored before we can ultimately say that it is the dominant 

approach.

One way to obtain further insight is with extensive Monte-Carlo 

experimentation. Such experiments can shed light on whether the very simple 

quasi—linear utility function gives accurate estimates. Cameron (1988) has suggested 

that one should strive to incorporate background variables such as the respondents 

income in order to obtain better estimates of the mean. An extensive Monte-Carlo 

analysis of this and other issues will be reported elsewhere. The above experiment gives 

insight into circumstances that govern the choice between discrete and continuous 

valuation questions. In the following section we analyze whether people are likely to 

interpret these types of questions differently.

6.3 Discrete and continuous valuation questions: Do they give different answers?

In this section we explore whether the discrete and the continuous versions of 

valuation questions give different results. The aim of the analysis is to shed light on the 

whether people perceive different valuation questions differently. The analysis of the 

previous chapters has suggested that there may be a difference between the discrete and 

continuous approaches, in the sense that they may give (significantly) different 

estimates of descriptive measures like the mean and the median. We expand on previous 

analyses of the disparity issue by suggesting a possible way to compare whole willingness
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to pay distributions, rather than comparing a point on these distributions. Such analyses 

may shed additional light on whether people perceive different valuation question 

designs differently.

The existing literature does not give a coherent picture as to the existence of a 

disparity (in the mean). Sellar et al. (1985) present some evidence implying the discrete 

approach gives higher estimate of mean WTP. Kealy et al. (1988) present result that 

indicate no significant difference.

The interesting meta-analysis of Walsh et al. (1989a), where they explored the 

results of a large number of contingent valuation experiments, provides some additional 

support for the hypothesis that the discrete valuation design may elicit higher mean 

values. They regressed, as explained in chapter 3, reported mean values from 

hypothetical market experiments against a set of variables including the particular 

design. Since a dummy-variable taking the value one if a continuous question had been 

used in the survey was significant and negative, while a corresponding dummy for the 

discrete valuation question was (insignificantly) positive (Walsh et al. (1989a), table 3, 

p. 185), we interpret this evidence as suggesting that the discrete format tends to give 

higher estimates of environmental values.3

It is important to recognize that economic theory offers no explanation as to why 

a disparity may exist. Psychologists have developed the hypothesis of anchoring, which 

essentially implies that a respondent will tend to use any information given to her in an 

unusual valuation situation. Thus, we first investigate whether respondents anchor their 

answer to the continuous valuation question around the amount that is suggested to 

them in the discrete question. We begin, however, by discussing the definition of 

differences.

3 See also Bishop & Heberlein (undated).
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6.3.1 Definitions of differences

A natural way to define differences between two valuation question designs is 

difference in the mean, although difference in median seems as plausible. It is clear from 

the development of the non—parametric estimator above that many different shapes of 

the distribution may generate the same estimate of mean W TP, because we relate the 

expected values to an area bounded by the survival distribution of WTP. Consequently, 

even though we would observe a non-significant difference between estimated means, it 

could be true that people interpret the valuation questions very differently. One way to 

compare the designs is to draw the corresponding empirical survival distributions, using 

the Ayer et al. (1955) result in the discrete case.

If we denote the empirical distribution functions by 5^ and «5£ for the discrete 

and continuous data respectively, then we may search for an appropriate measure of 

distance between these two distributions. One possible approach is to calculate the 

maximum distance between the empirical distribution functions and use a 

Kolmogorov—Smirnov type of statistic. Such an application is complicated by the fact 

that the data are grouped. An appropriate Kolmogorov-Smirnov goodness-of-fit test with 

discrete and grouped data is developed by Petitt k  Stephens (1977). They do not give 

the appropriate values for the relevant number of degrees of freedom in our case 

(although a computer program is available from the authors). We select therefore to use 

a simpler approach here, but are aware that distance-type test may be applied if we 

want to compare discrete and continuous data. The used test is reported in section 6.3.3. 

Before reporting the results of this test, we begin by outlining the split sample approach 

used to compare the valuation questions. It is convenient to begin with an examination 

of the background characteristics for the two sub-samples.
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6.3.2 Experimental design

The sample was split into two parts, sample A (for short) was of size 900 and 

sample B of size 200. Sample A received both types of questions, sample B only the 

continuous question. The questionnaires were identical in other respects. We received 

599 questionnaires from sample A, and 133 from sample B. Thus, the response rates are 

almost exactly the same. The following table reports characteristics of these samples as 

well as two test for identical location.

Table 6.3 Characteristics of sample A (received both valuation questions) and

sample B (received only continuous version)

Mean A Mean B t-te s t Mann—Whitney

Sex 0.52 0.52 0.03 N.R.(0=.98)
Age 43.2 41.6 1.12 N.R.(0=.24)
House 2.7 2.7 —.36 N.R.(0=.63)
WTP 968.0 1209.0 -.67 N.R.(O=.70)
Visits 7.4 8.6 -.65 N.R.(a=.32)
Expect 2.8 2.7 1.62 N.R.(O=.10)
Income 110.2E+3 106.6E+3 0.73 N.R.(a=.16)

Notes: t—test computed without assuming equal variances. N.R. = cannot reject hypothesis of equal 
medians at a  =  0.05, where a is the significance level of the test.

The above table suggest that there is no difference between the sample in terms 

of mean and medians of observable characteristics collected in the survey. The 

hypothesis of unequal means is rejected in all cases in the table, this is also true for the 

case of the median. These statistics lead us to claim that we have an ideal situation for 

performing the two-sample split test for disparity.

The table above provides a first test for the hypothesis of anchoring. Anchoring is 

a psychological*concept developed in, for example, Kahneman et al. (1982). According to 

the theory of anchoring behavior, a respondent will use any exogenous information given 

to him in an unusual valuation situation as a base. Thus, if the respondent is given
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both types of valuation questions she would anchor her answers around the amount 

suggested in the discrete response question, when providing her continuous valuation. 

This may then lead to a difference between WTP in sample A and B. A simple 

hypothesis is that WTP is centered around the suggested bid; thus, the mean in sample 

A would then tend to the mean of the bid-vector itself. The above table also shows that 

there is no significant difference between mean W TP from the continuous responses in 

sample A and B.

Note that there is no a priori direction of anchoring bias. This is because 

anchoring could affect W TP in any direction, depending on whether the suggested bid is 

higher or lower than the individuals Mtrue" WTP. If anchoring exists, then a bid lower 

than WTP would tend to bias the answers downwards and vice versa. To obtain a more 

informative picture of sample-behavior we have computed the empirical survival 

distributions for W TP in sample A and B.

Sample B
^^Sam ple

0  1000 2000 3000 4000 5000 6000  7000

Figure 6.1 Empirical survival functions for WTP in sample A and B
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For ease of comparison with the following figure, the bids have been used to draw 

the figure. Computing a Smirnov test (using the full data-set), the maximum distance 

between the empirical distribution functions, gave a value of D=.09. Using table VII in 

Lindgren (1968, p. 487) we find that the critical value is about 0.14 at the 95% level. 

Hence, the hypothesis that =  *5̂  is not rejected. The distributions have similar 

shapes over the observed range of WTP, consequently respondents do not seem to 

anchor their bids around the suggested amount given in the discrete valuation question.

We turn now to test the presence of a disparity between the discrete and 

continuous valuation questions. It is useful to have a graphical display of the two 

distribution functions under scrutiny; the following figure reports the two empirical 

survival functions, using the Ayer estimator for the discrete data.

Ayer

Continuous'

0  1000 2000 3000 4000 5000 6000 7000

Figure 6.2 Empirical survival functions for the discrete and the continuous

valuation question
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It seems that the discrete response question generates a distribution that is 

shifted outward compared to the distribution for the continuous data. The discrete 

response question will therefore produce a higher mean estimate as well as a higher 

estimate of the median.

The largest difference is at the lowest suggested cost A. =  100. About 47% of the 

respondents reported a W TP lying in the range zero to 100. On the other hand, 15% 

refused to pay 100 SEK when presented with that cost for preservation. The difference 

between the distributions is smallest at a cost of 400 when about 55% of the population 

claimed a W TP in the range zero to 400, while 44% rejected the cost in the discrete 

case. One interpretation of these results is that people who refuse to pay anything when 

asked for their W TP might accept paying a small cost when presented with a low cost 

for preservation.

