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Prologue: The case of Vallaleden
The Valla forest is a centrally situated recreational area in the town of Linköping.1 During the
1980s politicians planned to build a new road right through the Valla forest. The new road,
called Vallaleden, would provide a shortcut for motorists, and thus relieve central Linköping
from traffic. Figure 1.1 is a part of a map of Linköping where Vallaleden is marked with
black dots.
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Figure 1.1 Vallaleden in the road network of Linköping (shaded parts are built-up areas).
Vallaleden would have offered a new route between the two roundabouts, shown on the map,
which would more than halve the driving distance. However, at the same time Vallaleden
would encroach on the Valla forest and its surrounding recreational areas. Directly east of the
forest is an open-air museum (Old Linköping) consisting of old houses moved from other
parts of Linköping, which epitomizes the quiet and charm of a small village in the past. West
of the forest is a recreational area with domestic animals, a playground and a miniature golf
course. Still further west of the forest is the campus of Linköping University. From the
campus, through the forest and via old Linköping, runs a frequently used cycle and footpath
to the town centre of Linköping. The Valla forest and its recreational areas are used by
inhabitants from the entire municipality of Linköping.
The large travel time savings the excellent short-cut between two populous parts of the town
would have caused explains why Vallaleden appeared as one of the most profitable road
1

Linköping is a town in Sweden with approximately 140 000 inhabitants.
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investments in the whole of Sweden according to a cost-benefit analysis of the project,
summarized in Table 1.1.2
Table 1.1 Costs and benefits for Vallaleden, million SEK per year, price level 1990
Costs
Road capital costs
Environmental encroachment costs

2.1
?

Total costs

2.1

Benefits
Road user cost savings
Exhaust fumes emissions
and noise reduction
Total benefits

19.3
0.9
20.2

When it came to making the final decision about Vallaleden, however, the local politicians in
Linköping could not agree on whether to build the road or not. The question was partysplitting, and it seemed very difficult to obtain a clear majority either for or against
Vallaleden in the city council. In order to come to a decision the only solution was to arrange
a local referendum, which was carried out in Linköping in the spring of 1989.
The result of the referendum was that three fourths of those voting voted no and only one
fourth of them voted yes. This result was quite surprising in view of the benefit/cost ratio. As
is seen in the table, road user cost savings accruing mainly to inhabitants of Linköping, would
have been about ten times greater than the costs of building the road through the Valla forest.
Moreover, the latter costs would have burdened taxpayers in Linköping very little, since it
was agreed that the national Government would finance the total expense for building the
road.
Vallaleden was never built. If this was the correct decision or not is even today impossible to
know.

2

For a more detailed description of the case of Vallaleden see Grudemo (1990) and Jansson (1996).
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1 Background, problem and purpose
National or local referendums are not common in Sweden. It has been possible to carry out
both advisory and decision-making referendums on a national level in Sweden since 1922.
All six national referendums held so far have been advisory and the results do not have to be
implemented by politicians. Since 1977 it is also possible to carry out local advisory
referendums in Sweden. Approximately 60 local referendums, half of them about
municipality splitting, have been carried out. 3 Only four local referendums about planned
new roads have been carried out: in Uppsala 1985, Linköping 1989, Ekerö 1991, and Partille
2004.4
A referendum concerning a road investment would only show whether or not a majority of
those voting thinks that their costs are greater or less than their benefits from the new road.
The result of a referendum would not reveal the strengths of the preferences of the
individuals concerned. A no-result could appear if a majority of the people voting are
negatively affected, but only slightly so, while a substantial minority is affected very
positively indeed.

1.1 Road investment CBA in broad outline
The Swedish Road Administration (SRA) is responsible for the main, largely interurban road
transport system in Sweden. SRA uses cost-benefit analysis (CBA) as a basis for road
investment decisions. As regards local road investments in urban areas, for which the city
council is responsible, there is no formal requirement that cost-benefit analysis should be part
of the decision-making process, but all the same it is often used to support the decision. By
using CBA the objective is to count all the costs and benefits for all individuals concerned in
the population, which implies that the strengths of the individual preferences are fully taken
into account. CBA is based on the mean value of the individual net benefits, while a decision
based on a referendum depends on the net benefit of the median voter.
CBA presumes that the individual consumer is the best person to judge what gives him/her
utility, i.e. non-paternalism, and that the resources should be used in their most productive
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Home page of the Government Offices of Sweden, www.sweden.gov.se.
Home page of the Swedish Election Authority, www.val.se.
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(highest valued) use, i.e. economic efficiency.5 CBA is based on the compensation principle,
proposed by Hicks (1939) and Kaldor (1939).6 According to this principle, a change in the
economy is an improvement if those negatively affected can be compensated by those
positively affected. However, the compensation principle does not presuppose that any
compensation is really made. Freeman (2003, p. 89) presents a justification for using the
compensation principle: “One justification for the Hicks-Kaldor potential compensation test
is that a large number of efficient projects will spread benefits sufficiently widely so that
everyone is a net gainer from the set of projects taken as a whole, even though some might be
losers on individual projects.”
The steps in a CBA of a road investment are: defining the affected population (both road
users and those living nearby), identifying the effects on people in these two categories,
quantifying the effects, valuing the effects, discounting the valued effects, and finally making
a sensitivity analysis of the results.7
SRA uses a specially designed calculation program in its road investment CBA.8 The effects
of road investments are expressed as differences between the situation before and after the
investment. The net result in monetary terms can be expressed as:
n

NB = ∑ pi * xi
i =1

(1.1)

where NB is the total net benefits (which can be negative), pi is price per unit of effect i, and
xi is quantity of effect i. SRA uses pre-calculated standard values for pi, so if for example, x1
is saved travel time for private regional trips in hours, p1 is 42 SEK.9 Saved travel time and
improved road safety are the most important benefits of building new roads. Persson and
Lindqvist (2003) made a review of 146 cases of CBA of road objects in the national road
system in Sweden carried out by SRA for the planning of budget period 2004-2015. Table 1.2
shows that travel time savings and improved traffic safety counted for approximately 90 % of
the total benefits for these objects.

5

Mitchell and Carson (1989).
See Boadway and Bruce (1984) for a thorough description of welfare economics, on which CBA is based.
7
SIKA (2002a).
8
See Vägverket (SRA) (2000).
9
SIKA (2002a).
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Table 1.2 Social costs and social benefits of 146 road objects in Sweden
Costs (million SEK)
Construction costs
Increased maintenance costs
Increased emissions

33 800
4 000
1 000

Total Costs

38 800

Benefits (million SEK)
Saved travel time
47 300
Improved road safety
38 400
Decreased passenger vehicle costs
2 600
Decreased costs for goods transport
1 200
Noise
minor effect
Total Benefits
89 500

The environmental effects and the road user benefits in Table 1.2 are all calculated by means
of transferable unit values assumed to be generally applicable. As seen in Table 1.2 changes
in emissions from the traffic due to road investments represent relatively small net costs. In
the survey on which Table 1.2 is based, it was also found that calculations of changed noise
disturbance were made only in 11 of the 146 cases. In those eleven cases the benefit of
decreased noise was approximately 1 % of the total benefits.

1.2 The problem: Missing encroachment costs
Roads are meant for flexible transportation to fulfil different useful purposes. Unfortunately
roads and their traffic causes negative externalities. One externality is road accidents. The
other externalities will in this thesis be called encroachment costs. At the same time as, for
example, increased commuting capacity is a good for most people, the motor vehicles driving
on the roads causes emissions and noise. The road and its traffic together could cause a
number of other negative effects, both when the area encroached into is used for recreation,
and when it is a built-up area where people live and work. A great view might be spoiled and
the road may cause a barrier. The land where the road is placed can not be used to anything
else, and the value of the environment surrounding the road would also be decreased,
although increased accessibility may have the opposite effect.
Just to describe all the aspects of an environmental encroachment by a new road is quite a
challenging task. It is mandatory in the Swedish road planning that this task is carried out in a
proper way. An Environmental Impact Assessment (EIA) describes the environmental
consequences of infrastructure investments. In Sweden an EIA must be carried out before
deciding to build a road or a railway, according to the road law and the law about
constructing a railway. The purpose of an EIA, described in the Swedish environmental code,
is the identification and description of effects on people, animals, plants, ground, water, air,
climate, landscape and cultural environment. An EIA is a useful complement to monetary

5

valuation of environmental encroachment and can serve as a basis for descriptions of
encroachments in the process towards valuation of encroachment in CBA.
In this thesis all the negative effects caused by a road and its traffic on the surrounding
environment are regarded as an entirety which is called environmental encroachment. The
corresponding total cost is called encroachment cost. It should be noted that the
environmental effects caused by the traffic on a road which are valued monetarily today
(emissions and noise) are part of the encroachment cost. The physical encroachment caused
by the road itself is not valued at all, apart from small effects called barrier effects that are
sometimes included in the CBA.10 It is important to note that when the encroachment cost is
included in CBA of road investments, the costs of emissions which fall on the local people
and the costs of noise already included in the CBA should be omitted, in order not to doublecount.
In Grudemo (2004) the legal aspects of encroachment caused by new roads in Sweden are
dealt with. The Swedish road law regulates how compensation for encroachment by roads
must sometimes be paid to real-estate owners for the decrease in the value of their land, or
how the real estate might be taken by coercive redemption when the new road has to make
use of private land. Sometimes when the new road does not require private land, but would
run close to an estate and obviously be very disturbing, it does happen that compensation is
paid to those concerned. This is, however, a rare exception to the rule of neglecting the
encroachment cost in CBA.
It is obviously a problem that encroachment costs are missing in standard CBA of road
investments. The fact that the total benefits exceed the total costs by as much as a factor 2.3
in the 146 cases summarized in Table 1.2 may indicate two things. Partly it may indicate that
more projects with a calculated benefit/cost ratio above 1 exist, but have been rejected
because the unknown encroachment costs are supposed to be great enough to tip the balance,
partly it may indicate that the benefit/cost ratio of the included cases would be considerably
lower if the full encroachment costs were included.

10

Barrier effects are meant to capture the difficulties for pedestrians and cyclists to cross a busy road. This is
caused mainly by the traffic on the road but the road itself can be considered to contribute to these difficulties.
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It is also significant that most new investment projects in transport infrastructure in bigger
cities in Sweden such as Stockholm, Gothenburg and Malmö have to be placed in tunnels to
avoid encroachments, which will multiply the construction costs.11
The fact that encroachment costs are missing in road investment CBA does not mean that
encroachments by new roads are ignored by SRA in the decision-making process. On the
contrary, one aspect of the problem is that the missing monetary value for encroachment
costs makes the decision process much longer, because a more long-winded way to get to a
decision has to be followed. It causes subjectivity in the decision-making, which can result in
wrong priorities, which are not in line with the preferences of the people concerned. The
missing valuation of environmental encroachment might result in both too large and too small
expenditures on the avoidance of encroachment.12 For example, which new roads considered
would cause encroachments large enough to motivate placing them in tunnels?

1.3 Problem analysis
The special nature of encroachment costs makes the valuation problem very intricate indeed.
Before deciding how to tackle the problem a more profound problem analysis is necessary,
where the heterogeneous nature of road encroachments is dissected. There are a number of
different dimensions of the heterogeneity, which are pointed out in what follows.

1.3.1 Homogenous versus heterogeneous costs and benefits
There are natural differences in the approaches to the valuation of homogenous and
markedly heterogeneous inputs or outputs. The different costs and benefits in road
investment CBA for a particular object are obtained in two possible ways:
1. Transfer of values, which mean using standard unit values, which in previous
research have been found to be generally applicable.
2. Calculate the cost or benefit by collecting new data for a new estimation for each
particular investment project.

11
12

See for example Jansson (2001).
SIKA (2002b).
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The former approach, often called benefit transfer is, in the context of environmental
and natural resource valuation, defined by Freeman (2003, p. 453) as: “Benefit transfer
refers to the practise of applying non-market values obtained from primary studies of
resource or environmental changes undertaken elsewhere to the evaluation of a
proposed or observed change that is of interest to the analyst.”
As was pointed out in section 1.1, the main approach in CBA for road investments is to
use standard unit values for different effects, like travel time savings and the reduction
of accident risks. The same value of time is applied to a particular category of travel in
the CBA of all projects, and the same value of a statistical life13 is used everywhere.
The total time savings and risk reduction benefits of a particular project are obtained
simply by multiplying the transferable standard unit values and the total quantities
concerned, that is, the total travel time saved, and the total number of accidents
prevented.
Environmental encroachment by roads and their traffic is a complex entity, probably highly
dependent on the specific context. Finding standard values per unit to put in as pi in formula
(1.1) on page 4 seems very hard, or even impossible.14 Attempts to generalise the results of
different valuation studies in Sweden have shown that it is very difficult (Lind et al. 2002).
An example where the second way is more natural is the road construction cost, which due to
topography variations and more or less unknown characteristics of the soil and bedrock in
each particular case, may require, for example, special geotechnical examination.
The big question is, which way is appropriate for the encroachment costs? Before taking on
this question some further aspects of the heterogeneity of these costs can be pointed out.

13
14
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The value of preventing one death is derived from the valuation of small risk reductions.
Apart from some of the effects caused by the traffic on the road, i.e. noise and emissions.

1.3.2 Use and non-use values of an encroachment area
The site where a road and the traffic on it cause encroachment will be named the
encroachment area. Three different categories of people which are affected by the
encroachment of a new road can be distinguished:
1. People living close to the encroachment area. It is a well-known fact that people
do not want roads nearby their house; NIMBY (not-in-my-backyard) is a common
nickname of opponents to new roads of this category of people.
2. People visiting the encroachment area for different reasons.
3. People never visiting the encroachment area.
The valuation of an environmental area can consequently be expected, on one hand to depend
on the actual use of the area either as a resident or just as a visitor. On the other hand, so
called non-use values might also exist. Also people never visiting the area in question might
place a value on keeping it unspoiled. For special natural resources such as the Grand
Canyon, the total non-use value could be much higher than the use value; the whole
population may be concerned even though only some of them will ever visit it. Frykblom
(1998, p 10) points out the following kinds of non-use values:
•

Existence value — the very existence of a natural or man-made resource is valued

•

Bequest value — a value due to altruism towards the coming generations

•

Quasi-option value — a value due to the possibility that the resource might be used in
the future by people of the present generation

However, most resources with more or less close substitutes often have a relatively low nonuse value.15 The non-use value is probably more important the more unique the area is.
In this thesis an important distinction is made between local people and non-local people.
The definition of local people must be decided in every certain case, but normally it is people
living in a certain village, town, or larger urban area, where a road causes an encroachment.
Non-local people are the rest of the Swedish population. It can be expected that the cost of an
environmental encroachment by a road for non-local people is significant mainly in unique
cases, which implies an encroachment in a very special environment of national interest,

15

OECD (1989).
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including so called Natural Heritages.16 The encroachment can be seen as a national public
good (bad). An approach towards valuation of Natural Heritages in Sweden has been tried
out in Israelsson (2001). In England Maddison and Mourato (1999) valued different options
for a road passing the Natural Heritage Stonehenge.
In more ordinary cases it is assumed that primarily local people perceive encroachment costs,
which makes the encroachment a local public good (bad). However, local people of category
1, that is, people living in the immediate surroundings of the encroachment area, are often
incurring a considerably higher encroachment cost than the rest of the local people, because
for them remaining unspoiled environmental areas further away are no substitutes for the
environmental quality of the immediate surroundings.
The next heterogeneity dimension to take up is the empirical aspect, where the basic question
is whether revealed preference or stated preference data, or both, are to be relied on?

1.3.3 Limited possibilities to rely on revealed preference data
To value the encroachment cost caused by roads and their traffic, data must be collected from
which the preferences of those exposed to road encroachments could be inferred. As regards
valuation of environmental costs and benefits in general there are two kinds of data which are
relied on, and which to a large extent determine the valuation method.17 The data could
reflect either revealed preferences or stated preferences. The conventional wisdom is that, if
possible, Revealed Preference (RP) data which are recorded on an existing market should be
relied on, but since they can be difficult to come by, Stated Preference (SP) data are often
necessitated.
Since there are no markets for environmental qualities, as a rule, revealed preferences have to
be observed in an indirect way. Indirect observations could, for example, be obtained by
studying the market for another good, which is affected by the environmental quality
concerned, or by measuring the demand and cost of being able to utilise an environmental
area. The two indirect methods mostly referred in the literature are the Travel Cost Method
(TCM) and the Hedonic Price Method (HPM).
16

For example the Swedish Environmental Protection Agency defines a Natural Heritage for outdoor life as
areas that are or can be attractive for visitors from the whole or a large part of Sweden or foreign countries
(http://www.naturvardsverket.se).
17
A more thorough description of different methods can be found in Ivehammar (1996b).

10

For the valuation of the negative external effects on those living close to the encroachment
area HPM might be usable. It is based on the assumption that the price of a good is
influenced by the characteristics that are directly or indirectly associated with the good. A
common application of this method assumes that house prices reflect different characteristics
of the house, as well as the quality of the environment in the vicinity. Rosen (1974)
introduced HPM as a way to value some kinds of non-market goods.18
As regards encroachments caused by a road, it might be possible to estimate the costs for
people of category (1), living in the immediate surroundings of an existing encroachment, in
this way. A regression model with variables for all attributes affecting the price of the houses
should be estimated, including characteristics of the encroachment by a road. However, a
large amount of data is needed to estimate models to explain what affects the prices in the
housing market. One difficulty in the present connection is that roads both have negative and
positive effects. It is positive to have good access to the road network, while the
encroachment is negative. Moreover HPM can only be used to estimate the values to persons
who actually consume the selected market good,19 for example houses close to an
encroachment area. HPM has been used in Sweden to try to estimate the encroachment cost
for people living in the immediate surroundings to a road.20 The effect on the utility of people
visiting the area but not living there will not be possible to get by the HPM.
For people visiting the area TCM might be usable. With this method the cost of travelling to
a certain area is regarded as the price for visiting the area. The idea of TCM is that the
number of visits to a park, for example, depends on that price. The value of using the park
can be derived by dividing the area around the park by distance and travel cost, and find out
the frequency of visits by people from different sub-areas. Hotelling was the first to propose
(in 1947) that the value of a park could be derived from the travel costs to visit it. The
method was not actually applied until about 10 years later. Clawson and Knetsch (1966) used
TCM for the valuation of recreation sites and the method thereafter became popular. 21

18

Cummings et al (1986).
Hanley (1988).
Transek (2001) found that it was very hard to measure enough parameters to obtain significant results even
when thousands of observations are available. In Norway attempts with HPM has also been made (Grue et al.,
1997).
21
Cummings et al (1986).
19
20
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TCM seems suitable mainly for valuing special environmental resources, which are the main
purpose of trips by persons living at different distances from it (for example a recreational
park). TCM is not suitable in cases where a certain encroachment area is visited for quite
another purpose such as working in the area concerned.
It is obviously impossible to estimate pure non-use values either with HPM or TCM. These
methods might be used in some special cases or as a way to try to evaluate other methods, but
seem in general impossible to use to estimate the total cost of an encroachment caused by a
road.
In view of the difficulties to rely on RP-data for the estimation of the cost of encroachments
caused by roads and their traffic, the most common methods based on stated preferences are
now briefly reviewed.

1.3.4 Stated preference data – problems and possibilities
Basing the valuation on Stated Preference (SP) data implies constructing or simulating a
market and let the respondents state their preferences.
One group of SP methods is called the Contingent Valuation Method (CVM). CVM can be
used in trying to estimate people’s valuation of public goods that are not priced, by creating
hypothetical markets for the good in question. A scenario is described to the respondent,
where he/she is offered an improvement but have to pay for it in some way. Alternatively,
he/she is faced with impairment and is compensated for it. As distinct from HPM described
above, CVM does not require a specific relationship to exist between the good studied and a
good with a market price. The method can therefore be used in many situations.22
A second group that was first used in market research in order to estimate how different
characteristics of a product affect consumers’ preferences for the product goes under a
number of names, but can be called Stated Choice (SC). There are different ways to design
SC studies. The most common way is simply to ask respondents to choose between options.
The respondents are asked to make a number of choices between options composed of certain
factors that are varied. Other ways are to ask them to mark the options according to a verbal
or numerical scale, or to rank options from best to worse. Preferences for new products or
22

Kriström and Löfgren (1990).
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situations can also be studied and valued by using hypothetical options. Each respondent are
faced by a number of hypothetical choices. 23 This increases the effectiveness of the data
collection and can provide sufficient data to make it possible to estimate a utility function for
each individual.24
Freeman (2003) divides the valuation methods relying on SP-data into three groups, adding a
third group called Contingent Behavior, which involves asking respondents how they would
change their behaviour because of, for example, an environmental improvement. One
example could be to ask visitors to a recreational park how often they would visit the park if
the environmental quality was increased in some way. The contingent change in number of
visits is used to estimate the shift in the demand for visits to the park due to the improvement
of its quality. 25
A number of studies using CVM have been made in Sweden with the aim of valuing
encroachment costs by roads and their traffic.26 In Spain CVM has been used to value the
environmental externalities of major urban roads (Riera, 1993). Environmental encroachment
by an urban road section and its traffic were estimated with CVM in Switzerland by Soguel
(1995). The Swedish studies were aimed at illustrating the substantial size of the
encroachment costs caused by road investments. This was intended to be an alarm signal, or
warning not to carry out investments causing serious encroachments before a method has
been found for calculating unbiased values for the encroachment costs usable in the road
planning process.
In Sweden some studies have also been made with SC trying to estimate the encroachment
cost for people living in the immediate surroundings of an encroachment area by using the
housing cost or price of buying a house as the price for avoiding an encroachment (Lind et
al., 1993, Transek, 2001, and Lindqvist Dillén et al., 2003). The main purpose with these
studies was to find transferable encroachment costs.

23

A way to limit the number of options is to remove dominant options that are better or worse than all options
for all factors. One advantage of including dominant options is that it is a way to check that the respondents
cope with answering the study, and it is not always evident which option is the very best or worst. (Widlert,
1992).
24
Bradley (1988).
25
Freeman (2003).
26
Earlier studies are summed up in Grudemo (1998). Later studies are Ivehammar (1996a), Werneman (1997),
Grudemo (1999) and Grudemo (2000).
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1.3.5 Conclusions of the problem analysis
Experience of previous research on road encroachments and the present problem analysis
have led to the following preliminary conclusions, which constitute the starting-point for the
main parts of the thesis.
A new road gives both positive effects (availability) and negative effects (encroachment).
One way to keep other effects except the encroachment constant is to use a tunnel scenario in
CVM studies. When a road is placed in a tunnel, the travel time and the availability is nearly
the same as with a road above ground. Some people might perceive it as negative to travel in
a tunnel (Lind et al., 1993, Sandberg Eriksen, 1993, Kottenhoff, 1999, and Ljungberg, 2000),
but apart from that, the only difference is the encroachment caused by the road on the surface,
and the additional construction cost of placing the road in a tunnel.
However, to be directly useful for an investment decision, the study must be performed ex
ante in each particular case, and this has proved to be very problematic. It has in Sweden
been tested with CVM, indicating great problems of strategic bias (See for example Trouvé
and Jansson, 1987). In Chapter 3 it will be argued that CVM ex ante for a planned road
investment is not appropriate to use as part of the road planning process, even if the best
available variant of the method is used. This is the main reason for the development of the
environmental cost transfer approach in Part I, as well as the new ex ante approach in Part II..
The idea of encroachment cost transfer will be very hard to realize, but it should not be given
up in view of the great usefulness of some kind of final formula for the encroachment costs in
CBA of road investments. CVM ex post could be the analytical tool, by which this idea could
be realized, but this will certainly require a lot of empirical work.

14

1.4 Purpose – development of two alternative approaches towards
the estimation of encroachment costs
The purpose of this thesis is to devise a procedure for dealing with the encroachment costs in
CBA of road investments. Two alternative approaches to those previously tried out in
different Swedish studies towards the estimation of the encroachment costs caused by roads
and their traffic will be explored:
I. Constructing a calculation formula for a typical case of encroachment which would
make it possible to produce transferable values by inserting applicable input data for
the project at hand in the formula.
II. Making an estimation of the encroachment cost for each new object by collecting
preference data from the local population, using a new method for valuation ex ante as
part of the road planning process.
The following chapters are accordingly divided into two parts. Part I aims eventually at
formulas for encroachment cost transfer for different typical cases of encroachment. Apart
from collecting ex post estimation results for developing the encroachment cost transfer
approach, subsidiary purposes of Part I are to illustrate the size of the total encroachment
costs caused by road investments in the past, and to analyze some methodological issues
concerning the collection of preference data. Part II develops a new approach aimed at
estimating the encroachment costs ex ante as part of the planning process of road
investments, which means that a separate preference data collection is made for each new
project.
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PART I TOWARDS ENCROACHMENT COST TRANSFER
Chapter 2: A long way to the final goal
Chapter 3: CVM in general and applied for road encroachment costs
Chapter 4: Encroachment costs calculated ex post by Binary CVM
Chapter 5: Methodological lessons from the applications
Chapter 6: Towards the final formula for the typical case barrier to water
The most practical way to include encroachment costs in CBA would be to have access to a
formula which could give an applicable total encroachment cost value by inserting a limited
number of measurable characteristics of the project (new road) in question and its
environment. Then there would be no need to collect preference data in each particular case.
However, there is a rather long way towards the final goal of complete encroachment cost
formulas for different typical cases. It should be anticipated that the thesis will not come all
the way there. Part I of this thesis can be seen as an endeavour that takes several steps
forward towards the final goal. Considerable more work remains to be done to get right up to
the final goal of encroachment cost transfer.
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2 A long way to the final goal
Since there are quite a few stages of the route to the final goal of cost transfer, it should be
helpful to provide a more detailed “road map” of Part I than just the chapter headings of the
preceding page. The first step is to define typical cases of road and traffic encroachments,
which are either threatening or have already been done and might be possible to undo, or at
least mitigate by new investments.

2.1 Defining typical cases
A typical case should be defined sufficiently widely to include a good number of objects, but
a too wide definition means a risk for reduced transferability, unless an unwieldy number of
characteristics are taken into account in the final formula.
An example of a classification of typical cases of road encroachments is presented in
Grudemo (2004):
•

A road as a barrier between a residential area and water

•

A new road in the countryside spoiling a natural heritage

•

A new road in the countryside spoiling more common nature

•

A new road close to built-up areas spoiling a recreational area

•

A new road close to built-up areas spoiling a cultivation area

•

A new road bringing about a large traffic relief in an urban area

•

A bridge over a bay spoiling the view of the sea (or big lake)

This classification is preliminary, and will not be more definite until each suggested typical
case has been thoroughly investigated.
There are two causes of differences between the valuations of different encroachments. One
is different object-specific characteristics, and the other is differences between the
populations affected. The transferred values must be adjusted to consider these differences. 27
There are probably considerable object-specific differences also within each typical case,
which will require some kind of meta-analysis based on regression analysis of a large sample

27

Freeman (2003), see also Bateman et al (2000) for different benefit transfer techniques.
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of objects, within a particular typical case. This final meta-analysis is the last stage of the cost
transfer approach, for which, however, the data collected so far are quite insufficient.
This thesis is limited to an outline of all stages of the cost transfer approach up to the last
stage in one typical case. The typical case selected is one to which a large number of objects
belong, namely the typical case where a road constitutes a barrier between a built-up area and
water, which could be a river, lake or bay. A survey showed that there are more than a
hundred examples of existing encroachments in this typical case in Sweden, which could be
mitigated by tunnel investments or other radical measures in the traffic system.28
A “barrier to water” can cause a number of unfavourable effects. The road and the traffic on
it make passage difficult, decrease the value of recreation by the water, increase the accident
risk and noise level, spoil the view of the water, etc. The effects valued in the CBA by SRA
today are effects mainly due to the traffic on the road. The encroachment caused by the road
itself is a main gap in the CBA. It should also be pointed out that, if and when a cost transfer
formula for a typical case is eventually coming out to complement the CBA, it is important to
make sure that there is no double counting as regards negative effects of the traffic such as
noise and emissions.

2.2 CVM ex ante and ex post
The next step, after defining a particular typical case, is to look for a good number of objects
– the more, the better – and collect useful data for each object of the preferences regarding
the encroachment concerned. The encroachment cost of each object together with the
explanatory variables, are to be used as input in the construction of a cost transfer formula for
that typical case.
One justification of the cost transfer approach is that it is a way to avoid the problem of
strategic behaviour of ex ante valuations, which means to value the encroachment of a
planned road investment. After the investment has been done the encroachment cost
valuation is, of course, useless for that particular investment decision. However, ex post
valuation of the encroachment cost is useful for the purpose of constructing a formula for
encroachment cost transfer to be applied in CBA of future investments. Moreover it is much
better to estimate the encroachment cost of an existing road than of a purely hypothetical road
28

Grudemo et al. (2002).
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in a constructed encroachment area. It is easier to imagine for those concerned, what the
encroachment means, because they know it, and what it would be like if it were undone.
CVM ex post seems suitable to use for collecting the necessary data. However, it must be
further examined how the versatile toolbox of CVM can be used for encroachment cost
estimation. In chapter 3 CVM will be described, first as a general analytical tool, and then
follows a discussion about the special design of the ex post studies performed with the aim of
estimating encroachment costs caused by roads and their traffic.
Chapter 4 presents four applications of ex post estimation of the encroachment cost by a
scenario where an existing road is the starting-point, and the question is what a hypothetical
tunnel, which would eliminate the encroachment, would be worth for the people concerned.
These studies illustrate the magnitude of the variation in the encroachment costs for different
objects and different categories of people. Three of the applications concern the typical case
“barrier to water”. These studies will be used as input when constructing a cost transfer
formula for that typical case.

2.3 Methodological issues on the way to the final goal
A number of possible problems must be considered concerning the design of the studies.
Some methodological questions need special attention, and are analyzed in the course of
performing the four applications. This analysis is presented in chapter 5.
Is international cost transfer suitable, or should only national data be relied on in the cost
transfer approach? Ready et al (2004) found differences in preferences between countries that
could not be explained by different values of common explanatory variables, when measuring
benefits for specific health effects related to air and water quality with simultaneous CVM
studies in five different European countries. Researchers at the Centre for transport research
on environmental and health impacts and policy (TRIP) in Denmark propose that it is best
only to transfer values within a country since the preferences may differ between different
countries.29 This advice is followed in this study; the cost transfer approach outlined here will
be based only on Swedish data.

29

TRIP (2002).
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The last step would be to use the results obtained in the applications to construct a calculation
formula that can be used for encroachment cost transfer in road investment planning where
the selected typical case is involved. Unfortunately it has not been possible, given the
available resources, to make studies of a sufficient number of objects to come all the way to
the final goal, and estimate the final formula. Hopefully, however, it will be demonstrated
that the encroachment cost transfer approach is feasible, at least for the typical case of
“barrier to water”.
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3 CVM in general and applied for road encroachment costs
The main analytical tool box used in this part of the thesis – the Contingent Valuation
Method – is first generally reviewed. Thereafter it is discussed how to use this tool box to
value encroachment costs caused by roads and their traffic.

