Environmental Valuation, Ecosystem
Services and Aquatic Species

Mitesh Kataria

Faculty of Natural Resources and Agricultural Sciences
Department of Economics
Uppsala

Doctoral thesis
Swedish University of Agricultural Sciences
Uppsala 2007



Acta Universitatis Agriculturae Sueciae
2007:65

ISSN 1652-6880

ISBN 978-91-576-7364-0

© 2007 Mitesh Kataria, Uppsala

Tryck: SLU Service/Repro, Uppsala 2007



“Let neither measurement without theory

Nor theory without measurement dominate
Your mind but rather contemplate

A two-way interaction between the two

Which will your thought process stimulate

To attain syntheses beyond rational expectation”

Arnold Zellner (Journal of Statistical Planning and Inference, 1996)



Abstract

Kataria, M. 2007. Environmental valuation, ecosystem services and aquatic species. Doctor’s
dissertation. ISBN: 978-91-576-7364-0, ISSN: 1652-6880.

The thesis consists of an introduction and four articles that can be read independently of
each other. The common topic is environmental valuation and cost-benefit analysis. The
applications relates to the growing concern of invasive species, and to waterpower
externalities. In broad terms, all of the articles relates to water management.

Article 1: “A Cost-Benefit analysis of introducing a non-native species: the case of signal
crayfish in Sweden”, assesses the economic impact of introducing the signal crayfish into a
Swedish lake. Two scenarios are set up and compared. The first one assumes that there is
no introduction of signal crayfish, so that the noble crayfish is preserved. In the second
scenario, the signal crayfish is introduced, which immediately wipes out the entire stock of
noble crayfish. The values of noble- and signal crayfish populations are measured as
present values of their net future revenues. The values are than compared and net benefit of
an introduction is calculated. The result indicate that net benefit of an introduction is
positive if the intrinsic growth rate or the carrying capacity of the noble crayfish is below
40 % that of the signal crayfish.

Article 2: “Assessing management options for weed control with demanders and non-
demanders in a choice experiment”, estimates the benefits of having a weed management
program for a lake in Sweden, and then compares them with corresponding costs. The
policy recommendation from a simple cost-benefit rule is to control the weed at some
specific sites of the lake. This paper also suggest how to distinguish those that have a
positive WTP for at least one of the attributes (demanders) from those that have zero WTP
for all attributes (non-demanders). The advantage of the suggested approach is that it
facilitates to more clearly distinguish between conditional and unconditional willingness to
pay. The suggested approach could also overcome some of the problems in the literature
with negative welfare measures.

Article 3: “Assessing transfer errors in the benefit transfer method: An application of
invasive weed management using choice experiments”, tests the accuracy of transferring
benefits of a weed management program from one lake to another using choice experiment.
The transfer errors are assessed and the convergent validity hypothesis is tested. Estimating
the accuracy of benefit transfer for weed management is policy relevant as there are a
number of lakes in Sweden infested with the water weed. The convergent validity was
rejected for three out of five welfare estimates with a ten per cent significance level.

Article 4: “Willingness to pay for environmental improvements in hydropower regulated
rivers”, assesses the benefits of environmental improvements along hydropower regulated
rivers using choice experiments. Remedial measures that improve the conditions for fish,
benthic invertebrates and river-margin vegetation were found to have a significant welfare
increasing impact. The results can be of value for the implementation of the Water
Framework Directives in Sweden, which aims to reform the use of all surface water and
ground water in the member states.

Keywords: bioeconomics, invasive species, non-market valuation, choice experiments,
benefit transfer, water management.
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1 Introduction

The overall theme of this thesis is environmental valuation and cost-benefit
analysis. The aim is to by the means of new estimates consistently organize
obtained information and thereby contribute to the policy analysis. The
applications relates to the growing concern of invasive species, and to waterpower
externalities. Invasive species and their control have public good aspects in the
sense that the benefits of control are neither rival nor exclusive. This could call for
some level of government intervention. However, there are very few empirical
studies that have throughout assessed the economic impact of invasive species. In
order to understand the scope of the problem and develop appropriate management
response, empirical and theoretical research in this area is deemed to be necessary.
Water power externalities are assessed in relation to the Water Directive
Framework which strives to reform the use of surface and ground water in
member countries. In common, all of the articles relates to water management.
Together with the policy related research, some attempts have also been made to
contribute to the methodological development in the non-market valuation
literature. Namely, a modified approach in choice experiment is suggested, and the
validity of the benefit transfer method is tested.

The thesis is organized as follows. This section starts with some preliminary
remarks about cost-benefit analysis. In section 2 the empirical models of the
articles will be put in a broader theoretical context. Different methods of valuing
non-market and environmental goods are discussed in section 3. Special weight is
put to review the contingent valuation- and choice experiment literature and
discuss some empirical properties. The aim of the first three sections is to give the
reader a comprehensive understanding of environmental valuation before
proceeding with the articles. Hence, in the first three sections the method of the
articles is discussed. Section 4 broadens the understanding for some of the
applications (in article 1, 2, and 3) by putting them in a context which relates to
invasive species. Section 5 summarizes the papers in the thesis and section 6
concludes the thesis with a discussion. I will keep the first sections less formal and
proceed in an (intuitive) non-mathematical fashion. The target group is readers
with limited knowledge in environmental valuation. Some statistical knowledge
could ease the reading in section 3. The rest of the thesis consists of four separate
articles. These articles are found in the appendices of the thesis.

1.1 Cost-Benefit Analysis

A recurrent question in managing environmental resources is to what extent a
society should invest in costly measures to improve or maintain certain
environmental quality. Economists have the tradition to approach this type of
questions using normative decision theories where cost-benefit analysis is given a
central role. More accurate, economic efficiency defined by the Pareto or potential
Pareto criteria is given a central role. The Pareto criteria states that a policy change
that makes at least one person better off without making anyone worse off is
Pareto improving and should be undertaken. In practice there are very few, if any,
policy changes that make no one worse off. The potential Pareto criterion can be
seen as a further development of this concept. In a simplistic form it states that if



the winners of a policy change can compensated the loser’s and still be better off,
the policy change should be undertaken, (Hicks (1939); and Kaldor (1939)). Given
that the compensation is actually paid (using taxes and transfer payments) no one
will actually experience a welfare loss. Hence under these circumstances the
Pareto and potential Pareto criteria are intrinsically related.

An interesting question is whether Pareto efficiency should be assessed
independently from other concerns such as the distributional question. As noted
earlier, in practice there are very few policy changes that make no one worse off
and in order to achieve Pareto efficiency, winners of the policy must compensate
the losers. However, the tools that politicians can use to redistribute income from
winners to losers can in turn have disturbing effects on efficiency. This could be
an argument to approach these questions simultaneously. Focusing on the potential
Pareto criteria and leaving the distributional question to others is an approach
economist’s often seem to have preferred. This standpoint is often justified with
reference to utilitarianism which regards an action justifiable as long as it yields a
greater net value for the society. Ultilitarianism was originally proposed by Jeremy
Bentham and further developed by John Stuart Mill. Utilitarianism allows for
skewed (non-symmetric) distribution of winners and losers of a policy even if the
efficiency incremental policy implies more losers relative to the winners.