6.3.3 Testing for disparity

As discussed above direct application of a Smirnov-statistic is, in general, 

complicated when data are grouped. A simple chi-square test has been used instead, 

where we compute the difference between expected and observed number of no-answerers 

in each group. For each Aj we compute the number of respondents having reported a 

WTP marginally less than A. (they would have rejected Aj). Then we use the 

proportion of no-answers to Aj to obtain the expected number of rejecters in the 

continuous case, assuming the respondents perceive the questions symmetrically. The 

relevant statistic is then

E((Or Ei)2/Ej) =  113.71 (1)

where Ch is the observed number of people having a W TP less than Aj and Ej the 

expected value. This quantity may be compared with a chi-square distributed variable
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with nine degrees of freedom. The critical value is 16.9 at the 95% level. Hence, we 

reject the hypothesis that the discrete and the continuous answers are generated by the 

same distribution.

In summary: the presented analysis provides some evidence that people interpret 

discrete and continuous valuation questions differently. On the other hand, people do 

not seem to use the suggested cost Aj when reporting their WTP in a continuous set-up.

6.4 Concluding remarks

The main insight provided by the analysis pursued in this chapter is that careful 

design of the bid-vector is an important ingredient in a successful application of the 

discrete valuation approach. Ideally, the design should be made on the basis of a 

pilot-study, because it is difficult a priori to guess the support of the willingness to pay 

distribution.

We have also been able to shed some light on the disparity between continuous 

and discrete valuation questions. Our analysis provides support for the hypothesis that 

people perceive these questions differently. In particular, the analysis indicate that 

discrete valuation questions may give higher estimate of the mean; a result obtained by 

several other authors. This result will be used in the next chapter when aggregating the 

benefits of preservation, since we will argue that the continuous question provides a 

lower bound on willingness to pay. While there is evidence of a disparity between the 

continuous and the discrete approach, it is much more difficult to explain why this 

disparity exists. This issue is an interesting subject for further research.

This chapter concludes the econometric analysis of this thesis. The focus of the 

next chapter is on application of the results presented. The basic purpose of the next 

chapter is to illustrate how the contingent valuation method can be combined with
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opportunity cost data; the ultimate purpose of measuring environmental benefits is to 

compare them with measures of opportunity costs in a cost—benefit analysis.
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CHAPTER 7

ESTIMATING THE GROSS BENEFITS AND COSTS OF PRESERVATION

The purpose of this chapter is to present an illustrative cost-benefit analysis, 

where thè benefit estimates are aggregated and compared with estimates of the 

opportunity costs of preserving the forests. The chapter is outlined as follows. We begin 

by discussing the concept of opportunity cost and explain the opportunity cost measure 

used in this study. We then turn to a brief description of each of the areas and the 

corresponding estimates of timber values (net conversion values). The costs and benefits 

are aggregated and compared in the third section of this chapter. We conclude by 

reporting some comparative evidence on the benefits of preserving fragile forests in 

Sweden. We stress that the analysis here does not comprise a detailed cost-benefit 

analysis; our calculations involve only a rudimentary application of cost-benefit 

analysis.1 The calculations may still give an idea of the relative value of the two polar 

cases of forest use we consider in this thesis.

7.1 The opportunity cost of preservation

Suppose the preservation alternative is chosen. The analysis performed here is an 

attem pt to shed light on alternative uses offered by the forests, i.e. the opportunity cost 

of choosing the preservation alternative. We assume here that the best alternative use of 

the areas is forestry. Therefore, our aim is to generate some relevant information on the

The literature on cost—benefit analysis is well developed to attack the problem we consider 
here. In particular, appropriate cost benefit rules involving natural resources are outlined in 
Johansson & Löfgren (1985, chapter 11).
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value of allowing forestry in the areas under consideration. Two different cases will be 

analyzed here. The first is a pure timber mining alternative, where we simply calculate 

the value of a grand final felling. In the second case, we view forestry as an investment 

and take into account the value generated by future forest generations, as well as the 

costs for regeneration.

Neither of these two alternatives are chosen because of their realism. The timber 

mining case is not supported by Swedish law, since Swedish silviculture legislation 

stipulates that forest owners must ensure for regeneration. A grand final felling would 

also generate large negative environmental impacts. The motive for analyzing these 

alternatives is therefore not their feasibility, given the institutional (and other) 

constraints that exists in reality. Our interpretation of these two extreme alternatives is 

that they give an upper bound of the opportunity cost of preserving the given areas. We 

may also note here that the way we have calculated the regeneration costs (using 

average rather than area-specific regeneration costs) will give conservative estimates of 

these costs, and hence add to the interpretation of our opportunity cost measures as 

upper bounds. This particular feature of the analysis will be made clear below. Note that 

we do not include effects on other markets in our definition of opportunity cost; for 

example, a cutting alternative may generate employment in several other sectors in the 

economy. This means that we assume that there will be no price-changes due to a 

cutting alternative. For a detailed analysis of how to modify the analysis in this case, see 

Just et al. (1982).2

To approximate the opportunity costs in the timber mining alternative three key 

parameters are needed: the total area of productive forest land in each area, the timber 

content and an estimate of net conversion values. We need to assume that the forests

2 Our simple framwork also abstracts from intertemporal externalities; forest—owners may have 
a bequest—motive and want to leave forests to their children. An interesting analysis of this 
issue, focusing on the dynamic efficiency of an economy with renewable natural resources and 
bequest motives, is provided by Löfgren (1990).
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axe sufficiently old to make this alternative reasonable. Since several of the areas contain 

old forests, this assumption is not too implausible. In the second alternative one needs 

some additional information. In particular estimates of the costs of (i) cleaning, (ii) 

scarification, (iii) planting (and sowing) and (iv) precommercial thinnings. We also need 

assumptions about rotation ages, future prices and interest rates.

The following section summarizes the timber mining alternative and gives a brief 

description of each of the eleven areas in the study. It should be noted that several of 

the areas are already national parks, which means that they are already under strict 

protection. This does not, however, imply that they have no value to people nor does it 

imply that they will be protected forever simply because existing laws might change. 

There are some well-known examples of Swedish law on national parks being overruled. 

For example, successive permission to construct a hydro power system in the Stora 

Sjöfallet National Park was given in 1919, later in 1927, 1939, 1962, 1963, 1964, 1968, 

1970 and 1980, and permission was given to build a road through the Abisko National 

Park between Kiruna and Narvik in 1980.3

7.1.1 Muddus

The Muddus National Park was established in 1942 for the purpose of preserving a 

forest/mire landscape in its natural state. Situated between National Road ("Riksväg”) 

97 and the Stora Lule river, southwest of Gällivare, Muddus covers 49,300 ha of land. 

About 27,000 ha is covered by coniferous forests and about 20,000 ha is mire.4 Muddus 

harbors one of Sweden's largest virgin forests, containing a mixture of marsh spruce and 

some very old pine.5 There were some selective cuttings in the beginning of this century 

in the south part of the Park close to the Stora Lule river. Since then Muddus has not

3 Grundsten (1983, p. 13).

4 Grundsten (1983, p. 50).

5 Grundsten (1983, p. 52).



- 1 1 2 -

been subject to commercial logging.

To calculate an opportunity cost measure in the timber mining alternative we 

need, in addition to the forest area, estimates of timber content and net conversion 

values. There exist no official statistics on these two items, to the best of this author's 

knowledge. A highly simplified approach would be to use the average values for Sweden 

in 1987. Such an approach is marred by the peculiarities of Muddus. For example, the 

fact (essentially) no roads exist and that a substantial part of the park is mire makes 

forestry an expensive prospect.

To arrive at better estimates of the two key parameters we have utilized several 

different sources of information. To estimate the forest content of Muddus we have used 

information on forests just outside the Park. This assessment suggested a forest 

inventory of about 80 m3sk/ ha.6 Several different sources of information have been used 

to arrive at an estimate of net conversion value. A detailed investigation of the societal 

net conversion value for sub-alpine woodlands in northern Sweden has been carried out 

by Bostedt & Öström (1990). Assuming a shadow-wage rate of 50 % and excluding 

subsidies for road constructions they arrive at a net conversion value of 70 SEK/m3sk 

(in 1989 prices) in one of their cutting scenarios. The net overall result for the Swedish 

Forest Service in northern Sweden in 1987 was about 38 SEK/m3sk.7 Hultkrantz 

(1985) made a detailed cost-benefit analysis of forestry in Vålådalen, situated in 

Jämtland (c.f. area 4 on the map). His results indicate that cuttings in Vålådalen may 

not be socially profitable, or at least the societal value of forestry in Vålådalen is likely 

to be very low. Needless to say, these estimates are not directly representative of 

Muddus, since they cater to other areas with different structure. However, we believe 

that these figures provide a better estimate than the average net conversion values for

Forest mensuration carried out in situ by Master of Forestry, Per Holge'n, Dep. of Forest Site 
Research, SLU, Umeå.

