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Abstract 
The ‘option value’ concept is well known in environmental economics for valuating natural assets, e.g. national parks, that offer possibilities for future consumption. There have been few attempts to apply the option value concept in the transportation field. Public transport services may have an option value when car-owners value the opportunity to use the public transport service for whatever reason their car is unavailable (breakdown, bad weather) or they cannot drive (loss of ability to drive a car). This paper firstly presents a review of literature on public transport option values and records the first study on transport option values in the Netherlands. The paper describes a methodology for measuring the option value of public transport services, and its application to two regional railway links in the Netherlands. In the case studies an Internet-based survey was conducted among residents of municipalities bordering the railway links, where households had membership in a national Internet panel. The main conclusion from our study is that option values may form a potentially relevant benefit category in public transport policy appraisal, additional to use and non-use benefit categories (e.g. congestion, environmental impacts) typically included. 
1. Introduction
Public transport serves a number of public interests associated with the actual use of the services. It provides mass transportation in heavily populated areas, and may contribute to a reduction in traffic congestion, environmental pressure and improvement of traffic safety. It also offers a basic level of accessibility to social and economic opportunities for people without a car — particularly important in rural areas. This is the main rationale for governments to subsidise public transport: for example, in the Netherlands, local, regional and national governments currently pay about 50% of the operational costs of public transport (Advisory Council for Transport, Public Works and Water Management, 2004). Economists have argued, however, that there is little relationship between the size of the funding and the level of public transport provision to the general public or specific user groups (e.g., see Poort et al., 2005; Roson, 2000). An explanation for the high level of subsidisation may be that public transport is not only valued for the actual use of the service but also for the opportunities it offers for unexpected future use (Roson, 2000). For example, car-owners may value having a public transport service ‘stand-by’ in unexpected situations in which they cannot drive (for example, due to bad weather or loss of ability to drive a car) or in which their car is unavailable (for example, due to a breakdown). This ‘option value’ is a well- known concept in environmental economics for valuating natural assets (e.g. national parks) that offer possibilities for future consumption (Cameron and Englin, 1997; Kling, 1993; Walsh et al., 1984). There have, however, been few attempts to apply the option value concept in the transportation field. Option use of transport facilities is also not built into forecasts produced by transport models, and option values do not appear in conventional cost-benefit analysis as a benefit category (DfT, 2004). The option value is however recognised as a sub-objective to accessibility in transport policy appraisal guidelines in the UK (DfT, 2004), additional to measurement of accessibility benefits. 
This paper reviews existing applications of the option value concept in the transport field, and presents a case study estimating the option value of rail services in the Netherlands. The field of measuring transport option values is far from developed. This paper records one of the few empirical studies in the transport field that shows the relevance of option values as an additional benefit category, and represents the first study on transport option values in the Netherlands. The study is exploratory and is concerned as much with identifying and developing the methodology for measuring option values as with the values themselves. The study was part of a PhD study (Geurs, 2006a). An elaborate description of the study (in Dutch) can be found in Geurs (2006b). An adapted version of this paper was published in Transport Reviews (Geurs et al., 2006).
Section 2 describes the categorisation of economic benefits used in the study, with section 3 reviewing existing empirical efforts on option value measurement in the transport field. Section 4 describes the survey instrument developed in this study and section 5, the results of its application to the case studies. Section 6 compares the results from the case studies with existing studies. Finally, Section 7 presents the conclusions and discusses the results of the study.