Another attempt to justify the one-sided focus on efficiency, without falling back
to utilitarianism, would argue that a large number of efficient projects will spread
the total benefits randomly over the population, or at least sufficiently wide over
the population. Polinsky (1972) formalized this thought by broadening the notion
of a single proposed policy change to include bundle of changes having some
randomness in distribution. The probability of actually being made worse off is
then showed to approach zero as this multiple-change approach with increasing
number of efficient projects is considered.

Taking a step back, let us turn from discussing if it is justifiable to take an action
that yields net value for the society, to consider if preferences should be accounted
in decision making at all. Hence, a cost-benefit analysis implicitly accepts and
accounts for subjective preferences in decision making. However, can preference
satisfaction and economic efficiency be justified as a policy goal? Some argue that
preferences are in fact unobservable and even if we could observe preferences,
preference satisfaction cannot be justified as a policy goal (Sagoff, 1994).
Proceeding with arguments in this line, Sagoff (2004, p.181) continues “Rather,
the goals of society, for example, clean air and water, the protection of species,
and the maintenance of wild and scenic areas, are intelligible to those without (but
perhaps not those with) advanced degrees in policy analysis. The question society
must answer is how and where it can pursue these goals most efficiently, that is, at
the lowest political and economic cost”. An interesting question is what
distinguishes Sagoff’s “choice of goals” from what economist’s call preferences,
and what makes these “choices of goal” superior and incomparable to preferences
in general? That is, besides the mere stipulation that they are superior and
incomparable goals of the society in distinction to preferences. In contrast, others
argue that individuals preferences are revealed by individual choices and that they
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should indeed count. The latter standpoint does not rule out that there are other
trade-offs which undeniably have to be considered. We will not enter deeper into
this discussion. However, interested readers are referred to Mitchell and Carson
(1989) who to some deeper extent discuss alternative decision criteria’s to
economic efficiency and preference satisfaction. Among other criteria, they
mention paternalism and egalitarianism as incompatible alternatives to a cost-
benefit analysis. A thorough discussion about the tradeoff between equality and
efficiency can also be found in Okun (1975) and Baumol (1985). We end this
discussion by simply concluding that utilitarianism, paternalism as well as
egalitarianism are all based on normative assumptions and can be criticized as well
as justified on ethical grounds. Nevertheless, even if economic efficiency is not the
only goal of the policy-maker, a cost-benefit analysis can still be of interest in
order to assess how much of efficiency that has to be sacrificed to achieve other
goals. Assessing these trade-offs certainly does not require a utilitarian basis.
Sorting out the trade-offs could, however, greatly improve the outcome of the
policy analysis. Nevertheless, a cost-benefit analysis should neither be viewed as
sufficient or necessary for designing a sensible public policy (Arrow et al. 1996).

2 Theoretical framework

The environmental valuation literature is directly related to consumer and demand
theory in economics. In this section some fundamental concepts will be discussed,
mainly to guide readers who are not familiar with this literature. The aim is to put
the empirical models of the articles in a broader theoretical context.

Basic theory of individual preferences and the demand for goods starts with
assuming consumer sovereignty, meaning that the consumer knows what gives her
utility. Moreover, if the consumer prefers a certain bundle A over a bundle B, then
bundle A is assumed to be the utility maximizing choice between these two
choices. In other words, given well-defined preferences the consumer is assumed
to, when facing fixed prices and budget restriction, chose the quantities of the
goods such that her utility is maximized. The obtained relationship between price
and quantity demanded is known as the Marshallian demand function in
economics. The area under the Marshallian demand function bounded by the
horizontal price line is known as the ordinary consumer surplus. The welfare
change of the consumer resulting from a change in either consumption or from a
change in prices and the budget is known to be captured by the change in the
consumer surplus (Marshall 1920). The consumer surplus measure, however, is
not consistent with the underlying utility function.

Consistent consumer welfare measures defined in terms of the underlying utility
function was first introduced by Hicks (1943). In contrast to the Marshallian
demand function, the Hicksian demand function is the solution of the expenditure
minimization problem given fixed prices and a constant level of utility instead of
income. For a price change the change in consumer welfare is known as
compensating- or equivalent variation, depending on whether the utility level
before or after the policy change is fixed as the reference case. For a quality
change of a good, the corresponding measure is known as compensating- or
equivalent surplus. More specifically, the compensating surplus will be the
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maximum amount of money the individual will be willing to abstain from in order
to secure a qualitative improvement. The equivalent surplus will be the minimum
amount of money the individual will be willing to accept to forgo the quality
improvement. For quality deterioration the compensating surplus will be the
minimum amount of money the individual will require to accept this change. The
equivalent surplus will be the maximum amount of money the individual will be
willing to abstain from in order to avoid the quality deterioration. In short, whether
we consider quality improvement or deterioration, the compensating surplus takes
the initial utility as the reference point while the equivalence surplus takes the
utility after the change as the reference point.

To summarize, basically there are three different measures reflecting the
consumer’s welfare for quality changes. Using the Marshallian demand we have
the ordinary consumer surplus measure. Using the Hicksian demand we have the
compensating and the equivalent surplus measures. Besides for some special cases
these measures will not coincide. Willig (1976) calculated the difference between
consumer surplus, compensating variation measure and equivalent variation
measure. The difference appeared to be rather small for most realistic cases. This
means that the ordinary consumer surplus could be used to approximate the
Hicksian welfare measures i.e. compensating and equivalent variation. Bockstael
and McConnell (1993) showed that Willig’s analysis for the price change could,
however, not be generalized when it came to the compensating and equivalent
surplus measures. Their result is important in relation to valuation methods where
the welfare of policy changes is measured using the observable Marshallian
demand function.

3 Valuation methods

Methods to measure the effect on the consumer’s welfare for non-market goods
given a policy change are divided into direct and indirect methods. Direct methods
elicit stated preferences and makes use of stated preference data. Indirect methods
make use of real market behaviour and revealed preference data. We will in this
section briefly distinguish these two different approaches from each other by
discussing how they are linked with the welfare theory. The focus of the rest of the
overview will then be on reviewing the direct methods. This is consistent with the
articles of the thesis which mainly deals with stated preference data.

3.1 Indirect methods

Production function-, travel cost- and hedonic price methods are all well-known in
the valuation literature and belong to the group of indirect methods. Using data
from actual market behaviour is considered to be a great strength in favour for
these indirect methods. A popular strategy considering the indirect methods is to
treat and describe the public good as a quality characteristic of a privately
consumed good. However, there are some limitations and shortcomings of the
indirect methods which deserve to be mentioned. One of the shortcomings is that it
limits the researcher to only assess welfare changes that are reflected in the
market. Miler (1974) showed that in order to trace the welfare effect from a
change in the public good, certain restrictions has to be imposed on the underlying
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utility functions. These restrictions involve what Mailer called weak
complementarity. Weak complementarity requires the marginal utility of the
public good to be zero when the quantity demanded of the complementary private
good is zero. The interested readers are referred to Miler (1974) for a thorough
exposition. The weak complementary restriction rules out existence value and
other non-use values which may be essential to include in a policy assessment.
Also remember that that the ordinary consumer surplus could not in general be
justified as an approximate to the Hicksian compensating and equivalent surplus
measures. We will now turn to the direct methods of non-market valuation.