Domänverket, Umeå. Personal communication.
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Sweden. Based on these results it will be assumed that 70 SEK/m3sk is an upper bound 

on the net conversion value of Muddus. For future reference we note that the average 

net conversion value for Sweden in 1987 was 137 SEK /m 3sk.8 The opportunity cost 

estimate becomes 70 SEK /m 3sk * 27,000 ha * 80 m3 sk/ ha =  151 million SEK.

7.1.2 Täma-Graddis fjällvärld

The Tärna-Graddis Fjällvärld contains high mountains with sparse forests. 

Although the Swedish Environmental Protection Board proposed that it become a 

National Park in the middle of the sixties, these plans have not been realized. A map of 

the area has been used to approximate the amount of forest land; there is about 58,300 

ha of forest land in the area.9 The timber content has been approximated by using 

information from Bostedt & Öström (1990) and Skogsdata 87. These sources imply a 

timber content of 73 to 85 m3 sk/ ha. Using the net conversion value of Bostedt & 

Öström (1990) the opportunity cost becomes 298 to 347 million SEK.

7.1.3 Skuleskogen

Skuleskogen includes about 900 ha of forest on 2,500 ha of land. It is situated in 

the county of Västernorrland on the coast-line between Örnsköldsvik and Härnösand, 

the center of Sweden's east-coast. Skuleskogen is Sweden's youngest National Park; it 

was established in 1986 for the purpose of preserving a forest landscape in a high-coast 

area.10 The forests of Skuleskogen are not virgin forests due to extensive cuttings in the

Statistical Yearbook of Forestry (1989, table 13.4, p. 236).

Approximations of forest content carried out by Master of Forestry Per Holge'n, Dep. of 
Forest Site Research, SLU, Umeå.

Grundsten (1983, p. 56).
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end of the 19th century. Since then, however, the forests of Skule have not been subject 

to commercial timber-harvesting.

Forest inventory is obtained via assessment of the area in situ.11 This assessment 

suggests an average of 160 m3 sk/ha. There exists no detailed investigation of the net 

societal conversion value for Skule-skogen, which probably is higher than the areas 

considered above because the site and harvesting conditions are, in general, better in 

Skule compared to the areas discussed above. It will be assumed to lie within the range 

70 SEK/m3sk and the average for Sweden, 137 SEK/m3sk. This leads to a net value of 

about 11 to 20 million SEK. We note that the Swedish Environmental Protection Board 

has to date paid 11.6 million SEK in acquisition fees for Skuleskogen.12

7.1.4 Dala-Hàrjedalen-Jâmtlandsfjàllen

The Dala-Härjedalen-Jämtlandsfjällen are situated in the mid-west of Sweden 

along the Norwegian border. About 50 % of the forests in these areas are low-productive 

forests above the cutting boundary for regeneration, the remaining 50 % contain 

productive forest land. Approximations of the forest content in the area was carried out 

with a map.13 This analysis suggested a total of 213,000 +  155,400 +  206,000 =  574,400 

m3 sk/ha. The forest content is in the range of 73 to 85 m3 sk/ha using the results of 

Bostedt & Öström (1990) and Skogsdata 87. Assuming a net conversion value of 70 

SEK/m3 sk, using Bostedt & Öström (1990), we obtain a opportunity cost of about 

2,935 to 3,420 million SEK.

Mensuration provided by Master of Forestry, Per Holge'n, De p. of Forest Site Research, SLU, 
Umeå.

Swedish Environmental Protection Board, Stockholm. Personal communication.

Approximations provided by Master of Forestry, Per Holge'n, Dep. of Forest Site Research, 
SLU, Umeå.
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7.1.5 Hamra

The Hamra National Park was established in 1910 for the purpose of preserving an 

old virgin forest. Hamra National Park is located 8 km northeast of Tandsjöborg, 5 km 

east of road 81 in Ljusdal, Gävleborg. The total area is 28 ha, with 21 ha of coniferous 

forest.14 The estimated forest inventory is about 100 m3 sk/ha.15 The net conversion values 

are higher in Hamra compared to the average for Sweden. It has been approximated to 

be about 260 to 280 SEK/ m3 sk/ha, by using information on average net conversion 

values in southern Sweden.16 Hence, the opportunity cost measure is 0.55-0.59 million 

SEK.

7.1.6 Garphyttan

The Garphyttan National Park, an 111 ha area 15 km west of Örebro, was 

established as a National Park in 1910. The purpose of preserving this area was to save a 

cultivable landscape in its natural state.17 The forests are predominantly "blue-berry"

spruce, with some pine and some broad-leave trees. There is about 89 ha of forests land,

totaling 16,485 m3sk, or about 185 m3sk/ ha.18 It will be assumed that the net conversion 

value is approximately that of Hamra; this gives us an opportunity cost estimate of 4.3 

to 4.6 million SEK.

Grundsten (1983, p. 68).

Estimate provided by Domänverket, Älvdalens revir. Personal communication.

Calculated via information from Södra Skogsägareföreningen AB, Växjö. Personal 
communication.

Grundsten (1983, p. 72).

Naturvårdsverket (1986) "Skötselplan för Garphyttan nationalpark." SNV, Allmänna råd, 
86:1, bil 5, p. 3.
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7.1.7 Tiveden

The Tiveden National Park, established in 1983, embraces an area of 1,446 ha. It is 

situated between the two major Swedish lakes Vänern and Vättern. It is included in the 

Tiveden primary recreational area, which has an area of 590 km2 (Government bill 

1975:46)). A large percentage of this National Park is forest, about 1.009 ha is forest 

land. The purpose of preserving this area was to save a large connected coniferous forest 

area in its natural state. The forests are 120 -  150 years old, being a mixture of pine 

forest on outcrop of bedrock and spruce.19 Using an estimated forest content of about 135 

m3sk/ ha gives with the net conversion values estimated for southern Sweden a net 

opportunity cost of 35 to 38 million SEK in the timber mining alternative.20

7.1.8 Norra Kvill

Norra Kvill National Park, established in 1926, is situated 10 km north of 

Rumskulla in the county of Kalmar. The purpose of saving this area was to preserve an 

area of virgin coniferous forest in its natural state.21 This tiny park embraces 27 ha of 

which 23 ha is forest land. The forests are dominated by pine, with some spruce. 

Information about forest content is difficult to obtain, since no assessment of timber 

content has been made according to the Swedish Environmental Protection Board (pers. 

comm.). The forest content has been approximated via information from Skogsdata 87 

and discussion with foresters with knowledge of the area; this assessment suggests an 

average timber content of about 250 m3sk/ ha. Using net conversion values for Southern 

Sweden as above we obtain an opportunity cost estimate of about 1.5 to 1.6 million 

SEK.

For details about Tiveden, see Kardell (1982).

Information on forest content provided by Forester Hans—Uno Lundquist, Domänverket, 
Karlsborg.

Grundsten (1983, p. 100).
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7.1.9 Kullaberg-HaUandsäsen

Kullaberg-Hallandsåsen was identified as a primary recreational area in the 

Government bill 1975:46. It embraces an area of about 400 km2, according to the bill. It 

offers a variational landscape, with for example some young oak forests and larch tree 

forests. The total area of forest has been approximated to about 20.000 ha. The m3/ha 

figure has been set to 135 -  170 m3 sk/ha, using information from the county forestry 

agency in Halmstad (pers. comm.). An opportunity cost range of 700 to 952 million SEK 

is obtained by using the same figures as for areas five to eight.

7.1.10 Åsnen-Listerlandet

Åsnen-Listerlandet is a primary recreational area with an area of about 610 km2 

according to the government bill 1975:46. This includes the lake Åsnen (150 km2). 

Several types of forests exist in this area. Oak, beech, hazel, hornbeam, juniper, lime, 

apple and pear trees can be found here.22 The Åsnen area was considered in the recent 

suggestions for new National Parks in Sweden. The area did not, however, enter the 

final suggestion. Listerlandet contains about 350 ha of forest. A map has been used to 

approximate the total area of forest land. This approximation gives an estimate of some 

27,000 ha of forest in the Åsnen-Listerlandet area. Information on the growing stock of 

about 145 m3 sk/ ha has been obtained from Skogsvårdsstyrelsen, Kronoberg (pers. 

comm.). The area contains more broad leave trees than the average in the county of 

Blekinge. However, the effect on net conversion values is small (Skogsägarna AB, Växjö, 

pers. comm.). We obtain an opportunity cost range estimate of 1,000 to 1,100 million 

SEK by using the same net conversion values as for areas five to nine.