3.1 CVM – a brief general exposé
Ciriacy-Wantrup (1947) was the first who wrote about the possibility of using hypothetical
questions to estimate a value for a public good. He noted that a large part of the beneficial
effects of preventing soil erosion is a public good, and proposed that a way to collect
information about the demand for these goods would be to ask individuals directly how much
they would be willing to pay for improvements. However, Ciriacy-Wantrup never carried out
this idea. Davis (1963) formulated and performed the first CVM study, trying to estimate the
valuation of certain recreational areas by hunters and people enjoying outdoor life. Davis
compared the results from the CVM study with an estimate of the WTP based on TCM. He
concluded that the values were similar. In 1967 John Krutilla published Conservation
Reconsidered, in which he stated that there may be a great difference between willingness to
pay (WTP) and willingness to accept compensation (WTA). Krutilla also discussed the
possibility of existence values, which individuals may have through the mere knowledge that
rare species or unique natural resources exist, even though these individuals do not plan to
use them or to directly derive benefit from them. 30
In 1984 a conference about CVM was attended by leading practitioners, other economists and
psychologists to determine the state of the art. This was documented in Cummings et al
(1986). In the year of 1989 Mitchell and Carson published the book Using Surveys to Value
Public Goods. The Contingent Valuation Method, which combines economics, psychology,
sociology, political science and marketing in a broader treatment. 31

30
31

Portney (1994).
Hanemann (1994).
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3.1.1 The NOAA panel
The super-tanker Exxon Valdez went aground on Bligh Reef in Prince William Sound off
Alaska and spilled 42 million litres of crude oil into the sea in March 1989. The accident
drew attention to how great the economic effect would be if Exxon Valdez, in addition to
paying compensation for the direct losses of others due to the accident, would also be obliged
to pay for loss of non-use value. This called the attention to non-use value and CVM. Exxon
agreed to pay in total 1.15 milliard dollars in damages over 11 years. A CVM study showed
that existence values alone amounted to almost 3 milliard dollars. It is difficult to know
which effect the CVM study had on the size of the damages, since the case of Exxon Valdez
was solved outside a court of law. The US Congress passed a new law in 1990, the aim of
which was to reduce the risk of future oil spills and to ensure that compensation would be
paid for any damage. The National Oceanic and Atmospheric Administration (NOAA) in the
United States was commissioned to publish its own regulations regarding damage
assessment. 32
NOAA asked two Nobel Prize winners in economics, Kenneth Arrow and Robert Solow, to
chair a panel of experts with the purpose of advising whether CVM is capable of producing
estimates of lost existence value, which are sufficiently reliable to use for determining
damages. Their conclusions and recommendations are presented in Arrow et al. (1993).

32

Portney (1994).

24

The panel reached the conclusion that CVM studies can produce sufficiently reliable
estimates, which can be used as the starting point in lawsuits for damages regarding existence
value, if the studies followed a number of recommendations by the NOAA panel. Six of them
are:
•

Willingness to pay (WTP) is better to use than willingness to accept (WTA),
because WTP is a more conservative choice.

•

The respondents should be asked if they would vote yes to a certain scenario,
improving the environment in a certain way, but involving an expense in the form
of higher taxes or higher prices on some consumption goods, rather than to try to
make them state their maximum WTP.

•

The interview or the questionnaire should start with a correct and understandable
description of the effects from the change.

•

The respondent should be reminded of his/her budget restriction.

•

The respondent should be reminded that there exist other similar environmental
improvements that can be carried through instead of this one.

•

The interview or the questionnaire should be concluded with one or more checkup questions to see if the respondent really understands the CVM question and to
study the reasons for the answer to it.

According to the panel, there are two reasons why CVM questions regarding individual
maximum WTP do not produce reliable valuations. One is that the situation is unrealistic for
the respondents since they are not used to stating a value for a public good. The second is that
such questions involve incentive for strategically exaggerated responses. The more important
an individual thinks that the question is, the more likely it is that he/she thinks that giving a
high value answer is a cheap way of marking his/her attitude. They point out that the
referendum format, on the other hand, has many advantages, especially in regard to WTP. It
is realistic since it is not unusual to vote regarding the supply of public goods.33 In addition,
there is no strategic reason for the respondent to do other than give a truthful answer. A
person who would not be prepared to pay a specific amount of money has no reason to
answer yes, and a person who would be willing to pay that amount of money has no reason to
answer no. Respondents may however have other reasons for giving incorrect answers to the
question, for instance pressure to give the right answer or that the scenario in question
allocates the burden unfairly. The NOAA panel suggested that the respondent should have
33

In the USA it is more common with referendums than in Sweden.
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the opportunity to decide not to answer the question, and that all three choices (yes, no and no
answer) should be followed up by questions regarding the reason for the answer.
The guidelines by the NOAA panel still stands, but a lot of research about the use of CVM
has been made over the years. Examples of more recent guidelines are Carson (2000),
Bateman et al (2002), and Champ et al (2003).

3.1.2 Different variants of CVM
CVM can be divided into two main variants. In the first main variant each individual
respondent can, for example, be asked to state his/her individual maximum Willingness to
Pay (WTP) for achieving a described improvement.34 This main variant, which can be called
CVM with Individual Maximum WTP, can in turn be divided in three sub-variants depending
on the way the question regarding valuation is formulated:
•

The respondent must him/herself quote a sum as his/her maximum WTP (Open
Question).

•

The respondent has to choose, among a number of monetary amounts, the one nearest
to his/her maximum WTP. A higher amount can also be stated. (Payment Card). 35

•

The respondent is first asked to react to a starting amount and then the interviewer
asks about higher or lower amounts, until arriving at the maximum amount which the
respondent is willing to pay, for the good in question. (Bidding Game).

CVM with Individual Maximum WTP tries to find the maximum WTP for the good
concerned by each individual respondent. In the second main variant of CVM, called Discrete
Choice CVM (which will be abbreviated Discrete CVM), the respondent only has to decide
whether he/she considers a certain improvement described in a scenario to be worth a certain
stated amount of money or not. The respondent does not state his/her individual maximum
WTP.

34
35

Or alternatively his/her Willingness to Accept compensation (WTA) to avoid a described deterioration.
A version of Payment Card is to use a so called Payment ladder. (Hanley et al, 2003).
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The two most usual applications of Discrete CVM are:
•

Binary Choice. The respondent makes a choice between two alternatives where one of
the alternatives includes a monetary cost (or compensation). Each respondent has to
make a decision regarding only one amount, but a number of different amounts are
used in the study. In this way it is possible to estimate the WTP in the sample even
though it cannot be done for each single respondent.

•

Double-bounded. After the respondent has answered yes or no to the amount, often
called a bid, a follow-up bid is used. If the respondent answered yes to the first bid a
higher bid is used and if the respondent answered no to the first bid a lower bid is
used. 36

Table 3.1 summarises the division of CVM into two main variants with subgroups.
Table 3.1 Division of CVM in variants
Main variant of CVM
CVM with Individual Maximum WTP

Discrete CVM

Subgroup
Open Question
Payment Card
Bidding Game
Binary Choice
Double-bounded

According to a report published by OECD (Organisation for economic co-operation and
development) 1989, over 80 studies with a total of several hundred comparisons between
CVM and indirect RP methods, had been carried out up to the end of the 1980s. The results
were often fairly similar, in general CVM estimates were somewhat lower than indirect RP
estimates, and there was a strong correlation between them. Both when using indirect
methods and when using CVM, the details of the implementation have great influence on the
quality of the results.

3.1.3 Willingness to pay versus willingness to accept compensation
A change in the environmental quality can be a negative or a positive difference in individual
utility. Monetary measures of the difference in utility for individuals due to a change, for
example in environmental quality, are called Compensating Variation and Equivalent
36

A variant, proposed by Hanemann and Kanninen (1999), is one and a half bound dichotomous choice where
the scenario says that the cost is between X and Y and the respondents are asked about one or both bids
depending on their answers.
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Variation.37 The reference point for Compensating Variation is the utility level before the
change, and for Equivalent Variation it is the utility level after the change is carried through.
For environmental improvements, Compensating Variation is the maximum amount that the
individual could be willing to pay if the change is carried through to leave him/her as well off
as in the initial situation. This is also called Willingness to Pay (WTP). Regarding
impairments, Compensating Variation is the compensation that must be paid to the individual
for indifference. This is also called Willingness to Accept (WTA). Equivalent Variation for
improvements is the amount that must be paid to the individual staying in the initial situation
to make him/her as well off as he/she would have been if the improvement came about, i.e.
WTA. Equivalent Variation for impairments is the amount that the individual can pay staying
in the initial situation to be as well off as with the change, i.e. WTP.
An example of Compensating Variation (CV) and Equivalent Variation (EV) due to
impairment in environmental quality is illustrated in Figure 3.1 where q is consumption of all
other goods (and can be seen as income) and eq is environmental quality.

q

CV WTA
B

A

budget line

EV WTP

U2
U1
eq´

eq

eq

Figure 3.1 CV and EV for impairment in environmental quality38

37

First used by Hicks 1943 (Freeman, 2003). Mäler proposed the use of CV and EV to measure the valuation of
non-market environmental amenities in 1974 (Hanemann in Bateman and Willis, 1999).
Modification of Figure 3.1 in Brännlund and Kriström (1998).
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The budget line in Figure 3.1 is horizontal because of the assumption that no price is charged
for environmental quality. The individual is indifferent between the combinations of goods
and environmental quality on an indifference curve. Assume that point A is the starting point
for the individual and that the environmental quality is decreased from eq to eq´ by a project.
The distance between the indifference curves is the difference in utility measured in amount
of other goods. CV is the amount that the individual must be compensated with to retain the
same utility if he/she receives eq´ instead of eq, i.e. WTA. EV is the amount that can be
deducted from the individual’s income instead of decreasing the environmental quality to let
him/her have the same (lower) utility as in point B with eq, i.e. WTP. Table 3.2 shows the
relationship between CV, EV, WTP and WTA.39
Table 3.2 Relationship between CV, EV, WTP and WTA
Change

Monetary measurement of the change
Compensation Variation (CV)

Equivalent Variation (EV)

Improvement

WTP

WTA

Impairment

WTA

WTP

A large number of studies have shown WTA to be several times as high as WTP.40 The most
usual measure is Compensating Variation, which means that WTA is for impairments (as in
figure 3.1) and WTP is for improvements. Using Compensating Variation implies that the
distribution of property rights in the status quo is just.
Different explanations have been proposed. One is that there is an error in CVM and that
there is actually no difference between WTP and WTA. Another is that, for various reasons,
WTP and WTA are really different and that the differences found in empirical studies are
correct.
According to economic theory, the willingness to pay (WTP) to get a certain good and the
demand for compensation (WTA) for losing the same good should provide the same values,
as long as the income and welfare effects are small.41 In responding to a question concerning
WTP, people may consider a number of constraints such as income, i.e. they cannot afford to
pay too great an amount of money, and will therefore not pay a lot to prevent an
environmental loss. It is argued in Hanemann (1991) that differences between WTP and
39

Table 2.2 is a modification of Table 1.1 in Haab and McConnell (2003).
For an early example, OECD (1989) present 12 studies between 1974 and 1983, founding large differences
between WTP and WTA, with WTA being much higher than WTP.
41
Cummings et al. (1986).
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WTA depend not only on an income effect, but also on a substitution effect. If the income
effect is kept constant, the difference between WTP and WTA is greater the fewer substitutes
there are for the public good. When private goods that are substitutes for a public good exist
there should be little difference between the WTP and WTA of an individual for a change in
the public good. If, on the other hand, there is almost no substitute for the public good, there
may be a very large difference between WTP and WTA since WTP is limited by the income
of the individual while there is no limit to how high WTA may be.
According to Prospect Theory, developed by Kahneman and Tversky (1979), the value
function is steeper for losses than for gains, so that a negative change in status brings about
more extreme responses than a similar positive change. Therefore, WTA will be higher than
WTP, because WTA concerns compensation for a possible loss while WTP concerns a gain.
From the standpoint of the respondent, WTP and WTA refer to different issues, which
require different responses.
Gregory (1986) carried out a number of studies to investigate differences between WTP and
WTA, using both market goods and non-market goods. The analysis of the answers given by
more than 1700 participants in total showed that in all 21 comparisons the number of those
who did not agree to receive compensation for losing a particular good was greater than the
number of those who were willing to pay the same amount to receive the good in question. In
16 cases, responses to WTP and WTA questions were significantly different at the 5 %
significance level. These differences were displayed for different kinds of goods, both
environmental goods and ordinary material goods, which are sold freely in markets. In most
cases the actual monetary amounts were small in order to eliminate income and welfare
effects. The results of these studies show that both hypothetical and real questions produced
statistically different results depending on whether the participants were asked about WTP or
WTA.
Horowitz and McConnell (2002) review 45 studies comparing WTP and WTA made over 30
years concerning a wide variety of goods. Usually WTA is considerably higher than WTP
and the ratio is higher for non-ordinary goods than for ordinary goods. The mean WTA/WTP
ratio is as high as 7. They also find that there is no significant difference in mean WTP/WTA
ratio between hypothetical experiments and real experiments.
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Haab and McConnell (2003) recommend foremost the use of WTP because there is no
evidence of differences between WTA and WTP from behavioural methods, and because
there is a widespread belief that the Stated Preferences approaches cannot be used to measure
WTA since they are not incentive-compatible for this measure.
NOAA recommended WTP simply because it is a more conservative measure.
Even though it is not absolutely clear that WTP is the right choice in all circumstances, this
advice is followed in the applications of CVM in this thesis. Moreover, as is explained in the
following, WTP is more natural for constructing a realistic scenario concerning a road
encroachment.

3.1.4 Hypothetical bias and strategic behaviour
There are two large possible problems when trying to find out individual preferences using
CVM. One is that the respondents are unsure about their own preferences or cannot
understand and answer the questionnaire, and the other is that the respondents for some
reason answer untruthfully. Both problems, often referred to as hypothetical bias and
strategic behaviour, should be carefully considered when using stated preference data.
The hypothetical nature of CVM can affect the answers. It has been found that hypothetical
values (what people state that they would be willing to pay) might be higher than what they
really would pay.42 One way to deal with this is to calibrate the hypothetical values, which
means to adjust them in some way. Hoefler and List (2004) calibrated hypothetical to real
values, using a sealed-bid second price auction, where each participant first filled in a
hypothetical bidding sheet and then had the chance to place a real sealed bid on an auctioned
sports card.
It appears that a general calibration ratio, for example, that the “real value” is 70 % of the
hypothetical value, is hard to find. Fox et al (1998) conclude that their results suggest that
calibration is commodity-specific and specific case studies must be carried out until a
systematic pattern is evident.

42

See for example Seip and Strand (1992) comparing people saying that they would be willing to pay the
member fee in an environmental organisation and people who then really paid the member fee.
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A thorough discussion about strategic behaviour is found in Mitchell and Carson (1989),
where a division is made between two different kinds of bias due to strategic behaviour. If the
respondent thinks that the probability that the good will be provided is affected by his/her
answer, but he/she cannot be forced to pay, he/she has incentives to exaggerate his/her WTP.
If the respondent thinks that he/she will have to pay the WTP stated, but the good will be
provided irrespective of his/her payment, because of other peoples assumed high willingness
to pay for the good, he/she has incentives to state a too low WTP.
Carson et al. (2000) points out that to expect a survey question to give results “consistent
with economic theory” (p 3), the respondents answering the survey question must understand
the question as if the response could potentially influence decision making. The respondents
must also mind what the decision becomes. A survey question that meets those criteria is
called a consequential survey question, and otherwise an inconsequential survey question.
They state that the nature of the answers to the latter cannot be predicted by economic theory.
Referring to the results independently derived by Gibbard (1973) and Satterthwaite (1975), it
is argued that the response format with just one binary choice is the only format that can be
incentive-compatible, without assuming restrictions on the preferences the respondents are
allowed to have. Incentive-compatible means that the respondent has incentives to tell the
truth. They also point out that a question involving an implausibly high or low bid compared
to the probable cost for the provision of the good, is likely to result in answers based on what
the respondents think is the real cost of the good, instead of the bid given in the
questionnaire.
They also argue that several choices between two alternatives and multinomial choice
questions are not incentive compatible as regards public goods. If the respondent must choose
between more than two alternatives it is not evident that he/she will choose the most
preferred alternative. If, for example, he/she thinks that it is not probable that the alternative
he/she prefers will be implemented, he/she could choose another alternative instead in order
for his/her choice to matter. This is, for example, the same as the resistance to voting for a
political party that might not receive a single seat in parliament and instead voting for a
second-best choice.
In conclusion, the recommendation by Carson et al (2000) as regards the valuation of public
goods is to use just one binary choice question, including a coercive payment vehicle.
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This advice should be born in mind when designing CVM surveys, even if all their demands
are not taken strictly ad notam. People might want to tell their true preferences about
different matters even if they don’t think that their answers will directly affect some decision,
as long as they have no reason not to tell the truth. It can be mentioned that Carson with
collaborators more recently performed experiments which gave results that support the
assumption that as long as the probability of influencing a decision is not zero, the size of the
probability does not matter. (Carson et al., 2004) People might be more truthful than what is
strictly inferred by economic theory. It has been found that strategic bias is a smaller problem
in reality than expected.43 Champ et al (1999) conclude that “credibility may be a matter of
degree in a contingent valuation study rather than an all or nothing issue” (p. 3).
One advantage of Discrete CVM with just one binary choice (henceforth called Binary CVM)
compared to CVM with Individual Maximum WTP, is that the risk for strategic behaviour
leading to bias is less. This is illustrated in Table 3.3. It describes when the respondent has
incentives to behave strategically in answering a Binary CVM question using a coercive
payment vehicle. In economics, strategic behaviour is simply utility maximizing behaviour.44
Here the term strategic behaviour is used for when a respondent maximizing his/her utility
has incentives to answer the question incorrectly. This is often called strategic bias. In the
first column of the table it is given whether or not the respondent thinks that the expected cost
for him/her (the expense for him/her if the change described in the scenario would be carried
through) will be equal, less, or more than the bid given in the questionnaire. In the second
column, the WTP of the respondent is given in relation to the bid and the expected cost. In
the next two columns the respondents’ answer to the bid when he/she answers truthfully, and
strategically, respectively, are presented.

43
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Johansson (1991), Brännlund and Kriström (1998).
Carson et al. (2001).
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Table 3.3 Incentives to behave strategically when Binary CVM is used
Answer to the bid
The respondents
The respondents
True
Strategic
belief about the bid in
relation to the
expected cost

Case A
bid = cost

Case B
bid < cost

WTP in relation to the
bid and expected
cost
(1) WTP < cost
(2) WTP ≥ cost
(1) WTP < bid < cost
(2) bid < cost ≤ WTP
(3) bid ≤ WTP < cost

Case C

(1) bid > cost ≥ WTP

bid > cost

(2) WTP ≥ bid > cost
(3) bid > WTP ≥ cost

No
Yes

No
Yes

No
Yes
Yes

No
Yes
No

No
Yes
No

No
Yes
Yes

There are two sub-cases where a truthful answer would differ from a strategic answer: subcase B3 and sub-case C3. It is only when the bid differs from the expected cost and the
respondent’s WTP is between the bid and the expected cost that strategic behaviour results in
untruthful answers to the bid. In particular when the bid is very low there might be a risk for
the respondent believing that bid is less than the expected cost, and when the bid is very high
there might be a risk that the respondent believes the bid to exceed the expected cost. A way
to deal with the former divergence is to say in the questionnaire that only part of the cost will
be financed by the payment vehicle proposed, which would explain why a relatively low bid
is realistic.
When using CVM with Individual Maximum WTP, strategic behaviour would result in all
respondents having incentives to behave strategically. If the respondent’s true WTP is greater
than the expected cost he/she wants the good in question and there is no upper limit to the
stated WTP. Conversely, if the respondents true WTP is less than the expected cost, there is
no lower limit to the stated WTP.
Furthermore, if it is difficult for a respondent to state the maximum WTP for a particular
good, he/she could try connecting the stated amount to some well known price or cost, or
stating a reasonable amount rather than the maximum willingness to pay. When willingness
to accept is the question, it could be the other way round, that is, the respondent may state
any reasonable amount for which he/she is willing to accept the change in question rather
than the exact minimum acceptable compensation. An open-ended CVM question has proved
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to result in a lower estimated mean WTP, and according to Carson et al (2000) this result is
what should be expected from such a question.
Concerning the Bidding Game or Double-bounded CVM format, a possible problem is that
the initial value may be interpreted by the respondent as a normal value, which will affect the
answer to following bids. This is called starting point bias or anchoring. The inefficiency of
Binary CVM due to the limited information about the preferences obtained (the answer only
shows if the respondent has a WTP less than the bid or not) did lead to the popularity of the
double-bounded format.45 The double-bounded variant of Discrete CVM gives more
information, but the answer to the second bid has shown to be affected by the first bid,
especially for those who answered yes to the first bid, and are then presented with a higher
bid.46 Overall this will lead to a lower estimated WTP than Binary CVM where just one bid is
given.
In conclusion, Binary CVM in a case which is well known and realistic to the respondent
seems to handle the possible problems of hypothetical bias as well as the risk for untruthful
responses more satisfactorily than other formats. The respondents have only to state whether
or not they think the good is worth a certain amount. This is similar to ordinary market
choices where the buyers decide whether or not to buy a particular product for a certain price.

3.1.5 Bid design in Binary CVM
In Binary CVM a number of different bids must be used to be able to estimate WTP.
Kanninen (1995) tested for and did find that the choice of bids may give rise to a bias in WTP
estimates, but not to a great extent. However, bid design may have a considerable effect on
the estimated variance of WTP. Two ways of reducing the bias and variance are to increase
the sample and to keep the bids away from extreme values - one rule of thumb for bid design
is to keep the bids within the 15th to 85th percentile interval for estimates based on studies in
which the respondents had only to answer yes or no to one bid (single-bounded estimates),
and within the 10th to 90th percentile interval for estimates based on studies in which the
respondents had to answer yes or no to two bids (double-bounded estimates). She proposes
that the empirical differences in point estimates might partly be explained by extreme values.
Unexpectedly high positive response levels in the tails may be due to a systematic bias, yea45
46

See for example Hanemann et al. (1991) about the statistical efficiency of the double-bounded format.
Haab and McConnell (2003).
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saying. Irrespective of whether or not yea-saying occurs, the best way to avoid bias and large
variances is to use a large sample. Kanninen (1995) considers that, within a sample of a
certain size, the best way of obtaining reliable results is to avoid collecting observations with
bids in the extreme tails of the WTP distribution.

3.2 Valuing a road encroachment with a tunnel scenario
When it now comes to the environmental good – or rather “bad” – represented by a road
encroachment, in particular in or close to built-up areas, the general conclusions summarized
above need some qualifications, and some additional aspects should be called attention to.
As was pointed out in Chapter 1, in the CBA of road investments the encroachment cost of a
new road is the main item missing. However, a contingent market for a bad such as an
encroachment caused by a road is quite difficult to make tangible in a CVM questionnaire.
Moreover a new road which would cause an encroachment means also a number of important
positive effects. The most promising way out of these difficulties seems to be to opt for an
indirect valuation approach. A tunnel instead of a new road between A and B (where there is
no direct road) is made the market object for direct valuation in CVM studies.
Compared to a road on the surface a road in a tunnel is nearly the same so far as road user
costs and benefits are concerned. Apart from the fact that some people perceive it as negative
to travel in a tunnel, the only difference is the encroachment caused by the road and its traffic
on the surface, which would disappear, and the additional building cost of a tunnel compared
to a road.

3.2.1 Is CVM ex ante for encroachment costs feasible?
The big question is, however, whether ex ante CVM could be part of the tool box used by the
road planner to get the priorities right?
Most major investments in the Swedish main road network are decided by the SRA, and
consequently financed by the State. Therefore the bid design of ex ante CVM in the road
planning for which SRA is responsible would necessarily have to be explicitly hypothetical
and formulated in this way: “suppose that you would have to contribute to the additional cost
of a tunnel by X SEK per year.” Would answers to such CVM questions be of any value for
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the CBA of a road question? With reference to Table 3.3 above, only case C would be
relevant in that situation, because the expected cost to the respondent is negligible, given that
the road is financed by SRA. There is no upper limit to the bid which a respondent behaving
strategically would accept, which means that the strategic bias arising in sub-case C3 will be
a very serious problem indeed. The encroachment is a local public good (bad), but the means
of finance is national tax revenues.
There are a few cases, where the municipality has the financial responsibility for road
investments which are big enough to justify a tunnel alternative. In Stockholm and
Gothenburg – the two largest cities in Sweden – some planned links in the local road network
could conceivably be built as tunnels instead of above ground. In such a case it is not
necessary to give purely hypothetical bids in a CVM study ex ante, but the actually expected
additional cost per year of a tunnel per taxpayer in the municipality could be quoted. It would
be difficult, however, to give a number of different bids to different samples of people. In
each particular group it would not be evident that other groups get different bids. However,
this would sooner or later leak out via the media, and it would be embarrassing for the local
road administration to admit that all the widely different bids cannot correspond to the
additional cost of the tunnel alternative.
The conclusion is that CVM ex ante in order to fill the gap in road investment CBA
constituted by the missing encroachment cost is unfeasible.

3.2.2 CVM ex post for calculating encroachment costs
The conclusion above is the main reason for the development of the present encroachment
cost transfer approach (as well as the development of a new ex ante method in Part II). The
main building bricks to develop the cost transfer formula are the results of CVM studies ex
post of the encroachment costs of existing roads, where the CVM scenario is presented to the
respondent concerned with an existing road, which made a serious encroachment when it was
built, as the starting point for CVM questions. Although there are no known plans to replace
the existing road by a tunnel, it should still be a reasonable proposition.
The description of the scenario is important. The quantity of information about the change
and the way the information is presented might affect the resulting valuation. This problem is
called information bias. Using a scenario with an existing road being replaced by a tunnel is
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one way to try to minimize information bias. If those who participate in the study are those
who are affected, they have own experience of the encroachment in question. The
encroachment is valued as an entirety with all its characteristics just as they are. Using a
scenario connected to a real environment, rather than stylized, constructed cases, should
make it easier for respondents to understand the choice.
As regards the bids representing the payment for the tunnel, it is assumed in the scenario that
the municipality in which the encroachment area is situated has to join in the funding of the
tunnel investment. Raised local tax47 is used as the main payment vehicle in all four
applications in the following chapters, because it is coercive, and in Sweden local tax is the
most realistic way of financing road investments in the local network of an urban area.
In such a scenario it is primary the high bids that may be unrealistic. To try to avoid such
unrealistically high bids in the studies, the recommendation by Kanninen (1995) is used. It is
hard to know the proper bid interval in a study even when pre-studies are carried out. One
way to deal with this is to use an iterative process where some bids are used first and then
more bids are used if necessary, after seeing a first tendency in the responses to the initially
used bids. In our studies addresses are saved for two extra-bids instead of using very high
bids at once. After recognising the approximate rate of yes-answers on the used bids, the
remaining addresses are used for higher bids if considered necessary.
The supposition is that to answer correctly the respondent must not believe that the answer
will affect a specific decision. He/she must not believe that the tunnel is planned for
implementation. It is enough that the constructed scenario is realistic in the way that it is
something that could possibly be done in that way, financed that way and mean that expense
for the respondent. 48

47

Local tax is an income tax paid to the local Government by inhabitants in a municipality.
Respondents with a very high or a very low income may think that in reality they would have to pay more,
respectively less, than the bid even if they think that the bid corresponds to the real average expense per local
taxpayer.

48
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4 Encroachment costs calculated ex post by Binary CVM
In this chapter four own studies49 using Binary CVM to estimate the cost of environmental
encroachment ex post caused by an existing road will be described, and the encroachment
cost in each case will be calculated.
A basic assumption is that road encroachments are mainly a cost to local people, unless the
encroachment affects a really unique area. Nevertheless, local people may care very much
about road encroachments also in a more ordinary environment, in particular those who live
close to the place where a new road would cause a considerable encroachment.
One of the four applications concerns an existing road making a severe encroachment in a
unique area assumed to be valued by people from the whole of Sweden. The other three
applications concern encroachments about which non-local people can be assumed not to
care very much.
According to Carson et al (2001) the suitable population for CVM studies can be decided
either based on legal or on empirical grounds. In three of the four applications, either the
town or the municipality are defining “local people”, since local tax is used as payment
vehicle. In all three cases a division of the population into the immediate surroundings, and
rest of the local people, were made. These CVM studies are intended as input in the
development of a formula for transfer of encroachment costs in the typical case where a road
constitutes a barrier between a built-up area and water.
All four studies involve a question of placing part of the road in a tunnel, and the bids are
payments for this environmental improvement in the form of raised local tax. The intention is
that the scenario should appear realistic to the respondent. The purpose of the three
applications of “barrier to water” is not to provide a basis for deciding whether or not the
tunnel investment in the scenario is justified, but the CVM studies represent the indirect way
suggested to estimate encroachment costs as part of the approach towards encroachment cost
transfer.

49

I made one of the studies on my own and three of them together with Stefan Grudemo and Jessica Sandström
at the Swedish National Road and Transport Research Institute (VTI).
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4.1 Non-parametric estimation
Since the purpose of this chapter is to estimate the average encroachment cost per person in
each of the cases, it is appropriate to use a so called distribution-free calculation model.
Distribution-free models are only based on the notion that when a respondent answers yes to
a Binary CVM-question, his/her WTP is not less than the given bid. A scenario with a change
paid for by one of m bid prices, indexed {bidj | j=1,2,…,m}is presented to a random sample
of T respondents. Each respondent is presented with one of the bids. WTPk is willingness to
pay for the scenario by individual k. If respondent k answers yes, WTPk ≥ bidj. If respondent
k answers no, WTPk<bidj. WTP can be thought of as a random variable, since it is
unobservable to the researcher. The cumulative distribution function is Fw(W), showing the
probability that WTP is less than W. The probability that a randomly chosen respondent has
WTP less than SEKbidj can be presented as:
P(WTPk<SEKbidj) = Fw(bidj)

(4.1)

i.e. the probability that the respondent answers no to bidj. The sample T is divided in a vector
of m sub-samples, T = {T1,T2,…Tm}, where the number in a sub-sample is the number of
m
respondents who respond to that certain bid, ∑ j =1T j = T .

By randomly assigning bids to the full sample, the sub-samples can be treated as independent
and the probability for each sub-sample of answering no can be estimated. It can be shown
that the maximum likelihood estimates of F are:

Fj =

No j
Tj

(4.2)

i.e. the maximum likelihood estimate that a randomly chosen respondent will not be willing
to pay SEKbidj is equal to the proportion in the sample responding no to SEKbidj.50
When the number of respondents asked to answer each bid is small the number of noresponses might not increase monotonically with increasing bids. The Turnbull distribution–
50

A more detailed description of the distribution-free models can be found in Haab and McConnell (2003).
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free estimator is based on a theorem by Ayer et al (1955) and imposes a monotonicity
restriction on the distribution-free estimator. If the restriction is broken the jth and (j+1)th
sub-samples are combined into one group and the (j+1)th bid is dropped.
The Turnbull estimator only uses the information from the responses, i.e. share of
respondents answering no to a certain bid, to estimate the distribution of willingness to pay.
A consistent estimate of the Lower Bound mean willingness to pay is:
m*

E LB (WTP) = ∑ bid j ( F j*+1 − F j* )
j =0

(4.3)

where F*j=Fw(bidj). ELB(WTP) is normally distributed and the variance of the expected
lower bound is:
*
m* F j (1 −

V ( E LB (WTP)) = ∑

j =1

T j*

F j* )

(bid j − bid j −1 ) 2

(4.4)

A variant of the Turnbull estimator was applied by Kriström (1990). This application means a
simple linear interpolation between the bid points to describe the distribution between them.
If the monotonicity restriction is broken, the share of yes/no-answers at the jth and (j+1)th
sub-samples are combined and used for both bids. The expected willingness to pay is:

m
( F j* + F j*+1 ) 
E (WTP ) k = ∑ (t j +1 − t j )1 −


2
j =0



(4.5)

If there is no indication that WTP could be less than zero, it could be assumed to be nonnegative. Either the distribution could go to one at the bid zero (as assumed by Kriström,
1990) or else, if a question about no WTP is asked, a so called spike at zero could be used
(Kriström, 1995). Deciding about the upper bound, bidm+1, is arbitrary. The application used
by Kriström (1990) will be referred to as Linear Interpolation.
The mean willingness to pay will be calculated using the distribution-free Turnbull estimator,
calculating Lower Bound WTP as well as WTP in the way proposed by Kriström (1990) with
Linear Interpolation. Figure 4.1 illustrates the difference between estimating Lower Bound
mean WTP (the area beneath the dotted line) and the application of Linear Interpolation by
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Kriström (1990) (the area beneath the bold line) if a spike at 0 is assumed. One way to
include an assumption of respondents having WTP=0 is to ask them a certain question of this.
Share yes
1

bid
Figure 4.1 Calculating mean Lower Bound WTP or mean WTP with Linear Interpolation

4.2 The value of eliminating barriers to water
The three studies performed about an existing road as a barrier between a built-up area and a
lake or bay are European route 4 passing Huskvarna as a barrier to Lake Vättern, County
Road 100 as a barrier against Höllviken bay, and Main Road 40 as a barrier to Lake Åsunden.