3.2 Direct methods

Contingent valuation (CV) and Choice experiments (CE) are two frequently
applied non-market valuation methods belonging to the group of direct methods.
Using the direct methods, the economic value of a good is assessed through survey
questions that elicit the individuals’ preferences. In doing so, the theoretical
correct welfare measures (Hicksian) is obtained. Needless to say, these are not the
only empirical methods that use data from surveys. Other examples where
economists use survey data are, for example, census surveys and consumer
expenditure surveys. The use of surveys, however, has been a controversial topic
among economist. McCloskey (1985) noted that a mere suggestion to send out
survey’s can get an audience of economists to laugh out loud. Much of the debate
in the valuation literature has been about whether respondent’s truthfully reveals
preferences in hypothetical surveys or if there is a “hypothetical bias”. There is of
course not a simple answer to this question. Undoubtedly, there are inherent
problems with direct methods. This does not imply, however, that all surveys have
biased estimates. Mixed results from external validity tests indicate that neither
does all survey’s suffer of hypothetical bias, nor can the problem be ignored.
Researchers has for the past years invested a lot of research of how to reduce the
hypothetical bias.

Nevertheless, in contrast to indirect methods, direct methods include non-use
values when assessing the total value of a good. A review of the contingent
valuation and choice experiment method will follow in the two coming sub-
sections.

3.2.1 Contingent valuation

The idea of the CV method was first suggested by Ciracy-Wantrup (1947). The
first applications were presented by Robert K. Davis (1963a, 1963b, 1964). In the
early applications the respondent was simply asked about their maximum
willingness to pay for a change in the supply of an environmental good. This type
of questions is known as open-ended questions in the CV literature. Bishop and
Heberlein (1979) introduced the dichotomous choice question, where the
respondent is given a valuation question which can be either accepted or rejected.
The dichotomous choice question has been dominating the CV literature for a time
now. Hanemann (1984) suggested a way to integrate the dichotomous choice
question with economic theory using the random utility framework. He also
suggested how compensating and equivalent surplus could be measured from

13



these models. The random utility framework had previous to Hanemann been
introduced by McFadden in a series of papers and books, see, for example
McFadden (1973).

The random utility model is typically estimated as the difference of a linear utility
function and additive systematic error, using Logit or Probit models. These models
assume the stochastic part to be unbounded from minus to plus infinity. Since the
errors are unbounded, the willingness to pay function will also be unbounded.
However, in many applications researchers wants to restrict the willingness to pay
to be strictly positive and negative welfare measures is considered as unrealistic.
In contrast to the random utility framework, Cameron (1988) introduced an
approach that directly focuses on the willingness to pay (WTP) distribution rather
than the stochastic part of the utility function. The advantage of this approach is
that it could restrict the willingness to pay to be strictly positive and lead to more
plausible distributions. For example, Cameron used an exponential willingness to
pay function, which overcomes the problem with negative willingness to pay
estimates. However, the mean WTP for this model is an increasing function of the
variance, which seems to make it vulnerable for what is known as fat tails (Haab
and McConnell 1997). For a thorough discussion about different ways to bound
the willingness to pay function, see Haab and McConnell (1998).

The overall conclusion seems to be that eliminating the possibility of negative
willingness to pay also increases the sensitivity of the parametric models to
distributional assumptions. Kristrom (1990) suggested a non-parametric approach
where the distribution function assumption is not critical. Several other researchers
suggested variants of distribution-free estimators around this time. A related
development in the parametric contingent valuation literature was the introduction
of the spike model by Kristrom (1997). The spike model distinguishes zero
willingness-to-pay respondents using likelihood function where these respondents
are given a separate probability specification at zero WTP. The spike model can
overcome the problem of negative willingness to pay, although it is theoretically
not a direct means of handling negative willingness to pay if it still allows a
symmetric distribution from plus to minus infinity.

3.2.2 Choice experiments

The CE technique combines the characteristics theory of value by Lancaster
(1966) with the random utility theory. In contrast to the CV method where the
individual’s utility is derived directly from a good, the Lanchester approach (and
CE) assumes that individuals derive utility from the characteristics of the goods.
This facilitates a multidimensional valuation of several attributes of a good as well
as a total value of the good.

CE has developed from stated preference techniques evolved in marketing as well
as transport economics. Some of the earliest transportation applications using
discrete choice models are from the 1960s, and aimed to estimate the trade-off
between travel time and travel cost using travel demand models. Research during
the early 1970s was oriented toward mode choice models with more than two
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alternatives (see Ben-Akviva and Lerman 1985, for an overview). Around the
same time, conjoint analysis was coined by Green and Rao (1971) in the
marketing literature. Conjoint analysis includes any technique used to estimate
attribute utilities based on individuals responses to combinations of different
attributes. Hence, in a conjoint task, respondents rank or rate a set of profiles
(combination of attribute levels) on, for example, a scale of desirability. Based on
observed rating or ranking, the researcher could statistically deduce the relative
importance of the attributes and attribute levels for the respondents. Louviere and
Woodworth (1983) introduced CE, also known as choice-based conjoint in the
marketing literature. In a CE the respondent is asked to select his or her most
preferred alternative among several alternatives. The alternatives consist of
different combinations of attribute levels, and each set of alternatives is known as
a choice set. For a comprehensive overview of choice experiments, see Louviere,
Hensher and Swait (2000) and Alpizar, Carlsson and Martinsson (2003).

Whether the respondent is asked to rank, rate or select his or her most preferred
alternative, the researcher has to find a way to compose the different profiles or
choice sets. This is usually achieved using experimental design theory. Important
tradeoffs are usually made when designing a CE study. On the one hand, the
researcher wants for administrative and budget reasons, to keep the experimental
design with as few survey versions or blocks as possible. However, such designs
come to the cost of additional assumptions about interaction effects between
attributes in the design. The simplest design, a main effect design, assumes that
there are no interaction effects.

The choice design literature has gained a lot from the concepts and results of the
linear design literature. Traditionally, the emphasis has been on model
identification instead of statistical efficiency, i.e. precision of parameter estimates.
Orthogonal designs where the levels of each attribute vary independently have
been preferred. One merit of the orthogonal design is that the parameter estimates
of a linear model will be uncorrelated. However, lately, the focus seems to have
changed towards statistical efficiency.