22 For a detailed investigation of the Åsnen area see Larsson (1980).
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7.1.11 Dalby-Söderskog

This National Park, established in 1918, contains 17 ha of ash, beech, elm and oak.

It is situated 10 km east of Lund, in the county of Malmöhus. The park was established 

with the purpose of preserving an area of south-Swedish deciduous forests.23 The forest 

content is a total of 13,041 m3sk (1970).24 Prices for high-quality oak and beech are 

higher than average spruce and pine prices. The average price for oak was about 1,100 

SEK (30-39 cm) in 1987; it was lower for beech and the other varieties.25 We shall assume 

an average conversion value of 300 to 500 SEK/ m3, which is a conservative estimate. 

Thus, a net opportunity cost of 3.9 to 6.5 million SEK.

The following table summarizes the opportunity cost calculations. 

Table 7.1 Summary of opportunity costs calculation (timber mining)

Area Estimated net opportunity cost(Mill.SEK)

1. Muddus 151
2. Tärna—Graddis 298-347
3. Skuleskogen 11-20
4. Dala—Härjedalen—Jämtlandsfjällen 2,935-3,418
5. Hamra 0.6
6. Garphyttan 4-5
7. Tiveden 35-38
8. Norra Kvill 1.5
9. Kullaberg—Hallandsåsen 700-952
10. Åsnen—Listerlandet 1,000-1,100
11. Dalby—Söderskog 4-7

E 5140-6040

23 Grundsten (1983, p. 110).

24 SNV (1985) "Skötselråd för Dalby-Söderskogs nationalpark." Allmänna r&d 85:12, p. 7.

25 Södra Skogsägarna AB, Växjö. Personal communication.
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The table makes it apparent that there are three areas that make up the major 

part of the opportunity costs. For example, area number four account for about 53 

percent of the total opportunity costs in the timber mining alternative. In total they 

sum to about five to six billion SEK.

Let us now turn to the case when we allow for the value of future forest 

generations. We consider only one generation, assuming an average rotation period of 

100 years.26 Given a real interest rate of say, three to four percent, the error of excluding 

more distant generations is small. Thus, the alternative to be analyzed is that the forests 

are cut down "now" and that the same volume is available for harvesting 100 years from 

now. This is a strong assumption, given the difficulties of regeneration that are known to 

exist in (predominantly) the northern areas.27 It will also be assumed that the real net 

conversion value is about constant. This assumption is made for convenience; it is 

extremely difficult to estimate net conversion values 100 years from now.

Average regeneration costs for Sweden are obtained from the Statistical Yearbook 

of Forestry (1989).28 They include; (i) cleaning costs (600 SEK/ha), (ii) scarification 

(including burning) (980 SEK/ha), (iii) planting (and sowing) (4100 SEK/ha) and (iv) 

precommercial thinnings (1280 SEK/ha). Item (i) to (iii) occur at approximately "time 

zero", while item (iv) occurs at about 10 to 20 years from planting.29 To calculate the 

opportunity cost in this example, we simply calculate the total area of the forests and 

use the above figures on regeneration costs. We have set the time span from planting to 

pre-commercial thinning to 10 years. The following table reports the results of the

The rotation period varies in Sweden from about 65 years in the southern most parts to about 
135 years in low—productive areas in the north. Göran Ståhl, Department of Biometrics, SLU, 
Umeå (Personal communication).

For details, see "Återväxttaxeringarna 1984—1986.” Meddelande från Skogsstyrelsen, Nr 2, 
1987. Skogsstyrelsen, Jönköping.

Table 13.1, p. 233. (Costs are given in 1987 prices).

The postponement of regeneration measures (Sw. ”Hyggesvila") is less then three years in 80 
percent of the cases in Sweden (Skogsstyrelsen (1987), nr.2, p.6).



- 1 2 0 -

analysis for selected interest rates.

Table 7.2 Opportunity costs including regeneration costs and future forest rotations

Interest rate Opportunity cost (Billion SEK)

0 5.3—7.1
0.01 2.2—3.4
0.02 1.1—2.1
0.05 0.6-1.5

The reason the values reported in Table 7.2 are, in general, lower than the ones 

reported earlier is simply that the investment is not profitable at interest rates higher 

than about one percent. For example, the present value of SEK six billion accruing 100 

years from now is about SEK 46 million at a five percent discount rate; the (substantial) 

costs for regeneration occur essentially at time zero. This explains why the investment 

alternative is not profitable. Without discounting we would find that the investment 

alternative is profitable, as table 7.2 shows. It is worth noting these figures may be 

viewed as upper bounds, because we have simply used average regeneration cost 

measures. Several investigations show that regeneration is difficult, in particular in the 

northern parts.30 These suggestive cost illustrations may now be compared with the 

aggregate benefit of preserving the areas.

7.2 On the aggregation of benefits

Aggregating micro behavior into macro-aggregates is a difficult and well-known 

problem in economics. It is, for example, well-known that aggregate demand functions 

in general "inherit" only a part of the structure posed on an indirect utility function for

See Skogsvårdsstyrelsen (1987), c.f. note 27.
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a single individual.31 One of the problems that arises in the aggregation of individual 

compensating or equivalent variations is that they may not be a sign-preserving 

measure of the underlying utility change. If there are winners and losers associated with 

a given project, then the Boadway paradox implies that one cannot interpret aggregate 

equivalent variation measures as showing that the winners can "compensate the losers". 

The assumptions that must be made in order for this interpretation to hold are strong.32

While the aggregation problem may arise at the theoretical level, a contingent 

valuation researcher also faces the problem of expanding sample information to general 

statements about the parent population. We will note one of these problems here, 

namely the value to assign to non-respondents. Some writers prefer to attach a zero 

willingness to pay to non-respondents, while others discard them from the analysis; see 

Loomis (1987) for references. By putting the non-respondents willingness to pay to zero 

one obtains a conservative gross estimate. While some arguments can be made in favor 

of the "zeroing" approach, they are not very strong (e.g. a non-response is a flag of non

interest in the issue). Non-responses will here be considered as missing values; thus, 

those respondents will be assigned the average estimated willingness to pay from those 

who responded to the valuation question.

A more sophisticated approach builds on regression techniques. Suppose, for 

simplicity, that willingness to pay is linearly related to a set of k background variables 

and that non-response occurs only on willingness to pay. If p is the proportion of people 

who answered the valuation question, then the sample mean is given by a convex 

combination of mean willingness to pay in the response and non-response group; the 

weights are p and 1-p respectively. A simple approach is then to run a regression on the 

data-set for the respondents. The coefficients from this regression can subsequently be

31 See Varian (1984, p. 151).

32 See Boadway & Bruce (1982) and Cornwall (1987) for detailed discussion about the Boadway
paradox. Just et al. ^1982, Appendix D) present an attempt to resolve the paradox.



- 1 2 2 -

used to infer the mean willingness to pay of non-respondents, by substituting the mean 

of the background variables for the non-response group. However, even if the regression 

slopes were to be identical in the groups, and the distributions of the background 

variables were identical, mean willingness to pay may still be different in the two groups 

(Rubin (1977)). Although the coefficients of the non-response groups cannot be 

estimated, it may be possible to formalize some subjective belief about their distribution 

in a Bayesian framework as outlined by Rubin (1977).

7.3 Total benefits and total costs

The analysis of benefits provided a smorgasbord of estimates depending on the 

type of question used and the probability model applied in the discrete valuation 

question case. The question arises of which of these is the true representation of benefits. 

In order to arrive at a conservative estimate of the gross benefits from preserving the 

areas, we make the following observations.

First, by interpreting the person responding to the question as providing the 

household's evaluation of the preservation measure, we obtain a conservative estimate of 

the gross benefits of preservation; we aggregate by the number of households rather than 

the number of people in Sweden. The valuation question was addressed to a specific 

person in the household; it seems reasonable to argue that the relevant 

budget-constraint is that of the household and not that of the single person.

Second, the analysis of chapter six also suggested that the values generated by the 

continuous question may be lower compared to those generated by the discrete. This 

conclusion is supported by the statistical analysis in chapter five, if it is assumed that 

willingness to pay is constrained to be non-negative. Based on these findings we 

interpret the values reported in the continuous valuation question as a lower bound on 

the value of preservation. In conjunction with these arguments it is also of some interest



- 1 2 3 -

to note that a once and for all payment should give a lower value than a yearly 

payment. This proposition holds true when the capital markets are imperfect, as is 

shown in Johansson (1987). Finally, while future generations of forests generate benefits 

in the cutting alternative, it may also be argued that future generations have a positive 

willingness to pay for preservation. If this is the case, then this would add to the benefits 

and subsequently add to our interpretation of the once and for all (continuous) valuation 

reported in the questionnaire as a lower bound. Since generations co-exist in a 

continuum, aggregation of benefits for future generations is, in general, complicated.33

We note that some of the people have stated a willingness to pay for preserving the 

forests for the benefit of other people, perhaps including their heirs. Among the heirs 

there will probably exist people with the same bequest motives; thus, they are willing to 

pay something for the preservation of the forests to their descendants. Since the 

theoretical model developed in chapter two does not have a time-dimension, nor is it 

capable of handling inter-generational externalities, we shall not explore this issue 

further here. Several over-lapping generation models with bequest motives are developed 

in Blanchard & Fischer (1989), see also Löfgren (1990).