4.2.1 European route 4 between Huskvarna and Vättern
A new location of a segment of European route 4 passing through the centre of the town of
Huskvarna was built between the years 1966 and 1968. The road was relocated to go between
a residential area of Huskvarna and Lake Vättern. Huskvarna is a small town situated just
beside the larger town of Jönköping. Jönköping municipality which includes Huskvarna has
120 000 inhabitants. A survey about placing some stretch of European route 4 passing
Huskvarna in a tunnel underground was carried out.51 The scenario was to have a certain
stretch of 1200 metres of the road, situated between a housing area and the lake, in a tunnel.
A picture of the view of the road today from a house in the residential (Figure 4.2a) and a

51

I made the study together with Stefan Grudemo and Jessica Sandström at VTI in 1999.

42

collage of the same view except that the road is in a tunnel (Figure 4.2b) were shown in the
questionnaire.52

Figure 4.2a A view from the housing area of the motorway barrier in Huskvarna

Figure 4.2b The same view as above except that the road is in a tunnel

52

The questionnaire in Swedish can be received from the author on request.
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A random sample of 460 persons aged between 18 and 75 years, living in the immediate
surroundings of the stretch of the road was sent a postal questionnaire. This is approximately
one third of the adult people living in this area. A random sample of 2800 persons in the rest
of the municipality of Jönköping also received a postal questionnaire. The response rate was
78 per cent in the immediate surroundings and 65 per cent in the rest of the municipality. The
payment vehicle in the main version is increased local tax per year for 10 years. Half of the
persons in the random sample from the immediate surroundings were sent the main version
of the questionnaire, as well as 900 persons in the random sample from the rest of the
municipality of Jönköping.
Approximately 13 000 vehicles drive on this part of the road per day. To cross the motorway
there are two subways for pedestrians and cyclists. A footpath and cycleway is located along
the lake. The height differences in the immediate surroundings are large and almost all people
living in the immediate surroundings can both see and hear the road and its traffic from their
house. The effects of having the road in a tunnel instead of on ground are described.
Thereafter the first preference question is asked. The question is that the respondent should
suppose that in the situation before the present road was built there were a choice between
building the road above ground as today and placing it in a tunnel under ground, and that the
two alternatives meant the same expenses. The respondent is asked which alternative he/she
thinks would have been the best to build in 1968. The answering alternatives to this question
as well as the responses are shown in table 4.1.
Table 4.1 Road above ground or tunnel in 1968
Answering alternative
A tunnel would have been very much better than the road
above ground
A tunnel would have been much better than the road
above ground
A tunnel would have been a little better than the road
above ground
A tunnel would have been approximately as good as the
road above ground
A tunnel would have been a little worse than the road
above ground
A tunnel would have been much worse than the road
above ground
A tunnel would have been very much worse than the road
above ground
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The immediate
surroundings
73 %

The rest of
Jönköping
municipality
30 %

12 %

24 %

6%

10 %

4%

11 %

1,5 %

7%

1,5 %

9%

2%

9%

Most of the respondents in the immediate surroundings (91 %) thought that it would have
been better to place the road in a tunnel underground. A majority (64 %) of the respondents
in the rest of Jönköping municipality also thought so.
Next the WTP question is if the respondent today wants a certain part of the road in a tunnel,
paid for by raised municipality tax. The bids range from 25 to 10 000 SEK. The answering
alternatives are:
•

yes, absolutely

•

yes, maybe

•

no, probably not

•

no, absolutely not

The answer to the WTP question among those responding to the lowest bid, together with the
previous question is used to make an assumption of a spike at zero when estimating WTP
with Linear Interpolation.
A hypothesis that will be tested is that those living in the immediate surroundings have higher
WTP than those living in the rest of Jönköping municipality. The three first columns of Table
4.2 shows the bid, the number of respondents answering that bid and the share of yes-answers
for each bid in the sample from the immediate surroundings. WTP is estimated as Lower
Bound and with Linear Interpolation.
Table 4.2 WTP in main sample in the immediate surroundings in Huskvarna
Bid
0
25
120
600
1 200
2 500
5 000
10 000
>10 000
(18 403)

N

24
24
27
24
28
29
15

Yes-share

Lower Bound
Yes-share E(WTP)

Linear Interpolation
Yes-share
E(WTP)

1

0,95854

0

0
(0)

E(WTP) when
extrapolating53

0.875
0.875
0.741
0.542
0.536
0.483
0.400
∑4 690

∑5 061

∑6 741

53

The extrapolation will be made by assuming a straight line between the yes-share at the lowest bid and the
yes-share at the highest bid continuing to yes-share zero. This assumption will be made when extrapolating in
all samples in all CVM-studies.
54
Share of respondents answering yes to the bid 25 SEK or thinking that tunnel would have been better in 1968.
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The calculated mean Lower Bound WTP is 4 690 SEK per person and year for 10 years and
WTP using Linear Interpolation, but without extrapolating, is 5 061 SEK per person and year
for 10 years. The estimated WTP per person and year must be multiplied by a present value
factor for 10 years to calculate present value per person. The Swedish Road Administration
uses the discount rate 4 % in their road planning CBA. The present value of WTP per person
is 38 041 SEK or 41 050 SEK, using the discount rate 4 %.
To sum a total estimated WTP for the population, the mean WTP in the random sample is
multiplied with the whole population, i.e. the number of adult inhabitants of the immediate
surroundings. If it is assumed that non-respondents on average have the same WTP as those
responding and assuming the random sample to be representative for the population, the total
WTP is approximately 57 million SEK or 62 million SEK. If it is instead assumed that those
not answering the questionnaire have WTP=0, total WTP is approximately 44 million SEK55
or 48 million SEK. Most probable is that the mean valuation by non-respondents is
somewhere between.
The WTP was unexpectedly high in the immediate surroundings and one more even higher
bid should have been used (except the two extra bids already used). With extrapolation, by
assuming the share of yes-answers to continue to fall as a straight line between the lowest and
the highest bid, WTP using Linear Interpolation is 6 741 SEK per person and year for 10
years.
Table 4.3 shows the share of yes-answers on respective bid and distribution-free estimation
of WTP in the main sample of those living in the rest of the municipality of Jönköping.

55

0.78 (response rate) * 57 million SEK.
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Table 4.3 WTP in main sample of rest of local people in the study of E4 passing Huskvarna
Bid
0
10
25
70
120
300
600
1 200
>1 200
(1 711)

N

Yesshare

85
83
78
86
84
84
88

Lower Bound
Yes-share

E(WTP)

Linear Interpolation
Yes-share
E(WTP)
56

1

0,727

0

0
(0)

E(WTP) when
extrapolating

0.529
0.518
0.436
0.430
0.298
0.202
0.159
∑264

∑306

∑347

The calculated mean Lower Bound WTP is 264 SEK and WTP using Linear Interpolation,
but without extrapolating is 306 SEK per person and year for 10 years. Using the discount
rate 4 %, the present value of WTP per person is 2141 SEK or 2482 SEK and the total WTP
is approximately 188 million SEK or 217 million SEK. If non-respondents are assumed to
have WTP=0, total WTP is instead approximately 122 million SEK57 or 141 million SEK.
With extrapolation, the estimated WTP with Linear Interpolation is 347 SEK per person and
year for 10 years.
It seems evident that the willingness to pay by people living in the immediate surroundings of
the encroachment is significantly higher than in the rest of the municipality of Jönköping, but
the hypothesis that there is no difference between the Lower Bound WTP in the two different
populations i.e. ELBWTP1=ELBWTP0, is tested anyway:
t − statistic =

E LBWTP0 − E LBWTP1
V0 + V1

=

4690 − 264
126099 + 815

=

4426
= 12.40
357

(4.6)

As expected the hypothesis that the Lower Bound WTP is the same in the immediate
surroundings and the rest of the municipality can be rejected at the 1 % significance level.
The bid interval used in the sample consisting of people living in the immediate surroundings
of the encroachment were wider than in the rest of the town, but since the share of yesanswers at the highest used bid (10 000) was as high as 40 % in the immediate surroundings
compared to only 16 % (at the bid 1 200) in the rest of the municipality, it seems
inappropriate to restrict the border in the immediate surroundings even further. However,
56

Share of respondents answering yes to the bid or thinking that a tunnel would have been better responding to
the bid 10 SEK.
0.65 * 188 million SEK.

57
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restricting the upper border in the immediate surroundings to the bid 1200 SEK per year for
10 years, the result is a Lower Bound WTP of 786. The t-statistic becomes:
t − statistic =

786 − 264
2061 + 815

=

522
= 9.67
54

(4.7)

The hypothesis can also now be rejected at the 1 % significance level.

4.2.2 County Road 100 in Höllviken
A new stretch of County Road 100 in Höllviken, in the south of Sweden, was ready for use in
November 1991. Before that, County Road 100 passed through the centre of Höllviken town.
The purpose of the new stretch was to release the centre from thoroughfare traffic, for
example work commuters from Skanör-Falsterbo to Malmö.58 The town of Höllviken has
almost 10 000 inhabitants.
The new stretch of the road is situated between settlements and Höllviken bay, on the same
level as the surroundings. A footpath and cycleway is situated between the road and the sea.
Approximately 10 000 motor vehicles travel on the stretch of the road per day. The building
of the road caused a lot of protests and some owners of houses near the new road were
compensated for reduced real estate value.
A study was carried out about placing a certain stretch of County Road 100 passing
Höllviken in a tunnel underground.59 The scenario is a certain part of 1 300 metres of the new
road placed in a tunnel.60 All people living in the immediate surroundings, 18 to 75 years old,
were sent a postal questionnaire (242 persons).61 The immediate surroundings is defined as
the people living in the area between the new road and the old road. There are no height
differences at all in the immediate surroundings. A random sample of 1 200 persons in the
rest of the town of Höllviken was also part of the study. The response rate was 70 per cent in
the immediate surroundings and 73 per cent in the rest of the town.
All respondents in the immediate surroundings were sent a questionnaire with raised local
taxes per year for 10 years as the payment vehicle. Half of the respondents in the rest of the
58

Approximately 20 kilometres away.
I performed the study together with Stefan Grudemo and Jessica Sandström at VTI in 2000.
60
The questionnaire in Swedish can be received from the author on request.
61
People living in the same household were given the same bid.
59
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town of Höllviken were sent the main version with raised local tax per year for 10 years. The
WTP scenario is that when building the road a few years earlier it could have been placed in
a tunnel instead but that would be financed by raised local tax now. In this case it was seen as
more realistic to ask about if a stretch of the new road should have been built in a tunnel,
instead of that it would be placed in a tunnel now, because it was rather newly built. The
answering alternatives to the WTP question were the same as in the study about European
route 4 in Huskvarna.
A later question in the questionnaire was the following: ”What alternative do You think
would have been the best if You disregard the cost difference?” The answering alternatives to
that question were:
•

a tunnel would have been much better than the road above ground

•

a tunnel would have been a little better than the road above ground

•

a tunnel would have been approximately the same as the road above ground

•

a tunnel would have been a little worse than the road above ground

•

a tunnel would have been much worse than the road above ground

More than 85 % of the respondents in the immediate surroundings thought that tunnel would
have been better. A little more than half of the respondents in the rest of Höllviken also
thought so. The answer to the WTP question for those responding to the lowest bid is used
together with the responses to this question to make an assumption of a spike at zero.
The hypothesis is that those living in the immediate surroundings have higher WTP than
those living in the rest of the town of Höllviken. Table 4.4 shows the share of yes-answers on
respective bid and distribution-free estimation of WTP for the change for those living in the
immediate surroundings.
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Table 4.4 Distribution-free estimation of WTP, Höllviken, the immediate surroundings
Bid
0
50
500
1500
5 000
>5 000
(6 313)

N

41
43
46
28

Share
yes

Lower Bound
YesE(WTP)
share
1

Linear Interpolation
YesE(WTP)
share
62
0.878

0

0
(0)

E(WTP) when
extrapolating

0.854
0.512
0.413
0.179
∑1 313

∑1 849

∑1 967

The calculated mean Lower Bound WTP is 1 313 SEK and WTP with Linear Interpolation
without extrapolating is 1 849 SEK per person and year for 10 years. When the discount rate
4 % is used, the present value of WTP per person is 10 650 SEK or 14 997 SEK and the total
WTP is approximately 2.6 million SEK or 3.6 million SEK. If it is instead assumed that those
not answering the questionnaire have WTP=0, total WTP is approximately 1.8 million SEK
or 2.5 million SEK.
With extrapolation, the estimated WTP using Linear Interpolation is 1967 SEK per person
and year for 10 years.
Table 4.5 shows the share of yes-answers on respective bid and distribution-free estimation
of WTP for those living in the rest of the town of Höllviken using raised local tax as payment
vehicle.
Table 4.5 Distribution-free estimation of WTP Höllviken, rest of local people
Bid
0
20
100
300
500
1500
(1713)

N

86
91
81
88
95

Yesshare

Lower Bound
Yes-share
E(WTP)

Linear Interpolation
Yes-share
E(WTP)

1

0.53563

0

0
(0)

0.500
0.308
0.235
0.227
0.063
∑190

∑288

E(WTP) when
extrapolating

∑295

The calculated mean Lower Bound WTP is 190 SEK and WTP using Linear Interpolation
without extrapolating is 288 SEK per person and year for 10 years. The present value of WTP
62

Share of respondents answering yes to the bid or thinking that a tunnel would have been better responding to
the bid 50 SEK.
63
Share of respondents answering yes to the bid or thinking that a tunnel would have been better responding to
the bid 20 SEK.
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per person is 1 541 SEK or 2 336 SEK and the total WTP is approximately 8.8 million SEK
or 13.3 million SEK, using the discount rate 4 %. Instead assuming that those not answering
the questionnaire have WTP=0, total present value WTP is approximately 6.4 million SEK or
9.7 million SEK. With extrapolation, the estimated WTP with Linear Interpolation is 295
SEK per person and year for 10 years.
When the upper border of the bid interval in the immediate surroundings is restricted to the
bid 1 500 SEK per year for 10 years, the estimated mean Lower Bound WTP is 686 SEK per
person and year for 10 years. The test of the hypothesis of no difference between Lower
Bound WTP in the immediate surroundings and the rest of the town, i.e. ELBWTP1=ELBWTP0
becomes:
t − statistic =

686 − 190
6454 + 268

=

496
= 6.05
82

(4.8)

The hypothesis can be rejected at the 1 % significance level.

4.2.3 Main Road 40 passing Ulricehamn
Main Road 40 passes Ulricehamn. The town of Ulricehamn has little more than 9 000
inhabitants. Main Road 40 stretches along the north part of Lake Åsunden since 40 years ago.
A bathing-place and a camping site are situated between the road and the lake. Most of the
town of Ulricehamn is situated south of the road. However, one residential area is situated
north of the road and has the road as a barrier towards the lake. 9 000 vehicles travel on the
road per day. The differences in height in the immediate surroundings are pretty large and the
ground slopes towards the lake. A study about placing a stretch of the road in a tunnel
underground was made.64 The questionnaire translated to English is found in Appendix 1.
Raised local tax per year for 10 years was used as payment vehicle. The WTP question had
the same answering alternatives as the two other studies about an existing encroachment of a
road between a built-up area and water. The immediate surroundings was defined as the
settlements north of the lake, and all the inhabitants there, 18 to 75 years old, were sent a
postal questionnaire (280 persons).65 In addition a random sample of 1 200 persons in the rest
of the town, 18 to 75 years old, was sent a questionnaire. The response rate was 76 per cent in
64
65

I carried out the study together with Stefan Grudemo and Jessica Sandström at VTI in 2001.
People living in the same household were given the same bid.
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the immediate surroundings and 72 per cent in the rest of the town. The hypothesis is that
those living in the immediate surroundings have higher WTP than those living in the rest of
the town of Ulricehamn. Table 4.6 shows the share of yes-answers on respective bid and
distribution-free estimation of WTP for the change for those living in the immediate
surroundings.
Table 4.6 Distribution-free estimation of WTP, Ulricehamn, the immediate surroundings
Bid
0
50
200
500
1 000
2 000
>2 000
(2 622)

N
31
31
33
36
37
34

Yesshare
0.742
0.710
0.394
0.250
0.189
0.176

Lower Bound
YesE(WTP)
share
1

Linear Interpolation
YesE(WTP)
share

0

0
(0)
∑440

∑508

E(WTP) when
extrapolating

∑563

The calculated mean Lower Bound WTP is 440 SEK and WTP with Linear Interpolation
without extrapolating is 508 SEK per person and year for 10 years. Using the discount rate
4 %, the present value of WTP per person is 3 569 SEK or 4 120 SEK and the total WTP is
approximately 1.0 million SEK or 1.2 million SEK. Assuming those not answering the
questionnaire to have WTP=0, total WTP is instead approximately 0.8 million SEK or 0.9
million SEK.
With extrapolation, the estimated WTP using Linear Interpolation is 563 SEK per person and
year for 10 years. It is assumed that those answering no to the lowest bid 0 SEK have WTP=0
and are supposed to be a spike at 0.
Table 4.7 shows the share of yes-answers on respective bid and distribution-free estimation
of WTP for the scenario for those living in the rest of the town of Ulricehamn.
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Table 4.7 Distribution-free estimation of WTP, Ulricehamn, rest of local people
Bid
0
50
200
500
1 000
2 000
>2 000
(2 524)

N
154
150
146
148
152
138

Share
yes
0.766
0.480
0.432
0.277
0.178
0.159

Lower Bound
Share
E(WTP)
yes
1

Linear Interpolation
Share
E(WTP)
yes

0

0
(0)
∑420

∑488

E(WTP) when
extrapolating

∑530

The calculated mean Lower Bound WTP is 420 SEK and WTP using Linear Interpolation
without extrapolating is 488 SEK per person and year for 10 years. Using the discount rate
4 %, the present value of WTP per person is 3 407 SEK or 3 958 SEK and the total WTP in
the population is approximately 22 million SEK or 26 million SEK. If it is instead assumed
that those not answering the questionnaire have WTP=0, total WTP is approximately 16
million SEK or 19 million SEK. With extrapolation the estimated WTP with Linear
Interpolation is 530 SEK per person and year for 10 years.
In the studies about European route 4 passing Huskvarna and County Road 100 in Höllviken,
there was a large and significant difference between the estimated Lower Bound WTP in the
immediate surroundings and in the rest of the town or municipality. In Ulricehamn the
difference is small. The hypothesis that people living in the immediate surroundings to the
stretch of the road has the same WTP as the people living in the rest of the town of
Ulricehamn, i.e. ELBWTP1=ELBWTP0, is tested:
t − statistic =

440 − 420
5949 + 1373

=

20
= 0.23
86

(4.9)

The hypothesis that the mean Lower Bound WTP is the same in the immediate surroundings
and the rest of the town cannot be rejected at the 10 % significance level.

4.3 The Central Bridge in Stockholm in a tunnel
The Central Bridge (Centralbron) of six lanes in the city of Stockholm in Sweden is a case of
road traffic making a serious environmental encroachment in a unique area. This bridge with
a car flow of about 100 000 vehicles per day between the north and the south halves of
central Stockholm goes right through the heart of the capital which still is constituted by the
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two small islands, Riddarholm, to the left in Figure 4.3a, and Stadsholmen (“Gamla stan”) to
the right, where Stockholm was founded. The Central Bridge is within sight and earshot of
the Royal Palace, the House of Parliament, many historic buildings, and other tourist
attractions. In addition to this environmental problem comes a notorious rail track capacity
problem immediately by the side of the Central Bridge. This passage, known as “the wasplike waist”, is a separate railway bridge which can accommodate just one double-track
railway, which is used both by intercity trains and commuter trains, which are often delayed.
A proposal to solve this problems, which have been discussed a lot over the years, is to put
all the traffic on the Central Bridge in a tunnel, and pull down the whole bridge, which
anyway is a rather ugly structure which was meant to be a temporary solution when it was
built in the period of very rapidly increasing car traffic.66 To further complicate the situation
a third bridge was also built in this period, a rather short metro bridge, which together with
the Central Bridge forms a reversed V in the lower half of Figure 4.3a. The metro of
Stockholm is underground in all of the Central City except between Riddarholmen and
Södermalm, so an ambitious idea for improving the mirror of the water of Stockholm is to put
the metro completely underground, and get rid of the metro bridge blocking this view.
In a CVM study of this very severe encroachment in the heart of Stockholm, a scenario where
both the Central Bridge and the metro bridge, henceforth together referred to as the Central
Bridge, were eliminated like in the collage of figure 4.3b, was compared to the existing
situation. 67 The purpose of the study was to examine a case where people living in the whole
of Sweden could be assumed to be concerned, as well as studying some methodological
issues.
In the scenario it was assumed that the tunnels would be financed by raised local tax for 10
years. The respondents were presented with one out of seven bids between 10 SEK and 5 000
SEK of additional local tax payment. The key pictures in the questionnaire showed the
Central Bridge and the metro bridge as they were, and a collage without them, given in
Figures 4.3a and 4.3b. 68 A total of 3600 postal questionnaires were sent to a random sample
of adults living in the Stockholm area69, i.e. local people, and 400 to a random sample of
adults living outside of that area, i.e. non-local people living in the rest of Sweden.

66

SOU (1996).
I carried out the study in 1997.
68
The questionnaire in Swedish can be received from the author on request.
69
According to the definition by SCB, including the municipality of Stockholm and 21 other municipalities.
67
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Figure 4.3a The Central Bridge today70

Figure 4.3b A collage with the Central bridge and the metro in tunnels under ground71
70
71

Photo: Lennart Isaksson / Pressens Bild.
Photo: Lennart Isaksson / Pressens Bild Montage: The studio at VTI.
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The postal questionnaire with the main version was sent to 800 randomly chosen inhabitants
of Stockholm, 18 years or older72. Addresses to 200 more persons were saved to have the
possibility to use two more, higher bids, if the highest used bid should prove to be accepted
by more than 15 % of the respondents considering it. The seven alternative questionnaires use
the same bid interval as the main alternative, but the total sample is 400 persons for each
alternative. The response rate was 69 %.73
Table 4.8 shows the share of yes-answers on respective bid and distribution-free estimation
of WTP for the change described in the main sample from Stockholm.
Table 4.8 Distribution-free estimation of WTP, the Central Bridge in Stockholm, local people
Bid
0
10
50
100
300
600
1 000
2 000
5 000
>5 000
(5 335)

N

67
73
68
64
68
69
63
66

Share
yes

Lower Bound
Share
E(WTP)
yes
1

Linear Interpolation
Share yes E(WTP)

0

0
(0)

0.82174

E(WTP) when
extrapolating

0.716
0.493
0.426
0.344
0.162
0.130
0.127
0.045
∑480

∑653

∑660

The calculated mean Lower Bound WTP is 480 SEK per person and year for 10 years.
Estimated mean WTP using Linear Interpolation between the bids, but without extrapolating,
is 653 SEK per person and year for 10 years. If the discount rate 4 % is used, the present
value of WTP per person is 3893 SEK respectively 5296 SEK, and total WTP in the
population is approximately 4.8 milliard SEK or 6.6 milliard SEK. This means assuming that
the respondents have the same WTP as those who did not respond to the questionnaire. If it is
instead assumed that those not answering the questionnaire have WTP=0, total WTP is
instead approximately 3.3 milliard SEK or 4.6 milliard SEK.
With extrapolation the estimated WTP with Linear Interpolation is 660 SEK per person and
year for 10 years. When estimating WTP with Linear Interpolation it will be assumed that
those answering no to the lowest bid 10 SEK, and also answering no to another question
72
73
74

The upper limit was 87 years.
The response rate is defined as the share of the people in the sample answering the Binary CVM question.
Share of respondents answering yes to the bid or yes if the Government pays responding to the bid 10 SEK.
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about if they would want the change if the national Government pays for the whole
investment, have WTP=0 and are supposed to be a spike at 0. Those respondents could have
net negative WTP, since a tunnel could be seen as negative for those travelling on the vehicle
and/or subway bridge by them losing their view over the city in the scenario. Comments by
some respondents indicate that it might be seen as negative for the travel experience if the
Central Bridge is placed in a tunnel. For those having net positive WTP this will be
accounted for, since WTP is for the whole scenario with positive and eventual negative
effects. The negative effects of those eventually having net negative WTP will however not
be taken into account.
The respondent was asked a question about visiting frequency in the area around the Central
Bridge (seeing the Central Bridge). The responses to that question are shown in Table 4.9.
Table 4.9 Frequency of visiting the area surrounding the Central Bridge
Answering alternatives
Nearly every day.
Some times per week.
Some time per week.
Some time per month.
One or a few times per year
Never

Share of respondents
17 %
12 %
17 %
24 %
26 %
4%

In a parametric model75, the number of days visiting the area per month is a significant
explanatory variable, implying that the valuation increases with number of visits in the area,
i.e. respondents visiting the area more often have a greater willingness to pay for the change
than others.
Since the area around the Central Bridge is unique, it is interesting to also study the existence
of WTP among non-local people living far from the area, and whether any WTP among them
depends on the frequency of visiting the encroachment area. A modified version of the
questionnaire was sent to a random sample of persons living in the rest of Sweden.
400 persons, living in Sweden but not in Stockholm, aged between 18-75 years, were selected
randomly. Four bids between 10 SEK and 400 SEK per person and year for10 years were
used. The description was adjusted to suit persons who do not live in Stockholm. Since there
proved to be no significant difference between using the payment vehicle voluntary
contributions to a fund and using the payment vehicle raised local tax in the study with
75

The estimation of such a parametric model will be described in chapter 6.
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people living in Stockholm as population (see Chapter 5), and raised local tax was not seen as
a suitable payment vehicle with the whole of Sweden as population, voluntary contributions
to a fund were used instead. An alternative payment vehicle could have been raised national
income tax.
The response rate, defined as the share of people in the random selection answering the
Binary CVM-question, was 54 %. This is considerably lower than in the random sample of
local people, living in Stockholm (69 %). This probably depends on the fact that a person
living for example 1000 kilometres from Stockholm is not as interested in the question, and
then not as likely to answer the questionnaire, as an inhabitant of Stockholm. Carson (2001)
writes that mail surveys are cheaper but that respondents tend to have more interest in the
good than non-respondents.
Table 4.10 shows the share of yes-answers at the different bids and WTP calculated the same
way as for the Stockholm sample.
Table 4.10 Distribution-free estimation of WTP, the Central Bridge, the rest of Sweden
Bid
0
10
50
100
400

N

49
61
49
52

Yesshare
0.469
0.115
0.143
0.019

Lower Bound
Bid
Yesshare
0
10
0.590
50
0.129
400
>400

E(WTP)

0.019
0
∑17

Linear Interpolation
Bid
YesE(WTP)
share
76
0
0.796
10
0.469
50
0.129
100
0.129
400
0.019
>400
0
(416)
(0)
∑47

E(WTP) when
extrapolating

∑47

The calculated mean Lower Bound WTP is 17 SEK per person and year for 10 years and
WTP calculated with Linear Interpolation without extrapolating is 47 SEK per person and
year for 10 years. Assuming that this is representative for adults in Sweden not living in
Stockholm, the present value of WTP per person is 138 SEK or 406 SEK, and the total WTP
is approximately 0.8 milliard SEK or 2.3 milliard SEK, using the discount rate 4 %. If those
not responding are assumed to have WTP=0, total WTP is instead 0.4 milliard SEK or 1.3
milliard SEK.
When estimating with Linear Interpolation, it is assumed that those answering no to the
lowest bid 10 SEK and answering no to another question concerning if they would want the
76

Share of respondents answering yes to the bid or yes if the Government pays responding to the bid 10 SEK.
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change if it meant no expense to them, have WTP=0 and are supposed to be a spike at 0. This
means the same implications as those discussed for the sample with people living in
Stockholm as population.
Does the WTP among people living in the rest of Sweden also depend on the frequency of
visiting the area? One question in the questionnaire asked about how often the respondent
visits the area near the Central Bridge. The alternatives for the question about visiting the
area around the Central Bridge (seeing the Central Bridge) for the sample from the rest of
Sweden were at least once a week, at least once a month, one or some times per year, less
than once a year and never. No respondent visited the area as often as once a week.
Table 4.11 The share of yes-answers for the bid 100 SEK combined with frequency of visits
The frequency of visiting the area
near the Central Bridge
At least once per month
One or some times per year
Less than once per year
Never

Share of yes-answers at
the bid 100 SEK
33 %
19 %
14 %
0%

Share of the respondents
visiting with that frequency
3%
33 %
42 %
22 %

Table 4.11 shows that the share of yes-answers decreases with decreasing frequency of
visiting the area. In a parametric model, frequency of visiting the area per month is a
statistically significant explanatory variable, and has a large influence on the probability for
answering yes to the bid. How did the respondents never visiting the area answer overall?
Any WTP among those never visiting the area might be defined as some kind of pure non-use
value. Table 4.12 shows the share of yes-answers by respondents never visiting the area.
Table 4.12 Share of yes-answers among non-users
Bid
10 SEK
50 SEK
100 SEK
400 SEK

Share of yes-answers among respondents never visiting the area
38 %
6%
0%
0%

There are more possible problems involved in the complementary study than in the main
study. One is that the respondents overall are less familiar with the encroachment. Another is
that WTP can express a value for preventing such encroachments by roads in general.77 One
additional problem is the risk that the respondents may think that the users in Stockholm
should pay instead of them, leading to more no-answers. Another is the possible bias upwards
77

A problem called embedding (cleaning one lake is valued the same as cleaning two lakes) was introduced by
Kahneman and Knetsch (1992).
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in the estimated WTP per person (when assuming the same WTP by non-respondents)
because probably more of the people interested in the good answer the questionnaire.
The study of non-local people implies the existence of WTP even among people living far
from the encroachment in the unique area, but the WTP per person is a lot lower than by
people living in the area. It seems that WTP to a great extent is connected to some kind of use
value in this case, because WTP highly depends on the visiting frequency by the respondent.
One part of the difference between encroachment in unique and in non-unique environments
might be the size of the non-local population visiting the area at least sometimes. If the
visiting frequency is very important for the valuation of encroachment in unique areas, it
might be possible to estimate a valuation for non-local people in broad outlines based on the
valuation by the local people by finding out the frequency of visits by people from the rest of
Sweden.
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5 Methodological lessons from the applications
The Binary CVM studies in the previous chapter is the main empirical result that can be
reported in Part I. There are, however, some methodological issues that should be further
discussed. The four studies presented in the previous chapter are used in this chapter for the
methodological discussion.
The payment vehicle used could have a considerable influence on the WTP. The main
version in all studies used raised local tax per year for10 years. In three of the four studies the
issue about payment vehicle and payment period is studied. This is done by using versions of
the questionnaires, differing only in one aspect from the main version. A number of
alternative payment vehicles and payment periods are used and the effect on WTP will be
analysed.
Some respondents may be ambivalent and uncertain about their choice. In the three studies
about a road as a barrier to water the respondent were given as answering alternatives to the
WTP question:
•

yes, absolutely

•

yes, maybe

•

no, probably not

•

no, absolutely not

The effects on WTP by using only the absolutely certain respondents instead of all
respondents will be analysed.