For linear models, the variance of the parameters is proportional to the information
matrix. Hence, for a linear model the covariance matrix is obtained as the product
of the information matrix and the homoscedastic variance of the residual (sigma
squared). This means that a design with a “smaller” covariance matrix will provide
more precise parameter estimates, hence higher efficiency. A common measure of
the size of the covariance matrix and the design efficiency is D-efficiency
(Zwerina 1997). Extending results from the linear design theory to choice design
could however be misleading. Zwerina (1997) showed that in contrast to the linear
model, the efficiency of the design for the conditional logit model does not only
depend on the combination of attribute levels in the design, but also on how the
alternatives are combined in the choice set. As in the case for linear models, an
intuitive understanding of how to construct efficient designs can be gained by just
looking at the covariance matrix of the conditional logit model. The covariance
matrix of the conditional logit model will be a function of the parameters of the
model. In order to obtain an optimal design the researcher therefore benefits from
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knowing the parameters of the model. This is of course controversial, since if we
already knew the parameters there would be no need for a CE study. Without any
prior information a conventional first step in choice designs is to assume all
parameters to be equal to zero or at least use some priors like signs for the
attributes. To use the estimated parameters from pilot-studies could be another
way to go in order to achieve design efficiency. A third and crude approach is to
use some a priori expectations of the parameters and achieve utility balance by
eliminating too dominate alternatives in the choice set, see Wiley (1978) for
details. Carlsson and Martinsson (2003) have, using Monte Carlo simulations
showed that D-optimal designs with prior information produce unbiased
parameters with lower mean squared errors than orthogonal designs. Moreover,
their results were not very sensitive when the choice sets were generated using D-
optimal designs with biased priors.

We now turn to the econometric analysis of CE studies. Whereas rating and
ranking data could be handled by the use of conventional statististical methods
such as ordinary least squares (OLS), choice experiments have, because of the
discrete dependent variable, traditionally been estimated using probabilistic choice
models such as logit, probit and conditional logit. The conditional logit has two
important restrictions: (i) independence of irrelevant alternatives (ITA), and (ii)
homogenous preferences. The ITA axiom states that the ratio of the probabilities of
choosing one alternative over another is unaffected by the change of other
alternatives in the choice set. In some instance the ITA property can give rise to
erroneous predictions. The second restriction is that conditional logit model
excludes the possibility that respondents can have heterogeneity in taste.
Alternative econometric models are often applied to overcome these problems,
such as nested logit models (Ben-Akviva 1973; Train et al. 1987; Lee 1999) and
heteroskedastic logit models (Bhat 1995; Hensher 1997). Another model gaining
increased popularity is the random parameter model. In the random parameter
model the parameters of the model vary over individuals in the population with a
certain density. The random parameter model is estimated using simulation
techniques since a closed form solution doesn’t exist for the log-likelihood
function. A neat feature of the random parameter model is that it facilitates
individual parameter estimates, using Bayes’ rule, see Train (2003) for details.

The first study to apply CE to non-market valuation was Adamowicz et.al (1998).
Since then there has been an increasingly number of CE-studies for non-market
valuation, especially in health and environmental economics. Although
Adamowicz acknowledge several advantages using CE over CV, as the possibility
to examine the value of several attributes, some concerns were also raised. In
particular the negative welfare measures associated with movement away from the
status quo alternative was troublesome. The problem with unrealistic negative
welfare measures (unrealistic in most applications) was familiar from the
contingent valuation literature. Recently there has been some progress in these
matters in the CE literature. Haffen, Matthew and Adamowicz (2005) used
different hurdle models to distinguish serial nonparticipants from other
respondents. Carlsson and Kataria (2005) set out a spike model where demanders
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are distinguished from non-demanders. These models can to some extent
overcome the problem with unrealistic negative welfare measures.

4. Invasive species — definitions and analysis of concepts

Three out of four papers in this thesis deal directly or indirectly with invasive
species. A definition of invasive species is therefore in place. Invasive species are
species whose introduction cause or are likely to cause economic or environmental
harm or harm to human health, (U.S. executive order 13112)'. This definition
leaves a need for clarification as it is vague. Environmental harm will henceforth
be interpreted as a change in the environmental equilibrium caused by some
introduced species and where the population of animals or plants are affected
negatively. In contrast, economic harm will henceforth be interpreted as a
negative effect on human welfare caused by some introduced species. Harm on
human health will be captured implicitly by the definition of economic harm.
Hence, environmental- and economic harm are both independent sufficient
conditions for introduced species to be defined as invasive species. Moreover, by
introduced we mean that the species are moved by humans outside their native
range. It can be deliberated as well as unintentional. In distinction to invasive,
non-indigenous species are species that are moved by humans outside their native
range but neither do cause harm to animals, plants nor human welfare. These
distinctions are presented in figure 1.

Harmful Not Harmful

Introduced Invasive Non-
indigenous
Not Introduced Native Native

Figure 1: Defining invasive species

This thesis analyzes the economic effects of two invasive species, namely the
signal crayfish and the yellow floating heart. The signal crayfish is considered as
invasive species as it eradicates the population of the noble crayfish. The yellow
floating heart (water weed) is considered as invasive as it has a negative impact on
human welfare. However, note that identifying the species as invasive doesn’t
always change the economic analysis per se. The management problem can still
remain the same whether the species is invasive or not. For an example, the

! For a description of the Executive Order see http://www.invasivespecies.gov/laws/main.shtml.
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economic analysis whether or not to control a waterweed looks the same
irrespectively if it is invasive or native. This example aims to show that the
categorization as invasive species only adds a conceptual dimension to the
understanding for the applications in this thesis, not an analytical. In contrast, if
the aim would have been to analyse measures to prevent introduction of invasive
species the analysis could have differed as an introduction per se is a unique
feature of invasive species. Moreover, an understanding of invasive species
introduction involves an understanding of the means and routes which species are
introduced into new environments, i.e. pathways. The risk of establishment of
invasive species from ships' ballast water serves as an example where invasive
species management adds a conceptual as well as analytical dimension to the
policy analysis.

Finally, also note that invasive species could be economic desirable as well as
undesirable. However, as the reporting of invasive species in general is done for
those introduced species which are economic undesirable, the understanding of
invasive species is likely to be associated with economic undesirable species.
Whether this can be explained by ontological reasons meaning that most invasive
are economic undesirable, or epistemological reasons, is a different subject.
Invasive species that neither are economic desirable or undesirable will probably
get the least attention. This does definitely not suggest that the actual problems
with invasive species are negligible. Pimentel et al (2005) reported that invasive
species in the United States cause major damages and losses adding up to almost
$120 billion per year. Invasive species cause a global economic problem and
policies that prevent further damages as well reduce the impact of current damages
need to be looked into.

4.1 Invasive species management

In this section the articles of the thesis will be put in a context which is
comparable with respect to the growing literature of invasive species management.
Note that the aim is to put the applications in the thesis in a meaningful context,
not to review the invasive species management literature.

This literature distinguishes at least two kinds of management practices, namely
control and prevention. Control® involves actions that reduce the impact of
invasion without changing the likelihood that it will occur or spread further to
other and new parts. In contrast, prevention involves actions that reduce the
likelihood of invasions or spread of invasive species. This thesis deals with control
as well as prevention. Control relates to the water weed application and prevention
to the crayfish application. However, the crayfish application evaluates different
scenarios where one scenario is assumed to entirely eliminate the risk that the
invasive crayfish gets introduced, while another scenario allows the introduction.
This case differs from prevention in a more traditional sense where prevention is
likely to reduce the risk of invasion, but not completely eliminate this risk. The
merit of these extreme scenarios in the crayfish application lies in quantifying the

Control can involve eradicating, suppressing or reducing invasive species populations.
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effects of a policy that prevents introduction. Posed in a different way, the
analysis provides monetary estimates on the net benefits of an introduction, which
could be suggestive whether a further spread should be prevented or not. We will
come back to the crayfish application in section 5.