2. Categorisation of economic benefits of public transport services
Over the last decades economists have already spent considerable effort in identifying the range of benefits derived by people from transport infrastructure and transport services. Literature on cost-benefit analysis (CBA) provide categorisations of benefit categories consistent with welfare economics (e.g., see Bateman et al., 2002; Boardman et al., 2001). In CBA, costs and benefits are expressed in terms of the individual’s preferences. Willingness to pay (WTP) is the standard measure to secure benefits in monetary terms (or, alternatively, the willingness to accept compensation to forgo the same). The concept of ‘total economic value’ is used as the sum of all relevant WTPs for an individual of any change in well-being due to a policy or project (Boardman et al., 2001). Total economic value can be broken down in to terms of ‘use value’, ‘option value’ and ‘non-use value’. Use value relates to the actual use of a public transport service, planned use (a trip planned in the future) or possible use. Table 1 categorises the different motives between users and non-users of the transport system and between option values and non-use values.
Table 1: Motives for willingness-to-pay for the provision of transport services

	
	Use value
	Option value
	Non-use value

	User
	Actual trips, trips planned in the future
	Preserving the option of using it in the future for trips not yet anticipated or currently undertaken by other modes
	Use by other members of the household;

Use by friends, family;

Concern for other people in society in general;

Concern for particular groups, poor, elderly, children;

Concern for future generations;

Reduced congestion;

Reduced environmental problems;

Cohesion effects, link to larger communities

	Non-user
	N/A
	Unexpected travel demand, standby mode of travel in case private travel modes (bicycle, car) are unavailable;

Securing access to social and economic opportunities
	The same as above


Actual use value relates to benefits accruing from the actual use of a good and service in question (e.g. public transport use, visit to a national park) or planned use (a visit planned in the future) (Bateman et al., 2002). Measurement of actual use benefits is traditionally based on the classical concept of ‘consumer surplus’, where benefits accrue directly from use since users are prepared to pay more (willingness to pay) than they actually have to pay. Consumer surplus is thus defined as the difference between the willingness to pay (WTP) for use of a good or service and the actual price (P):  

CS
= WTP – P 
(1)

The option value concept originates in Weisbrod (1964), who describes the hypothetical case of the closure of a national park and states that individuals who anticipate visiting the park at some time in the future may be willing to pay something for the option of using the commodity in the future. Weisbrod has argued that when demand for a good or service is uncertain, consumer’s surplus will underestimate the maximum payment individuals are willing to pay. Literature on cost-benefit analysis (see Boardman et al., 2001; Smith, 1987) distinguishes between the concepts ‘option price’ and ‘option value’. Option price is considered the theoretically correct ex ante measure of the total user benefits in the sense that consumers value policies (here, preventing closure of a public transport service) without knowing if certain contingencies (e.g. car trouble, bad weather) will occur (Boardman et al., 2001; Smith, 1987). Option values are thought of as corrections of consumer surplus estimates to account for uncertainties in key parameters faced by them. In the case of public transport, individuals may face fundamental uncertainties related to: (a) their individual situations in the future, e.g. loss of ability to drive, future housing and job location, and (b) the availability of their primary mode influenced by such contingencies as car trouble, car accidents, bad weather, future car travel time or costs, and an energy crisis. In our study, we interpret option values as a risk premium that individuals with uncertain demand are willing to pay over and above their expected user benefit for the continued availability of a transport service. Thus the option price (OP) can be defined as the sum of expected user benefits (CS; Equation 1) and the option value (OV). Rearranging the equation, the option value (OV) can be estimated by subtracting expected consumer surplus (CS) from the option price (OP):

OP 
= CS + OV 
(2)

OV 
= OP - CS  
(3)

Non-use values of public transport can be conveniently classified in terms of existence values, altruistic values and indirect benefits. Existence values refer to a willingness to pay to keep a good or service in existence in a context where the individual expressing the value has no actual or planned use for him/herself or for anyone else. In environmental economics there is considerable literature on the measurement of existence values for natural environments and wildlife, although the particular estimates are often controversial (e.g. see Boardman et al., 2001, for an overview). Transport infrastructure is not likely to provide a pure existence value derived from mere contemplation of the value object, similar, for example, to the existence of whales or polar bears. Altruistic values arise when individuals are willing to pay to preserve a service which benefits others, e.g. friends and relatives, or which is regarded as being beneficial to society in general. A mixture of altruistic motives may be related to public transport. Individuals may be willing to pay to subsidise (or preserve) public transport services which benefit others, particularly friends and relatives, specific groups in society (e.g. the poor) or society in general. A bequest value is a specific form of altruism, which arises when an individual is concerned that next and future generations have the option of making use of a good or service (Boardman et al., 2001). Indirect user benefits can be described as benefits which individuals derive indirectly from the use made of a public transport service by others. For example, they may avoid giving lifts and receiving visits from people who use public transport and who would otherwise not visit in its absence. Individuals may also benefit from the use of public transport by others, if this reduces congestion and/or environmental degradation.