In summary, several arguments can be made to support our interpretation of the 

willingness to pay measure from the continuous valuation question as a lower bound on 

the benefits of preservation. Indeed, the extreme value model provides a lower estimate 

of mean willingness to pay than all other models. This is because a large percentage of 

the sample is predicted to have a negative willingness to pay. According to this model, a 

large part of the sample would require a compensation in order to accept the 

preservation measure suggested.

See Blanchard & Fischer (1988, chapter 3.3) for a continuous time version of the standard 
overlapping generations model. In this model a continuum of generations can exist in every 
instant of time.
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The following table summarizes aggregate benefits and costs.

Table 7.3 Aggregate benefits and costs

Opportunity cost (timber mining alternative)

Opportunity cast (investment alternative)
a) Interest rate 1 '
b) Interest rate 5 1

Aggregate Benefits
1) CVQ
2) DVQ extreme value
3) DVQ Ayer
4) DVQ Bishop & Heberlein

2! 5.1—6.0 billion SEK

22.2-3.4
20.6-1.5

2 3.8 billion SEK 
2 0.7 billion SEK 
2 9.2 billion SEK 
2 8.7 billion SEK

Notes: Timber mining alternative référés to the scenario where the forests are cut down and future 
generations and regeneration costs are omitted. Investment alternative refers to the case where one 
future rotation is included, together with regeneration costs. CVQ refers to the continuous valuation 
question. DVQ to the discrete valuation question, with different probability models as described in 
chapter five. The number of households in Sweden is around 3.67 million (Official statistics of Sweden 
(1990, Table 36, p. 42).

This table suggests that the benefits of preservation may outweigh the opportunity 

cost of preservation, using the continuous valuation question as the lower bound 

benchmark. We reiterate that the opportunity cost estimates may be viewed as upper 

bounds; thus, if the figures are taken at face value then we conclude that they do not 

give strong support to a cutting alternative.

7.4 Present value calculations

To conclude this chapter we will report some comparative evidence on the benefits 

estimates. While we have not cross-validated our study via a re-sampling approach, 

there exists some interesting results that may be used for comparison. In order to arrive 

at this comparison, it will be convenient to transform the once and for all payments to 

yearly payments, because the comparative evidence is given in terms of yearly 

payments. This is obtained by converting the once-and-for-all payment to a stream of



- 1 2 5  -

payments with the same present value (i.e we calculate a perpetual annuity). The 

following tables reports the annualized payments for each value estimate under different 

choice of interest rates.

Table 7.4 Annualized benefit streams (per household)

Interest rate CVQ Ex.V. Ayer logit

0.01 10 2 25 14
0.05 50 10 125 70
0.1 102 20 250 140

Notes: figures represent annualized payments per household (figures rounded). CVQ refers to 
continuous question, Ex.V. to the extreme value model, Ayer to the non-parametric estimator and 
logit to the linear logit model.

Table 7.5 Aggregate annualized willingness to pay for selected discount rates (in million 

SEK (1987 prices))

Interest rate CVQ Ex.V. Ayer logit

0.01 37 7 92 51
0.05 184 37 459 257
0.1 374 73 918 514

The results vary substantially depending on the assumed interest rate. For these 

interest rates, the overall mean willingness to pay is about 68 SEK per household; the 

overall aggregate mean is about 250 million SEK. Using an in-between interest rate of 

five per cent, the corresponding mean is around 64 SEK/ household (and year) and 234 

million SEK in the aggregate per year.

7.5 Some comparative evidence

It may be of some interest to compare these results with similar studies. Johansson
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&; Zavisic (1989) conducted a survey to infer Swede's environmental budget. It was 

hypothesized that households allocate a share of their income to pay for environmental 

protection measures in general. Johansson & Zavisic (1989) employed some questions 

that we use to obtain some comparative evidence. They asked three questions of 

importance here: (i) the respondents total willingness to pay for environmental 

protection measures (ii) the allocation of a hypothetical extra 100 million SEK on 

currently important issues (reducing unemployment, education, hospital care, child care, 

environmental measures, 'unspecified other measures') and (iii) whether the respondent 

felt that any, and if so how much, of the extra 100 million should be used to preserving 

virgin (and fragile) forests.

The total willingness to pay amounts to 3-4 billion SEK per year; thè share people 

would like to see an extra 100 million SEK be spent on environmental measures is about 

30 million. The "virgin forest question" included the alternatives a) zero b) less than 

100,000 c) between 100,000 and 1 million d) between 1 and 10 million and e) more than 

10 million SEK. Using the reported frequencies (personal correspondence with the 

authors) we obtain a value of around 300 to 400 million SEK per year. Consequently, 

they obtain somewhat higher estimates, at least if we select the five percent discount 

rate to convert the once-and-for all payment to an annualized stream, as reported above. 

The valuation question used in their study is not the same as in this study, hence a 

direct comparison cannot be made. Still, given the uncertainties that surround estimates 

of the benefits of environmental improvements, it seems reasonable to suggest that the 

similarities warrant a positive attitude towards the information-generating ability of the 

contingent valuation method.

Let us also compare the aggregate annualized estimates with the sum of money the 

Swedish Environmental Board is granted each year for buying fragile forests. This sum
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was recently increased from 40 million SEK to 100 million SEK.34 One interpretation of 

our benefit estimate is that this increase of the budget is in accordance with Swedish 

peoples' general sentiments about the value of preserving fragile forest environments.35

7.6 Concluding remarks

In conclusion we offer the following interpretation of the illustrative cost-benefit 

analysis pursued here. The opportunity cost estimates have been argued to be upper 

bounds on the likely opportunity costs of preserving the areas under investigation. If 

these opportunity costs are compared with what has been argued to be a lower bound on 

the benefits of preservation, the conclusion that emerges is that we cannot find strong 

support for forestry in these areas. This conclusion appears to be at odds with the 

conflicts that exist regarding whether or not cutting should be allowed in, for example, 

sub-alpine woodlands; why make an investment that is not profitable? The simple 

answer to this question is that we over-estimate the costs, although several arguments 

can be made to the contrary. A more interesting point to be made is that we calculate 

opportunity costs from the society's point of view. The fact that the forest owner may 

be entitled to state subsidies for, say, regeneration measures and forest road construction 

makes an investment look different from the forest owner's perspective.36

It is also of some interest to note that the presented benefit estimates are in some 

sort of agreement with comparative evidence. Finally, our analysis suggests that the 

recent decision to increase the government grant for buying fragile forests to 100 million 

SEK per year may have been popularly supported, in the sense that aggregate

Statistical Abstract of Sweden (1990, p.13, table 5).

It should be noted that the benefit estimates are given in 1987 prices. To be directly 
comparable, they should be adjusted for inflation. This increases them by about 10 per cent.

A detailed cost—benefit analysis of regional subsidys to forestry is provided by Göransson & 
Löfgren (1986). They find (p. 81) that subsidies make investments profitable (in some cutting 
classes) for the private entrepreneur. These investments are not socially profitable, however.
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willingness to pay to secure fragile forests is probably higher than 100 million SEK.

Whether such conclusions can be made on the basis of our analysis is doubtful. 

However, given the lack of information on Swede's general sentiments towards the 

preservation of fragile forests we may view our analysis as a first step into a more 

detailed and precise analysis of the issues involved.
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CHAPTER 8 

SUMMARY AND CONCLUDING REMARKS

This study investigates a potentially important source of input into decisions 

affecting the husbandry of our natural environment and resources, the total value of a 

natural resource. Information about the value people place on different choices of the use 

of our natural resources and environments may give valuable guidance when attempting 

to resolve use conflicts, because it gives one way to characterize impacts of different 

choices of action on a monetary scale. It is postulated here that a decrease in the quality 

of our environment imposes an economic loss to people. If one of the objectives of our 

natural resources policy is to achieve welfare gains at a minimal cost, then the results 

from an investigation of the value people place on, for example, preserving a virgin 

forest, could give the decision maker valuable information.