Let us use the case of the invasive waterweed to further exemplify some of the
intriguing decisions which has to be made considering invasive species
management. Before the invasive waterweed becomes established, the policy-
maker has to decide upon to what extent to invest in measures that prevent and
reduce the probability that invasion occurs. Based on normative decision theory,
this requires knowledge about the invasive species in several dimensions such as
the likelihood of invasion, the conditional likelihood of invasion on invasion-
preventing actions, and the cost and benefits of actions that reduce the likelihood
of invasion. In short, the effect of an invasion as well as probability of an invasion
has to be known ex-ante an invasion.

Once an invasion has occurred, the policy-maker has to decide upon to what
extent to control the waterweed and reduce the impacts of invasion. Evaluating
control measures involves addressing questions like whether or not to control the
weed, as well as where to control the weed given its occurrence. Normative
decision theory would suggest assessing the cost and benefits of adopting a weed
management program.

Finally, a decision has to be made considering if it is warranted to take actions to
prevent further spread of the weed in the infested lake as well as to other lakes. To
be able to evaluate actions that prevent further spread of the weed, knowledge of
conditional and unconditional likelihood of the weed to become infested on
actions that reduce this likelihood is desirable, and in addition the cost and
benefits of the weed management program is also needed. Note that analysis of
control of the invasive species can find support in traditional decision theory. In
contrast, prevention involves theories for decision under risk and uncertainty;
more interested readers are referred to the work of Neumann and Morgenstern
(1944), Savage (1954), Arrow (1951) and Debreu (1959).

Perrings (2005) reports disparate beliefs among researchers whether or not
invasions and effects of invasions are predictable or not. This reminds of Knight’s
(1921) famous distinction between “risk” and “uncertainty”. Knight referred
“risk” to situations where mathematical probabilities can be assigned to the
randomness of an event, whereas “uncertainty” is situations when this randomness
cannot be expressed in terms of specific mathematical probabilities. This
distinction is disputed and many economists mean that uncertainty is a problem of
knowledge of the relevant probabilities, not of their existence. Either case, when
invasions cannot be expressed with mathematical probabilities, whatever the
reason is, evaluating actions to prevent an invasion can become problematic.
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4.2 Theory with measurements

Having made a rigorous literature review, Lovell and Stone (2005) arrived at the
conclusion that there only are a few theoretical, and even fewer empirical studies,
dealing with the economic costs of aquatic invasive species. Moreover, only a
small fraction of these seem to exist in formal economics literature. Those studies
that are available primarily concentrate on theoretical considerations with
relatively little empirical analysis. The total number of bioeconomic models
included in their literature review was five. The amount of studies that had
estimated the benefits of control seems according to their review, be even less.
Only one paper in the review made use of the random utility model. This could
reflect that very few papers are available.

The purpose of this section is in very broad terms to reflect about the literature
considering invasive species management. Hence, although it seems to be
acknowledged by Lovell and Stone (2005), among others, that there only exist a
few studies dealing with economic cost of aquatic invasive species, I would like to
address the question if and how more estimates can contribute to the literature.

To begin with, let’s have a very short reflection about the methodological
approach of the theoretical contributions in this field. To start with, assumptions
about invasive species as well as the behaviour of economic agents can be set up.
From the assumptions together with the objective function of the agents, optimal
response of the economic agents can be deduced in a traditional neoclassical way.
The good thing about deductive logic is that it is truth-preserving, meaning that if
the assumptions are true the conclusions of a deductively valid argument will also
be true’. The limitation is that the conclusion cannot say more than what already is
implicit in the assumptions. Hence, the argument does not expand our knowledge
in the sense that the conclusion does not reveal anything besides what has already
been implicitly stated in the assumptions. However, complicated relationship can
be made more explicit using deductive logic. Nevertheless, the optimal response
of the economic agents in a deductive model will be a function of various set of
parameters. Meaning that the model can help to understand the problem in hand,
however, if the purpose is to set up efficient policy, the model has to be correct
and the parameters of the model has to be known. Using this reasoning, it is easy
to see that parameter estimates are necessary to be able to say something
meaningful about the policy of invasive species management.

The applications in this thesis deal with specific case studies where policy
questions in relation to invasive species management are addressed. The estimates
obtained indicate the scope of the problem being studied and the analysis suggest
appropriate management responses. More estimates and empirical work together

3 However, what if the assumptions are known to be false? Friedman (1953) published a provoking
book in which he denies the relevance of truthful assumptions in economic theory. He argues that only

the predictive quality of a theory matters.
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with analysis can contribute to knowledge about how to set up efficient policy in
relation to different management problems with invasive species.

5 Summary of the articles

The objective of this section is to summarise and bring out the main contributions
of this thesis. The thesis consists of four separate papers, which all aim to analyze
economic valuation using empirical methods for policy and decision purposes.

5.1 Article 1: A Cost-Benefit analysis of introducing a non-native species:
the case of signal crayfish in Sweden

The signal and noble crayfish are freshwater invertebrates which are considered
important for the Swedish food culture. Sweden has the highest per capita
consumption of crayfish in Europe and large quantities of the crayfish are
imported every year. The signal crayfish was introduced in Sweden 1960 as the
crayfish plague had devastated many of the noble crayfish populations (Hamrin
1993). However, years of observations indicate that the signal crayfish has
competitive advantages and crowd out noble crayfish if they occur in the same
surroundings. Observations are partly driven by the fact that many of the
introduced species have been carrier of the plague during the years. The signal
crayfish can act as a host for the plague, but seems not to become infected unless
exposed to extreme stress. However, because of competitive advantages the signal
crayfish seems to drive out the noble crayfish even in plague-free surroundings
(Westman, Savolainen and Julkunen 2002).

An introduction of the signal crayfish is these days forbidden where it does not
already exist and where introduction of the noble crayfish is feasible (Jarvi and
Thorell 1999). Regulation aims to preserve the threatened population of noble
crayfish. The aim of this article is to assess if regulations to prevent signal crayfish
introduction are beneficial. The noble- as well as the signal crayfish competes for
the same habitat and both of them have a commercial value. A conventional
bioeconomic model is used and the values of the noble- and signal crayfish
populations are measured as present values of their net future revenues. The values
are than compared and net benefit of an introduction is calculated. The result
indicate that net benefit of an introduction is positive if the intrinsic growth rate or
the carrying capacity of the noble crayfish is below 40 % that of the signal
crayfish.