In the context of transport appraisal option values are always additional to user benefits and other benefits commonly included in economic appraisal of transport projects benefits. Non-use values however may double count elements commonly included in an appraisal. For example, the non-use value of a new rail line stemming from a congestion or road noise reduction is already include in the appraisal as travel time or noise benefit. Primarily it is only non-use values that arise from specific altruistic motives that do not result in double counting (see McConnell, 1997). Therefore, this paper focuses on measuring option values rather than non-use values.
3. Empirical evidence on transport option values 
To the authors’ knowledge, all applications of the option value concept in the transport field are related to bus or rail services. Five empirical studies were found in the literature to quantify public transport option values and/or non-use benefits. Table 2 presents an overview of the characteristics and values estimated in these studies (see Laird et al., 2006, for an extensive review). An initial group of studies examined non-use values as a group of benefits, including option values. Bristow (1991a; 1991b) developed a methodology using travel diaries and an iterative bidding contingent valuation technique (in face-to-face interviews) to examine the value of retention of suburban bus services in Leeds; a follow-up study was also conducted to examine values placed on the retention of the Settle–Carlisle rail service (Crockett, 1992). WTP was derived for use (consumer surplus) and non-use as a group of motives, including option values. Furthermore, Painter et al. (2001) examined the non-use benefits of rural bus (transit) services in two rural areas in Washington State (USA) using a contingent valuation questionnaire administered to a panel of randomly selected local residents. Roson (2001) estimated WTP for service level improvements of a bus link and a railway link in two areas in northern Italy, using choice experiments in face-to-face interviews. In this study, respondents (users and non-users) were asked in face-to-face interviews to choose between pairs of alternatives, varying in service frequency and local property taxation. A service frequency increase was associated with a proportional increase in local taxes on real estate property. The paper presents the impact of socioeconomic variables on stated willingness to contribute to subsidisation of the public transport services, but WTP values are not reported in the paper. The author does state that respondents were willing to pay a little more tax to increase the service level; about two-thirds of the respondents prefer the current situation. These studies, however, do not show the relevance of option values as a benefit category as they have not separated option values from use and non-use values. Furthermore, the studies were limited in scope, i.e. the sample size of the empirical studies ranged from about 50 to 200 respondents. 

Humphreys (2004; Humphreys and Fowkes, 2006) presents the only empirical study so far which breaks down the different components of the total economic value of the Edinburgh to North Berwick railway link in Scotland. Humphreys used contingent valuation to quantify train users’ consumer surplus, and conducted a choice experiment to quantify option value and non-use value categories. However, the study had an exploratory character with limited scope. That is, the number of participants in the choice experiment was relatively small (about 80 respondents) and results presented were subject to a range of doubts, including the quality of the data which was undermined by the inexperience of the sub-contracted market research company.
In conclusion, the field of measuring transport option values is far from developed. Existing empirical studies are exploratory and limited of scope. Only one empirical study so far attempted to separate option values from consumer surplus and non-use benefit categories. The results of the different empirical studies are not easily compared due to differences in the case study area, methodology used and scope of the study. The review does however seem to indicate that option values may form a potentially relevant benefit category in public transport policy appraisal, additional to use and non-use benefit categories (e.g. congestion, environmental impacts) typically included. 