Our application is a study of the value Swedes place on the preservation of a 

selected set of forest areas in Sweden. Two considerations governed our choice of areas: 

they should be of some interest for forestry and they should harbor fragile forests. The 

government proposition 1975:46 identified 23 (later 25) primary recreation areas, where 

a primary recreational area is defined to satisfy certain environmental conditions. Six of 

those areas were selected, in addition we choose five virgin forests. The chosen areas 

contain unique environmental qualities and recreation opportunities.

This study can be separated into three parts: the economic theory of the total 

value of a natural resource, economic and econometric problems encountered when
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attempting to measure environmental benefits with a hypothetical market approach and 

finally, we present an illustrative cost-benefit analysis, showing possible magnitudes of 

benefits and costs of preserving the chosen set of fragile forests.

The first part of the study discusses the welfare foundations of environmental 

benefits and their measurement. The usual way to separate the total value of a natural 

resource is into use and non-use values. Although the semantics of use and non-use value 

is a subtle and constantly evolving issue, use values are often related to in-situ use of a 

resource —  e.g. hunting and hiking. By non-use values we mean the value a person 

attaches to a natural resource simply knowing that a resource exists, "even though he 

would be appalled by the thought of ever visiting it".

A recognition of use and non-use values is important when discussing the total 

value of a natural resource. Even if the preservation of a forest implies large opportunity 

costs it may still be socially profitable to preserve the forest. This holds true even if it is 

seldom visited by people (non-use values can be sufficiently high).

Measurement of the total value of a natural resource is possible within a 

hypothetical market approach. There are other approaches, those that use market 

information in some way, developed in the literature to estimate environmental 

benefits; for several reasons they were considered to be of little use here. One reason is 

that it is difficult, if not impossible, to estimate non-use values with these approaches.

A sample of 1,100 Swedes were sent a questionnaire in the spring of 1987. The 

questionnaire contained a set of questions regarding household characteristics such as 

income and household size, and several attitudinal questions. In addition, the 

respondents were asked their willingness to pay (W TP) for preserving the suggested 

areas. This map can be found in chapter three, figure 3.1. Two types of valuation
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questions were asked: a continuous and a discrete. The continuous question asks the 

respondents to state their WTP, while the discrete valuation question suggests a price, 

or bid, that the respondent may accept or reject (the price is varied across the sample).

67% returned the questionnaire and a routine analysis of sample 

representativeness indicated that our sample is a representative sub-sample of Swedish 

households. Deleting two protest-bids, because the respondents could not cover their 

WTP with their stated income, left a mean WTP for preservation of about 1,023 SEK 

per household for the continuous valuation question.

W TP was analyzed with regression analysis. The results suggest that WTP is 

related to personal characteristics like income, and reasons for preserving the areas (e.g. 

other people may benefit from preservation). We attempted to separate use and non-use 

values by examining WTP for different groups of people. The groups were identified by 

the stated motives for preservation. We asked each respondent why he/she would 

benefit from the suggested preservation measures. Four groups were identified 

(corresponding to 85% of those who answered the WTP-question). The motives given 

being:

* use

* use & altruism

* use & altruism & other motives

* altruism

The first group was interpreted as reporting a use value, while the second group 

included a non-use, existence value, in their WTP. The third group also reported 

unspecified othér motives, which may include optionvalue. The fourth identified group 

was interpreted as reporting existence values. A simple hypothesis
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would be that WTP increases with the number of motives. The results are reported in * 

table 3.6 in chapter three. Viewed as point estimates, the estimates provide an 

intuitively appealing picture of how W TP may vary over the motives suggested as it 

increases with the number of motives stated. The standard deviations suggest that the 

differences are not significantly different at conventional significance levels. Still, these 

results strengthen the belief that respondents do not report their values in a random, 

haphazard way.

The second part of this study scrutinizes one of the currently most popular way 

to ask valuation questions, the discrete valuation question. Within this set-up one asks 

the respondents whether they would accept paying a specified sum for preserving the 

forests. The costs are varied across the sample, giving a sequence of proportions of 

accepters. The advantages to this question are the reduced incentive for strategic 

behavior as well as the fact that it mimics our usual market decisions closer than the 

continuous approach.

An important issue is how to obtain descriptive measures such as mean or 

median WTP from such data. The relevant economic and statistical underpinnings are 

provided in chapter four. Chapter five suggests generalizations of conventional 

approaches to analyze discrete response data. We present a generalized parametric 

approach containing the conventional models (logit and probit) as special cases, and a 

non-parametric approach where no distributional assumption is necessary to make. 

Finally, we outline a possible application of a Bayesian approach. The empirical results 

show that mean W TP may be sensitive to the choice of probability model; it varies 

between about 200 SEK to 2,500 SEK per household depending on the model 

specification. If W TP is constrained to be positive, then the results vary from 2,500 to 

about 4,300 SEK per household. The conventional logit model gives an estimate of mean 

WTP of about 1,400 SEK. See table 5.3 and table 5.7. Computed standard deviations
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for the parametric models show that we cannot reject the hypothesis of positive W TP in 

a logit model; this conclusion does not hold true for the asymmetric extreme value 

model. See table 5.4.

Chapter six explores the design of a contingent valuation experiment. We begin 

by examining the used bid—vector, using a re-sampling approach. The analysis gives 

support to the notion of getting information in the tails; i.e. it suggests that one should 

strive at distributing some "low" and some "high" bids in a given experiment. See table 

6.1 for details. A Monte-Carlo experiment was developed to analyze the implications of 

misspecification. The result of this experiment suggested that misspecification of the 

probability model and the bid—vector may yield biased estimates. See table 6.2.

The final chapter seven contains an illustrative cost-benefit analysis. Aggregate 

benefits are compared with aggregate opportunity costs. The opportunity costs are 

calculated for two alternatives that may be viewed as providing upper bounds on the 

likely opportunity costs of preserving the areas. The first alternative is a pure timber 

mining alternative, and the second allows for one future forest rotation. The opportunity 

costs in the timber mining alternative amounts to five to six billion SEK. See table 7.1. 

The investment alternative provided lower opportunity costs at positive interest rates. 

This is because the investment is not profitable; the present value of the benefits 

occurring 100 years from now do not outweigh the present value of the additional costs. 

The opportunity costs in the investment alternative vary between 3.4 and 0.6 billion 

SEK at positive interest rates. See table 7.2.

It was argued that the continuous valuation question gives a lower bound on 

WTP for several reasons. If WTP is assumed to be positive then every other estimate is 

higher. In addition, the value future generations attach to preservation is not considered. 

Finally, we interpret the participants in the survey as reporting the household's WTP.
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A lower bound on aggregate WTP is therefore suggested to be about 3.8 billion SEK. 

The results are summarized in table 7.3. In summary, the analysis does not give strong 

support to a cutting alternative.

To compare our benefit estimates with some comparative evidence, the 

once-and—for—all payment was converted to annual payments. The results are 

summarized in table 7.4 and table 7.5. The averages are about 68 SEK per household 

and year or about 250 million SEK per year in the aggregate. An independent study by 

Johansson k  Zavisic (1989) obtained a gross WTP of about 300 to 400 million SEK per 

year for preserving fragile forests. We also noted that the Swedish Environmental 

Protection Board is granted a sum of 100 million SEK per year for buying fragile forests. 

If the available evidence from this and Johansson k  Zavisic's (1989) study is taken at 

face value, it suggests that this sum is at least not too high.

What does this study imply about the measurement of environmental benefits? A 

general impression left with this study is the consistency of the respondents valuation of 

a hypothetical good. At least it is difficult to argue that respondents answer in a fully 

random, haphazard manner. The reported WTP depends on several characteristics of 

the household. In addition, the received answers to the discrete valuation question show 

that the probability of receiving a yes-answer is decreasing in the suggested costs. The 

main conclusion of this study is therefore that assessment of environmental benefits 

using the contingent valuation method may provide valuable insight into the often 

observed trade-off between increased material well-being and the husbandry of our 

natural resources and environment. The contingent valuation method is a fresh flower in 

the garden of economics because it brings the awkward, but very real, trade-off between 

the integrity of our natural environments k  resources and material standard to a very 

natural place, the hands of the consumers. This member of the garden is still in need of 

patient care, before it is allowed to stand among the roses. However, it has marched
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from a place in the opaque back-alleys to a sunnier spot the last ten years.