5.1 The effect on WTP by using different payment vehicles
The valuation of a good depends on the terms of its provision. The used payment vehicle
must be credible for the respondents in order for them to believe that they can have to pay for
the good that way. 78 Examples of payment vehicles are taxes, voluntary contributions or
some kind of fee. Mitchell and Carson (1989) proposed two criteria for the choice of payment
vehicle: realism and neutrality.79

78
79

Carson et al. (2001).
Bishop and Heberlein (1990).
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The presence of effects of used payment vehicle can show up through variations in mean
WTP and the number of protest bids depending on the payment vehicle used. Protest bids
means that a respondent answers no to a bid even though he/she thinks that the good is worth
that much to him/her. Studies made at the beginning of the 1980s, using two different
payment vehicles, imply that the used payment vehicle is very important for the value
received with CVM. 80
OECD (1989) suggests studies concerning whether the mean WTP varies considerably
depending on the bid, to investigate the appearance of payment vehicle bias. Knowledge
about the existence of payment vehicle bias does not mean that one knows which payment
vehicle is the right one. Cummings et al (1986) think that the choice of payment vehicle
should be influenced by what payment vehicles are reasonable in a certain case, i.e. how the
case in question would be financed if it was carried out.
It is in accordance with economic theory that the payment vehicle used might affect the WTP
and it is important that the respondents are informed about how others have to pay, which is
evident when the payment vehicle is a general tax.81
Boyle and Bergstrom (1999) write that even though early studies showed that the payment
vehicle is important for the received result, there has been no published research dealing with
this issue. The principle guide has been the believability and neutrality conditions proposed
by Mitchell and Carson (1989), and for Discrete Choice questions the incentive-compatibility
argument by Hoehn and Randall (1987) is often referred to. According to Boyle and
Bergstrom (1999), payment vehicles are suited to each case and they point out that the
selection of payment vehicles has not been proven and that there ought to be more research
about the effect of the payment vehicle used.
The payment can be coercive or not. A definition of coercive payment is that everybody (for
example all taxpayers in a municipality) is obliged to pay for the change if it is carried out or
that those with a stated WTP have to pay if the change is carried out.
Collective payment means that those having utility from the change, alternatively also
together with others, finance it together. The payment is then in a way coercive. Individual
payment is when what one person pays does not affect what others pay. Voluntary
80
81

Cummings et al. (1986).
Brännlund and Kriström (1998).
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contribution to a fund is an individual payment with this definition, since the respondent
him/herself decides whether he/she wants to pay or not.
Table 5.1 divides a number of different payment vehicles, that are all tested in some of the
versions of the studies of existing encroachments by a road, due to if they mean individual or
collective payment and if the payment is coercive or not.
Table 5.1 Different payment vehicles for valuing the encroachment cost caused by a road
Coercive
Individual
Collective

Not coercive
Voluntary contributions to a fund

Raised taxes
Redistribution of already collected tax
revenues
Compulsory fee to a fund

Tax is coercive since all taxpayers must pay. Either the tax might be raised or else already
collected tax revenues can be redistributed. Raised tax can be a fixed amount paid by
everybody independent of income or a rise in the tax rate. If the tax rate is raised, those with a
higher income pay more than those with a lower income. When the payment vehicle is raised
tax it is understandable without saying that the payment is coercive if the project is carried
out.
It is preferable that the payment vehicle used in a study is not controversial and is reasonable
in that certain case. It should be seen as a cost to the respondent and be coercive if the project
is carried out and financed that way. It is hard to find payment vehicles that fulfil all these
criteria. The most common payment vehicle in reality is redistribution of existing tax
revenues. When a new road is built it means, for example, that some other project financed
by tax revenues is not carried out, but the tax is usually not raised due to that. The greatest
risk with redistribution is that it probably is not as clearly seen as a cost by the respondent as
other payment vehicles if it is not described in detail what would be redistributed from. To
exactly do that is only an alternative when the aim is to make a decision in a particular case
knowing exactly what would really be redistributed from, since this differs from case to case.
The advantage with a tax rise is that it is a direct cost to the respondent, since all taxpayers
are forced to pay if the project is implemented and financed as described in the scenario. A
disadvantage is that separate projects are usually not paid for by earmarked taxes. In many
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cases a tax rise due to a certain project is not reasonable but when it concerns a large project
in a certain municipality a rise in the local tax might be considered reasonable. Political
opinions might influence the answer when the payment vehicle is raised taxes. A respondent
with high willingness to pay but negative opinions about tax increases might be more
inclined to answer no. On the other hand people who think that something should be tax
financed might be more inclined to answer no when another payment vehicle is used.
Voluntary contributions to a fund are not a coercive payment vehicle. Poe et al (2002) point
to the fact that voluntary contribution mechanisms lead to free riding in actual contributions
and this results in overestimation of hypothetical bias when comparing hypothetical and real
payments in validity tests. A coercive contribution mechanism, such as taxes, increases
incentives to reveal demand. Contributions to a fund can also be compulsory. In that case the
contribution is a kind of fee and fees might possibly be more neutral than taxes.
It is important that a cost can be motivated. For example if a road can be situated with the
same length of stretch in two different areas it is hard to motivate an expense. The payment
can be motivated if the construction cost is raised by the alteration. Using a tunnel scenario
means that an expense is motivated.
Possible differences in the estimated WTP values due to using different payment vehicles are
tested in three of the empirical studies described in the previous chapter. The main payment
vehicle used in all studies is raised local tax. It is compared to:
•

Redistribution of local tax revenue

•

Voluntary contributions to a fund

•

Compulsory fee to a fund

5.1.1 Redistribution of local tax revenue
The study about the Central Bridge being replaced by a tunnel in Stockholm consisted of a
main version and seven alternative versions of the questionnaire.82 In two versions a different
payment vehicle were assumed instead of increased local tax. One version used the payment
vehicle reallocation of a given local tax revenue.

82

The versions not analysed in this thesis can be found in Ivehammar (1998).
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The hypothesis is that redistribution is not really seen as much as a cost as raised local tax.
Redistribution within a particular item of expenditure (infrastructure investments) is tested
because in reality this is often assumed when discussing a particular road investment.
Table 5.2 shows the share of yes-answers on respective bid and distribution-free estimation
of WTP for the scenario with the Central Bridge in Stockholm in a tunnel among people
living in Stockholm, using redistribution as payment vehicle.
Table 5.2 Distribution-free estimation of WTP, the Central Bridge, redistribution
Bid
0
10
50
100
300
600
1 000
2 000
5 000

N

38
35
34
32
36
36
34
33

Yesshare
0.579
0.600
0.588
0.531
0.444
0.500
0.324
0.364

Lower Bound
Bid
Yesshare
0
10
0.590
100
300
600

0.588
0.531
0.472

2 000

0.344

>2 000

0

E(WTP)

∑788

Linear Interpolation
Bid
YesE(WTP)
share
0
0.763
10
0.590
50
0.590
100
0.588
300
0.531
600
0.472
1 000
0.472
2 000
0.344
5 000
0.344
>5 000 0
(8 359) (0)
∑1 951

E(WTP) when
extrapolating

∑3 154

This is to be compared to Table 4.8. In the version with redistribution, the share of yesanswers does not fall as much with the size of the bid as in the main version. As shown in
Table 5.2, the share of yes-answers has to be adjusted at several of the bids, when calculating
WTP with the Turnbull estimator. When calculating Lower Bound WTP, adjustments at
increases of yes-answers at a higher bid are handled by computing a pooled share for both
bids using only the lower bid. In this case this means that the bid 5 000 SEK would be
removed and it will be assumed that no-one has WTP higher than 2 000 SEK even though
36.4 % of the respondents answered yes to the bid 5 000 SEK. Following this strict Lower
Bound estimate means that the interval for the main version must be adjusted accordingly by
using 2 000 SEK as upper border to make the estimated WTP comparable. Estimating Lower
Bound WTP for the main version, using 2 000 SEK as upper border, results in an estimated
WTP of 345 SEK. The Lower Bound WTP in the version with redistribution is 788.
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The hypothesis that the version with raised local tax results in the same estimated Lower
Bound WTP as the version with redistribution of local tax revenues from similar areas, i.e.
ELBWTP1=ELBWTP0, is tested:
t − statistic =

788 − 345
13690 + 2358

=

443
= 3.48
127

(5.1)

As expected the null hypothesis can be rejected at the 1 % significance level, even though
this Lower Bound estimate will to a higher degree underestimate WTP for the version with
redistribution. The calculated mean WTP with Linear Interpolation with extrapolation is
1 951 SEK per person and year for 10 years in the version with redistribution compared to
653 SEK for the version with raised tax. This implies that a wider bid interval would have
resulted in an even higher valuation calculated with the non-parametric method with
redistribution and an even larger difference between the two payment vehicles.

5.1.2 Voluntary contributions to a fund
Voluntary contributions might affect WTP in two different ways. On the one hand the
respondent cannot be forced to pay and might therefore exaggerate WTP, on the other hand
the respondent might think that he/she does not want to pay if not everybody pays and might
therefore state a lower WTP than when everybody has to pay.
Table 5.3 shows the share of yes-answers on respective bid and distribution-free estimation
of WTP for the scenario with the Central Bridge in Stockholm in a tunnel among people
living in Stockholm using voluntary contributions to a fund as payment vehicle.

66

Table 5.3 Distribution-free estimation of WTP, the Central Bridge, voluntary contributions
Bid
0
10
50
100
300
600
1 000
2 000
5 000
>5 000
(5 567)

N

34
34
30
31
36
33
34
37

Yesshare

Lower Bound
YesE(WTP)
share
1

Linear Interpolation
YesE(WTP)
share
0.794

0

0
(0)

E(WTP) when
extrapolating

0.794
0.588
0.367
0.258
0.194
0.121
0.118
0.081
∑569

∑671

∑694

This is to be compared to Table 4.8. The calculated mean Lower Bound WTP is 569 SEK and
WTP using Linear Interpolation without extrapolating is 671 SEK per person and year for 10
years to have the stretch of the road in a tunnel.
The hypothesis that the version with voluntary contributions to a fund results in the same
estimated Lower Bound WTP as the version with raised local tax, i.e. ELBWTP1=ELBWTP0, is
tested:
t − statistic =

569 − 480
22353 + 8218

=

89
= 0.51
175

(5.2)

The hypothesis cannot be rejected at the 10 % significance level.
According to the results of the test of the responses in the study about the Central Bridge
there is no significant difference between using raised local taxes and using voluntary
contributions to a fund as the payment vehicle.
A version with voluntary contributions to a fund was also tested in the case about placing a
certain stretch of European route 4 passing Huskvarna in a tunnel. Table 5.4 shows the share
of yes-answers on respective bid and distribution-free estimation of WTP for the scenario in
Huskvarna for those living in the rest of the municipality using voluntary contributions to a
fund as payment vehicle.
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Table 5.4 Distribution-free estimation of WTP, Huskvarna, rest of local, vol. contributions
Bid
0
10
25
70
120
300
600
1 200

N

45
39
38
44
51
43
48

Yesshare
0.533
0.513
0.368
0.182
0.176
0.186
0.021

Lower Bound
Bid
Yesshare
0
10
0,533
25
0,513
70
0,368
120
0,182
300
0,181
1 200
>1 200

E(WTP)

0,021
0
∑90

Linear Interpolation
Bid
YesE(WTP)
share
0
0.778
10
0.533
25
0.513
70
0.368
120
0.182
300
0.181
600
0.181
1 200
0.021
>1 200 0
(1249) (0)
∑196

E(WTP) when
extrapolating

∑196

This is to be compared to Table 4.3. The calculated mean Lower Bound WTP to have the
stretch of the road in a tunnel is 90 SEK per person and year for 10 years and 196 SEK per
person and year for 10 years using Linear Interpolation.
The hypothesis that the version with voluntary contributions to a fund results in the same
estimated Lower Bound WTP as the version with raised local tax, i.e. ELBWTP1=ELBWTP0, is
tested:

t − statistic =

(264 − 90)
815 + 421

=

174
= 4.97
35

(5.3)

The hypothesis can be rejected at the 1 % significance level.

5.1.3 Compulsory fee to a fund
Compulsory fee to a fund was used as an alternative payment vehicle in the study about the
European route 4 passing Huskvarna. In the questionnaire it was stated that all adults in the
municipality would pay an earmarked compulsory fee. Table 5.5 shows the share of yesanswers on respective bid and distribution-free estimation of WTP for the scenario in
Huskvarna for those living in the rest of the municipality using a compulsory fee as the
payment vehicle.
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Table 5.5 Distribution-free estimation of WTP, Huskvarna, rest of local, compulsory fee
Bid
0
10
25
70
120
300
600
1 200
>1 200
(1 644)

N

45
43
42
43
46
48
43

Yes-share

Lower Bound
YesE(WTP)
share
1

Linear Interpolation
Yes-share E(WTP)

0

0
(0)

E(WTP) when
extrapolating

0.80

0.60
0.488
0.476
0.326
0.261
0.250
0.163
∑271

∑310

∑346

This is to be compared to Table 4.3. The calculated mean Lower Bound WTP is 271 SEK and
WTP with Linear Interpolation without extrapolating is 310 SEK per person and year for 10
years to have the stretch of the road in a tunnel.
The hypothesis that the version with a local compulsory fee to a fund results in the same
estimated Lower Bound WTP as the version with raised tax, i.e. ELBWTP1=ELBWTP0, is
tested:
t − statistic =

(271 − 264)
446 + 815

=

7
= 0.19
36

(5.4)

The hypothesis that a local compulsory fee to a fund and raised local tax results in the same
estimated Lower Bound WTP cannot be rejected at the 10 % significance level.
A version with a compulsory fee to a fund was also used in the study about placing a certain
stretch of County Road 100 in Höllviken in a tunnel. Table 5.6 shows the share of yesanswers on respective bid and distribution-free estimation of WTP for the scenario in
Höllviken for those living in the rest of the town, using compulsory fee as payment vehicle.
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Table 5.6 Distribution-free estimation of WTP, Höllviken, rest of local, compulsory fee
Bid
0
20
100
300
500
1 500
>1 500
(1 876)

N

89
80
92
84
88

Yesshare

Lower Bound
YesE(WTP)
share
1

Linear Interpolation
YesE(WTP)
share
0.535

0

0
(0)

E(WTP) when
extrapolating

0.449
0.263
0.261
0.107
0.091
∑195

∑227

∑244

This is to be compared to Table 4.5. The calculated mean WTP per person and year for 10
years to have the stretch of the road in a tunnel is 195 SEK using the Lower Bound estimate
and 227 SEK when using Linear Interpolation without extrapolating.
The hypothesis that the version with a compulsory fee to a fund results in the same estimated
Lower Bound WTP as the version with raised tax, i.e. ELBWTP1=ELBWTP0, is tested:

t − statistic =

(195 − 190)
1204 + 806

=

5
= 0.11
45

(5.5)

The hypothesis that a local compulsory fee to a fund and raised local tax results in the same
estimated Lower Bound WTP cannot be rejected in this study either.

5.1.4 Conclusions
The comments by the respondents in the questionnaires indicate that the payment vehicle is
important. Many respondents think that it has importance how the project is paid for and who
contributes to the payment. In the study about the unique area in Stockholm, it could be
found in the comments made by respondents that some respondents thought that it is the
inhabitants of Stockholm that should pay, some thought that everybody in Sweden should
pay, i.e. the national Government, and yet others thought that it is those who travel on the
Central Bridge that should pay.
Table 5.7 summarizes the results of all tests of payment vehicle, concerning if the test implies
no significant differences due to the payment vehicle used, or if the test implies the existence
of significant differences due to the payment vehicle used. An alternative way to test for this
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is to use a parametric model. The alternative tests are described in Appendix 2. In all cases
concerning payment vehicle these tests give the same result as the tests presented in this
chapter.
Table 5.7 Comparison between the estimated WTP values assuming raised local tax and
some alternative payment vehicle
Redistribution of local taxes
The Central Bridge

Difference

Voluntary contributions to a fund
The Central Bridge
E4 passing Huskvarna

No difference
Difference

Compulsory local fee to a fund
E4 passing Huskvarna
County Road 100 in Höllviken

No difference
No difference

A conclusion is that redistributions of tax revenues is not advisable in CVM, since the shares
of yes-answers at different bids and the test indicate that, as expected, it is not fully seen as a
cost to the respondent. The respondent might think that it is what he/she him/herself thinks is
least valuable that mostly would be reallocated from. A reallocation might be regarded more
as a cost if it was described exactly what would be reallocated from. But then WTP would
probably depend greatly on what it is reallocated from (how the respondents value this) and
the choice of what is decreased would affect the answer to the WTP question.
In the study of encroachment into a unique area (Centralbron), voluntary contributions to a
fund do not result in any significantly different estimated WTP, but in the less unique area
thought to be valued mainly by local people (Huskvarna), voluntary contributions result in
significantly lower estimated WTP than raised local tax. The latter might be interpreted as
people being willing to pay more when the payment vehicle is raised tax and everybody
contributes than when the financing is through voluntary contributions. It seems to be
important that other people also pay for the change.83 Voluntary contributions might be seen
as an appropriate payment vehicle in the unique case but not in the more local case, or
alternatively raised local tax is seen as appropriate in the local case but not in the unique case.

83

Champ et al. (2001) discovered in the pre-test focus groups before a mail survey where they use voluntary
donations as payment vehicle (briefly described in chapter 5.3) that one reason stated for a no-response was
thinking that all customers should jointly share the expense.

71

Compulsory local contributions to a fund were not significantly different from raised local
tax in either of the two applications. It seems as though a local compulsory fee to a fund and
raised local tax can be used interchangeably as payment vehicle in valuation studies of cases
of encroachment caused by a road assumed to be valued mostly by local people. A difference
between the two is that raised local tax would mean that the payment would increase with
income.

5.2 The effect on WTP of using different payment periods
The payment period can vary. It can for example be once a month for an indefinite period of
time or only one lump sum payment. A shorter payment period means a stricter budget
restriction. People might also discount the future differently than for example the discount
rate 4 %, used by the Swedish Road Administration in their road investment CBA. Another
possibility is that people do not understand the difference between different lengths of
payment periods (maybe they cannot imagine the difference between every year in a not
specified time period and for example every year for 10 years). All these implications might
mean that the total present value estimated in a study could depend on the payment period
used.
The effect on estimated WTP by using different payment periods will be tested, using the
payment period per year for10 years as the main version and testing it against versions with
the payment periods:
•

One lump sum payment

•

Per year for 5 years

•

Per year for 20 years

•

Per month for 10 years

5.2.1 Lump sum payment
Two of the alternative versions of the questionnaire in the study about placing the Central
Bridge in Stockholm in a tunnel used a different payment period than the main version. One
of the versions used a lump sum payment. Table 5.8 shows the share of yes-answers on the
different bids in the version with lump sum payment. The same bid interval was used as in
the main version.
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Table 5.8 Distribution-free estimation of WTP, the Central Bridge, lump sum payment
Bid
0
10
50
100
300
600
1 000
2 000
5 000

N

33
37
36
33
34
33
32
29

Yesshare
0.636
0.568
0.583
0.394
0.353
0.394
0.188
0.138

Lower Bound
Bid
Yesshare
0
0.819
10
0.636
50
0.576

E(WTP)

Linear Interpolation
Bid
YesE(WTP)
share
0
0.819
10
0.636
75
0.576

300
600

0.394
0.374

300
800

0.394
0.374

2 000
5 000
>5 000

0.188
0.138
0

2 000
5 000
>5 000
(6 384)

0.188
0.138
0
(0)

∑956

∑1 174

E(WTP) when
extrapolating

∑1 269

The calculated mean Lower Bound WTP is 956 SEK per person to have the stretch of the
road in a tunnel. The present value of WTP per person is 956 SEK. A lump sum payment of
5 000 SEK is the same as 616 SEK per year for 10 years at the discount rate 4 %. If 616 SEK
is used as upper border in the main version, the Lower Bound WTP per year is 88 SEK and
the present value of the Lower Bound WTP per person is 714 SEK.
It seems as though the respondents either understand a payment period of 10 years as a longer
payment period or else they discount the future less than 4 % per year. Payment per year for a
little more than 14 years at the discount rate 4 % or payment per year for10 years using
approximately the discount rate 3 % results in the same estimated present value Lower Bound
WTP as the version with lump sum payment. Is the difference in Lower Bound WTP
significant? The hypothesis that the version with lump sum payment results in the same
estimated Lower Bound WTP as the version with payment per year for 10 years using the
discount rate 4 %, i.e. ELBWTP1=ELBWTP0, is tested:
t − statistic =

956 − 714
40129 + 22105

=

242
= 0.97
249

(5.6)

The hypothesis of no significant difference between Lower Bound WTP estimated when
using the two payment periods and using the discount rate 4 % cannot be rejected at the 10 %
significance level.
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5.2.2 Per year for 5 years
In the rest of the municipality of Jönköping, two alternative versions with different payment
periods were used. One was per year for 5 years. Table 5.9 shows the share of yes-answers on
respective bid and distribution-free estimation of WTP for the scenario in Huskvarna for
those living in the rest of the municipality, using 5 years as payment period. The bid interval
was adjusted in the study to mean approximately the same present value as in the main
version, i.e. the highest bid is 2 100 SEK per year for 5 years instead of 1 200 SEK per year
for 10 years.
Table 5.9 Distribution-free estimation of WTP, Huskvarna, rest of local, 5 years
Bid
0
20
50
125
220
550
1 100
2 100

N

39
42
42
37
41
47
43

Yesshare
0.462
0.452
0.429
0.459
0.341
0.277
0.186

Lower Bound
Bid
Yesshare
0
1
20
0.462
50
0.452
125
0.444
550
1 100
2 100
>2 100

E(WTP)

0.341
0.277
0.186
0

Linear Interpolation
Bid
YesE(WTP)
share
0
0.590
20
0.462
50
0.452
172.5
0.444
550
1 100
2 100
>2 100
(3 503)

∑539

E(WTP) when
extrapolating

0.341
0.277
0.186
0
(0)
∑629

∑759

The calculated mean Lower Bound WTP is 539 SEK per person and year for five years to
have the stretch of the road in a tunnel. The present value of WTP per person is 2 400 SEK,
using the discount rate 4 %.
The present value of WTP per person being higher when using the payment period 5 years
(2 400 SEK) than when using the payment period 10 years (2 141 SEK), could depend on 5
years being seen as a short delimited period of time, while 10 years is seen as per year for a
long and not delimited period of time or the respondents discounting the future less than with
4 % per year. Is the difference significant?
The hypothesis that the version with payment for 5 years results in the same estimated Lower
Bound WTP as the version with payment per year for 10 years using the discount rate 4 %,
i.e. ELBWTP1=ELBWTP0, is tested:
t − statistic =

74

2400 − 2141
115452 + 53617

=

259
= 0.63
411

(5.7)

The hypothesis cannot be rejected at the 10 % significance level.

5.2.3 Per year for 20 years
One version of the questionnaire in the study about the Central Bridge in Stockholm used
payment per year for 20 years as payment period. Table 5.10 shows the share of yes-answers
on respective bid and distribution-free estimation of WTP among people living in Stockholm
using per year for 20 years as payment period. The same bid interval as when using the
payment period 10 years was used.
Table 5.10 Distribution-free estimation of WTP, the Central Bridge in Stockholm, 20 years
Bid
0
10
50
100
300
600
1 000
2 000
5 000

N

40
35
32
35
36
30
36
35

Yesshare
0.55
0.486
0.469
0.314
0.194
0.20
0.083
0.057

Lower Bound
Bid
Yesshare
0
1
10
0.55
50
0.486
100
0.469
300
0.314
600
0.197
2000
2984
>2984

E(WTP)

Linear Interpolation
Bid
YesE(WTP)
share
0
0.75
10
0.55
50
0.486
100
0.469
450
0.314
800
2 000
2 984
>2 984
(3 454)

0.083
0.057
0
∑343

E(WTP) when
extrapolating

0.197
0.083
0.075
0
(0)
∑503

∑521

Since the same bid interval has been used as in the main version with 10 years as payment
period instead of 20 years, a lower upper border is used when calculating WTP for the
version with 20 years. Using the discount rate 4 %, 2 984 SEK per year for 20 years is the
same as 5 000 SEK per year for 10 years. The calculated mean Lower Bound WTP is 343
SEK per person and year for 20 years to have the vehicle bridge and the subway bridge in a
tunnel. The present value is 4 661 SEK per person, using the discount rate 4 %.
The present value of WTP per person being higher when using the payment period 20 years
(4 661 SEK) than when using the payment period 10 years (3 893 SEK), could depend on 20
years being seen as a shorter period than it is, or 10 years being seen as a longer period than it
is, or that the respondents discount the future more than with 4 % per year. Is the difference
significant?

75

The hypothesis that the version with 20 years as payment period results in the same estimated
present value Lower Bound WTP as the version with payment per year for 10 years using the
discount rate 4 %, i.e. ELBWTP1=ELBWTP0, is tested:
t − statistic =

4661 − 3893
1131030 + 540648

=

768
= 0.59
1293

(5.8)

The hypothesis cannot be rejected at the 10 % significance level.

5.2.4 Per month for 10 years
One version in the rest of the municipality of Jönköping used the payment period per month
for 10 years. Table 5.11 shows the share of yes-answers on respective bid and distributionfree estimation of WTP for the change for those living in the rest of the municipality of
Jönköping using per month for 10 years as payment vehicle. The bid interval used in the
study was adjusted to the different payment period.
Table 5.11 Distribution-free estimation of WTP, Huskvarna, rest of local, per month
Bid
0
5
10
25
50
100

N

40
48
41
47
42

Yesshare
0.575
0.417
0.463
0.227
0.310

Lower Bound
Bid
Yesshare
0
1
5
0.575
10
0.44
50

0.269

>50

0

E(WTP)

∑16

Linear Interpolation
Bid
YesE(WTP)
share
0
0.675
5
0.575
10
0.44
25
0.44
50
0.269
100
0.269
>100
0
(129)
∑33

E(WTP) when
extrapolating

∑43

The share of yes-answers on the bid 100 SEK per month for 10 years is 31 %, i.e. an
increasing share compared with 23 % on the bid 50 SEK per month for 10 years, and very
high compared to the share of yes-answers on the comparable bid in the main version, i.e.
16 % on the bid 1 200 SEK per year for10 years. This could depend on the fact that some of
the respondents with payment vehicle per month do not correctly understand what this means
and that a higher degree of such respondents has got the bid 100 SEK.
The calculated mean Lower Bound WTP is 16 SEK per person and month for 10 years to
have the stretch of the road in a tunnel. The WTP per person and year is 192 SEK. The
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present value of WTP per person is 1 557 SEK per person and year, using the discount rate
4 %.
Since using the Lower Bound means dropping the bid 100 SEK per month, to be comparable
the bid 600 is used as upper border in the main version with payment per year for 10 years.
The estimated Lower Bound WTP is then 168 SEK per person and year for 10 years.
The Lower Bound WTP per person and year is higher when using the payment period per
month for 10 years (192 SEK) than when using the payment period per year for 10 years (168
SEK). This could depend on not understanding that payment per month is 12 times as often
as payment per year. Is the difference significant?
The hypothesis that the version with payment per month for 10 years results in the same
estimated Lower Bound WTP as the version with payment per year for 10 years, i.e.
ELBWTP1=ELBWTP0, is tested:
t − statistic =

192 − 168
559 + 268

=

24
= 0.83
29

(5.9)

The hypothesis cannot be rejected at the 10 % significance level.
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5.2.5 Conclusions
Table 5.12 summarizes all tests of payment period. A positive sign (+) means that the
different payment period does not lead to a significantly different WTP, while a negative sign
(-) means that the different payment period lead to a significantly different estimated WTP.
Table 5.12 Comparison between alternative payment periods and per year for10 years
No difference between the payment periods (+)
or difference between payment periods (-)
Distribution-free estimate of WTP
Lump sum payment
The Central Bridge

+

Per year for five years
The rest of Jönköping municipality

+

Per year for 20 years
The Central Bridge

+

Per month for 10 years
The rest of Jönköping municipality

+

The conclusion might be that the choice of payment period does not matter for the estimated
WTP, and this should be interpreted as positive for Binary CVM since it proposes that the
respondents really consider the payment period when they make their choice. In the
parametric tests presented in Appendix 2, one problem could though be pointed at. The
hypothesis of understanding a certain bid for 20 years as the same as the same bid for 10
years was not possible to reject. When the payment period gets fairly long the respondent
might understand it as per year for a not identified period of time. It would be interesting to
compare the payment period per year for 10 years with the payment period per year for an
undefined period of time to see if the payment periods are understood as the same, meaning
that the results from asking per year for 10 years could be extended to per year for an
indefinite period of time or the opposite.

5.3 The effect on WTP of using only absolutely certain respondents
Ready et al (1995) discuss the issue that when answering a dichotomous choice question the
respondent may be ambivalent between the two options. They carried out two CVM-studies
by post, where half the sample received an ordinary dichotomous choice (DC) question and

78

half instead received something they call a polychotomous choice (PC) question. The
difference is that the answering alternatives in the PC application were six instead of two.
One of their studies was about WTP to prevent the destruction of a wetland. The respondents
in the PC version could choose between answering definitely yes, probably yes, maybe yes,
maybe no, probably no and definitely no. In the other study, about WTP through a higher
nationwide and local tax to implement an incentive package to prevent a decreasing number
of horse farms in Kentucky, the answering alternatives in the PC question were strongly
prefer program, prefer program, slightly prefer program, slightly prefer no program, prefer
no program, and strongly prefer no program.
In both studies randomly chosen households were phoned and the answering adult was asked
to participate in the study. Those agreeing were sent a questionnaire by post. 601
questionnaires were sent out in the wetland study and 563 questionnaires were sent out in the
horse farm study. The hypothesis by the researchers was that the PC format would result in a
higher rate of usable responses (higher return rates, lower item non-response rates and lower
protest rates) than the DC format. In the wetland study 67 % of the questionnaires were
useable from PC and 60 % from DC and this difference was statistically significant. The
horse farm study also had more useable PC responses (58 %) than DC responses (53.5 %),
but the difference was not statistically different.
They estimated three different logit models on the PC data; the probability of answering
definitely yes (the two certain yes-response alternatives), the probability of answering yes (all
three yes-alternatives) and the probability of answering definitely no (the two certain noresponse alternatives).84 For the DC data only the probability of answering yes (or no) was
modelled.
Ready et al (1995) found four results that apply to both studies: ambivalence regions are
wide, a higher rate of useable responses result from PC than from DC, the PC-format results
in higher rates of yes-answers (using all kinds of yes as yes) and therefore higher estimated
WTP, and that the respondents seem less influenced by the presented scenario when
answering a PC-question than when answering a DC-question (one of four different wetlands
respectively four different levels of reduction of horse farms was used in the studies). A
conclusion by the authors was that if the respondents are ambivalent, this decreases DC
84

An estimate of WTP with the two alternative models for PC was not presented in the article.
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estimates of WTP. Another conclusion was that using the PC format meant that the
respondents had incentives not to think hard enough and instead, for example, choose slightly
prefer and the authors point to the fact that this questions the recommendation by the NOAA
panel to have a don’t know response alternative, since that would be an easy way for
respondents to avoid to make a choice, reducing the reliability and validity of the estimated
WTP.
Champ et al (1997) asked another kind of follow-up question to their Binary CVM question
to find out how certain the respondent is about the answer. In their follow-up question the
respondent is asked to state on a scale between 1 (very uncertain) to 10 (very certain) how
certain he/she is about his/her response.
Johannesson et al. (1998) carried out an experiment with a private good (a box of Belgian
chocolate) comparing a DC CVM question with a real purchase. Those stating that they
would purchase the box of chocolate in the DC CVM case were also asked about if they were
absolutely sure or fairly sure. The result of their experiment was that using all yes-responses
as yes lead to higher WTP (35 SEK) than the real payment case (29 SEK), while using only
the absolutely sure as yes lead to lower WTP (24 SEK) than the real payment. The significant
difference occurred at the highest bid (20 SEK, 30 SEK and 50 SEK were used as bids).
Champ et al (2001) performed a study about a voluntary pilot programme that would allow
households to buy wind-generated electricity from a local provider of gas and electricity in
Madison in Wisconsin. The population was customers to the provider since at least one year
ago. The sample was split up in two, and half received a question about contingent donation
and half a question about real donations by post. The postal questionnaires were sent to 2520
customers and 700 answered the contingent donation and 797 the actual donation, resulting in
response rates of 56 % respective 63 %. In pre-test focus groups the authors learned that the
reasons to respond yes were the environmental benefits of wind power and/or wanting to
support the development of future renewable energy. The scenario was that if enough
customers were willing to pay the extra cost for wind power, the provider would purchase
wind power from wind turbines being built and replace some of its electricity generated from
coal. If the programme was successful it could be enlarged in the future. A single-bound
dichotomous-choice question was used. The respondent was asked if he/she was willing to
pay an additional amount on his/her monthly electric bill for one year. Half of the
respondents were asked a real question and half of them a hypothetical. Payment was
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individually voluntary but all would have the benefit in the form of more environmentalfriendly energy.
The contingent donation question was followed by a question about how certain the
respondent was that he/she would really purchase or not purchase the wind-generated
electricity. The answering alternatives to the follow-up question were a scale from 1 meaning
very uncertain to 10 meaning very certain. They recoded some of the yes-responses as noresponses and compared the resulting estimate of mean WTP with the mean WTP from the
sample with actual donation. The estimated Lower Bound mean WTP without adjustments
was significantly lower for the actual donation $59 than $101 for the hypothetical donation.
By re-coding those respondents less certain of a yes than 8, 9 or 10 on the scale to no, the
estimated mean WTP is similar to the one estimated for the actual donation sample. The
authors write that it is possible that the actual donation mechanism induces free-riders in the
actual payment but not in the contingent payment and it is not known whether the contingent
donations or the actual donations are closer to the Hicksian surplus.
It seems doubtful to recode yes-answers as no-answers. A more appropriate handling might
be to drop yes-answers and no-answers uncertain to some degree and only use the rest to
estimate WTP.
The approach with a follow-up question with a 10-grade scale has been used in Sweden to
cope with problems when valuing road safety. Estimated WTP for increased road safety has
been shown to be insensitive to the size of the risk reduction.85 When only those certain to a
specific degree are used to estimate WTP, this problem is decreased.86
In four of the own studies analysed in this thesis the answering alternatives were yes,
absolutely, yes, maybe, no, probably not and no, absolutely not. Up till now all answers have
been used and the answers yes, absolutely and yes, maybe are interpreted as yes and the
answers no, probably not and no, absolutely not are interpreted as no. The conclusion by
Champ et al (2001) implies that using all responses in the analysis could result in a higher
estimated WTP than if only one yes-answer and one no-answer had been used in the studies.
This does not mean that the estimation must be less correct, however.