Table 2. Characteristics of stated preference studies on public transport

	
	Bristow et al. (1991b)
	Crockett (1992)
	Humphreys & Fowkes (2006)
	Roson (2001)
	Painter et al. (2001)

	Study area
	Hawksworth, Leeds; Rainow, Cheshire
	Settle 
	Edinburgh to North Berwick, Schotland
	Piove to Padua; Mogliano to Venice; both in Northern Italy
	Chelan County;  Clallam County, both Washington State, USA

	Public transport type
	two local bus services; one  in an inner city area and one in a rural village
	Settle to Carlisle rail link connecting small towns to a major urban centre
	regional rail link connecting small towns to a major urban centre
	regional bus service and local rail link connecting small towns to a major urban centre
	two rural bus services 

	Benefit

categories

distinguished
	consumer surplus;

non-use value (including option value
	non-use value (including option value)
	consumer surplus,

option value,

indirect use value

altruistic value

option value
	not identified
	consumer surplus

non-use value

	Data collection
	travel diaries and face-to-face interviews
	face-to-face interviews
	self-completion survey
	face-to-face interviews
	computerised panel session, follow-up phone survey

	Valuation methodology
	contingent valuation (CV) iterative bidding procedure
	contingent valuation (CV); iterative bidding procedure 
	combination of contingent valuation (use value); stated choice experiment (non-use value)
	stated choice experiment
	open-ended contingent valuation; open ended

	Sample size
	very small; 30 household interviews (60 respondents) for both study areas 
	very small; 34 respondents
	small; 178 respondents, 78 in SP part 
	modest; 199 and 122 respondents in the case study areas;  
	modest; 170 participants in SP part ; 

	Target group
	local residents; in total 25 users and 35 non-users in CV part
	local residents
	local residents; 64 users; 14 non-users in SP part
	local residents; number of users and non-users unknown
	local residents; in total 80 users, 90 non-users

	Attributes valued
	removal of service; evenings and route (Rainow), route and network (Hawksworth)
	removal of service on Settle-Carlisle line
	variation of train frequency; parallel bus route, traffic increase on parallel roads; train service withdrawn; bus service withdrawn
	increase and decrease of train frequency
	good bus service; present service; fare-free bus,  removal of service


4. The survey instrument 

An Internet-based survey instrument was constructed to include stated choice experiments to elicit willingness-to-pay values for use, option use and non-use of specific rail links. The methodology was applied in two case studies aimed at deriving reliable willingness-to-pay estimates of residents in the service area of the public transport links for option use, additional to use and non-use. Two railway links were selected as the case study area. The first one, the Arnhem–Winterswijk light-rail link, is located in a low-density rural area situated in the eastern part of the Netherlands and connecting 10 small- to medium-sized rural towns (5,000 to 40,000 inhabitants) to the larger town of Arnhem (about 130,000 inhabitants). The second one, the Leiden–Gouda railway link is situated in the highly urbanised western part of the Netherlands and connects three medium-sized towns to the larger towns of Leiden (about 120,000 inhabitants) and Gouda (about 70,000 inhabitants). Both railway links have a typical regional transport function, connecting a number of smaller towns to larger towns. Regional railway links were selected for the case study because these links are typically unprofitable and option values may form an important benefit category: both links have cost coverage levels below 50%. In the case studies an Internet-based survey was conducted among residents of municipalities bordering the railway links, where households had membership in a national Internet panel. The case study area comprises the municipalities bordering on the selected railway links (see Figure 2). This section describes the main elements in the survey, the design of the stated choice experiments, the data collection method and problems of bias in responses. 
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Figure 2. Location of case study areas in the Netherlands.
4.1 The main elements in the survey

The survey comprised three main elements: (1) introductory questions, (2) questions about travel behaviour and characteristics of the respondent and household, and (3) stated choice experiments to elicit willingness-to-pay values for public transport at different levels of service quality. 

The first element in the survey comprised several introductory questions for the selection of respondents relevant for the study and stratifying the sample into different research groups. Respondents were considered relevant for this study if they were train users of the selected railway links or car users in the railway link area. Respondents were subdivided into four unique groups, i.e. ‘regular train user’, ‘option user’, ‘car user’ and ‘possible option user’ (see Table 3 for definitions). This division was made to ensure a sufficient distribution of respondents across the different stated choice experiments to allow reliable estimations of use, option use and non-use values from the choice experiments. The focus was not to achieve a representative sample of the population. 