A second conclusion is the importance of careful statistical analysis when using 

the currently most popular approach to ask valuation questions, the discrete response 

approach. While it has several advantages over the conventional continuous question, 

there are several limitations. The basic problem is the limited information-set, a set of 

yes and no answers from which one is to make inference about certain important 

parameters like the mean and the median. The design of the experiment and the 

evaluation of the statistical model are ingredients of a discrete response experiment that 

need to be addressed.

The third conclusion that follows from our analysis is that we cannot find strong 

support for a cutting alternative. While the main focus of this study is on the 

measurement of environmental benefit, and not on cost—benefit analysis, our analysis 

indicates that the value people place on preservation may outweigh the opportunity 

costs.

We close with some suggestions for further research. The *' take-it-or-leave-it '' 

question is a promising valuation questioning technique. However, it places a fair 

amount of careful planning and analysis on the contingent valuation practitioner. One 

area that needs more analysis is experimental design. The importance of using an 

efficient, in some sense, bid-vector cannot be underscored. There exists a large number 

of studies applicable here, for example, Abdelbasit k  Plackett (1983), Minkin (1987). In 

particular, a sequential design can be incorporated into a contingent valuation 

experiment if a combination of telephone and questionnaires is used. In this way one 

might update the bid-vector as data comes in.

Unfortunately, there exists no consensus when it comes to estimating W TP from
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discrete data. One way to establish a more coherent approach is to investigate in more 

theoretical detail the properties of the estimators suggested in the literature. Also, 

Monte-Carlo experiments provides an important side-kick to this analysis.

Option value, the value we would place on having an option to use a resource 

sometime in the future, is an intuitively appealing concept, but is difficult to measure in 

practice. The notion of total value as the sum of existence value, use value and option 

value, is not consistent; option value is derived under uncertainty, while the other values 

are not. Whether option value is a meaningful concept within received economic theory 

is yet an open question. Thus, developments within the field of measuring environmental 

benefits under various forms of uncertainty remain an important task for future 

research. It is possible to benefit from the well-developed literature on options in the 

finance literature.

The interest of the contingent valuation method is rising, as is shown by the 

recent interest in Europe. This interest will generate a large number of applications and 

policy implications. It is an open question whether a piecemal approach, i.e. evaluating a 

number of small projects in isolation, provides accurate policy implications. Economic 

theory suggests that each project is to be evaluated conditional on other changes. For 

example, it is in general meaningless to sum the results of several contingent valuation 

experiments in order to obtain a "total value" of environmental improvements. Some 

experiments exist on peoples’ "environmental budget" that may serve as a useful 

starting point.

Another arena for future research is further development of dynamic models that 

may handle intertemporal externalities. Further exploration of, for example, overlapping 

generation models may serve to be useful in more detailed understanding of concepts like 

bequest values. In this context it will be useful to develop models that can generate
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empirical information about irreversible processes. There exist a literature on 

quasi-option values, but there exist very little empirical research.

The progress made in the field of environmental economics in the past decades 

has shown that the principles of economics provide substantial insight into factors that 

ultimately decide a proper husbandry of our natural resources and environments. Future 

progress in this field, along with proper understanding of the limits of the economic 

science, have the potential of supporting an allocation of our resources that dominates 

allocations chosen without input from the "dismal science".
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L A N T B R U K S U N I V E R S IT E T  Dalum Beteckning
S k o g s v e te n s k a p lig a  f a k u l t e t e n  1 9 8 7 - 0 2 —2 5

Inst f SKOCSEKONOMI

Appendix 1. The q u estio n n a ire  (Swedish v e rs io n )

På den skogsvetenskapliga fakulteten i Umeå bedriver vi forskning om 
hur olika naturresurser, t ex skog odi skogsmark, bäst används.
Ofta ser vi konflikter mellan olika intressen/grupper när det gäller 
användningen av t ex skogsmark. Det är därför viktigt att vi får en god bild 
av hur den största ”intressegruppen”, nämligen det svenska folket, ser på 
olika alternativ för att skydda/bevara känsliga arter och naturmiljöer.

Genom ett slumpmässigt stickprovsförfarande har Du blivit en av de 
1 500 svenskar som vi hoppas skall hjälpa oss i denna forskning.1'

Vi ber Dig därför att så snart som möjligt besvara och skicka tillbaka 
det bifogade frågeformuläret. Skicka formuläret i det portofria svarskuvertet.

Du behöver inte uppge Ditt namn. Det nummer som finns angivet 
längst upp till höger på frågeformuläret är bara till för att vi skall veta vilka 
som har besvarat enkäten inom två veckor. Det är ju onödigt att skicka en 
påminnelse till dem som redan har svarat.

Dina svar skyddas natuligtvis från insyn. Ur de resultat som vi kommer 
att publicera kan man inte utläsa vad Du eller någon annan enskild person 
svarat. Vi redovisar bara genomsnittsvärden för stora grupper. Vi samlar 
inte in någon annan information än den som finns i frågeformulären.

Är det något i undersökningen som Du vill fråga om, är Du mycket 
välkommen att kontakta undertecknad per telefon eller brev. Vardagar är 
telefonnumret 090/16 60 84. På kvällar och helger kan Du ringa 
090/19 27 21.

På förhand vill jag tacka för Din medverkan i undersökningen.

Med de bästa hälsningar

/7h .o i^  T’*-—”'7
Per-Olov Johansson
Professor

1) Not t i l l  lä sa r e n . 400 personer e r h ö ll  en enkät v i lk e n  ej 
behandlas i  denna avhandling.

Postadress 
901 83 UMEÅ

Besöksadress
Universilelsomridet

Telefon
090-16 30  OO vx 
Med direktval

Postgiro 
I 36 67-9
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SVERIGES LANTBRUKSUNIVERSITET 
Inst för skogsekonomi 
P-0 Johansson

FRÅGEFORMULÄR

1. Hur många personer ingår i Ditt hushåll?

  personer

2. Anser Du a t t  miljöfrågorna är viktiga?
Markera med e t t  kryss.

□  Ja , mycket viktiga

□  Ja, ganska viktiga

□  Nej, inte s p ec ie l l t  viktiga 

0  Nej, inte a l l s  viktiga

3. Vistas Du själv ofta ute i naturen?
(för t  ex skogspromenader, fiske, ja k t  e l le r  bärplockning)
Markera med e t t  kryss.

0  Ja ,  mycket ofta
1
D Ja,  ganska ofta

□ Nej, sällan e l l e r  aldrig

4. Tycker Du a t t  det är v ik t ig t  a t t  vi lämnar e f te r  oss en god miljö 
t i l l  våra efterkommande (nästa generation)?
Markera med e t t  kryss.

□  Ja,  mycket v ik t ig t  

O Ja, ganska v ik t ig t

□  Nej, inte sp ec ie l l t  v ik t ig t  

D Nej, inte a l ls  v ik t ig t
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Nu kommer en fråga som kan vara svår a t t  besvara och säkert 
kräver en hel del eftertanke. Vi s tä l le r  den för a t t  få en 
uppfattning om det svenska folkets v i l ja  a t t  vidta åtgärder 
för a t t  skydda känsliga naturmiljöer.

5. Det finns många orörda skogsmiljöer, t  ex urskogar och f j ä l l 
nära skogar, som kan vara av s to r t  intresse både för oss och 
för framtida generationer. Andra skogsmarker hyser utrotnings
hotade djur, fåglar och växter.

Tänk Dig a t t  vi skulle avstå från skogsbruk i de känsliga 
områden/miljöer som har markerats på kartan längst bak i 
formuläret.

Skulle Du vara v i l l ig  a t t  bidra med en engångssumma på kr
för a t t  täcka kostnaden för a t t  bevara områdena orörda?

□  Ja

□  Nej

Hur nycket skulle Du maximalt vara v i l l ig  a t t  bidra med?

Jag skulle vara v i l l ig  a t t  bidra med en engångssumma på 

maximalt ca ..............  kr
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6. På kartan längst bak i frågeformuläret har vi markerat (r ingat in) 
11 olika områden.

a) Har Du under de senaste 10 åren besökt något/några av de 
inringade områdena?

□  Ja, t o t a l t  ca . . . .  gång(er)

□  Nej

b) Tror Du a t t  Du kommer a t t  besöka något av de inringade områdena 
under de närmaste 10 åren?

□  Ja, säkert minst 10 gånger

□  Ja, kanske 5 - 1 0  gSnger

□  Ja , kanske 1 - 5  gånger

□  Nej, troligen in te

□  Nej, säkert inte

c) Om MJa", v i lk e t  av områdena är det mest t ro l ig t  a t t  Du 
kommer a t t  besöka?

Område nummer ........  på kartan

Ange e t t  annat liknande område (inom e l le r  utom Sverige) 
som Du vet ( e l le r  tro r)  är lika bra ur 
rekreationssynpunkt.