This was among the first attempts to estimate the economic impact of species
introduction using a bioeconomic model. In that sense, this paper did some novel
attempts. However, the analysis of the paper is limited in several ways. The
simple bioeconomic model used in this paper uses limited information as a first
approximate to provide guidance. The main merit of the paper is that it attempts to
apply a framework to consistently organize information about species
introduction. The main restrictions come from the poor data and for that reason the
result should be interpreted with some caution. Shortcomings of the simple
bioeconomic model are discussed in length in the paper. We will only discuss
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some of the main shortcomings and suggest how to extend the analysis of the
paper to cover a broader policy interest.

Assessing the net benefit of an introduction aims to ex-post evaluate a policy that
forbids introduction of the signal crayfish at all Swedish lakes. Hence, introducing
the signal crayfish comes to the cost of the noble crayfish and vice versa.
However, result of the paper is only able to indicate if introduction is beneficial or
not conditional on differences on population growth between the two species.
Hence, the paper estimated the population growth for one of the species, while
growth for the other is simulated. This restriction is caused by the lack of
availability of data where both of the species coexist for a longer period. Another
limitation of the paper is that it solely focuses on values reflected on the market
prices of the species. Non-use values such as existence values could have been
neglected. Both use-values and non-use values should be included in a complete
analysis. However, if only existence value is at stake, the question is if current
policy that forbids introduction of the signal crayfish is not too strict? Is it not
enough to preserve the noble crayfish in some lakes? Addressing these questions
involves assessment of conditional and unconditional probability that noble
crayfish becomes extinct in one watercourse given that the signal crayfish is
introduced in an additional watercourse. More precisely, the probability of a total
extinction of the noble crayfish would be desirable. Clearly, although this paper
provides some necessary estimates and analysis, more interesting work is to be
expected in some of the directions pointed out.

5.2 Article 2: Assessing management options for weed control with
demanders and non-demanders in a choice experiment

The yellow floating heart is a water weed causing nuisance problems in Swedish
watercourses, which interfere with boat traffic as well as recreation activities such
as fishing, swimming and canoeing (Josefsson and Andersson 2001). The purpose
of this article is to assess the benefits of having a weed management program and
then compare them with corresponding costs. A weed management program can
be designed in different ways, not the least when it comes to where in the water
system one should control the waterweed. In order to guide the policy-maker on
how a weed management program should be designed, the benefits of a weed
management program are estimated and a choice experiment study is conducted.
The policy recommendation from a simple cost-benefit rule is to control the weed
at some specific sites of the lake.

This paper also develops a method to distinguish those that have a positive WTP
for at least one of the attributes (demanders) from those who have zero WTP for
all attributes (non-demanders). This facilitates a clear distinction between
unconditional and conditional WTP; the conditional being the WTP for
demanders. Hence, the suggested approach provides the policy-maker with
additional information to understand how important the public good is to different
groups of people. Facilitating a probability mass (spike) at zero WTP can also
overcome some of the problems in the literature with negative welfare measures.
In order to distinguish demanders from non-demanders the econometric model as
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well as the design of the survey differs from what is conventionally used in the
literature.

The problem with unrealistic (unrealistic in most cases at least) negative welfare
measures has gained recurrent attention in the valuation literature. In the
contingent valuation literature the problem has been approached differently by
different researchers. Cameron (1988) introduced an approach that directly
focused on the WTP distribution rather than the stochastic part of the utility
function. The advantage of this approach is that it could restrict the willingness to
pay function to be positive and lead to more plausible distributions. The
disadvantage is that it becomes vulnerable for what is known as fat tails (Haab and
McConnell 1997). Kristrom (1997) introduced the spike model in contingent
valuation. Yet another approach which overcomes the problem of negative
welfare measures is variants of the non-parametric models.

The problem in choice experiments is similar to the problem in contingent
valuation. Adamowicz (1998) reflected about troublesome negative welfare
measures in the very first choice experiment in environmental economics. The
model presented in this paper can overcome some of the problems in the literature
with negative welfare measures.

5.3 Article 3: Assessing transfer errors in the benefit transfer method: An
application of invasive weed management using choice experiment

Contingent valuations as well as choice experiments are methods which are costly
to apply. Still, an overview of the contents of the two primary journals in resource
economics, Land economics and the Journal of Environmental Economics and
Management, revealed that approximately one-third of the published papers
between 1990 and 1992 were engaged in valuation (Vatn and Bromley 1994).
Clearly, a large number of resource economists are engaged in empirical valuation
work. The purpose of all this work is often to provide the policy-maker with
information and gain a more efficient use of resources. However, a fair question is
if it’s really necessary to conduct a new and costly valuation study for each new
policy decision. Posed in a different way, is it not possible to make a better use of
existing valuation studies instead of conducting new valuation for each new policy
decision? Hence, is it not possible to interpolate from estimates which already
exist?

Using benefits from a “study site” to a “policy site” is known as benefit transfer in
the resource economics literature. As time and money are limited resources, this
method is gaining increasing popularity among policy-makers. The question mark,
however, concerns the validity of this increasingly popular method. There is at
present a bulk of evidence on the accuracy of benefit transfers where the benefits
are estimated using the contingent valuation method (see, for example Kirchoff,
Colby and LaFrance 1997; Barton 2002). However, there are only a few studies
that have used the benefits from choice experiments and assessed the accuracy of
transferring the benefits from study- to policy site (see, for example Morrison et
al. 2002; Bueren and Bennet 2004; Hanley, Wright and Alvarez-Farizo 2006;
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Hanley et al. 2006). Results from these studies are mixed. To be able to draw
some general conclusions about the possibility to use choice experiment in benefit
transfer, more evidence is clearly required.

The purpose of this article is to put the benefit-transfer approach to a test using
choice experiment. Using estimates from choice experiments in benefit transfer
gives some advantages compared to contingent valuation. Hence, a choice
experiment gives a unique possibility to exclude non-interesting attributes from
the study site when transferring the welfare measures to the policy site. This
means that additional to differences in socioeconomic characteristics, choice
experiment facilitates different changes in site quality when transferring benefit
estimates.

The benefit transfer test is applied for an invasive weed management program,
namely the yellow floating heart. Nuisance problems of the aquatic plant have
been reported and the weed is said to interfere with boat traffic as well as
recreation activities such as fishing, swimming and canoeing, (Josefsson and
Andersson 2001). There are currently about 40 sites in Sweden where the weed is
known to be infested (Larson and Willén 2006). Estimating the accuracy of benefit
transfer is deemed to be policy relevant because of the number of lakes in Sweden
infested with the water weed. The convergent validity hypothesis (implying that
two welfare measures are statistically equivalent) is rejected for three out of five
welfare estimates with a ten per cent significant level. Transfer errors range
between 9 and 79 per cent for all beside one of the welfare estimates. As for future
research it could be of interest to include some additional lakes in the analysis to
identify what essentially drives the error in transferring the benefits between the
lakes. For example, is the transfer error lower when transferring the benefit
between similar sized lakes than lakes that substantially differ in size? Or is it
perhaps the amount of substitutes which solely drives the error term? These types
of questions are left to future research.