85
86

See for example Norinder et al. (2001) about scale bias.
Hultkrantz et al. (2005).
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Now an alternative estimation of WTP using only those who are absolutely certain of their
choice, i.e. only those who answered yes, absolutely and no, absolutely not will be calculated
and tested against WTP using all respondents.

5.3.1 The immediate surroundings
Table 5.13 shows the share of yes-answers on respective bid and distribution-free estimation
of WTP for the change for those living in the immediate surroundings of the stretch of the
road in Huskvarna, when only the responses by the absolutely certain respondents in the main
version are used.
Table 5.13 Distribution-free estimation of WTP, E4 passing Huskvarna, the immediate
surroundings, absolutely certain respondents
Bid
0
25
120
600
1 200
2 500
5 000
10 000

N

19
20
19
20
12
10
8

Yesshare
0,947
0,950
0,842
0,600
0,417
0,400
0,250

Lower Bound
Bid
Yesshare
0
25
0,949
600
1 200
2 500
5 000
10 000
>10 000

E(WTP)

0,842
0,600
0,417
0,400
0,250
0
∑3 660

Linear Interpolation
Bid
YesE(WTP)
share
0
0,958
25
0.949
120
0,949
600
0,842
1 200
0,600
2 500
0,417
5 000
0,400
10 000
0,250
>10 000 0
(11 779) (0)
∑4 284

E(WTP) when
extrapolating

∑4 506

This is to be compared to Table 4.2. The estimated Lower Bound WTP using only the
absolutely certain respondents is smaller than when using all respondents. Is this difference
significant? The hypothesis that the analysis of only absolutely certain respondents results in
the same estimated Lower Bound WTP as when using all respondents, i.e.
ELBWTPcertain=ELBWTPall, is tested:
t − statistic =

E LBWTPall − E LBWTPcertain
Vall + Vcertain

=

4690 − 3660
126099 + 776811

=

1030
= 1.08
950

The hypothesis cannot be rejected at the 10 % significance level.
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(5.10)

Table 5.14 shows the share of yes-answers on respective bid and distribution-free estimation
of WTP for the change for those living in the immediate surroundings of the stretch of the
road in Höllviken using only the absolutely certain respondents.
Table 5.14 Distribution-free estimation of WTP, County Road 100 passing Höllviken, the
immediate surroundings, absolutely certain respondents
Bid
0
50
500
1 500
5 000
>5 000
(6 360)

N

34
31
28
21

Yesshare

Lower Bound
YesE(WTP)
share
1

Linear Interpolation
YesE(WTP)
share
0.878

0

0
(0)

E(WTP) when
extrapolating

0.882
0.516
0.321
0.190
∑1 262

∑1 672

∑1 801

This is to be compared to Table 4.4. The estimated Lower Bound WTP using only the
absolutely certain respondents is smaller than when using all respondents. Is this difference
significant? The hypothesis that the analysis of only absolutely certain respondents results in
the same estimated Lower Bound WTP as when using all respondents, i.e.
ELBWTPcertain=ELBWTPall, is tested:
t − statistic =

1313 − 1262
70749 + 99198

=

51
= 0.12
412

(5.11)

The hypothesis cannot be rejected at the 10 % significance level.
Table 5.15 shows the share of yes-answers on respective bid and distribution-free estimation
of WTP for the change for those living in the immediate surroundings of the stretch of the
road in Ulricehamn when only the absolutely certain respondents are used.
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Table 5.15 Distribution-free estimation of WTP, Main Road 40 passing Ulricehamn, the
immediate surroundings, absolutely certain respondents
Bid

N

Yesshare

0
50
200
500
1 000
2 000
>2 000
(2 534)

26
19
22
21
19
20

0.769
0.684
0.318
0.238
0.211
0.20

Lower Bound
YesE(WTP)
share
1

Linear Interpolation
YesE(WTP)
E(WTP) when
share
extrapolating
0.769

0

0
(0)
∑459

∑503

∑566

This is to be compared to Table 4.6. In this case the estimated Lower Bound WTP is instead a
little higher when using only the absolutely certain respondents than when using all
respondents. The hypothesis that the analysis of only absolutely certain respondents results in
the same estimated Lower Bound WTP as when using all respondents, i.e.
ELBWTPcertain=ELBWTPall, is tested:

t − statistic =

459 − 420
11218 + 1373

=

39
= 0.35
112

(5.12)

The hypothesis cannot be rejected at the 10 % significance level.

5.3.2 The rest of the local people
Table 5.16 shows the share of yes-answers on respective bid and distribution-free estimation
of WTP for the change for those living in the rest of Jönköping municipality using only the
absolutely certain respondents in the main version.
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Table 5.16 Distribution-free estimation of WTP, E4 passing Huskvarna, rest of local people,
absolutely certain respondents
Bid
0
10
25
70
120
300
600
1 200

N

42
49
45
48
42
47
42

Yesshare
0.429
0.449
0.467
0.375
0.214
0.106
0.095

Lower Bound
Bid
Yesshare
0
1
10
0.448
120
300
600
1 200
>1 200

E(WTP)

0.375
0.214
0.106
0.095
0
∑173

Linear Interpolation
Bid
YesE(WTP)
share
0
0.72787
10
0.448
25
0.448
70
0.448
120
0.375
300
0.214
600
0.106
1 200
0.095
>1 200
(1 520)
(0)
∑215

E(WTP) when
extrapolating

∑230

This is to be compared to Table 4.3. The estimated Lower Bound WTP using only the
absolutely certain respondents is smaller than when using all respondents. Is this difference
significant? The hypothesis that the analysis of only absolutely certain respondents results in
the same estimated Lower Bound WTP as when using all respondents, i.e.
ELBWTPcertain=ELBWTPall, is tested:
t − statistic =

264 − 173
815 + 1107

=

91
= 2.07
44

(5.13)

The hypothesis can be rejected at the 5 % significance level.
Table 5.17 shows the share of yes-answers on respective bid and distribution-free estimation
of WTP for the change for those living in the rest of the town of Höllviken using only the
absolutely certain respondents in the main version.
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Share of respondents answering yes to the bid or thinking that tunnel would have been better responding to
the bid 10 SEK.
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Table 5.17 Distribution-free estimation of WTP, Country Road 100 passing Höllviken, rest of
local people, absolutely certain respondents
Bid
0
20
100
300
500
1 500
>1 500
(1 593)

N

45
63
45
53
69

Yesshare

Lower Bound
YesE(WTP)
share
1

Linear Interpolation
YesE(WTP)
share
0.53588

0

0
(0)

E(WTP) when
extrapolating

0.489
0.333
0.133
0.113
0.029
∑115

∑185

∑187

This is to be compared to Table 4.5. The estimated Lower Bound WTP using only the
absolutely certain respondents is smaller than when using all respondents. Is this difference
significant? The hypothesis that the analysis of only absolutely certain respondents results in
the same estimated Lower Bound WTP as when using all respondents, i.e.
ELBWTPcertain=ELBWTPall, is tested:

t − statistic =

190 − 115
806 + 609

=

75
= 1.97
38

(5.14)

The hypothesis can be rejected at the 5 % significance level.
Table 5.18 shows the share of yes-answers on respective bid and distribution-free estimation
of WTP for the change for those living in the rest of the town of Ulricehamn, when only the
absolutely certain respondents’ answers are used.
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Share of respondents answering yes to the bid or thinking that tunnel would have been better responding to
the bid 20 SEK.
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Table 5.18 Distribution-free estimation of WTP, Main Road 40 passing Ulricehamn, rest of
local people, absolutely certain respondents
Bid

0
50
200
500
1 000
2 000
>2 000
(2 109)

N

77
73
71
70
71
76

Share
yes

Lower Bound
Share
E(WTP)
yes

Linear Interpolation
Share
E(WTP)
yes

0.753
0.411
0.324
0.143
0.07
0.039

1

0.753

0

0
(0)
∑186

∑262

E(WTP)
to share
yes 0

∑264

This is to be compared to Table 4.7. In the rest of the town of Ulricehamn the estimated
Lower Bound WTP using only the absolutely certain respondents is a lot lower than when
using all respondents. The hypothesis that using only the absolutely certain respondents
results in the same estimated Lower Bound WTP as when using all respondents in the rest of
the town in Ulricehamn, i.e. ELBWTPcertain=ELBWTPall, is tested:

t − statistic =

420 − 186
1373 + 3512

=

234
= 3.34
70

(5.15)

The hypothesis can be rejected at the 1 % significance level.
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5.3.2 Conclusions
Table 5.19 summarizes all tests of difference between using all respondents and using only
the absolutely certain respondents. A positive sign (+) means no difference in Lower Bound
WTP, while a negative sign (-) means a significant difference.
Table 5.19 Comparison between all respondents and only absolutely certain respondents
No difference (+) or difference (-)
Immediate Surroundings
Rest of the local people
E4 passing Huskvarna

+

-

County Road 100 in Höllviken

+

-

Main Road 40 passing
Ulricehamn

+

-

In all three studies there is no significant difference between estimated Lower Bound WTP
when using all respondents and when using only the absolutely certain respondents for those
living in the immediate surroundings. Among the rest of the local people the estimated Lower
Bound WTP is significantly lower when using only the absolutely certain respondents than
when using all respondents.
When using only the absolutely certain respondents the estimated Lower Bound WTP differs
much more between the immediate surroundings and the rest of the town in Ulricehamn than
when all respondents are used. The hypothesis that people living in the immediate
surroundings has the same estimated Lower Bound WTP as people living in the rest of the
town in Ulricehamn when using only absolutely certain respondents, i.e.
ELBWTP1=ELBWTP0, is tested:
t − statistic =

459 − 186
11218 + 3512

=

273
= 2.26
121

(5.16)

When using only the absolutely certain respondents the hypothesis that lower bound WTP is
the same in the immediate surroundings and in the rest of the town of Ulricehamn can be
rejected at the 5 % significance level.
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6 Towards the final formula for the typical case barrier to
water
Three of the four case studies discussed in the preceding chapters (Huskvarna, Höllviken and
Ulricehamn) constitute encroachments of a road taking the form of a barrier between a builtup area and water. They are now further used towards the final goal of encroachment cost
transfer.

6.1 Differences between the cases
In the preceding chapters, when the aim was to estimate the average encroachment cost per
exposed individual, and the total encroachment cost in each case, it was sufficient to use nonparametric models. The results of those calculations are summarized in Table 6.1 together
with some characteristics that differ between the three cases.
Table 6.1 Total WTP and differences between the three cases
Huskvarna

Höllviken

Ulricehamn

1300 metres

600 metres

10 000 vehicles /day

9000 vehicles /day

Characteristics of the encroachment cases
The lengths of the tunnel in
the scenario

1200 metres

Quantity of traffic on the road 13 000 vehicles /day
Width of the road

13 metres

13 metres

What is situated on the shore Footpath and
cycleway

26 metres

Footpath and cycleway

Bathing-place

When was the barrier built

1968

1991

In the beginning of
the 1960s

The maximum distance
between habitation and
barrier in the immediate
surroundings

800 metres

350 metres

500 metres

Level differences between
the habitation and the water

Large

Almost none at all

Fairly large

WTP per person and year for 10 years
The
All
immediate
surroundings Certain

4690 SEK

1313 SEK

440 SEK

3660 SEK

1262 SEK

459 SEK

Rest of local

All

264 SEK

190 SEK

420 SEK

Certain

173 SEK

115 SEK

186 SEK
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How to explain the differences in the average encroachment cost per person in the cases?
This is the main question to come to grips with in the final effort to develop an encroachment
cost formula for the typical case “barrier to water”. For this effort, it is useful to consider the
encroachment cost at an individual level.
It can be assumed that the WTP of a particular individual for avoiding an encroachment by a
road are affected by his/her exposure to the encroachment (X), socio-economic variables (Y)
and object specific characteristics (Z). The latter include characteristics of the road causing
the encroachment, and characteristics of the place where it is situated. The encroachment cost
to a certain individual can then be expressed as:

WTPik = f ( X , Y , Z )

(6.1)

where WTPik is the willingness by individual k to pay for avoiding environmental
encroachment i. The vectors X and Y are specific for each individual, while Z is specific for a
particular encroachment. The total encroachment cost is the sum of the cost to each
individual in the population, consisting of n individuals:
n

= ∑ WTPik
Total cost of encroachment i
k =1

(6.2)

The main problems meet when it comes to specifying the Z-variables. Some kinds of
environmental encroachment are common, i.e. there are a considerable number of quite
similar cases. One way to decrease the number of variables required to specify object
differences (Z-variables) is to start by a classification of the most common encroachments
caused by a road into “typical cases” of reasonably similar cases of environmental
encroachment. The cost transfer approach explored in this thesis is based on the assumption
that objects within a typical case can be described by a limited number of Z-variables (which
are specific to the typical case concerned). Anyway a large number of objects have to be
studied because the Z-variables only differ between the objects. The effect of exposure (X)
and socio-economic variables (Y) can be studied even with a small number of cases, because
those variables differ between individuals.
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To study the dependence of different variables in the three cases it is suitable to use a
parametric model. The one that will be used will now be described.

6.2 Analysing the data with logit models
The choice made by the respondent in a Binary CVM study is a discrete choice. The analysis
of discrete choices is based on Random Utility theory89, originally developed by Luce (1959)
and McFadden (1974).90 Random Utility theory means that even if the individual knows
his/her utility and maximizes it, the investigator cannot perfectly observe the individual’s
preferences. There are random unobservable elements in the utility function due to, for
example more special individual characteristics, heterogeneity in the preferences, and there
are inevitable measurement errors, which could be viewed as random influences. The error
term, ε, explains differences between the choices by different individuals not explained by
the other variables in the model.
Suppose that an individual (k) chooses between answering yes or no to a Binary CVM
question where the environmental quality is improved by placing an existing road in a tunnel.
The choice can be described as:
Uk(eq1, M-bid) ≥ Uk(eq0, M) → yes-answer
Uk(eq1, M–bid) < Uk(eq0, M) → no-answer

(6.3)

where Uk is the indirect utility function for the individual k, eq is environmental quality, and
M is income. Other prices apart from the bid are supposed to be unaffected by the change and
are suppressed from the indirect utility function for simplicity. Income is assumed to be the
same before and after, except for the bid which has to be paid in case the answer is yes. The
Compensating Variation (CV) searched for is the bid which would result in unchanged
utility:
Uk(eq1, M-CV) = Uk(eq0, M).

89
90

(6.4)

For a more detailed description, see for example Haab and McConnel (2003).
Carlsson (2004).
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The utility is supposed to consist of two parts, one deterministic and one random part, the
error term. It will be assumed that the utility function is linear and that the error terms are
independently and identically distributed (IID) with mean zero (because of simplifications
and as long as indications of the opposite is not found). For a study with Binary CVM, it is
more convenient to use the net of the indirect utility function. This can be described as:

U net , k = Vk + ε k

Vk = α + β bid bid k + ∑ χ i X ik + ∑ δ j Y jk
i

j

(6.5)

where Unet,k is net utility for individual k with a certain stretch of the road in a tunnel
compared to the case today with the road above ground, and Vk is the deterministic part. The
variable bidk is the bid used for individual k, Xi are variables describing the exposure to the
individual, Yj are socio-economic variables, and ε is the random term.
The probability that individual k answers yes to a certain bid is:

  α + ∑ χi X ik + ∑ δ jY jk + ε k 




i
j
 ≥ bid 
P[Yes]k = P U net,k ≥ 0 = P α + ∑ χi X ik + ∑ δ jY jk + ε k  ≥ −βbid bidk  = P 
k



− βbid
i
j










[

]

(6.6)

The model can be estimated with maximum likelihood. If the error terms are supposed to be
normally distributed a probit model is used and if the error terms are supposed to be extreme
value distributed a logit model is used. In the latter case the probability for a yes-answer will
be:

P k answers yes =

e Vk
e

Vk

+1

=

1
1 + e −V k

(6.7)

All parameters are divided by an unknown scale parameter τ, but can be interpreted as ratios,
and the mean WTP can be calculated as:

E [WTP] =

1
− β bid

(α + ∑ χ i X i + ∑ δ j Y j )
i

j

where the average values for Xi and Yj are used.91
91

See for example Hanemann (1989).
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(6.8)

Two measures of model goodness of fit are pseudo-R2 and percent correctly predicted.
Pseudo-R2 is analogy to the R2 used in linear regression models. The upper bound of the
likelihood measures is though typically less than one, since the maximum of the likelihood
value is one. Pseudo-R2 is:

pseudo − R 2 =

ln L2u / N − ln L2r / N

(6.9)

1 − ln L2r / N

where lnLu is the unrestricted log-likelihood function value, lnLr is the restricted loglikelihood function value and N is the number of observations. Percent correctly predicted
(Pct Correct Prec.) is the share of the actual choices in a binary study correctly predicted by
the estimated regression model.

6.3 Differences in socio-economic variables
Concerning the socio-economic variables (Y) the question is if the average values are very
different between the population samples or not of the three towns Huskvarna, Höllviken and
Ulricehamn. The mean values of three possibly important socio-economic variables asked
about in the three studies are shown in Table 6.2.
Table 6.2 Differences in socio-economic variables between the three cases
Sample

Age

Gender

Immediate

Huskvarna

50 years

47 % men

Income SEK per
month
20000

surroundings

Höllviken

51 years

47 % men

20000

Ulricehamn

47 years

47 % men

27000

Rest of local

Huskvarna

44 years

51 % men

20000

Höllviken

51 years

49 % men

27000

Ulricehamn

44 years

50 % men

21000

The average values of these three socio-economic variables are not very different between the
three towns for those living in the immediate surroundings, or for the rest of the local people.
One difference is that the mean age is higher in Höllviken than in the other towns, especially
among the rest of the local people. A number of Swedish valuation studies have shown that
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the valuation of environmental amenities decreases with age.92 This has also been found in
other countries.93 Is the reason that the valuation of the environment decreases with
increasing age or does it show a change of valuation between different generations? If the
latter explanation is important, the environment could become increasingly more valued over
time, meaning increasing importance of encroachment costs.
Could higher mean age be an explanation of the relatively low mean WTP per person among
the rest of the local people in Höllviken? An estimated logit model to explain WTP among
the rest of local people in Höllviken does show that the age of the respondent is the most
important explanatory variable for the size of WTP. This needs further investigations.
A problem with the rest of the local people in Höllviken is that many respondents are found
to have no WTP at all – leading to a mean estimated negative WTP using an ordinary logit
model. One way to deal with the fact that many respondents do not have any WTP is to use a
spike model.
The idea of using spike models was proposed by Kriström (1997). What follows is based on
his article. The simple spike model assumes that the respondents have either a positive WTP
or WTP=0. Together with the usual WTP question, a question about having no WTP at all is
included in the CVM study.
The probability that WTP is lower than the amount A can be expressed as:
P(WTP<A)=Fwtp(A)

(6.10)

where Fwtp(A) is continuous and non-decreasing. Expected WTP is:
∞

0

0

−∞

E (WTP ) = ∫ 1 − Fwtp ( A)dA − ∫ Fwtp ( A)dA

(6.11)

In Binary CVM different A, i.e. different bids, are used in different sub-samples to be able to
estimate Fwtp(A).

92
93

Examples are Frykblom (1998), Carlsson et al. (2000), Eggert et al. (2004).
Carson et al. (2001).
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The spike model means assuming that the distribution function of WTP has the form:
Fwtp(A) = 0

if A<0

Fwtp(A) = p

if A=0

Fwtp(A) = Gwtp(A)

if A>0

(6.12)

where p belongs to (0,1) and Gwtp(A) is a continuous and increasing function. Gwtp(0)=p
and lim A→∞ Gwtp(A)=1. There is a spike at zero. One way to estimate the spike model is to
use distribution-free models. Another is to use parametric maximum likelihood methods.
The respondent is asked a question about if he/she is willing to contribute anything at all. If
the respondent answers yes this is indicated by Si=1 and otherwise Si=0. If the respondent is
willing to pay the proposed bid this is indicated by Ti=1 and otherwise Ti=0. The loglikelihood function for the sample is

[
]
+ S i (1 − Ti ) ln[Fwtp ( A) − Fwtp (0)]
+ (1 − S i ) ln[Fwtp (0) ]

l = ∑1N S iTi ln 1 − Fwtp ( A)

(6.13)

Since there is assumed to be no negative WTP, only the first part of (6.10) is estimated and
the mean is estimated as

E[WTP] =

1
− β bid

(α + ∑ χi X i + ∑ δ jY j ) 

j


ln 1 + e i





(6.14)

The spike model can also be extended to include negative WTP.
The answer to the question about whether the respondent thinks that a tunnel would have
been better, the same, or worse than the road above ground disregarding the cost, included in
the questionnaire in Höllviken, can be used to sort out those who seem to have no WTP at all.
Those not answering that the road in a tunnel would have been a better alternative, are
assumed to have WTP=0. A simple spike model is estimated with bid and age as explanatory
variables to illustrate the great importance of age for the WTP. If the respondent answered
that a tunnel would have been worse or the same, it is assumed that WTP=0 and Si=0. If the
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respondent answered that the tunnel would have been better, it is assumed that WTP>0 and
Si=1.
The coefficients in the estimated spike model, and the estimated WTP for the mean
respondent in Höllviken, as well as for a respondent half-as-old are presented in Table 6.3.
Table 6.3 Estimated spike model, Höllviken, rest of local people
Intercept
Age
Bid
N=838
Estimated spike
Share of si=0 in sample
WTP for mean respondent
aged 51 years
WTP for respondent aged 25
years

Coefficient
1.5332
-0.04093
-0.001774

Standard error
0.3504
0.006829
0.0001450

t-statistic
4.375
-5.994
-12.232

P[|Z|]>z)
0.0000
0.0000
0.0000

0.6351
0.6313
256 SEK per year for ten years
552 SEK per year for ten years

The estimated WTP is more than twice as high for a respondent aged 25 years compared to a
respondent aged 51 years. The coefficients and WTP depending on age in a similar model
using only absolutely certain respondents are shown in Table 6.4.
Table 6.4 Estimated spike model, Höllviken, rest of local people, absolutely certain
Intercept
Age
Bid
N=526
Estimated spike
Share of si=0 in sample
WTP for mean respondent
aged 51 years
WTP for respondent aged 25
years

Coefficient
1.0669
-0.03790
-0.001649

Standard error
0.4870
0.009410
0.0002348

t-statistic
2.191
-4.027
-7.020

P[|Z|]>z)
0.0285
0.0001
0.0000

0.7039
0.7110
213 SEK per year for ten years
458 SEK per year for ten years

The estimated WTP is lower but still more than twice as high for a respondent aged 25 years
compared to a respondent aged 51 years.
This means that the higher average age among the rest of the local people in Höllviken
compared to the rest of the local people in Huskvarna and Ulricehamn should be an important
explanation for the lower mean WTP among the rest of the local people in Höllviken.
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6.4 Exposure variables that explains the choice
When it comes to exposure (X) it is quite possible that this factor contributes considerable to
the explanation why the WTP are different in Huskvarna, Höllviken and Ulricehamn. A
previous study in Sweden has shown that the willingness to pay for a house increased with
the distance to a road within approximately 600 metres from the road.94 Exposure should be a
factor in the final formula so it is appropriate to find out which variables for exposure are
significant as well as how important they are for the encroachment cost.
To find out which variables for exposure affects WTP for the avoidance of the encroachment
in the different samples, a logit model is estimated for each case. The estimates may improve
by also including the available socio-economic characteristics (Y).
A division between the immediate surroundings and the rest of the local people was made in
all three case studies. In Huskvarna and Höllviken, the WTP calculated with Lower Bound
was significantly higher in the immediate surroundings than for the rest of the local people.
This applies both when using all respondents, and when using only the absolutely certain
respondents. In Ulricehamn the difference is not significant when using all respondents, but
WTP is significantly higher in the immediate surroundings than in the rest of the town when
using only the absolutely certain respondents. This supports the assumption that the local
people should be divided into the people living in the immediate surroundings and rest of
local people. Separate models are estimated for the immediate surroundings and for the rest
of the local people in the three case studies.95

6.4.1 The immediate surroundings
The immediate surroundings are defined as the people having the road as a barrier between
their house and the water, and can see or hear the road and its traffic from outside their house.
This definition of the area of the immediate surroundings has been natural, since there is such
a limited residential area for which the road is an apparent barrier against the water in all
three cases. A difference between the three cases is, however, that the residential area is
94

Lindqvist Dillén et al. (2003).
In Chapter 4 respondents from the whole municipality of Jönköping were used in the analysis, but in this
chapter only the respondents from the town of Jönköping will be used, to make the data from the three case
studies more compatible. The analysis in Chapter 5 showed no statistical significant differences between a
compulsory fee and raised local taxes. Therefore, those two payment vehicles are regarded as equivalent and the
data with a compulsory fee as the payment vehicle in two of the studies are used together with the data with
raised local tax. Only data with annual payment for 10 years will be used.
95
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situated on steeply sloping ground in Huskvarna, on slightly sloping ground in Ulricehamn,
and on flat ground in Höllviken. This means that the road and its traffic are visible and heard
at different distances in the three cases.
In Huskvarna the level difference between the houses close to the road, and houses in the rear
of the residential area defined as the “immediate surroundings” is large. The rearmost houses
are about 800 metres from the assumed tunnel section of the road.
The level differences in Ulricehamn it is not as large as in Huskvarna. The inhabitants of the
residential area called Villastaden in the north of Ulricehamn, with Main Road 40 as a barrier
to the lake Åsunden constitute the immediate surroundings in that case study. The houses are
there within 500 metres from the assumed tunnel section of the road.
In Höllviken there is no level difference at all. In Höllviken the immediate surroundings
consists of the persons living between the stretch of County Road 100, placed in a tunnel in
the scenario, and the old road through the centre of the town, which is no more than 350
metres from the assumed tunnel section.
The hypothesis is that for the people living in the immediate surroundings the most important
measure of exposure is the distance between their houses and the road encroachment. With a
logit model, the individual WTP in the immediate surroundings of the encroachment only
taking this measure of exposure into account can be written as:

WTPk =

−(α + ∑ δ j Y j )

β bid

−

χ1
* X 1k
β bid

where X1 is a variable describing distance between the house and the environmental
encroachment, and βbid and χ1 are coefficients with an assumed negative sign.
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(6.15)

A number of other possible explanatory variables on the basis of the data collected for the
immediate surroundings are also tested. They are the following:
•

Number of days per month that the respondent visits the encroachment area

•

How far from the stretch of the road the respondent lives

•

Age and gender

•

Driving license and car ownership

•

Different dummy variables for children in the household

•

Number of days per month that the respondent drives on the road

•

Income96

The definition of the variable visiting frequency is a little different in each study. In
Huskvarna it is the answer to a question about visiting frequency in the area close enough to
see and/or hear the traffic, except for driving on the road. In Höllviken the variable is the
answer to a question about frequency of walking or cycling close to the critical stretch of
road. The answer to a question about visiting frequency to the bathing-place, in the summer
half of the year, is used in Ulricehamn.
It is tested which possible explanatory variables are significant.
Table 6.5 shows which assumed explanatory variables are significant at the 10 % significance
level in discrete logit models using the data from the immediate surroundings in each
separate case, using all respondents, and using only the absolutely certain respondents,
respectively.
Table 6.5 Significant variables in discrete logit models, the immediate surroundings

Bid
Distance
Age
Visits
Child dummy

Huskvarna
All
Absolutely
certain
X
X
X
X
X
X
X
X

Höllviken
All
X
X
X

Absolutely
certain
X
X

Ulricehamn
All
Absolutely
certain
X
X
X

X

1= have children
aged 7-16 years in
household

96

Two different income variables are tested. One is net household income and the other is net household income
divided by the root of the number of members in the household.
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A higher bid means a lower probability for a yes-answer in all samples. The closer to the road
the respondent lives, the higher the probability of a yes-answer in Huskvarna and Höllviken.
The probability for a yes-answer decreases with increasing age in the immediate surrounding
in Huskvarna when using all respondents. Frequency of visiting the encroachment area is
significant in some of the models. A dummy variable for having children 7-16 years old is
significant only in Huskvarna. This could depend on the road being seen as a risk for the
children out on their own in the area.
It evidently seems suitable to divide the study between people living in the immediate
surroundings and the rest of the local people in Huskvarna and Höllviken, since WTP was
significantly higher in the immediate surroundings than for the rest of the local people, both
when using all respondents and when using only the absolutely certain respondents. In
Ulricehamn there was no significant difference between the immediate surroundings and the
rest of the local people, when using all respondents. When using only the absolutely certain
respondents the WTP was though significantly higher in the immediate surroundings than in
the rest of the town.
The hypothesis about distance as an important explanatory variable in the immediate
surroundings cannot be rejected for Huskvarna and Höllviken. In Ulricehamn the distance
between the house and the road was not a significant explanatory variable, but instead the
number of days visiting the bathing-place.
Therefore, the importance of distance for the valuation is illustrated with data from
Huskvarna and Höllviken. Separate models for the immediate surroundings in Huskvarna and
Höllviken, using bid, distance and eventually some significant socio-economic variables, are
estimated. The coefficients in the estimated models using all respondents are shown in Table
6.6 and Table 6.7.
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Table 6.6 Estimated discrete logit model, Huskvarna, immediate surroundings
Variable

Coefficient

Standard error

t-Statistic

P[|Z|]>z)

Intercept

2.5136

0.5690

4.418

0.0000

Bid

-0.0002237

0.00004963

-4.507

0.0000

Distance

-0.001118

0.0006897

-1.621

0.1050

Age

-0.02621

0.008862

-2.957

0.0031

N=261, 259 used, 2 skipped, Pseudo-R2=0.09, Pct. Correct Prec.=67

Table 6.7 Estimated discrete logit model, Höllviken, immediate surroundings
Variable

Coefficient

Standard error

t-Statistic

P[|Z|]>z)

Intercept

1.8326

0.3778

4.851

0.0000

Bid

-0.0005742

0.0001355

-4.238

0.0000

Distance

-0.009066

0.002411

-3.760

0.0002

N=159, 156 used, 3 skipped, Pseudo-R2=0.19, Pct. Correct Prec.=71

In Huskvarna age must be included for distance to be significant. Since a high share of older
people in the sample lives close to the road, and age has a negative influence on WTP, the
importance of distance is dwarfed, unless age is also taken into account.
With reference to (6.15) this partial analysis results in the expressions:
For Huskvarna:

WTPk = 5387 − 5 * dis tan cek

(6.16)

for Höllviken:

WTPk = 3191− 16 * dis tan cek

(6.17)
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Figure 6.1 WTP per person and year in the immediate surroundings of Huskvarna respective
Höllviken as a function of distance in metres between the house and the road encroachment.