Det närmaste från min hemort

finns i ................................................  (ange ort/område)

D Vet ej
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7. Tror Du a t t  Du själv skulle få glädje av a t t  känsliga 
naturmiljöer skyddas?
Kryssa för e t t  e l l e r  flera  a lternativ

□  Ja, genom egna naturupplevelser 

CD Ja , genom a t t  andra människor får

möjligheter a t t  uppleva dessa miljöer 

O  Ja, av andra skäl

□  Nej

8. Svavel utsläpp från fabriker, värmeverk etc , vå lla r  stora 
skador på hälsa och miljö, bl a via försurning av mark 
och vatten. 2)

Tycker Du a t t  vi skall rena ”alla" svavel utsläpp, även om 
det skulle komma a t t  kosta D itt  hushåll kr per år?

D Ja

□  Nej

2) Not t i l l  läsaren. Denna fråga användes e j .
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Till s i s t  en fråga om Ditt hushålls inkomst. Den s tä l l s  för 
a t t  vi skall kunna belysa den genomsnittlige svenske in
komsttagarens inställn ing i miljöfrågor.

9. Ungefär hur stor nettoinkomst e f te r  skatt räknar Du med a t t  
D itt  hushåll kommer a t t  ha under 1987?
Markera med e t t  kryss

□ 0 - 39 999

□ 40 000 - 59 999

□ 60 000 - 79 999

□ 80 000 - 99 999

□ 100 000 - 119 999

□ 120 000 - 139 999

□ 140 000 - 169 999

□ 170 000 - 200 000

□ Mer än 200 000 kr

Tack för Din medverkan!

Posta det besvarade frågeformuläret i bifogade portofria kuvert!
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Område

1 Muddus

2 Tärna-Graddis F jä llvärld

3 Skuleskogen, Nordingrå

4 Dala-, Härjedals-, 

Jämtlandsfjällen

5 Hamra

6 Garphyttan

7 Tiveden

8 Norra Kvill

9 Kullaberg-Hallandsåsen

10 Asnen-Listerlandet

11 Dalby Söderskog
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THE SWEDISH UNIVERSITY 
OF AGRICULTURAL SCIENCES 
The Faculty of Forestry 
Dept of FOREST ECONOMICS

Date

E n glish  tr a n s la t io n 147

At the Faculty of Forestry (Umeå), we research the best use of natural resources like 
forests and woodlands. We often find conflicts between different groups concerning the 
use of, for example, woodland. It is therefore important that we get a good idea of how 
the largest ”interest group”, the Swedish people, view different alternative ways to 
protect/preserve sensitive species and environments.

Through random sampling you have become one of 1,500 Swedes who we hope will assist 
us in this research.1

We ask you to answer and as soon as possible return the enclosed questionnaire. Please 
send the form in the enclosed self-addressed envelope. You need not give us your name. 
The number given at the right top of the page tells us only who have replied to the 
questionnaire in a fortnight. In this way we avoid sending a reminder to those who have 
already answered the questionnaire.

Your replies are protected from public control. From the results that we will publish it 
will not be possible to gather what you or any other individual have answered. We will 
only show average values for large groups. We do not collect any other information than 
that we find in the questionnaire.

If you have questions regarding the investigation you are welcome to contact me by 
phpne or by letter. Weekdays the telephone number is 090/16 60 84. During evenings 
and weekends you can call 090/19 27 21.

Thank you for your cooperation.

Best wishes

Per-Olov Johansson

Note to the reader. 400 persons received a questionnaire not analyzed in this

Professor

thesis.

Postal address Telephone Postal giro account
S—901 83 UMEÂ (0)90-16 58 00 vx 1 56 67-9
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Questionnaire

1. How many persons are there in your household?
 persons

2. Do you find environmental issues important?
Mark with a cross.

Yes, very important 
Yes, rather important 
No, not very important 
No, not important at all

Do you often visit the countryside? (i.e. forest walking, fishing, hunting or berry 
picking.)
Mark with a cross.

Yes, very often 
Yes, rather often 
No, seldom or never

Do you find it important that we leave a good environment to future 
generations?
Mark with a cross.

Yes, very important 
Yes, rather important 
No, not very important 
No, not important at all
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Now to a question that may be difficult to answer; it will certainly require careful 
consideration. We ask it in order to get some insight into Swedes' sentiments towards 
measures to protect fragile natural environments.

5. There are many pristine woodlands, for example virgin forests and sub-alpine 
woodlands, that may be of considerable interest to us and future generations. 
Other woodlands harbor animals, plants and birds threatened with extinction.

Suppose we would abstain from forestry in the fragile areas marked on the map 
that you find in the end of this questionnaire.

Would you be willing to contribute with a once and for all sum of SEK ... to 
cover the costs of preserving the areas.?

□  Yes
□  No

How much would you maximally be willing to contribute?

I would be willing to contribute a once-for-all sum of maximally about .......
SEK.

6. On the last page of the questionnaire we have marked eleven different areas.

Have you visited any of the areas the past ten years?

Yes, in total ab o u t times
No

Do you think that you will visit any of the marked areas during the next 
ten years?

Yes, at least 10 times 
Yes, perhaps 5-10 times 
Yes, perhaps 1-5 times 
No, probably not 
No, certainly not

a)

□
□
b)

□□□□□
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c) If "Yes", which axea will you most likely visit?

Area num ber on the map

State a similar area in Sweden (or abroad) that you know (or think) is equally 
good for recreation.

□  The nearest from my home district is i n .................. (Give the name of the
place/district.)

□  Do not know

7. Do you think that you would benefit from protection of fragile environments?
Cross one or more alternative.

C* Yes, through personal experiences of the environment 
Q  Yes, by giving other people the possibility to experience these

environments 
D  Yes, for other reasons
□  No

8. Sulphur effluent from factories, thermal power stations etc. causes damages to
health and the environment etc., via acidification of land and water.2

Do you think that we should clean "all" sulphur discharges, even if it would cost 
your household SEK a year?

□  Yes
□  No

2 Note to the reader. This question was not used.
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Finally, a question about your household's income. We ask it to be able to illustrate the 

attitude taken by the average Swedish wage earner in environmental issues.

9. About what net income does your household expect during 1987?
Mark with a cross.

D  o -  39,999
□  40,000-59,999
□  60,000 -  79,999
□  80,000 -  99,999
□  100,000-119,999
□  120,000 -139,999
□  140,000 -169,999
□  170,000-200,000
□  More than SEK 200,000

Thank you for your cooperation!

Please send the questionnaire in the enclosed self-addressed envelope.



1 Muddus

2 Tärna-Graddis Fjä llvärld

3 Skuleskogen, Nordingrå

4 Dala-, Härjedals-, 

Jämtlandsfjällen

5 Hamra

6 Garphyttan

7 Tiveden

8 Norra Kvill

9 Kullaberg-Hallandsåsen

10 Asnen-Lis t e r i andet

11 Dalby Söderskog
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Appendix 2 Proof of proposition 1 and corollary.

By the definition of obtaining a yes-answer we have

Prob {"yes"} =  FI/(AU(A)) =  1 -  Gutp(A) (1)

or l - F l/(AU(A)) =  Gwtp(A) (2)

where is the cumulative distribution function (c.d.f) of v, Gwtp the c.d.f of

willingness to pay (WTP) and AU= U (z1, y -  A; B) -  U (z®, y; B).

Differentiating with respect to A to get the density function of WTP we obtain

y A T J (A ) ) | ^  =  gwtp(A ) (3)

where f^ and gwtP denote the corresponding density functions.

By the usual formula for an expected value (Jxf(x)dx) we find

E(W TP) =  / A y A U ( A Ä A  =  / Agwtp(A)dA. (4)
"oo ^  ”00

In the special case of the linear utility function the marginal utility of income is 

constant, ß , thus;

E(W TP) =  -/?-i 1 ( ^ a ) y  6)d0 (5)
"00

where 0 =  a - . ß A. Expanding (5) produces
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00 00

- a f ß J t J L W t - ß - i J  6 i v(9)d6 (6)
00 00

=  a/ß.  Q.E.D. (7)

00

The last equality follows from ] f (6)d0 =  1 and the assumption E(v) =  0. The proof

can be extended to a more general linear model, AU =  a -  ß A +  E ^  Xj, where 7j ( i= l 

to n) are parameters to estimate and Xj characteristics of the respondents, by measuring 

the characteristics as deviations from their mean. This gives the same formula (7), but 

does not necessesarily give the same estimate of the mean as in the simple model AU 

= a -  ß  A in a practical application.

00
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