5.4 Article 4: Willingness to pay for environmental improvements in
hydropower regulated rivers

The European Water Framework Directive (2000/60/EG) strives to reform the use
of all surface water and ground water in all member states to attain a “good
ecological status” by the year of 2015. How exactly to interpret ecological status is
at present not determined, but a classification of “good ecological status” will be
based upon biological, hydrological as well as chemical factors in the final
judgment. For those waters which will not pass the criteria of good ecological
status, remedial strategies could be of consideration. However, an economic
analysis of water use in the member countries is required by the Water Framework
Directive. The aim of the economic analysis is to assess whether the costs to
achieve the improvements are reasonable. One way to approach this question is to
assess the benefits of the improvements and compare them with the costs of
achieving them. This article focuses on rivers in Sweden which are regulated to
obtain hydroelectricity. Regulation to obtain hydroelectricity can considerably
change landscape structure and lead to impoverishment of natural diversity
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(Nilsson 1996). There are around 1900 hydroelectric power stations in Sweden,
whereof 700 are considered to be large scaled since they have an effect above 1.5
Megawatt. Furthermore, about 50 percent of the electricity produced in Sweden
comes from hydroelectric power stations (Hovsenius 2002). During the past
years, the knowledge of ecological effects of hydropower generation as well as the
possibilities to remediate these waters has increased substantially (Nilsson 1996).
However, data necessary for complementary economic analysis is still insufficient.

Using a choice experiment study, Swedish households’ willingness to pay for
electricity with reduced amount of impact on the environment is assessed. Some of
the policy relevant questions are; how do the households perceive the different
environmental attributes obtained by applying remedial measures? Are some of
the attributes preferred over others? Furthermore, how high is the household’s
willingness to pay for these environmental attributes?

All together, this study provided some understanding of how Swedish households
in average perceive environmental attributes which can be obtained by
remediation of the hydropower regulated rivers. Clear evidence was obtained that
Swedish households have a willingness to pay for environmental improvements in
hydropower regulated waters. The obtained input from this article can be viewed
as a part of a more comprehensive work in relation to the Water framework
Directive in Sweden.

6 Discussion

The contribution of this thesis goes in two separate directions. A central theme of
the thesis has been to analyze economic valuation using empirical methods for
policy and decision purposes. The thesis contributes with relevant estimates and
analysis in relation to water and natural resource management. The applications
partly relates to the growing concern of invasive species, but also to waterpower
externalities and the attempt of the Water Directive Framework to reform the use
of waters in member countries. In short, all of the articles relates to water
management. The estimates and analysis can be used to identify how to more
efficiently manage our resources.

For the application with the signal crayfish, results suggest that only if there are
significant biological differences between the two competing species, economic
gains can be realized by allowing an introduction of the signal crayfish. For the
water weed application the policy recommendation from a simple cost-benefit rule
is to control the weed at some specific sites of the lake. Finally, turning to the
hydropower study, results suggest that there is a willingness to pay for many of the
environmental improving measures.

The thesis also attempts to contribute to the methodological development in the
non-market valuation literature. Distinguishing demanders and non-demanders in
choice experiment is one such attempt. The suggested approach can overcome
some of the problems in the literature with unrealistic negative welfare measures.
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Testing the validity of benefit transfer approach is another attempt to contribute to
the methodological development. Hence, only a limited amount of studies,
previous this study, have used benefits from choice experiment to test for
convergent validity. The results from these studies have been mixed, and more
evidence is deemed to be required. Transfer error ranged between 9 and 79 per
cent for all beside one of the welfare estimates in our particular case.

As three out of four articles in the thesis relate to invasive species, a fair question
is whether or not something general can be said considering invasive species
management as a neat synthesize of these articles? However, the author has
neither intended to make any general points about invasive species management,
nor believes that something interesting has come out in this respect. The thesis
mainly contributes to this field of the literature by showing what can be learnt by
experience and data considering specific case studies related to invasive species.
Rigorous case studies using thorough assessments and empirical estimates of the
impacts of invasive species are relatively rare in the literature. When available,
they can provide valuable and useful knowledge to the policy-maker for the
specific case to understand the scope of the problem and develop appropriate
management responses.

References

Adamowicz, W.L., P. Boxall, M. Williams and J. Louviere. 1998. Stated Preference
Approaches to Measuring Passive Use Values: Choice Experiments and Contingent
Valuation. American Journal of Agricultural Economics 80:64-75.

Alpizar, F., F. Carlsson and P. Martinsson. 2003. Using choice experiments for non-market
valuation, Economic Issues 8:83-110

Arrow, K. J. 1951. Alternative Approaches to the Theory of Choice in Risk-Taking
Situations. Econometrica 19:404-37.

Arrow, Kenneth J., M. Cropper, G. Eads, R. Hahn, L. Lave, R. Noll, P. Portney, M. Russel,
R. Schmalensee, K. Smith, and R. Stavins. 1996. Is there a role for benefit-cost analysis
in environmental, health, and safety regulation. Science 272:221-222.

Barton, D. 2002. The transferability of benefit transfer. Ecological Economics 42:147-164.

Ben-Akiva, M. 1973. The structure of travel demand models, PhD thesis, MIT.

Ben-Akiva M., and Lerman, S.R. 1985. Discrete Choice Analysis. Cambridge, MIT Press.

Bhat, C. 1995. A heteroscedastic extreme value model of intercity travel mode choice.
Transporttation Research B 29:471-483.

Bishop, R. C., and T. A. Heberlein. 1979. Measuring Values of Extramarket Goods: Are
Indirect Measures Biased? American Journal of Agricultural Economics. 61(5): 926-30.
Bockstael, N.E., and McConnell, K.E. 1993. Public good as characteristics of non-market

commodities. Economic Journal 103:1244-1257.

Bueren, M., and Bennet, J. 2004. Towards the development of a transferable set of value
estiamtes for environmental attributes. Australian Journal of Agricultural and Resource
Economics 48: 1-32.

Cameron, T. A., 1988. A New Paradigm for Valuing Non Market Goods Using Referendum
Data: Maximum Likelihood Estimation by Censored Logistic Regression. Journal of
Environmental Economics and Management 15:355-379.

Carlsson, F., and P. Martinsson. 2003. Design Techniques for Stated Preference Methods in
Health Economics. Health Economics 12:281-294.

Carlsson, F., and M. Kataria. 2006. Assessing management options for weed control with
demanders and non-demanders in a choice experiment. Working papers in economics no.
208, S-WoPEc.

26



Davis, Robert K. 1963a. Recreation Planning as an Economic Problem. Natural Resources
Journal 3: 239-249.

Davis, Robert K. 1963b. The Value of Outdoor Recreation: An Economic Study of the
Maine Woods. PhD dissertation, Harvard University.

Davis, Robert K. 1964. The Value of Big Game Hunting in a Private Forest. Transactions
of the 29th North American Wildlife and Natural Resources Conference. Washington
D.C.: Wildlife Management Institute.

Debreu, Gerard. 1959. The Theory of Value: An axiomatic analysis of economic
equilibrium. Yale University Press.

Friedman, Milton. 1953. Essays in positive economics. Chicago: University of Chicago
Press.

Green, P.E., and V.R. Rao. 1971. Conjoint Measurement for Quantifying Judgmental Data.
Journal of Marketing Research 13:355-363.