The WTP is 69 per cent higher for a person living next to the road in Huskvarna compared to
a person living next to the road in Höllviken. This indicates that the encroachment in
Huskvarna is larger, presumably because the road has twice the width and more traffic. As
regards exposure further away from the road encroachment, it is interesting to see that in
Höllviken the WTP decreases by 16 SEK per year per distance metre from the road, but only
by 5 SEK per year and metre in Huskvarna. In Huskvarna this simple model implies that
1077 metres from the road encroachment, WTP=0.97 The linear approximation has obviously
a limited applicability. A complementary assumption could be that the border to the
immediate surroundings is where WTP in the immediate surroundings is the same as the
mean WTP among the rest of the local people. The steeper slope of the curve for Höllviken in
Figure 6.1 compared to the slope of the curve for Huskvarna illustrates the fact that apart
from deciding the size of the immediate surroundings, the level differences around the road
encroachment is quite important for the size of the encroachment cost in the immediate
surroundings.
In a similar analysis limited to respondents who are absolutely certain in Huskvarna and
Höllviken, it is not necessary to take age into account. Table 6.8 and 6.9 shows the
coefficients in the estimated discrete logit models using only the absolutely certain
respondents.
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A person living right next to the road has an encroachment cost of 5387 and 5387/5=1077.
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Table 6.8 Estimated logit model, absolutely certain, the immediate surroundings, Huskvarna
Variable

Coefficient

Standard error

t-Statistic

P[|Z|]>z)

Intercept

2.0569

0.4234

4.858

0.0000

Bid

-0.0005062

0.0001074

-4.712

0.0000

Distance

-0.001691

0.000980

-1.726

0.0844

N=157, Pseudo-R2=0.21, Pct. Correct Prec.=74

Table 6.9 Estimated logit model, absolutely certain, the immediate surroundings in Höllviken
Variable

Coefficient

Standard error

t-Statistic

P[|Z|]>z)

Intercept

1.9516

0.4447

4.389

0.0000

Bid

-0.0006081

0.0001631

-3.728

0.0002

Distance

-0.009542

0.002743

-3.479

0.0005

N=112, Pseudo-R2=0.22, Pct. Correct Prec.=73

The corresponding expressions to (6.16) and (6.17) take this form:
For Huskvarna:

WTPk = 4063 − 3.5 * dis tan cek

(6.18)

for Höllviken:

WTPk = 3209 − 16 * dis tan cek

(6.19)

Here the difference between people living right next to the road in Huskvarna and in
Höllviken is smaller. It can be noted that in both models (based on all respondents and only
on the absolutely certain respondents) the cost decreases by the same percentage per metre,
by 0.1 % per metre in Huskvarna, and by 0.5 % per metre in Höllviken.
Data over distance between houses and a road encroachment can be collected with the help of
GIS (geographical information systems).

6.4.2 The rest of the local people
The basic hypothesis is that the inhabitants not living in the immediate surroundings of the
encroachment in respective town value the elimination of the barrier in proportion to their
frequency of visiting the encroachment area.
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To test this hypothesis, a separate model for the rest of the local people in each town,
including the same exposure and socio-economic factors as in the previous analysisis is
estimated to find out which variables are significant at the 10 % significance level in each
case. Table 6.10 summarizes the result of this test.
Table 6.10 Significant variables in discrete logit models, rest of local people
All
Bid
Distance
Age
Visits
Income

X
X
X
X

Huskvarna
Absolutely
certain
X
X
X
X

All
X
X
X

Höllviken
Absolutely
certain
X
X
X
X

All
X

X

Ulricehamn
Absolutely
certain
X

X

A higher bid means lower probability for a yes-answer. The older the respondent is, the lower
the probability of a yes-answer in some cases. The probability for a yes-answer increases
with income only in Huskvarna. Distance between the dwelling and the encroachment area is
significant for the absolutely certain resopondents in Huskvarna and Höllviken. Number of
days visiting the encroachment area is significant in each case, but as will be shown it is a
surprisingly unimportant explanatory variable.
A problem with the logit model, of importance when analyzing the answers from the rest of
the local people, is that it allows negative WTP-values. With a spike model this can be
eliminated. Answers to the question, if the respondent thinks that to build a tunnel in 1968
instead of the road above ground would have been a better alternative, the same or worse
provided that the building costs were the same, included in the questionnaire in Huskvarna,
might be interpreted such that all not answering that the road in a tunnel would have been
better, have WTP=0. The rest of the local people in Huskvarna are used to illustrate the
relative unimportance of visiting frequency for individual WTP among the rest of the local
people. A spike model is estimated with bid and number of visits as explanatory variables
with the following result shown in Table 6.11. If the respondent answered that a tunnel would
have been worse or the same, it is assumed that WTP=0 and Si=0. If the respondent answered
that the tunnel would have been better, it is assumed that WTP>0 and Si=1.

104

Table 6.11 Estimated spike model, Huskvarna, rest of local
Intercept
Visits
Bid
N=591
Estimated spike
Share of si=0 in sample
WTP for respondent not
visiting at all
WTP for respondent visiting
once a month
WTP for mean respondent
visiting 5 days a month

Coefficient
0.4208
0.03123
-0.003063

Standard error
0.1032
0.01104
0.0001745

t-statistic
4.079
2.830
-17.551

P[|Z|]>z)
0.0000
0.0047
0.0000

0.361
0.323
302 SEK per year for ten years
308 SEK per year for ten years
334 SEK per year for ten years

In the three bottom rows, the results are illustrated by giving the WTP for a person who never
visits the encroachment area, a person who does it once a month, and a frequent visitor. The
conclusion is that the willingness to pay is increased very little. In a similar model, using only
absolutely certain respondents, the weak dependence of WTP on number of visits is
confirmed as shown in Table 6.12.
Table 6.12 Estimated spike model, absolutely certain, Huskvarna, the rest of local
Intercept
Visits
Bid
N=295
Estimated spike
Share of si=0 in sample
WTP for respondent not
visiting at all
WTP for respondent visiting
once a month
WTP for mean respondent
visiting 5 days a month

Coefficient
-0.006351
0.04125
-0.003511

Standard error
0.1416
0.01586
0.0003263

t-statistic
-0.045
2.601
-10.758

P[|Z|]>z)
0.9642
0.0093
0.0000

0.451
0.431
196 SEK per year for ten years
202 SEK per year for ten years
227 SEK per year for ten years

6.5 The main remaining work to be done
In order to be able to construct a final transfer formula, variables describing the road, and
characteristics of the encroachment area (Z-variables) must be brought into the picture.
Three cases are far too few to be able to take the Z-variables into account in earnest in the
typical case “barrier to water”. With the present small number of cases it is only possible to
find out the importance of exposure and socio-economic variables, and qualitatively make
some comments about the likely effect of the Z-variables from the three studies of
Huskvarna, Höllviken and Ulricehamn. Many more case studies have to be made before a
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final formula for encroachment cost transfer is obtained. Now, when a questionnaire to
collect encroachment cost data have been tried out, it is much easier to make more studies. It
will require much less effort, and take shorter time.
The differences in mean WTP in the three studied cases presented in Table 6.1, are shown to
be large. Are the differences in WTP per person between the cases reasonable considering the
differences between the type of road, traffic volume, and the different characteristics of the
area where the encroachment is made?
The road in Ulricehamn is the earliest, and the road in Höllviken is the latest one. The age of
the road can be of importance because the older it is, the more the inhabitants adjust to the
existence of the road encroachment. A person who dislikes the encroachment a lot may not
move just for this reason, but the people deliberately moving to the area are probably less
sensitive to the encroachment than others, and as time goes by those living there might value
the existing road encroachment less negatively than the median Swede.
A wider road as well as more traffic on the road should raise the cost of the encroachment. A
longer tunnel means that a larger part of the barrier will disappear, and the total value of the
tunnel should be higher. What is situated between the road and the water (for example a
bathing-beach or a footpath) is probably also of importance.
WTP per person in the immediate surroundings was highest in Huskvarna where a wide
motorway (26 metres) is situated, and the highest traffic flow (13 000 vehicles per day) is
recorded.
Far below Huskvarna, the next highest valuation per person in the immediate surroundings is
in Höllviken, where the road is as wide as in Ulricehamn (13 metres) and the traffic flow is
only slightly greater. However, in Höllviken the tunnel is twice as long as in Ulricehamn and
the road in Höllviken is much more recently built than the road in Ulricehamn.
The differences in estimated WTP summarized in Table 6.1 are thus in the way that can be
expected from the different characteristics of the three cases.
WTP was significantly higher in the immediate surroundings in all three cases using only the
absolutely certain respondents and in Höllviken and Huskvarna also when using all
respondents. The topography is important for the definition of the “immediate surroundings”.
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It therefore seems suitable to divide the population between the immediate surroundings and
the rest of the town and use different formulas for each group, of which the formula for the
“immediate surroundings” implies a considerably higher cost than the other formula. The
larger the level differences are, the larger the area where the more high-cost formula should
apply.
For the rest of the local people, WTP is highest in Ulricehamn. This probably depends on a
bathing-beach situated next to the stretch of road in question. The WTP per person among the
rest of the local people is second in Huskvarna, higher than in Höllviken, which could to
some extent be explained by the motorway in Huskvarna, and the higher age of the
respondents in Höllviken.
There is a substantial part of the encroachment costs among the rest of the local people that
could not be explained by visiting frequency. One possibility is that, on average, all local
people have a cost for the encroachment because of the “bequest value” of visiting the area.
Added to that is some cost depending on exposure, due to visiting the area and/or due to
living closer.
One way to define the immediate surroundings could be to define it as the area within which
the encroachment cost is higher than in the rest of the local area, explained by living nearby,
and varying with distance between the house and the road encroachment. A base value for all
local people could be used, and in the immediate surroundings this is complemented with
individual higher values due to topography and distance.
One way to test a final transfer formula is to make a comparison with a case not used to
create the formula. For example, the encroachment cost of an existing barrier to water is
studied by a separate ex post study, as well as calculated by the formula, when it is finally
developed.
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PART II COPATS
Chapter 7: Ex ante estimation of the encroachment cost
Chapter 8: Testing COPATS against CVM
Chapter 9: Using COPATS as part of the road planning process
Chapter 10: Future studies with COPATS
An alternative to try to construct formulas for transferable encroachment costs is to collect
data about the preferences in each case where a planned new road is assumed to cause
considerable encroachment costs. Roads cause both positive and negative effects. An
encroachment by a road can often be assumed to be a cost foremost to local people. At the
same time the road can be a benefit to them. Some people will be net losers, and others will
be net winners due to the road. Making use of this fact, it could be possible for the road
planner to discover the strength of the preferences of the people concerned beforehand in
each particular case by a combined opinion poll and travel survey (COPATS) made in the
planning process without the high risk of strategic behaviour that is inherent in CVM in this
situation. This new method is explained and discussed in this part of the thesis, and two
applications are presented.
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7 Ex ante estimation of the encroachment cost
To estimate the encroachment cost caused by a planned road without using cost transfer, but
relying on SP-data is very problematic. It is very hard to design a CVM study to make people
reveal their true preferences. It is not ethically defendable for a public authority to make
respondents believe things that are not really true, by pretending that the bid in a CVM
questionnaire corresponds to the cost that the respondents will have to pay if the project is
realized. For local roads that local Government is responsible for, it might be possible to use
raised local tax as the payment vehicle in CVM studies ex ante – if this is the intended way to
pay for the investment - and giving different bids on account of the size of the actual
construction cost being uncertain. This is, however, a very limited possibility. The indirect
RP-methods HPM and TCM are not possible to use to collect preferences data for cases not
already existing, as discussed in Chapter 1.
A third alternative could be to create a real market, that is, an experimental design. Two
methods with such intentions are the Interval Method (Bohm, 1972, 1983, 1984), and a
Second Bid auction, also called a Vickrey auction98. When using the Interval Method or a
Second Bid auction, it is necessary that the respondents really pay or receive compensation,
and it should also be possible for the respondents to be excluded from using a good. These
two methods seem, however, not possible to use for valuing environmental encroachments
caused by roads and their traffic.

7.1 Combined Opinion Poll and Travel Survey
An alternative worth serious consideration is instead to make people reveal their preferences
about a certain planned road encroachment, in a situation where all the effects are actual that is no constructed bids are involved - , by asking them different kinds of questions, than
are asked in typical CVM studies. For people having both benefits and costs of a planned
road, it might be possible to use a new method which will be called COPATS (Combined
Opinion Poll and Travel Survey) to find out the strengths of their preferences relevant for a
valuation of the encroachment cost.

98

Named after William Vickrey, founder of auction theory and winner of the Nobel Prize in Economics 1996.
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Applying COPATS means that a planned road investment and the traffic effects of it are
described in a questionnaire. The description should be detailed enough for the respondent to
be able to figure out the costs and benefits for him/her personally. The respondent is asked
about the normal questions about socio-economic characteristics and variables explaining
exposure, such as where he/she lives. The difference is that his/her travel habits are also
asked about. From these answers it can be predicted by the interviewer what the respondent
would save in travel time, as well as to what extent the respondent would be exposed to the
environmental encroachment caused by the planned road. Finally the respondent is asked
whether or not he/she is in favour of the planned road. The answer to the last question should
be the result of the respondents balancing his/her costs against his/her benefits, realized if the
planned road is built.
People living in different places are affected by the positive and negative effects caused by
the road to different degrees. The choice made by the respondents is a discrete choice and can
be analysed with a logit model based on Random Utility theory, as described for Binary
CVM in chapter 6.
Suppose that an individual chooses between answering yes or no to a question concerning a
new road that is planned to be built, which causes an encroachment cost but saves travel time.
If leisure time is denoted t the choice can be described as:
Uk(M, eq1, t1) ≥ Uk(M, eq0, t0) → yes-answer
Uk(M, eq1, t1) < Uk(M, eq0, t0) → no-answer

(7.1)

where Uk is the indirect utility function for the individual k, eq1 means less environmental
quality than eq0 and t1 means more leisure time than t0. Income, M, is unchanged since the
road is financed by SRA and means no extra expense for the respondent.
The road causes an environmental encroachment but saves travel time. The new road will
save different amounts of travel time for different respondents, due to different travel
patterns, since different people live and work in different places. The respondent would,
ceteris paribus, want the new road if the travel time he/she would save is great enough to
compensate for the negative valuation of the environmental encroachment caused by the new
road (the lower environmental quality).
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The Compensating Variation looked for is the amount of saved travel time (more leisure
time) that makes the respondent indifferent between the status quo and the new situation
where the encroachment occurs:
Uk(M, eq1, t0+ CV) = U0k

(7.2)

Making the same assumptions as for Binary CVM in Chapter 6.2, the net of the indirect
utility function can be described as:

U net , k = Vk + ε k
Vk = α + β timetimek + ∑ χ i X ik + ∑ δ j Y jk
i

j

(7.3)

where Unet,k is net utility for individual k with the road compared to no road, with Vk as the
deterministic part. The variable timek is the travel time saved with the new road for individual
k, Xik are variables describing the exposure to the individual, Yjk are socio-economic
variables, and εk is the random term.
If the error terms are assumed to be extreme value distributed, the probability for a yesanswer can be expressed by a logit model to be estimated with maximum likelihood:

P k answers yes =

e Vk
e

Vk

+1

=

1
1 + e −V k

(7.4)

All parameters are divided by an unknown scale parameter τ, but can be interpreted as ratios.
The mean Willingness to Substitute (WTS) travel time for the environmental encroachment
can be calculated as:

E [WTS ] =

1
− β time

(α + ∑ χ i X i + ∑ δ j Y j )
i

j

(7.5)

where the average values for Xi and Yj are used.
The possibility to estimate WTS is based on the fact that the amount of saved travel time
thanks to a new road varies between the respondents, since different people have different
travel patterns. No constructed payment vehicle needs to be involved in the COPATS
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questionnaire. WTS can be translated into monetary terms by applying the standardised unit
values for travel time used in road planning CBA.
The new road might also mean other effects than saved travel time, apart from the
encroachment. For example the new road might relieve another area from traffic, meaning
that the environmental quality is changed in two ways – one positive and one negative. This
is readily incorporated in the discrete choice model. In this case WTS should be estimated for
the positive change in environmental quality as well as for the negative effect in
environmental quality.
Using COPATS to value environmental encroachment by roads means to estimate
Compensating Variation in travel time. There might be disadvantages with using time as well
as with other payment vehicles. The difference, compared to methods with constructed
payment vehicles, is that the payment vehicle is not hypothetically constructed but one of the
actual effects of the change.

7.2 Main advantages of COPATS
It is a completely different thing to ask if the person is positive or negative to a particular
planned road investment project, as part of a travel survey where questions about his/her
travel habits are asked, than to ask ex ante CVM questions. A great advantage of COPATS is
that no effect is hypothetical. All effects would really occur and affect the respondent if the
new road is built. The choice is stated by the respondent, and not actually revealed, but
respondents have no incentive to state an untruthful choice, since the choice is based on an
individual balance between benefits, such as travel time savings, and less encroachment on
other roads, and disadvantages from the encroachment that the new road would actually
cause the respondent.
Another advantage of COPATS is that the survey questionnaire would not upset people in the
way that some respondents would be, were they assumed to pay money for something they
think they should not pay extra for.
The road planner need not hide anything from the respondents. On the contrary it is an
advantage if the respondents are well informed about the case. Therefore it is practically
possible for SRA or a municipality to carry out COPATS as part of their planning process.
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COPATS can also be used to estimate the preferences of respondents having a net negative
valuation of the change. This could be performed by an extended Spike model in CVM, but it
is difficult to ask about negative WTP in a CVM study in a realistic way. In the study about
the Central Bridge in Stockholm there were some indications that some respondents had a net
negative WTP for the described change (putting the Central Bridge in a tunnel). Their
possible net negative WTP was not captured in the study, and was not accounted for.
COPATS will also show how people would vote in a referendum. It can consequently be
found out what the public wants according to a majority rule, and if different subgroups have
different preferences. This information would be valuable, not least for the responsible
politicians.
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8 Testing COPATS against CVM
One way to test COPATS is to use it in a case where the cost of a road encroachment is
possible to estimate also by another usable method. Binary CVM, can be used without great
risk for strategic behaviour in the chosen case, an earlier planned relinquished road in
Partille.99

8.1 Using COPATS in a case not actually planned
Partille is a municipality with more than 30 000 inhabitants, located northeast of the city of
Gothenburg in the southwest of Sweden. In the 1980s the local Government of Partille
planned a new road connecting two residential areas, Sävedalen and Björndammen, in
Partille. A trip by car or bus between the two areas would become 1500 metres shorter with
the new road, and the saved travel time per trip would be 10 minutes in peak and 5 minutes in
off-peak periods. The problem was that the new road, called “Ugglumsleden” in the planning
documents, would cross a small forest between Björndammen and Sävedalen. The inhabitants
of Partille use this small forest as a recreational area. An alternative design with the new road
in a tunnel, in order to preserve the recreational area, was also discussed. Because of massive
protests against the planned new road, it was never built. Also the tunnel plans was put on the
shelf.
The relinquished case in Partille is used in the comparative study. 100 The scenarios were
designed in consultation with planners of the traffic office in Partille. In the COPATS version
of the questionnaire, the respondent should choose between Ugglumsleden above ground
through the recreation area, or no road at all. The new road would mean a certain amount of
saved travel time for the respondent (depending on his/her travel pattern), but it would also
cause an encroachment in the environmental area, affecting the respondent depending on
his/her frequency of visiting the area. It is said in the questionnaire that the construction cost
for the new road would be totally paid by the Swedish Road Administration, and will then not
cause the respondent, or the other inhabitants of Partille, any extra expenditure. The
respondent is intended to compare just his/her travel time saving to the environmental
encroachment by the road.
99

I made the study together with Stefan Grudemo and Jessica Sandström at VTI in the year 2000.
A less extensive analysis of the study was presented in Ivehammar (2001).

100
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The questionnaire was sent to a random sample of 750 inhabitants of Partille, 18–75 years
old. The response rate was 71 %. The questionnaire translated into English is found in
Appendix 3. The introductory letter translated into English is found in Appendix 4.101
What is searched for is the mean Willingness to Substitute (WTS) travel time for the
environmental encroachment. The new road would mean different amounts of saved travel
time for different respondents, and the exposure to the environmental encroachment would
also differ among the respondents.
A key question in the questionnaire is how often the respondent travels by car or bus between
the two areas that would be connected by the new road. The respondent is told that with the
new road one single trip would be 1 500 metres shorter and take 5 minutes less travel time in
off-peak and 10 minutes less travel time in the peak hours. Then the respondent is asked to
state his/her opinion of his/her own travel time saved per week with the new road. Table 8.1
shows the mean stated travel time savings with the new road, depending on the respondents
answer to the question concerning travel pattern.
Table 8.1 Mean stated saved travel time depending on the stated travel pattern
Question 4: How often do you travel
by car or by bus between
Björndammen and Sävedalen?

Question 5: How much travel time do you
think that you would save per week with
the new road?

Every or almost every day
Some time or times a week
Some time or times a month
Some time or times per year
Less often than one time per year
Never

46 minutes
19 minutes
8 minutes
5 minutes
2 minutes
2 minutes

Table 8.1 shows that the respondents have on average a reasonable idea of their own saved
travel time. Provided that the respondent states their travel time saving truthfully, it is the
saved travel time he/she states him/herself that affects the answer to the valuation question
(even if the stated time saving is not the same as the actual one). First the own stated saved
travel times are used as time variable when estimating logit models explaining the choice. A
problem is that only two thirds of the respondents wrote down their own saved travel time,
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Introductory letters are of course used in all our studies. This is one example of one such.
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even though all respondents did answer the question about travel habits. Those respondents
not stating a time saving is not part of this analysis.
When it comes to the question whether or not the respondent is in favour of building
Ugglumsleden, the answering alternatives were: yes, absolutely, yes, maybe, no, probably not
and no, absolutely not. Table 8.2 shows the choices made by the respondents.
Table 8.2 The choice between a road above ground and no road at all
Would you want the new road Ugglumsleden to be built?
Possible responses
Yes, absolutely
Yes, maybe
No, probably not
No, absolutely not

Share of responses
19 %
20 %
23 %
38 %

The responses yes, absolutely and yes, maybe are interpreted as yes and the responses no,
probably not and no, absolutely not are interpreted as no in the first model. Only those who
are absolutely certain of their choice, i.e. only those who answered yes, absolutely and no,
absolutely not, are used in the estimation of a second model.
The data is analysed by logit models. The variables that were registered in the questionnaire
and tested as explanatory variables were the following:
•

Number of days per month that the respondent visits the environmental area

•

Dummy-variables for living in different areas

•

Saved travel time per week with Ugglumsleden

•

Age and gender

•

Driving licence and car ownership

•

Children in the household

•

Income

Of the above listed variables, only those significant at the 10 % significance level are used as
explanatory variables.
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The estimated model is:

e
P k answers yes =

e

(α + βtime *timek + χ visits *visitsk +δ age *agek )

(α + βtime *timek + χvisits *visitsk +δ age *agek )

(8.1)

+1

where P is the probability that respondent k wants the new road, α is a constant, timek is
saved travel time with the new road in minutes per week for respondent k, visitsk is the days
respondent k visits the recreation area per month and agek is how old respondent k is in years.
Table 8.3 shows the coefficients in the estimated model.
Table 8.3 Estimated discrete logit model, own stated saved travel time
Variable
Intercept
Saved travel time
Visits
Age

Coefficient
-2.0690
0.0740
-0.2219
0.0210

Standard error
0.4822
0.0109
0.0584
0.0095

t-Statistic
-4.291
6.808
-3.801
2.213

P[|Z|]>z)
0.0000
0.0000
0.0001
0.0269

N=519, 329 used, 190 skipped, Pseudo-R2= 0.23, Pct. Correct Prec.=77

The more travel time saved by the respondent with the new road, the higher the probability of
wanting the road. The probability of wanting the road is lower the more often the respondent
visits the recreation area. Older people are more likely to want the road. There is no
significant correlation between the explanatory variables. Table 8.4 shows a correlation
matrix.
Table 8.4 Correlation matrix for the explanatory variables, own stated saved travel time
Variable
Saved travel time
Visits
Age

Saved travel time
1.00000
0.08877
0.00229

Visits
0.08877
1.0000
-0.03153

Age
0.00229
-0.03153
1.00000

The mean valuation of the encroachment in the sample can be calculated as:
1

(α + χ visits * visits + δ age * age)
WTS travel time = − β
time

(8.2)

where the mean values for visits respectively age in the sample are used. The Delta method102
is used to find the standard deviations of the ratios between variables. Table 8.5 shows the
Willingness to Substitute (WTS) travel time for the encroachment depending on frequency of

102

See Greene (2000).
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visits to the forest and age of the respondent, estimated using all respondents stating their
own saved travel time.
Table 8.5 WTS travel time for the encroachment, own stated travel time saving
Ratio

WTS

P[|Z|]>z

27.96

0.0000

χ visits
− β time

3.0

0.0001

2.00

6.00

δ age

-0.28

0.0322

46 years

-13.07

α

Mean value of variable
in sample

Mean valuation
(minutes per week)

27.96

− β time

− β time

∑ 21
As shown in Table 8.5, the estimated mean valuation in time of the encroachment by the road
is approximately 21 minutes per week, or 18 hours per year, and person. This means that the
mean respondent must save at least 18 hours per year to be willing to accept the road with its
encroachment. A 90-per cent confidence interval is 15-22 hours per year and person.103
Table 8.6 shows the estimated alternative model based on only the respondents absolutely
certain of their choice.
Table 8.6 Estimated discrete logit model, own stated saved travel time, absolutely certain
Variable
Intercept
Saved travel time
Visits
Age

Coefficient
-2.9077
0.0930
-0.2781
0.0286

Standard error
0.7562
0.0154
0.0819
0.0142

t-Statistic
-3.845
6.038
-3.395
2.012

P[|Z|]>z)
0.0001
0.0000
0.0007
0.0442

N=292, 186 used, 106 skipped, Pseudo-R2=0.38, Pct. Correct Prec.=83

Table 8.7 shows willingness to substitute (WTS) travel time for the encroachment depending
on visits and age for the absolutely certain respondents who have stated their own time
saving.

103

20.89±1.64*2.29=17-25 minutes per week and person=15-22 hours per year and person.

120

Table 8.7 WTS travel time for the encroachment, own stated travel time saving, absolutely
certain respondents
Ratio

WTS

P[|Z|]>z

Mean value of variable
in sample

Mean valuation

α
− β time

31.27

0.0002

χ visits

3.0

0.0001

2.93

6.64

δ age

-0.31

0.0519

46 years

-14.15

(minutes per week)

31.27

− β time

− β time

∑ 26
As presented in Table 8.7, the estimated mean valuation in time of the encroachment by the
road is approximately 26 minutes, or 23 hours, per person and year. To be willing to accept
the encroachment the saved travel time on average must be 23 hours per year. Pseudo-R2 is
increased when only using the absolutely certain respondents, but since fewer observations
are used the standard deviation of the variables increases. The confidence interval is 18-27
hours per person and year.104
Respondents should not have any incentive to answer the question concerning if they want
the road untruthfully. Those who think that a new road above ground is better than no road at
all should choose the road and those who do not should answer no. However, there is one
way the respondents might answer strategically. The respondents might state other variables,
for instance their travel time saving incorrectly, as they might in all travel surveys.
There are a few respondents that have stated that they travel between the two areas every, or
almost every, day, but then state that they would save no travel time at all with the new road.
Their comments show that they do not want the road due to the large environmental
encroachment. Their reason to state too low a saved travel time might be to show that the
road has no benefits. The effect with the present model is, on the contrary, that the estimated
encroachment cost will be lower. A person who does not want the road, even if he/she would
save a lot of travel time, is willing to sacrifice at least that much travel time to avoid the
encroachment. If he/she untruthfully states that he/she would save no travel time at all, the
result is that the respondent affects the estimated encroachment cost, but opposite to the
intended way.

104

25.88 ± 1.64*2.99=21-31 minutes per person and year=18-27 hours per person and year.
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The risk might be greater for respondents to intentionally state an incorrect amount of saved
travel time than to incorrectly report their travel pattern. An alternative to using the stated
saved travel time is to only let the answer to the question about travel pattern decide the
saved travel time. All respondents have answered the question about their travel pattern. The
question about travel pattern is used together with the mean stated saved travel time
depending on travel pattern, showed in Table 8.1, to define each respondent’s amount of
saved travel time, with the exception for the answer never, which will mean zero minutes. If
the respondents answer truthfully to the question about their travel pattern today and only
some respondents answer the question about saved travel time untruthfully, this estimate
would be a proper estimate of mean saved travel due to a certain travel pattern. With this
alternative approach all respondents are part of the analysis. The model with this alteration of
the variable for travel time saving using all respondents is shown in Table 8.8.
Table 8.8 Estimated discrete logit model, saved travel time from travel pattern
Variable
Intercept
Saved travel time
Visits
Age

Coefficient
-1.7244
0.0388
-0.1785
0.0228

Standard error
0.3442
0.0079
0.0360
0.0066

t-Statistic
-5.011
4.913
-4.959
3.459

P[|Z|]>z)
0.0000
0.0000
0.0000
0.0005

2
N=519, 501 used, 18 skipped, Pseudo-R =0.10, Pct. Correct Prec.=67.

There is no significant correlation between the explanatory variables. Table 8.9 shows a
correlation matrix.
Table 8.9 Correlation Matrix for variables, saved travel time from travel pattern
Variable
Saved travel time
Visits
Age
Saved travel time
1.00000
0.22428
-0.03581
Visits
0.22428
1.0000
0.01541
Age
-0.03581
0.01541
1.00000

Table 8.10 shows Willingness to Substitute (WTS) travel time for the environmental
encroachment for all respondents when using mean saved travel time depending on travel
pattern.

122

Table 8.10 WTS travel time for the encroachment, travel time from travel pattern
Ratio

WTS

P[|Z|]>z

44.43

0.0000

χ visits
− β time

4.60

0.0000

2.22

10.21

δ age

-0.59

0.0031

46 years

-27.05

α

Mean value of variable
in sample

Mean valuation
(minutes per week)

44.43

− β time

− β time

∑ 28
The estimated valuation of the encroachment is approximately 28 minutes, or 24 hours, per
person and year.105 To be willing to accept the encroachment the decreased travel time on
average must be 24 hours per year. The confidence interval is 18-29 hours.106 A model with
the same travel time variable but estimated with only the respondents absolutely certain of
their choice is shown in Table 8.11.
Table 8.11 Estimated discrete logit model, saved travel time from travel pattern, absolutely
certain respondents
Variable
Intercept
Saved travel time
Visits
Age

Coefficient
-2.6637
0.0605
-0.2033
0.0318

Standard error
0.5247
0.0110
0.0457
0.0097

t-Statistic
-5.077
5.482
-4.446
3.283

P[|Z|]>z)
0.0000
0.0000
0.0000
0.0010

N=292, 280 used, 12 skipped, Pseudo-R2=0.18, Pct. Correct Prec.=75

Table 8.12 shows willingness to substitute travel time for the environmental encroachment
for absolutely certain respondents when using mean saved travel time from travel pattern.

105
106

(-1.72+(2.22*-0.18)+(46*0.023))/0.039
27.59±1.64*3.82=21-34 minutes per week=18-29 hours per year.
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Table 8.12 WTS travel time for the encroachment, travel time from travel pattern, absolutely
certain respondents
Ratio

WTS

P[|Z|]>z

Mean value of variable
in sample

Mean valuation

α
− β time

44.03

0.0000

χ visits

3.36

0.0001

3

10.08

δ age

-0.53

0.0026

46 years

-24.38

(minutes per week)

44.03

− β time

− β time

∑ 30
The estimated valuation of the encroachment is approximately 30 minutes, or 26 hours, per
person and year. To be willing to accept the encroachment the decreased travel time on
average must be 26 hours per year. The confidence interval is 21-31 hours.107
One disadvantage with using the travel pattern is that it is a non-exact estimate of the travel
time saved. A respondent might save 100 minutes per week or 25 minutes per week with the
same stated travel pattern. To gain a better estimate of the saved travel time the answering
alternatives to the question about travel pattern should be more detailed (number of journeys
per week in smaller intervals).
Table 8.13 shows the estimated mean WTS in travel time to accept the encroachment
estimated with the different models. The difference between the estimated WTS with the four
different models is not statistically significant.
Table 8.13 WTS travel time for the encroachment in the different models
All responses

Only certain responses

Own stated time saving

18 hours per person and year

23 hours per person and year

Time saving from travel pattern

24 hours per person and year

26 hours per person and year

The shortened travel distance also means lower vehicle costs. This was not pointed out in the
questionnaire and the respondents did not comment on it. It is not possible to know if the
respondents also included the lower vehicle costs when they made their choice between a
new road above ground and no new road at all. Table 1.2 in Chapter 1 showed that the added
value of saved travel time was 20 times as high as the value of the decreased vehicle costs.

107

29.91±1.64*3.48=24-36 minutes per week=21-31 hours per year.
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Another positive effect concerning the road is less traffic on other roads. The decrease would
foremost be on roads outside of any habitation or recreation areas, implying that the positive
effect is foremost the saved travel time for those earlier, or still after the change, travelling on
those roads and would be part of their stated saved travel time. Since the effects pointed out
in the postal questionnaire above all were the saved travel time and the environmental
encroachment it is probable that on average it mainly was a balance between those two
effects that affected the choice made by the respondents. A valuation of an environmental
encroachment by local people in time is possible only in cases like this, when saved travel
time is a benefit while an environmental encroachment is a cost caused by a certain change.

8.2 Binary CVM applied at Ugglumsleden in Partille
The alternative design of the planned road Ugglumsleden in Partille in the 1980s was to place
it in a tunnel, to save the recreational area. This alternative design of the road is used in the
Binary CVM version of the questionnaire. In this version the respondents are asked to choose
between Ugglumsleden above ground or in a tunnel. The tunnel alternative would be more
expensive. In the scenario the inhabitants of Partille would join in paying that cost through
higher local taxes for 10 years. Every respondent has to accept or reject one bid. Seven bids
between 0 SEK and 5 000 SEK were used.
This version of the postal questionnaire was sent to a random sample of 1 045 inhabitants of
Partille between the age of 18–75 years. 64 % of the persons returned a filled in
questionnaire. More than 10 per cent of them did not answer the main question of getting a
tunnel for an extra cost. From the comments made by those respondents it seems that the
main reason for this is that they do not want to choose any of the two alternatives, because
they do not want any road at all.
In the Binary CVM version the respondent chooses between two alterations. The two
alternatives mean the same amount of saved travel time but a road above ground cause an
environmental encroachment, while placed in a tunnel it would cause no environmental
encroachment at all, but the respondent and all other adults in Partille would have to join in
paying the additional cost for the tunnel by higher local taxes for 10 years.
The choice is somewhat odd for the respondent since one change is to be compared with
another change. The tunnel is supposed to be compared to a new road above ground.
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The responses to different bids and distribution-free estimation of WTP for a tunnel are
presented in Table 8.14.
Table 8.14 Distribution free estimation of WTP, Ugglumsleden in a tunnel
Bid
0
20
100
500
1000
2000
5000
>5000

N
92
81
72
85
61
80
76

Share yes
0.772
0.63
0.583
0.376
0.311
0.288
0.145

Lower Bound
Share yes E(WTP)

Linear Interpolation
Share yes
E(WTP)

1

0.772

0

0
(0)
∑1088

∑1375

E(WTP) to
share yes 0108

∑1459

The calculated mean Lower Bound WTP is 1088 SEK per person and year for 10 years.
Estimated mean WTP using Linear Interpolation between the bids, but without extrapolating,
is 1 375 SEK per person and year for 10 years to have Ugglumsleden in a tunnel instead of
above ground. If the discount rate 4 % is used, the present value of WTP per person is 8 825
SEK respectively 11 153 SEK.
With extrapolation, by assuming the share of yes-answers to continue to fall as a straight line
between the lowest and the highest bid, the estimated WTP with Linear Interpolation is 1 459
SEK per person and year for 10 years. No negative WTP is assumed, i.e. even those
answering no to the lowest bid 0 SEK, i.e. the Government pays for the tunnel, are assumed
to be a spike at 0. It might be perceived as negative to travel in a tunnel instead of above
ground as referred to earlier in the thesis. Some respondents could have a negative valuation
if they dislike travelling in a tunnel very much and do not care about the encroachment.

108

Assuming a straight line between the lowest bid and the highest bid, continuing to zero.
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The answers are also analysed with a discrete logit model where the probability of choosing a
new road in a tunnel instead of a new road above ground is the dependent variable. The
estimated model is:

P k answers yes =

e

(α + β bid *bid k + χ visits *visitsk +δ age *agek +δ income *incomek )

1+ e

(8.5)

(α + β bid *bid k + χ visits *visitsk +δ age *agek +δ income *incomek )

where P is the probability that the respondent wants the road in a tunnel, α is a constant, bidk
is the bid in SEK per year for 10 years that respondent k reacts to, visitsk is the number of
days per month the respondent visits the recreation area, incomek is net household income in
SEK per month, and agek is age in years. Table 8.15 shows the estimated coefficients for the
explanatory variables in the estimated model.
Table 8.15 Estimated discrete logit model, Ugglumsleden in a tunnel
Variable
Intercept
Bid
Visits
Age
Income

Coefficient
0.4210
-0.000532
0.1234
-0.0168
0.00002104

Standard error
0.4522
0.000082
0.0249
0.00753
0.0000104

t-Statistic
0.931
-6.495
4.954
-2.234
2.021

P[|Z|]>z)
0.3519
0.0000
0.0000
0.0255
0.0432

N=547, 501 used, 46 skipped, Pseudo-R2=0.16, Pct Correct Prec.=72

There are no significant correlations between the explanatory variables. All explanatory
variables in the model are significant at the 5 per cent significance level. The probability for
wanting the road in a tunnel is higher the higher the frequency of visiting the area, but
decreases with age. A higher bid results in lower probability for wanting the road in a tunnel.
The mean estimated encroachment cost in the sample is shown in Table 8.16.
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Table 8.16 Estimated WTP for tunnel
Variable

WTP

P[|Z|]>z

α
− β bid

792

0.0043

χ visits
− β bid

232

0.0000

2.4

557

-31.7

0.0333

45

-1427

0.0396

0.0440

23988

950

δ age

Mean value of
variable

Mean valuation
792

− β bid
δ income
− β bid

0.0000

∑872

The mean estimated WTP for avoiding the encroachment by placing the new road in a tunnel
is 872 SEK per person and year. This is lower than when estimating with a distribution-free
model. The reason for this is that it is assumed that no respondent has negative WTP when
using the distribution-free models, but using a logit model means that some respondents are
assumed to have negative WTP.
A zero bid was used to investigate the existence of any negative willingness to pay. The bid 0
SEK implied that the Swedish Road Administration would pay the whole cost for the road in
a tunnel. All respondents have been asked to state the most important reason for their answer
to the valuation question. Table 8.17 shows the shares of the respondents wanting the road in
a tunnel and those who do not among those responding to the bid 0 SEK, and the main reason
for their answers.
Table 8.17 Main reason for the choice by respondents reacting to a zero bid
Choice made by respondents
reacting to a zero bid

Share of
responses

The new road in a tunnel
The new road above ground

77 %
23 %

What is the most important
reason for your answer to
question 6?
Preservation of the recreation area
Do not like tunnels, the cost, the
environmental encroachment is
small

The main reason stated for wanting the road in a tunnel is preservation of the recreation area.
77 % of the respondents receiving a zero bid prefer the road in a tunnel. The main reasons for
not wanting the road in a tunnel are do not like tunnels, the cost to build a tunnel or the
environmental encroachment is small. The use of a tunnel might affect the estimation of the
encroachment cost downwards.
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8.3 Comparing WTS estimated with COPATS to WTP
estimated with Binary CVM
One purpose with the study in Partille was to try to estimate the same environmental
encroachment cost with COPATS and with Binary CVM, and make a comparison between
the two estimates. In the COPATS version the encroachment is estimated as WTS in travel
time and in the Binary CVM version it is estimated as WTP in money. The respondent
chooses between two different changes, that is, two different road designs in the Binary CVM
version. This is necessary in order to accomplish the purpose to make a comparison between
the two methods.
In both the version with COPATS and the version with Binary CVM the valuation becomes
lower with higher age. Younger persons on average have a higher valuation of the
environment than older people.
Both models have the frequency of visits in the recreation area as a significant explanatory
variable. The time saved is a significant explanatory variable in the COPATS version and the
higher local tax is significant in the Binary CVM version. Income was a significant
explanatory variable in the version with Binary CVM but not in the version with COPATS.
Higher income means greater ability to pay higher taxes.
The ideal for the possibility to compare the encroachment costs estimated with the two
different methods is no environmental difference for the respondents between the road in a
tunnel and no road at all. Binary CVM has a payment vehicle with constructed bids while
with COPATS the actual variation in saved travel time between different respondents due to
different travel patterns is used as measure to estimate WTS. The choice is a stated one in
both versions.
Table 8.18 summarizes effects that the respondents possibly may consider as a difference
between the road in a tunnel and no road at all, in addition to the travel time saved and the
payment through raised taxes. Two of the effects mean, if taken into consideration, a relative
bias upward for the estimated encroachment cost in the version with Binary CVM and for the
other two a relative bias downward for the estimated encroachment cost in the version with
Binary CVM compared to the valuation in the version with COPATS. No respondent has
been sent more than one version of the postal questionnaire.
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Table 8.18 Summary of additional effects that the respondents possibly may consider
Possible differences between no road at all
and a new road in a tunnel besides the time
saving and the cost in money

Effect on the valuation with the version
with Binary CVM compared to the
valuation with the version with COPATS

A tunnel will relieve other roads from traffic

+ (the valuation with CVM biased upward)

A tunnel will decrease vehicle costs because of
shorter travel distance
A tunnel might not be exactly the same from an
environmental view as no road at all
Travelling in a tunnel might be felt negatively

+ (the valuation with CVM biased upward)
- (the valuation with CVM biased downward)
- (the valuation with CVM biased downward)

With the assumption that the results are comparable and that the valuation with COPATS and
Binary CVM have the same time interval, an implied value of time can be estimated by
comparing the value in time per year with the value in money per year. The Binary CVM
study used the payment period per year for 10 years and in the version with COPATS the
saved travel time is per year as long as the respondent still lives in Partille or as long as the
road exists. In Part I of the thesis it was shown that it was not possible to reject a hypothesis
that a bid per year for 20 years was understood the same as the same bid per year for 10
years. It was possible however to reject the hypothesis that a bid per year for 10 years was
understood the same as the same bid per year for 5 years. Based on this result, it will be
assumed there is comparability between one year in the COPATS version and one year in the
Binary CVM version of the questionnaire.
The estimated WTS time for the encroachment per year, when all respondents are used with
saved travel time from the travel pattern today, was 24 hours. The confidence interval is 1829 hours. Since it is the encroachment cost that needs to be compared without negative
valuation due to disliking travelling in a tunnel, to use the estimated Lower Bound WTP from
the Binary CVM version for the comparison has been chosen. The estimated Lower Bound
WTP in the version with Binary CVM is 1 088 SEK per year. The confidence interval is 8651 311 SEK.109
When comparing the mean estimated WTS with COPATS and the mean estimated WTP with
Binary CVM, the implied time value is 45 SEK per hour.110 Within the confidence intervals a
variation of the implied time value is between 30 SEK per hour and 73 SEK per hour. The

109
110

1 088±1,64*136
1 088 SEK / 24 hours = 45 SEK per hour.
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travel time value used for private regional trips by the Swedish Road Administration is 42
SEK per hour.111
Using the value used in road investment CBA in Sweden for private regional trips, i.e. 42
SEK, makes it possible to carry out a test about significant differences between the estimated
encroachment costs with the two versions of the questionnaire. The test of the hypothesis of
no difference between the two versions, i.e. ELBWTPCVM=E(WTS)COPATS becomes:
t − statistic =

E LBWTPCVM − E (WTS ) COPATS
VCVM + VCOPATS

=

1088 − 1008
18496 + 9908

=

80
= 0.34
236

(8.6)

The hypothesis of no difference between the estimated encroachment costs with the two
different valuation methods cannot be rejected at the 10 % significance level.
The conclusion is that the comparison at least does not imply a difference between using
Binary CVM and using COPATS if the reference is the time value used for private regional
trips in road investment CBA in Sweden.

111

Sika (2002a).
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9 Using COPATS as part of the road planning process
A great advantage with COPATS, compared to stated preference methods with a constructed
payment vehicle, is that it could be appropriate to use COPATS ex ante, that is as part of the
real road planning process. The West Link in the town of Umeå in the north of Sweden is a
planned new road with the aim of relieving central Umeå from traffic. The problem with the
planned new road is that it would be located through areas thought to have environmental and
cultural values. The positive effects of the road for the inhabitants of Umeå would be partly a
relief from traffic in central Umeå, and partly travel time saved on trips between the western
and the southern parts of the town. A study about the West Link in Umeå was performed with
COPATS.112

9.1 The study
The West Link in Umeå is part of the planned solution to the problem with the two European
routes, E4 and E12, crossing in central Umeå. A bypass far out of town, which is common for
example, where European route 4 used to pass through some big cities in the middle and
south of Sweden113, is not a profitable solution in this case. More than 90 per cent of the
traffic on the roads E4 and E12 through Umeå is traffic with origin and/or destination in
Umeå.
A ring road on the outskirts of Umeå is planned, which would be composed of four links. The
North, East and South Links would only cause minor encroachments, but the problem is the
West Link. The West Link, in the so called inner alternative, recommended by SRA, would
be drawn across Röbäcksslätten and on a new bridge over Ume river and then partly in a
tunnel through the area of Backen (see map, Figure 9.1). Röbäcksslätten is an agricultural
district with an open cultivation area, thought to have unique environmental and cultural
values. A new road would worsen the view of the landscape and constitute a barrier in the
area.
The benefits of the West Link for the inhabitants of Umeå would be relief from traffic in
central Umeå and saved travel time for those travelling by car between the western and the
112
The study was performed in consultation with The Swedish Road Administration region North. A first
analysis of the study was reported in Ivehammar et al. (2003).
113
See Grudemo (2004).
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southern parts of the town. The map in Figure 9.1 shows the planned northern, eastern and
southern links marked in blue, and the West Link according to the inner alternative marked in
red.

Figure 9.1 A map over the planned ring road in Umeå, with the West Link marked in red

Every respondent, each in a unique situation, are asked to answers yes or no to the question
about whether he/she wants the West Link to be built or not. The respondent also answers
other questions, about where he/she lives, concerning his/her travel pattern, and socioeconomic conditions, that might explain his/her choice.114 1 000 postal questionnaires were
sent to a random sample of inhabitants of the municipality of Umeå, aged 18 to 75 years old,
in the autumn of 2002115. The response rate was 62 per cent.116

114

The questionnaire in Swedish can be received from the author on request.
I performed the study together with Stefan Grudemo at VTI and Jan Owen Jansson at Linköping University.
116
This response rate might be lowered by the fact that a lot of students from other towns live temporarily in
Umeå. They might not care about the planning of roads in Umeå, and therefore does not answer the
questionnaire. The response rate is particularly low in areas where a lot of students live.
115

133

The respondent makes a choice between no road at all, or a new road (the West Link) which
would save travel time and relieve central Umeå from traffic, but which will cause
encroachment in the area where the new road will be situated. Income is unchanged in the
scenario. The environmental quality is changed in two ways – one positive and one negative.
If the benefits, that is, the relief from traffic in central Umeå and the travel time saving, are
valued at least as high as the costs, that is, the encroachment, the respondent will answer yes.
The new road will save different amounts of travel time for different respondents, due to
different travel patterns, and the benefit of less traffic in centre would vary with the place of
the dwelling and/or the number of visits to the centre of Umeå.

9.2 Description of the answers
The main question in the questionnaire was:
“Do you think that the West Link should be built?

Question 2. Suppose that the East Link and the North Link are built as described on the
previous page. Assume that if the West Link is built, it will be according to the inner
alternative. Do you think that the West Link should be built?
Yes



No



What is the reason for your answer?
…………………………………………………………………………………………………
…………………………………………………………………………………………………”

A combination of the answers from this and other questions give an initial overview.
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Table 9.1 The choice by the respondents
Do you think that the West Link should be built?
Yes
52 %
No
48 %

As shown in Table 9.1, approximately half of the respondents want the road built.
Approximately 60 per cent of the respondents have stated a reason for their answer, grouped
in Table 9.2.
Table 9.2 The reasons stated for answering yes or no
Reason for a yes-answer

Share

Relieve the city centre from traffic
Save travel time
Another reason
Have not stated any reason

31 %
17 %
4%
48 %
100 %

Reason for a no-answer
The West Link would cause an environmental
encroachment
No need for the West Link
Unnecessary expense
Want another stretch
Another reason
Have not stated any reason

32 %
15 %
12 %
7%
2%
32 %
100 %

The main reasons stated for a yes-answer are, as expected, relieving the city centre from
traffic and saved travel time. The main reason stated for a no-answer is the environmental
encroachment. In the questionnaire the respondent is asked about how often he/she thinks
that he/she would travel on the West Link if it was built. The estimation by the respondent of
his/her travel frequency on the West Link and hence his/her travel time saving, should affect
the choice between if he/she wants the new road to be built or not. Table 9.3 shows that the
share of yes-answers increases with increased saved travel time.
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Table 9.3 The choice and the stated travel frequency on the West Link
Estimated travel frequency on
the whole of the West Link.

Number of
answers

5-7 days per week
3-4 days per week
1-2 days per week
1-4 days per month
1-10 days per year
More rarely than once per year
Never

16
25
49
91
231
89
46

Do you want the West Link to be
built?
Yes
No
88 %
12 %
80 %
20 %
78 %
22 %
60 %
40 %
54 %
46 %
25 %
75 %
26 %
74 %

Since the West Link would relieve central Umeå from traffic, the share of those who want it
should be raised with frequency of visits by the respondents in central Umeå. Table 9.4 below
shows that this assumption is correct up to a certain visiting frequency.
Table 9.4 The choice and stated frequency of visiting central Umeå
Frequency of visiting central
Umeå

Number of
answers

5-7 days per week
3-4 days per week
1-2 days per week
1-4 days per month
1-10 days per year
More rarely than once per year
Never

189
152
69
121
23
1
0

Do you want the West Link to be
built?
Yes
No
59 %
41 %
50 %
50 %
58 %
42 %
43 %
57 %
35 %
65 %
0%
100 %

Only one person stated that he/she visits central Umeå more rarely than once per year and no
one has stated that he/she never visits it. A majority among those visiting central Umeå every
week wants the West Link to be built, but a majority among those visiting it more rarely
answer no.
The main thoroughfare through the centre of Umeå is Västra Esplanaden. Those travelling by
car on this road, that would be relieved from traffic by the West Link, would save travel time
if the West Link were built, either by the West Link, or because of less traffic on Västra
Esplanaden. Table 9.5 shows the share of the respondents who want the West Link to be built
combined with travel frequency by car on Västra Esplanaden.
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Table 9.5 Choice combined with stated travel frequency by car on Västra Esplanaden
Travel frequency by car on
Västra Esplanaden

Number of
answers

5-7 days per week
3-4 days per week
1-2 days per week
1-4 days per month
1-10 days per year
More rarely than once per year
Never

80
164
156
53
82
11
10

Do you want the West Link to be
built?
Yes
No
69 %
31 %
53 %
47 %
50 %
50 %
49 %
51 %
42 %
58 %
36 %
64 %
30 %
70 %

As expected, the share of people who want the West Link falls with decreasing travel
frequency on Västra Esplanaden.
What would have great importance for the change in environmental quality for the
respondent is where in Umeå he/she lives. The respondent’s place of living are grouped in
different areas according to if they:
1) Live around the old stretch of E4/E12, which would be relieved from traffic by the
West Link117,
2) Live in areas where the West Link would cause an encroachment118, or
3) Live in any of the other areas in Umeå.
Table 9.6 shows that the shares regarding who wants the West Link differ between the three
groups of areas.
Table 9.6 Yes or no to the West Link in the three groups of areas
Residential area

Number of
answers

Areas that would be relieved from
traffic by the West Link
Areas where the West Link would
cause encroachments
The rest of the areas

122

Do you want the West Link
to be built?
Yes
No
59 %
41 %

42

28 %

72 %

393

52 %

48 %

Do the opinions differ between men and women? Yes they do. Table 9.7 shows the share of
the men and of the women who want the West Link.

117
118

Including the areas Centrala stan, Väst på stan, Sandbacka, Haga, Grisbacka, Nydalahöjden and Gimonäs.
Including the areas Västerhiske, Backen and Röbäck.

137

Table 9.7 Share of the men respective the women who want the West Link, or not
Gender

Do you want the West Link to be built?
Yes
No
58 %
42 %
46 %
54 %

Man
Woman

9.3 Regression analysis
When the net utility is positive for a certain respondent, he/she is supposed to answer yes to
the question about the West Link and when the net utility is negative he/she is supposed to
answer no to the question about the West Link, as described above. A discrete logit model is
used to analyse the answers.
The variables that have been registered in the questionnaire and were tested as explanatory
variables with regression analysis are the following:
•

Travel time saving per month with the West Link

•

Dummy-variable for living in an area relieved from traffic by the West Link

•

Dummy-variable for living in an area with an encroachment from the West Link

•

Children in the household

•

Age and gender

•

Driving licence and car ownership

•

Number of days per month that the respondent visits central Umeå

•

Number of days per month that the respondent travel by car on Västra Esplanaden

•

Number of days per month that the respondent crosses Västra Esplanaden as
pedestrian or cyclist

Of the above listed variables, the ones shown in table 9.8 were significant at the 10 per cent
significance level. The estimated coefficients for the explanatory variables in the model are
shown in Table 9.8.
Table 9.8 Estimated discrete logit model, the West Link in Umeå
Variable
Intercept
Saved travel time
Visiting relieved area
Woman
Encroachment dummy

Coefficient
-0.1958
0.01011
0.01748
-0.4121
-1.4959

Standard error
0.1973
0.000078
0.01049
0.1820
0.4174

1=live in encroachment area
N=564, 551 used, 13 skipped, Pseudo-R2=0.09, Pct. Correct Prec.=61
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t-Statistic
-0.992
4.929
1.667
-2.265
-3.584

P[|Z|]>z)
0.3210
0.0000
0.0956
0.0235
0.0003

All variables are significant at the 10 per cent significance level except for the constant.
There is no significant correlation between the explanatory variables. Table 9.9 shows a
correlation matrix.
Table 9.9 Correlation Matrix for variables, saved travel time from travel pattern
Variable

Saved travel time

Woman

1.00000
0.12190

Visits in relieved
area
0.12190
1.00000

-0.13896
-0.08265

Encroachment
dummy
0.07726
-0.10017

Saved travel time
Visits in relieved
area
Woman
Encroachment
dummy

-0.13896
0.07726

-0.08265
-0.10017

1.00000
-0.04725

-0.04725
1.00000

The Delta method is used to find the standard deviations of the ratios among variables. The
willingness to substitute (WTS) travel time for other effects is shown in Table 9.10.
Table 9.10 WTS travel time for changed environmental quality
Ratio

WTS

P[|Z|]>z

Mean value of
variable

Mean valuation in
minutes per month
19.37

α
− β time

19.37

0.3069

χ visit sin relievedarea
− β time

-1.73

0.1225

13.12

-22.70

δ female

40.77

0.0010

0.47

19.16

147.99

0.0462

0.08

11.84

− β time

χ encroachmentdummy
− βtime

Some estimated valuations can be calculated from Table 9.10. The mean valuation of the
change in environmental quality (positive in central Umeå and negative where the new road
would cause an encroachment) is estimated to approximately 28 minutes per month. Mean
saved travel time is 41 minutes per month119. Respondents living in the encroachment area
value the encroachment 148 minutes per month higher than the other inhabitants of Umeå.
Women on average value the encroachment 41 minutes more per month than men do. The
positive effect of the relief from traffic in central Umeå is valued to 23 minutes per month.

119
The travel time saving has been calculated out of number of days per month the respondent has stated that
he/she would probably travel along the whole of the West Link. It is assumed that this is travel back and forth.
The travel time saving is 8 minutes per single trip compared to the travel possibility today and then for travel
back and forth the travel time saving is 16 minutes.
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The estimated valuation of different effects, estimated as the willingness to substitute (WTS)
travel time for other effects, for the average respondent in Umeå is presented in Table 9.11.
Table 9.11 Estimated valuation of the West Link by the average inhabitant of Umeå
Effect
Relief from traffic in central Umeå
Encroachment120
Female
Time saving

Mean valuation in minutes per month
+23
-31
-19
+41

Net

14

According to Table 9.11 the average respondent would, as is the case, want the West Link.

9.4 An estimated valuation of the West Link by people living in the
encroachment area
The dummy-variable for living in the immediate surroundings of the new road, defined as
respondents living in the areas Västerhiske, Backen and Röbäck, was statistically significant
in the estimated model. A valuation by the inhabitants of the immediate surroundings can be
estimated. The value of the encroachment in time can be interpreted as the saved travel time
needed to accept the encroachment by the West Link. The variable for frequency of visiting
central Umeå is intended to catch the benefit relief from traffic in central Umeå.
The mean valuation of the negative environmental encroachment caused by the West Link,
calculated from the regression model, is 186 minutes per month or 37 hours per year for the
average adult person living in the immediate surroundings. Table 9.12 shows the estimated
valuation of the different effects by persons living in the encroachment area in travel time and
in money, using the unit time value 42 SEK per hour.
Table 9.12 Valuation of the West Link by the people living in the immediate surroundings
Effect
Environmental encroachment
Relief from traffic in central
Umeå
Saved travel time
Net

120

-19-12=-31

140

Valuation in time per
person and year
-37 hours
4 hours

Valuation in money per year for all
people living in the encroachment area
- 4 817 000 SEK
+ 521 000 SEK

12 hours

+ 1 562 000 SEK

-21 hours

- 2 734 000 SEK

The estimated mean encroachment cost in time is -37 hours per year. Those living in the area
visit central Umeå 10.23 days per month and then their estimated valuation of the relief is 18
minutes travel time per month or approximately 4 hours per year. They would save 61
minutes of travel time per month or 12 hours per year. The net value for people living in the
encroachment area is -21 hours per year. This valuation in time can be recalculated in money
by using the same time value as in the rest of the cost-benefit analysis. The travel time values
used for private trips by the Swedish Road Administration in their cost-benefit calculations
are 42 SEK per hour for regional trips and 84 SEK per hour for long distance trips.121
With the assumption that this concerns above all regional private trips the time value 42 SEK
per hour is used. The valuation in money is -21*42=-882 SEK per person and year. This
value is then multiplied with the total number of people living in the areas Västerhiske,
Backen and Röbäck, to have a total valuation of the West Link among those living in the
immediate surroundings. Of the 4 300 persons living in the area, 3 100 persons are 19 years
old or older. The total estimated valuation of the West Link in money, among those living in
the immediate surroundings, is -882*3100 ≈ -2.7 million SEK per year. Their willingness to
accept the encroachment is estimated to 4.8 million SEK per year.
The value in time for the encroachment cost, estimated in the Umeå study, must be
interpreted with caution. However, that the West Link would cause a large encroachment for
the people living in its immediate surroundings can be concluded from the study.