Haab, T. C., and K. E. McConnell. 1997. Referendum Models and Negative Willingness to
Pay: Alternative Solutions. Journal of Environmental Economics and Management
32:251-70.

Haab, T. C., and K. E. McConnell, 1998. Referendum Models and Economic Values:
Theoretic, Intuitive, and Practical Bounds on Willingness to Pay. Land Economics
74:186-202.

Haffen, R., D. M. Massey and W. L. Adamowicz. 2005. Serial nonparticipation in repeated
discrete choice models. American Journal of Agricultural Economics 87:1061-1076.

Hamrin, S. F. 1993. Mojligheter att 6ka flodkréftbestand i1 svenska vatten. Report by:
Institute of Freshwater Research 2. ISSN: 0346-7007. Stockholm, (In Swedish).

Hanemann, M. 1984. Welfare evaluations in contingent valuation experiments with discrete
response. American Journal of Agricultural Economics 66:332-341.

Hanley, N., S. Colombo., Dugald, T., A. Black, and Aftab, A. 2006. Estimating the
benefits of water quality improvements under the Water Framework Directive: are
benefits transferable? European Review of Agricultural Economics 33:391-413

Hanley, N., R. Wright, and B. Alvarez-Farizo. 2006. Estimating the economic value of
improvements in river ecology using choice experiments: an application to the Water
Framework Directive. Journal of Environmental Management 78:183-193.

Hensher, D.A. 1997. A practical approach to identify the market for high speed rail: a case
study in the Sydney-Canberra corridor. Transportation Research 31A(6): 431-46

Hicks, John R. 1939. Fondations of Welfare Economics. Economic Journal 49, 696-712.

Hicks, John R. 1943. The four consumer’s surplus. The review of economic studies 11:31-
41

Hovsenius, G. 2002. Vattenkraften i Sverige. En Faktarapport inom IVA-projektet
energiframsyn Sverige i Europa. (In Swedish)

Josefsson and Andersson. 2001. The Environmental Consequences of Alien Species in the
Swedish Lakes Milaren, Hjdlmaren, Vinern and Vittern. Ambio 8:514-521

Jarvi, T., and L. G. Thorell. 1999. Atgirdsprogram for bevarande av flodkrifta. Report by:
National board of fisheries together with The Swedish Environmental Protection Agency.
ISSN 1403-519. Stockholm, (In Swedish).

Kaldor, N. 1939: Welfare Propositions in Economics and Interpersonal Comparison of
Utility. Economic Journal 49: 522-549.

Kirchoff, S., B.G Colby, and J.T. Lafrance. 1997. Evaluating the Performance of Benefit
Transfer: An Empirical Inquiry. J. Environ. Econ. Manage. 33:75-93.

Knight, F. H. 1921. Uncertainty and Profit. Boston: Houghton Mifflin.

Kristrom, B. 1990. A non-parametric approach to the estimation of welfare measures in
discrete response valuation studies Land economics 66:135-139.

Kristrom, B. 1997. Spike models in contingent valuation, American Journal of Agricultural
Economics 79:1013-1023.

Lancaster, K. 1966. A New Approach to Consumer Theory, Journal of Political Economy,
74, 132-157.

Larson, D., and E. Willén. 2006. Non-indigenous and invasive water plants in Sweden (in
Swedish with English abstract). Svensk Botanisk Tidskrift 100: 5-15.

27



Lee, B. 1999. Calling patterns and usage of residential toll service under self-selecting
tariffs. Journal of Regulatory Economics 16:45-82

Louviere, J., and G.Woodworth. 1983. Design and analysis of simulated consumer choice
or allocation experiments: an approach based on aggregate data. Journal of Marketing
Research. 20: 350-367.

Louviere, J., D. Henser and J. Swait. 2000. Stated Choice Methods. Cambridge: Cambridge
University Press.

Lovell, S. J. and Stone, S. 2005. The economic impacts of aquatic in invasive species: A
review of the literature. NCEE (National Center for Environmental Economics), U.S.
Environmental Protection Agency, Washington DC.

Marshall, Alfred. 1920. Principle of economics: An Introductory Volume. 8™ ed. London:
Macmillan.

McCloskey, D. 1985. The Rhetoric of Economics. 2™ edition. University of Wisconsin
Press. Madison.

McFadden, D. 1974. Conditional logit analysis of qualitative choice behavior. In
P.Zarembka, (ed.), Frontiers in Econometrics. New York: Academic Press. 105-142.

Morrison, M., Bennet, J., Blamey, R., Louviere, L. 2002. Choice modeling and tests of
benefits transfer. American Journal of Agricultural Economics 84:161-170.

Mailer, Karl-Goran. 1974. Environmental Economics: A Theoretical Inquiry. Baltimore,
MD: The John Hopkins University Press for Resources for the Future.

Neumann, J. von, and O. Morgenstern. 1944. Theory of Games and Economic Behavior.
Princeton University Press, Princeton, New Jersey.

Nilsson, C. 1996. Remediating river margin vegetation along fragmented and regulated
rivers in the north: What is possible? Regualted rivers: research and management
12:415-431.

Okun, Arthur. Equality and Efficiency: The Big Tradeoff. Washington, D.C. Brookings
Institution, 1975.

Perrings, C. 2005. Mitigation and adaptation strategies for the control of biological
invasions. Ecological Economics 52:315-325.

Pimentel, D., Zuniga, R., and Morrison, D. 2005. Update on the environmental and
economic costs associated with alien-invasive species in the United States. Ecological
Economics, 52:273-288.

Polinsky, A. M. 1972. Probabilistic Compensation Criteria. The Quarterly Journal of
Economics 86:407-425.

Sagoff, M. 1994. Should Preferences Count? Land Economics 70:127-144.

Sagoff, M. 2004. Price, Principle, and the Environment. Cambridge. Cambridge University
Press.

Savage, L. 1954. The Foundations of Statistic. John New York: John Wiley and Sons.

Train, K., D. McFadden, and M. Ben-Akviva. 1987. The demand for local telephone
service: A fully discrete model of residential calling patterns and service choice. Rand
Journal of Economics 18, 109-123

Train, K., 2003. Discrete Choice Methods with Simulation. Cambridge University Press,
New York.

Vatn, A. and D. Bromley. 1994 Choices without Prices, Without Apologies. Journal of
Environmental Economics and Management 26:129-148.

Westman, K., R. Savolainen, and M. Julkunen. 2002. Replacement of the Native Crayfish
Astacus astacus by the Introduced Species Pacifastacus Leniusculus in a Small, Enclosed
Finnish lake: a 30-year study. Ecography 25:53-73.

Wiley, J.B. 1978. Selecting Pareto optimal subsets from multiattribute alternatives.
Advances in Consumer Research 5:171-174.

William J. Baumol, Superfairness, Application and Theory, Cambridge, MA: MIT Press,
1985.

Willig, Robert D. 1976. Consumer’s surplus without Apology. American Economic Review
66:589-597.

Zwerina K. Discrete Choice Experiments in Marketing. Physica-Verlag: Heidelberg, 1997.

28