121
The Swedish Institute for Transport and Communications Analysis (SIKA, 2002a)) recommended those
values.
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10 Future studies with COPATS
A lesson learnt from the two studies using COPATS is that more questions, as well as more
detailed questions, about issues that might explain the choices should be asked to be able to
estimate a more detailed model for the choice by the affected population.
It should be asked more in detail where the respondent live in relation to the encroachment
area and areas relieved from traffic by the new road. Dummy-variables for the residential
areas are too broad measures of where the respondent lives.
As described in Part I, the encroachment cost caused by a road among people living in the
immediate surroundings were found to depend on the distance between the house and the
encroachment, while the distance were not significant among the rest of the local people. A
suitable question in a new study would be to ask each respondent about the distance between
his/her house and the encroachment area.
When there is another positive effect from the new road besides saved travel time, it is
possible to make an estimation of that effect, too, by asking questions about the exposure
connected to that effect today. In Umeå a question about visits in that area was used to catch
this effect. A continuous variable for distance between the house and the roads relieved from
traffic should also be asked about to be able to do this in a more detailed way. Such a
question could have been used to obtain better estimates of the positive effect of relief from
traffic in central Umeå, among people living in central Umeå, i.e. in the immediate
surroundings of the area that would be relieved by the West Link.
A way to obtain better estimates of the negative valuation of the environmental
encroachment, especially among people not living in the immediate surroundings of the
encroachment, but sometimes also those living there, would be to ask questions about the
frequency of visiting the area where the new road would cause the encroachment. At least
their use value can be assumed to depend on this. In the studies of existing encroachments by
roads with Binary CVM, presented in Part I, the visiting frequency in the area were a
significant explanatory variable for the valuation among people not living in the immediate
surroundings of an environmental encroachment. In the study about Ugglumsleden in Partille
visits in the encroachment area was a significant explanatory variable. The valuations of the
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environmental encroachment by the West link by people living in the rest of the town in
Umeå are probably also to some degree differentiated by frequency of visiting the area.
Another lesson learnt is to carefully design the question about the quantifiable effect – in
these two cases saved travel time – to both have the respondent honestly answer the question
and at the same time make it possible for the researcher to find out the respondents saved
travel time.
In the study about Ugglumsleden the respondent him/herself stated his/her saved travel time
in minutes per week. It is positive because it really makes the respondent him/herself realize
his/her time saving, and could be an exact measure of the saved travel time for a specific
respondent, but it proved to involve two problems. The largest problem was that one third of
the respondents did not state their time saving even though they answered the question about
their travel pattern. The other problem is the possibility to behave strategically when stating
the saved travel time, probably minor because only a few cases of suspected strategic
behaviour were found. When using COPATS the respondents have no incentive to answer the
question about the choice wrongfully, since all effects are the ones that would occur if the
case were to be realized. The possibility to behave strategically that could result in strategic
bias is instead when stating the saved travel time. The risk for this exists in ordinary travel
surveys too. The risk for strategic behaviour might be higher when stating a travel time
saving than when reporting one’s travel pattern. The few cases found of suspect strategic
behaviour were by persons not wanting the new road yet travelling there often but saying that
they would not save any travel time, and by persons wanting the road not travelling there
much but saying they would save much travel time. In both cases the result of the strategic
behaviour is opposite to the one intended. It will still bias the result even if it is not in the way
the respondent intended. One way to try to handle this might be to use some kind of a so
called Cheap Talk Script, used by for example Cummings and Taylor (1999) and List (2001).
A cheap talk script can describe the phenomenon with hypothetical bias, discuss why
respondents might vote differently in a hypothetical than in an actual referendum, and ask
respondents to vote in the hypothetical referendum as if it were real. Using a cheap talk script
in a COPATS study could mean that the respondents are told that their best alternative is to
answer all questions correctly, and that when a respondent do not, with intention to influence
the decision, the result will not be the one intended.
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In the study about the West Link in Umeå the respondents were not asked to state their saved
travel time themselves. The time saving was received from a question about travel pattern. A
lesson learnt from both studies was that the travel pattern should be asked about in more
detail than was the case.
Based on these two first attempts the conclusion is that the best way to reveal different
respondents’ saved travel time is to use detailed questions about actual travel patterns today.
The best way is probably to start the questionnaire by neutrally asking questions about
current travel patterns and visiting frequencies needed to estimate WTS. Maybe it should be
asked if the trips are private trips or work trips etc., to be able to use different time values for
different kinds of trips according to the values used by the Swedish Road Administration in
their CBA before road investments. Thereafter the planned road and its effects are described
to the respondent with help for them to realize the effects for them. The respondent is asked
to make the choice (eventually followed by a question about the certainty of the choice) and
at last questions about socio-economic variables are asked.
The studies done so far are not optimally designed since they are two first attempts. They
rather give lessons for the future about how to make a more optimal study with COPATS.
The two studies using COPATS raise hopes for the method, but at the same time point at the
need to develop it and perform studies with the method in a somewhat adjusted form and
using more detailed questions.
The best way to ask questions about the travel time saving should be further studied. A
possible expansion is to ask about income and time restrictions because both may affect time
values. It would be interesting to try COPATS for encroachment caused also by for example
railways or bus lanes.
COPATS could be used for common or unique encroachments. What probably differs is what
population value not to have an encroachment. For common encroachments the local people
are probably the whole population, while for unique encroachments the population ought to
be the whole country or even include foreigners. Therefore there might be a need for the
valuation of unique encroachments using COPATS to be complemented for example by
experts’ opinions based on the EIA and/or the encroachment costs for local people. If for
example the valuation is connected to exposure even for non-local people, the costs for them
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could be transferred from the estimates for local people by collecting data of exposure etc.
from a random sample of the rest of the population.
What is above all special with COPATS is that all effects would really happen to the
respondent if the planned road is built. An expansion of the method, by asking the respondent
to include a hypothetical characteristic, as in CVM or Contingent Behavior, could be possible
expansions of the method. Such a study, which did not work out well, is described in
Grudemo and Ivehammar (2005).
COPATS would have been a suitable method to use in the case about Vallaleden, described
in the prologue, instead of a local referendum. A random sample of the local people,
consisting of the inhabitants in Linköping municipality, would have been sent a COPATS
questionnaire. Questions about current travel habits and questions from which the exposure to
the encroachment that the new road would cause, could be noted, should be asked. The
present exposure to the traffic on the roads that would be relieved by Vallaleden, should also
be observed. Examples of exposure questions are visiting frequency in the Valla forest, and
exactly where the respondent lives. The willingness to substitute travel time for the
encroachment that Vallaleden would cause would have made it possible to calculate the total
encroachment and replace the “?” in Table 1.1, by a monetary value.
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11 Summary
The basis for road investment prioritizing in Sweden as well as in many other countries is
Cost Benefit Analysis (CBA), where all costs and benefits for the population should be
included and expressed in monetary terms. What is missing, however, is a valuation of the
cost for the encroachment caused by a new road into unspoiled countryside, recreation areas,
or a built-up area. Why is this cost missing in road investment CBA?
The main approach in CBA for road investments is to use transferable unit values for
different effects. The major benefits of road investments are travel time savings and the
reduction of accident risks. Transferability of time and risk reduction values is assumed as a
matter of course. The same value of time is applied to a particular category of travel in the
CBA of all projects, and the same value of a statistical life is used everywhere. The total time
saving and risk reduction benefits of a particular project are obtained simply by multiplying
the transferable unit values and the total quantities concerned, that is the total travel time
saved, and the total number of accidents prevented.
Regarding encroachment costs, it is very hard to estimate transferable values because
different encroachments differ in too many respects. One way to handle this could be to
define typical cases of encroachment and try to estimate transferable costs for each typical
case. This means that a particular encroachment cost model is required for each typical case.
The working hypothesis is that within each typical case it is possible to describe the
encroachment by a limited number of measurable quantities, and the encroachment cost for a
representative individual could be estimated as a function of the encroachment characteristics
and the degree of individual exposure to the encroachment. Part I of the thesis aims towards
encroachment costs transfer.
An alternative way which is also explored in the thesis is to give up the idea of transferability
and instead make a specific study of the expected encroachment cost, in the planning process
before each particular road investment. In Part II of this thesis a suitable method for this
purpose is developed. It is called Combined Opinion Poll and Travel Survey, abbreviated to
COPATS.
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11.1 Towards encroachment cost transfer
To obtain transferability, a separate model has to be estimated for each typical case. In this
thesis one typical case of encroachment is defined and used for a pilot study. Having defined
the typical case, the next step of this approach is to make a number of estimations of the
encroachment costs in the selected typical case to use as input for the final formula for
encroachment cost transfer. To make it possible for respondents to understand what the
choice really means and avoid strategic behaviour, ex post Binary CVM is applied, using
existing encroachments by road investments already made, where the scenario is still realistic
to the respondents. A number of relevant methodological issues in this connection are
explored in the thesis; the means of payment and the payment period assumed in the
questionnaires as well as the respondents’ certainty regarding their answers.

11.1.1 Methodological issues explored along the way to the final goal
The means of payment (called payment vehicle), for instance if it is a tax or a fee, may in
itself affect the willingness to pay (WTP) for the goods in question. The main payment
vehicle used in all CVM studies in this thesis is raised local tax. It is compared to three
alternative payment vehicles; redistribution of a given local tax revenue, voluntary
contributions to a fund for financing the investment, and an obligatory earmarked local fee.
An obligatory local fee gave no significantly different results. Voluntary contributions were
neither statistically different in a case of encroachment in a unique environment, but resulted
in significantly lower WTP in a case of encroachment in a less special environment.
Redistribution of a given local tax revenue resulted in significantly higher WTP, and as
expected, the respondents did not seem to interpret this payment vehicle as a fully
corresponding cost.
The effect on the estimated present value of the WTP by using different payment periods was
also tested. Annual payments during 10 years is the main alternative in all studies, and are
compared to four alternative payment periods; a lump sum payment, annual payments during
5 years, annual payments during 20 years, and monthly payments during 10 years. The
conclusion is that the choice of payment period does not seem to matter very much for the
present value of the estimated WTP.
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In three of the studies the answering alternatives to the Binary CVM question involved the
degree of certainty of the answer. The respondents could choose between answering yes,
absolutely, yes, maybe, no, probably not and no, absolutely not. Two interpretations of the
answers were compared. One is to interpret the two first-mentioned answers simply as yes,
and the next two answers as no. Another interpretation is to use only absolutely sure
respondents in the analysis. The result was that in all studies there was no significant
difference between the estimated WTP when using all respondents and when using only the
absolutely certain respondents, as far as persons living in the immediate surroundings of the
encroachment in question are concerned. Concerning the remainder of the local population,
the estimated WTP was significantly lower when using only the absolutely certain
respondents than when using all respondents.

11.1.2 The complete cost transfer in outline – a pilot study
The main idea of the approach towards encroachment costs transfer is that ex post studies by
Binary CVM of existing encroachments are to be used in the construction of a formula for
encroachment cost calculation in each typical case. It is assumed that the WTP of a
representative individual for avoiding an encroachment depends on his/her exposure to the
encroachment (X), and object-specific characteristics (Z). The latter includes characteristics
of the new road causing the encroachment, and characteristics of the place where it occurs.
The willingness to pay by a representative individual for avoiding an environmental
encroachment in the typical case i can be expressed as:

WTP = f i ( X , Z )

(11.1)

The pilot study aimed at developing such a formula includes three cases of a road as a barrier
between water and a built-up area. Concerning the exposure, a main distinction was made
between those living in the near surroundings of the encroachment in question and the
remainder of the local population. People living in the immediate surroundings of an
encroachment caused by a road have, as expected, a significantly higher valuation than the
remainder of the local population. Moreover, the encroachment cost to people living in the
immediate surroundings is strongly dependent on the distance between the road and their
dwellings. The number of visits is a significant but not very important explanatory variable
for local people not living in the immediate surroundings of the encroachment. Just three
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cases are far too few for estimating the coefficients of Z. It is clear that characteristics such as
topography in the immediate surroundings to the encroachment, road width, and traffic
volume are important for the encroachment cost of a road as a barrier to water, as well as
what is situated between the water and the road.
The problems with the approach to encroachment costs transfer are twofold. All different
kinds of encroachment are probably not possible to handle in the same way as was explored
in the thesis, that is when a new road forms a barrier between a residential area and a river,
lake, or bay. In any case, a very large amount of data is needed to really work out
encroachment cost formulas. It would be very useful to find a method for encroachment cost
estimation that can be applied in the decision-making process of new investments without the
need for that kind of formulas. Such a method that could be used for unique as well as more
common encroachments is COPATS.

11.2 Combined Opinion Poll and Travel Survey
A new road is planned because it would have some positive effects, for example saved travel
time for the travellers. At the same time the new road might cause an encroachment. For local
people the road would normally cause both positive and negative effects of varying intensity
depending on, for example, the travel habits of different individuals, and their exposure to the
encroachment. Part II of the thesis presents a new approach based on this fact. COPATS
would involve a questionnaire where the planned road investment is described to the
respondents, and in addition to the usual questions about age, sex and income, they are asked
about the pattern of their local travel. Finally they are also asked whether or not they are in
favour of the planned road. The last question is presumably answered by balancing the
private costs and private benefits realized if the planned road investment project is carried
out.
If travel time saving is one benefit of a road investment, the encroachment cost can be
estimated as the Willingness to Substitute travel time for the encroachment. The possibility to
estimate WTS is based on the fact that different people in the population have different travel
patterns, and therefore the amount of travel time saved by a new road varies among the
respondents. By using the value of time used in CBA manuals for road investments, the
valuation of the encroachment can also be expressed in monetary terms.
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Two applications of COPATS are presented and analysed in this thesis, In one application, a
case is chosen where both COPATS and Binary CVM would be appropriate in the sense that
unbiased answers could be expected. The comparison was made in a case where the road
investment in question is in reality no longer considered. The test showed that both methods
give similar estimates. COPATS is meant to be used as a tool in the planning process, and
one application is made in such a case with quite an encouraging result.
Finally, it can be mentioned that COPATS could also serve as a simulated referendum,
showing what the public wants according to a majority rule, and if different sub-groups have
different preferences, which should be interesting information for the decision-maker.
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Appendix 1:
Binary CVM questionnaire used for Main Road 40 in Ulricehamn

Questionnaire (Please answer this and resend it in the postage free envelope)
Main Road 40 is one of the most important roads in the south of Sweden.
The road is passing Ulricehamn between the residential area Villastaden
and Prången at the lake Åsunden where a camping ground and a bathing
beach is situated. The traffic flow is about 9000 motor vehicles per day, of
which there are some 1000 lorries.
1. How often do You travel on Road 40 passing the lake Åsunden?
6-7 days per week
4-5 days per week
1-3 days per week
1-4 days per month
1-10 days per year
Less than 1 day per year
Never

2. How often do You visit Prången?
During the six month
including the summer:

During the six month
including the winter:

6-7 days per week

6-7 days per week

4-5 days per week

4-5 days per week

1-3 days per week

1-3 days per week

1-4 days per month

1-4 days per month

1-10 days per year

1-10 days per year

Less than once a year

Less than once a year

Never

Never

Imagine the following situation:
Part of the road is placed in a tunnel underground. Those travelling on the
road would travel in a 600 meter long tunnel between the crossroads by the
cemetery and Älvkvarnsvägen.
Pedestrians and cyclists would no longer need to cross the road to go to the
beach, and the noise from the road would be reduced in the area. There
would be free passage to the lake all the way where the road is in a tunnel.
Grass and bushes could be planted to create a continuous green area
between Villastaden and the lake.

Tunnel

To place a stretch of the road in a tunnel underground would cost
money. Suppose that the stretch of the road marked on the map could
be placed in a tunnel if all adults in the municipality of Ulricehamn
would jointly finance this investment by raised local taxes.

3. Would You want the stretch of the road in a tunnel underground
(according to the marking on the map on the previous page) if it meant that
You would have to pay 100 SEK more local tax each year during 10
years?
Yes, absolutely
Yes, maybe
No, probably not
No, absolutely not
Which reason is the most important for Your answer?
……………………………………………………………………………………………..
……………………………………………………………………………………………..
……………………………………………………………………………………………..
……………………………………………………………………………………………..

It is interesting to find out if different groups of people answer differently.
Therefore some questions about You and Your household are now asked.
4. How far from the stretch of the road marked on the map do You live?
0-50 metres

51-100 metres

101-200 metres

201-350 metres

351-500 metres

501-1000 metres

1001-1500 metres

more than 1500 m, namely……..metres

5. How do You live?
In a rented flat or rented house
In your own flat
In your own house

6. In Your household lives
0

1

2

3

4 or more

persons 0-6 years old

0

1

2

3

4 or more

persons 7-16 years old

1

2

3

4 or more

persons 17 years of age or older
(Yourself included)

7. Are You?

Male

Female

8. Your age:…………years.
9. Approximately what is the total income of Your household after tax
per month? Add up wages, unemployment benefits, pensions, parental
allowance, housing allowance, child allowance, supplementary benefits
etc after tax.
0 - 4000 SEK

20 001 - 24 000 SEK

4001 - 8000 SEK

24 001 - 28 000 SEK

8001 - 12 000 SEK

28 001 - 32 000 SEK

12 001 - 16 000 SEK

32 001 - 36 000 SEK

16 001 - 20 000 SEK

More than 36 000 SEK

If there is anything You want to add, please do that below.
…………………………………………………………………………………….
…………………………………………………………………………………….
……………………………………………………………………………………
…………………………………………………………………………………….
…………………………………………………………………………………….
Thanks for Your participation!

Appendix 2:
Parametric tests of the effect of using alternative payment vehicles
and different payment periods
In chapter 4 the effect on WTP by using different payment vehicles and the effect on present
value WTP by using different payment periods was studied. It was tested if the null
hypothesis of no difference between mean Lower Bound WTP between the main scenario and
a scenario with one difference (for example another payment vehicle) could be rejected or not
with a t-test. An alternative test is if it is possible to pool data from the two different versions
of a questionnaire and analyse them with the same estimated logit model or not.
Data for the main version and the alternative version is pooled and a logit model with dummy
variables for differences in intercept and/or effect of the bid between the main version and the
alternative version is estimated as:

P k answers yes =

e

(α + βbid *bid k + ∑ χi X ik ∑ δ j *Y jk + β dummyversion + βbiddummyversion )

1+ e

(α + βbid *bid k + ∑ χi X ik + ∑ δ j *Y jk β dummyversion + βbiddummyversion )

(A2.1)

where α is a constant, bidk is the bid respondent k reacts to, Xik are the values of variables for
exposure for respondent k, Yjk,are the values of variable for socio-economic variables for
respondent k, dummy version is a dummy-variable which is 1 for the alternative version and 0
for the main version, and bid dummy version is a dummy-variable which is the bid for the
alternative version and 0 for the main version. If only the intercept dummy is significant (and
not the bid dummy) this implies that the two different questionnaires measure the valuation of
different goods. If the bid dummy is significant it can be interpreted as the bid (a certain bid)
being differently interpreted by the respondents in the two compared questionnaires. If no
difference due to the payment vehicle used exists, the bid dummy should not be significant.
One explanatory variable that can be expected to affect WTP in all the four studied cases is
the number of visits in the encroachment area by the respondent. Another possible
explanatory variable in all cases is age of the respondent. A number of Swedish valuation
studies have shown that the valuation of environmental amenities decreases with age.1 In all

1

Examples are Carlsson et al. (2000), Eggert et al. (2004), Frykblom (1998).

samples in all four studies data has been collected concerning visits and age. 2 A model with a
constant, the frequency of visits, age, the bid and the two dummy-variables for the alternative
version is estimated with pooled data from the main version and the alternative version for the
same payment vehicles and payment periods as in chapter 4.

Using different payment vehicles
If it is equivalent to use different payment vehicles, the dummy-variable for bid in the
alternative version should not be significant.
Table A2.1 shows the estimated model with pooled data from the version using the payment
vehicle redistribution of local taxes and the main version with the payment vehicle raised
local taxes in the study about the Central Bridge with people living in Stockholm as
population.
Table A2.1 Logit model, redistribution and raised local taxes, the Central Bridge
Variable
Intercept
Bid
Visits
Age
Dummy redistribution
Bid dummy redistribution

Coefficient
0.1333
-0.00102
0.0283
-0.0106
0.3027
0.00084

Standard error
0.2755
0.00018
0.0103
0.00475
0.1950
0.00019

t-Statistic
0.484
-5.813
2.745
-2.221
1.552
4.297

P[|Z|]>z)
0.6284
0.0000
0.0060
0.0264
0.1206
0.0000

Numb. of observations (N) = 816, 811 used, 5 skipped due to missing values of some variable, Pseudo-R2=0.12, Pct.
Correct Prec.=68.

The same model can not be used to analyse the data using redistribution as when using raised
tax as payment vehicle, since the bid significantly affects the probability of a yes-answer less
negatively when the payment vehicle is redistribution of local taxes than when the payment
vehicle is raised local taxes. A difference in the bid does not have as much affect when
redistribution is used. The result implies that, as expected, a redistribution of taxes which
already are being collected is not seen as much as a cost as is raised local taxes.
Table A2.2 shows the estimated model with pooled data to test if the version with the
payment vehicle voluntary contributions to a fund can be estimated with the same model as
the main version with the payment vehicle raised local taxes in the study about Centralbron.

2

The respondents were not asked any question about income in the study about Centralbron because such a
question was feared to cause lower response rates.

Table A2.2 Logit model, voluntary contributions and raised local taxes, the Central Bridge
Variable
Intercept
Bid
Visits
Age
Dummy voluntary
Bid dummy voluntary

Coefficient
0.0982
-0.00102
0.0296
-0.0100
-0.0417
0.00027

Standard error
0.2911
0.00018
0.0110
0.0051
0.2129
0.00026

t-Statistic
0.337
-5.809
2.677
-1.980
-0.196
1.052

P[|Z|]>z)
0.7358
0.0000
0.0074
0.0477
0.8448
0.2930

N=807, 801 used, 6 skipped, Pseudo-R2=0.13, Pct. Correct Prec.=72.

Neither of the two dummy-variables is significant and therefore the same model could be used
to analyse data.
Table A2.3 shows the parameters in a logit model with pooled data from the version with the
payment vehicle voluntary contributions and the main version with the payment vehicle raised
local tax for the rest of Jönköping municipality.
Table A2.3 Logit model, vol. contributions and raised local taxes, Jönköping, rest of local
Variable
Intercept
Bid
Visits
Age
Dummy voluntary
Bid dummy voluntary

Coefficient
0.6418
-0.00163
0.0357
-0.0189
-0.1126
-0.00145

Standard error
0.2461
0.000278
0.0113
0.0049
0.2079
0.00068

t-Statistic
2.607
-5.881
3.166
-3.818
-0.541
-2.127

P[|Z|]>z)
0.0091
0.0000
0.0015
0.0001
0.5882
0.0334

N=893, 808 used, 21 skipped, Pseudo-R2=0.11, Pct. Correct Prec.=67

The dummy-variable for the bid for the version with voluntary contributions is significant and
has negative sign, meaning that the data cannot be analysed with the same model. A higher
bid negatively affects the probability of a yes-answer more when voluntary contributions are
used than when raised local tax is the payment vehicle.
Table A2.4 shows the coefficients in the estimated logit model with pooled data from the
version with a compulsory fee to a fund and the main version with raised local tax in the rest
of the municipality of Jönköping.

Table A2.4 Logit model, compulsory fee and raised local taxes, Huskvarna, rest of local
Variable
Intercept
Bid
Visits
Age
Dummy for compulsory
fee
Bid dummy for
compulsory fee

Coefficient
0.5827
-0.00163
0.0374
-0.0176
0.0162

Standard error
0.2439
0.000277
0.0111
0.0049
0.1946

t-Statistic
2.389
-5.887
3.376
-3.603
0.083

P[|Z|]>z)
0.0169
0.0000
0.0007
0.0003
0.9337

-0.000037

0.00047

-0.079

0.9370

N=895, 879 used, 16 skipped, Pseudo-R2=0.08, Pct. Correct Prec.=65

The model does not have any significant dummy variable, implying that the responses from
the version with a compulsory fee to a fund as payment vehicle can be analysed with the same
model as the responses from the main version with raised local tax as payment vehicle.
Table A2.5 shows the parameters in a pooled parametric model for raised local tax and a
compulsory fee to a fund for the respondents in the rest of the town in Höllviken.
Table A2.5 Logit model, compulsory fee and raised local taxes, Höllviken, rest of local
Variable
Intercept
Bid
Visits
Age
Dummy for compulsory
fee
Bid dummy for
compulsory fee

Coefficient
1.8464
-0.0018
0.0323
-0.0463
-0.2322

Standard error
0.4407
0.00033
0.0127
0.0083
0.2160

t-Statistic
4.190
-5.479
2.537
-5.580
-1.075

P[|Z|]>z)
0.0000
0.0000
0.0112
0.0000
0.2823

0.00029

0.00046

0.636

0.5248

N=874, 844 used, 30 skipped, Pseudo-R2=0.11, Pct. Correct Prec.=76

Neither the bid nor the intercept dummy is significant, implying that the version with raised
local tax and the version with compulsory contributions to a fund can be analysed with the
same model.
In all cases concerning payment vehicle the tests with pooling data give the same result as the
tests performed in chapter 4.

Using different payment periods
It should not be possible to pool data from two versions using different payment periods.
When pooling the data and analyse with a logit model, the bid dummy should be significant if
the respondents correctly understand a difference between the different payment periods.

Table A2.6 presents the coefficients in the estimated logit model with pooled data to test if the
responses from the version with the payment period lump sum payment, i.e. only one year,
can be estimated with the same model as the responses from the main version with the
payment period per year for 10 years. A certain payment per year for 10 years should be
understood as several times more than the same payment for only one year.
Table A2.6 Logit model, single payment and per year for ten years, Central Bridge
Variable
Intercept
Bid
Visits
Age
Dummy for once-only
payment
Bid dummy single payment

Coefficient
0.00195
-0.00102
0.0244
-0.00703
0.2656

Standard error
0.2804
0.00018
0.0107
0.00487
0.2010

t-Statistic
0.007
-5.817
2.291
-1.444
1.321

P[|Z|]>z)
0.9944
0.0000
0.0219
0.1487
0.1864

0.000478

0.00021

2.210

0.0271

N=806, 798 used, 8 skipped, Pseudo-R2=0.12, Pct. Correct Prec.=69

The dummy-variable, which is zero when the payment period is ten years and the bid when
the payment period is one year, is significant and positive. This means that a certain payment
once is correctly understood as less than the same payment per year for ten years.
Table A2.7 shows the coefficients in an estimated logit model with pooled data from the rest
of the municipality of Jönköping using the payment period per year for 5 years as well as
when using the payment period per year for 10 years.
Table A2.7 Logit model, 5 years and 10 years, Jönköping, the rest of local
Variable
Intercept
Bid
Visits
Age
Dummy for 5 years
Bid dummy for 5 years

Coefficient
0.6908
-0.00162
0.0251
-0.0191
-0.0797
0.00092

Standard error
0.2391
0.000277
0.0109
0.0047
0.1995
0.00034

t-Statistic
2.889
-5.857
2.302
-4.026
-0.400
2.682

P[|Z|]>z)
0.0039
0.0000
0.0214
0.0001
0.6894
0.0073

N=876, 858 used, 18 skipped, Pseudo-R2=0.07, Pct. Correct Prec.=64

The dummy-variable for bid for 5 years is significant and has a positive sign. This means that
the respondents correctly interpret that payment per year for 5 years is less than the same
payment per year for 10 years.
Table A2.8 shows the estimated logit model with pooled data to test if the same model can be
used when analysing the responses from the two versions or if the respondents correctly
understand a difference between the payment period per year for 20 years and the payment

period per year for 10 years using the same bids. A certain payment per year for twenty years
should be understood as more than per year for ten years.
Table A2.8 Logit model, payment period 20 years and 10 years, the Central Bridge
Variable
Intercept
Bid
Visits
Age
Dummy for 20 years
Bid dummy for 20
years

Coefficient
-0.0526
-0.00102
0.0353
-0.00778
-0.1538
0.00024

Standard error
0.2842
0.00018
0.0110
0.00498
0.2104
0.00026

t-Statistic
-0.184
-5.793
3.204
-1.563
-0.731
0.895

P[|Z|]>z)
0.8541
0.0000
0.0014
0.1180
0.4646
0.3706

N=817, 810 used, 7 skipped, Pseudo-R2=0.13, Pct. Correct Prec.=71

The dummy variable, which is zero when the payment period is 10 years, and the bid when
the payment period is 20 years is not significant and even has the wrong sign. This implies
that the respondents un-correctly do not understand any difference between a certain payment
per year for 20 years and the same payment per year for 10 years.
Table A2.9 shows the estimated logit model with pooled data from the rest of the municipality
of Jönköping when the responses from the version with the payment period per month for 10
years and the responses from the main version with the payment period per year for 10 years
are pooled.
Table A2.9 Logit model, per month and per year, Jönköping, rest of local
Variable
Intercept
Bid
Visits
Age
Dummy for month
Bid dummy month

Coefficient
0.8257
-0.00163
0.0336
-0.0229
-0.0387
-0.0091

Standard error
0.2516
0.000278
0.0111
0.0051
0.2392
0.0044

t-Statistic
3.283
-5.873
3.035
-4.497
-0.162
-2.061

P[|Z|]>z)
0.0010
0.0000
0.0024
0.0000
0.8713
0.0393

N=800, 790 used, 10 skipped, Pseudo-R2=0.08, Pct. Correct Prec.=65

The dummy variable for bid per month is significant and has a negative sign. This means that
the respondents correctly interpret payment per month for 10 years as more than the same
payment per year for 10 years.

Appendix 3:
COPATS questionnaire used for Ugglumsleden in Partille

Questionnaire

(Please answer and resend it in the postage free envelope)

High housing standard, accessibility to different services, a nice
environment and good communication possibilities are all important for
the quality of urban life.
In the 1980s there were plans to build Ugglumsleden to link the two
neighbourhoods Sävedalen and Björndammen in Partille (see map
below).
The road would reduce travel time when driving between the east and
the west parts of Partille, and also when driving further towards the
southeast on Landvettervägen, and some roads, for example
Brattåskärrsvägen, would be relieved from traffic.
However, the new road would cross the small forest between
Björndammen and Sävedalen, which has a special nature and is used as
recreational area.

U

S
LUM
GG

E
LED

N

1. Did You know about the plans to build Ugglumsleden before
receiving this questionnaire?
Yes, very well
Yes, partially
No
2. How often do You visit the small forest between Björndammen
and Sävedalen?
Almost every day
Once or twice a week
Once or twice a month
Once or twice a year
Less than once a year
Never
3. In which area do You live?
Södra Sävedalen

Furuskog, Skulltorp

Norra Sävedalen

Furulund

Mellby, Paradiset, Lexby

Kåhög, Jonsered, Uddared, Stärtered

Centrala Partille

Öjersjö

Björndammen

Utanför tätort

4. How often are You travelling by car or bus (as a driver or as a
passenger) between Björndammen and Sävedalen?
Almost every day
Once or twice a week
Once or twice a month
Once or twice a year
Less than once a year
Never

If Ugglumsleden were built, a trip by car or bus between Björndammen
and Sävedalen would become 1500 metres shorter. The highest allowed
speed would be 70 km/h and the travel time of the trip would be reduced
by 5 minutes in off-peak hours, and 10 minutes in peak hours when
traffic congestion in Partillemotet occurs.
5. How much do You think that Your travel time per week would be
reduced if Ugglumsleden were built?
………… minutes reduced travel time per week

Suppose that Ugglumsleden would be built as shown on the map on the
first page. The road would cross the small forest between Björndammen
and Sävedalen, and reduce Your travel time according to Your answer to
question 5. The cost of the road would be fully financed by the national
Government and would not mean any additional cost for the inhabitants
in Partille municipality.
6. Would You want Ugglumsleden to be built?
Yes, absolutely
Yes, maybe
No, probably not
No, absolutely not

Which is the most important reason for Your answer?
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

At last we ask some questions about You and Your household.
7. Are You:
8. Your age:

Male

Female

……….. years.

9. Do You have a driving licence?

Yes

No

10. Do You have disposal of a car?

Yes

No

11. My household consists in total of……. persons (myself included),
of which (fill in number) ……… persons 0-6 years
……… persons 7-16 years
……… persons 17 years or older
12. Approximately what is the total income of Your household
after tax per month? Add wages, unemployment benefits,
pensions, parental allowance, housing allowance, child
allowance, supplementary benefits etc after tax.
0 - 4000 SEK

20 001 - 24 000 SEK

4001 - 8000 SEK

24 001 - 28 000 SEK

8001 - 12 000 SEK

28 001 - 32 000 SEK

12 001 - 16 000 SEK

32 001 - 36 000 SEK

16 001 - 20 000 SEK

More than 36 000 SEK

If there is anything You want to add, please do that below.
…………………………………………………………………………………….
…………………………………………………………………………………….
……………………………………………………………………………………
…………………………………………………………………………………….
Thanks for Your participation!

Appendix 4:
Introductory letter for Ugglumsleden in Partille

Dear municipality member!
The Swedish National Road and Transport Research Institute (VTI) in Linköping and
Linköping University cooperates in a project with the purpose of finding out how to take
effects on the environment caused by road investments into consideration in road planning.
Environmental effects includes very much in this case; the physical encroachment by the
road, noise, emissions, visual intrusion, etc. We work with case studies of different roads,
both planned and already built roads. These case studies can help to improve the planning of
the Swedish road network.
In the attached questionnaire we ask questions about the extension of the road Ugglumsleden
in Partille planned in the 1980s. These plans are now relinquished but the project is
interesting for us. By answering the questionnaire You will help the understanding of how
people reason about roads of this kind. Your answers to the questions will help road planning
in other places in Sweden. We got your address from a random sample of all persons living in
Partille municipality, from the register held by the local Government.
Of course it is voluntary to answer the questionnaire, but each missing answer decreases the
value of the survey. Therefore we would be very pleased if You would like to answer the
questionnaire. You have only to answer the questions asked in the questionnaire, often only
by marking an alternative, and return it in the postage free envelope, preferably within a
week. The number on the envelope is only used to keep track of received questionnaires in
order not to send reminders to those who have already answered.
A questionnaire received in an envelope with a deleted number is of no use, because of the
risk to use answers from the same person more than once.
The results from the survey will be presented in tables. It will be impossible to find out what a
certain respondent did answer. If you anyway for some reason do not want to participate in
the survey we would like you to return the questionnaire without answering.
Please, call us if anything is unclear. Thank you in advance.
Kind regards
Stefan Grudemo

Pernilla Ivehammar

tel. XXX

tel. XXX