Table 3. Classification of respondent groups

	
	Respondent group 
	Choice  experiment

	User 

of selected

rail link


	Regular train user: a person who used the selected railway link in the past year (not as option user) 
	‘consumer surplus’ + (‘option price’ or ‘non-use value’)

	
	Option user: a car-owner who used the selected railway link in the past year in unexpected situations when he or she could not drive or the car was not available 
	‘consumer surplus’ + (‘option price’ or ‘non-use value’)

	Non-user of selected

rail link


	Car user: a person who made car trips in the research area and did not use the selected railway link in the past year
	‘non-use value’

	
	Possible option user: a car user who did not use the selected railway link in the past year, but would consider using the train in future unexpected situations if the car was not available
	‘option price’ + ‘non-use value’


The second element in the survey consisted of questions about the respondents’ personal travel behaviour, the travel behaviour of their partner and/or children. The questions on their travel behaviour were different for users and non-users. Regular train users and option users were asked to give trip origin and destination, frequency, time of day, ticket or train subscription type and trip motive of a (frequently) made trip using the selected railway link. Possible option users were asked to give trip characteristics of a hypothetical train trip (‘option trip’) which would replace an actual car trip in unexpected situations when the car is not available. These trip data were firstly used to link the stated choice experiments in the survey to actual trips made. Secondly, the trip data were used to estimate train costs per trip (using information on train ticket and subscription costs from the Netherlands Railways). In addition, respondents were asked questions about different types of uncertainty possibly related to option values. Respondents were asked if they expect a change in their personal situation (residential location, job location, car ownership) and car trip characteristics (trip costs and travel times) in the next two years. In addition, they were asked about motives for car and train use, and the importance of possible consequences of service withdrawal. Finally, socio-economic characteristics of the respondents were asked (education level, net personal and household incomes) and characteristics of the car used (fuel type, vehicle weight, year of construction). The latter information was used to compute fuel costs per trip, using average fuel consumption data by vehicle type class. 

The third element of the survey covered the stated choice experiments. In measuring option values there is a real risk of double counting when trying to separate individuals' willingness to pay for the option of using the service from their willingness to pay for their actual use and/or non-use of the service. This was handled by constructing different stated choice experiments to elicit willingness to pay for use, option use and non-use: 

1) the choice experiment ‘consumer surplus’ was constructed to elicit the maximum number of train users willing to pay for a trip using the selected railway link. Combined with information on trip costs from the second part of the survey, consumer surplus can be estimated (Equation 1; section 2.1);

2) the choice experiment ‘option price’ was constructed to elicit the total willingness to pay for improvement or deterioration of train service levels. Option prices were elicited as the willingness to pay to prevent closure of the railway service. Option values for train users can be estimated by subtracting expected consumer surplus from the option price (Equation 3; section 2.1); for possible option users, consumer surplus is zero and option price thus equals option value;

3) the choice experiment ‘non-use value’ was constructed to elicit willingness to pay for improvement or deterioration of train service levels when the respondent (and other household members) no longer use the railway link. 

Users of the selected railway links could apply for all experiments, but were selected for only two to reduce the survey length and prevent potential boredom, irritation and fatigue, which may arise when respondents are repeatedly asked to participate in similar choice experiments. These respondents were always selected for the choice experiment ‘consumer surplus’ and randomly for the choice experiments ‘option price’ or ‘non-use value’ (see Table 3).

4.2 Design of the stated choice experiments

The most critical dimensions in stated choice experiments are the number of alternatives, attributes and choice sets presented (e.g. see Arentze et al., 2003; Caussade et al., 2005). Too many alternatives and attributes affect the respondent’s choice consistency. In this study, the design of the choice experiment ‘consumer surplus’ differs from the choice experiments ‘option value’ and ‘non-use value’ in terms of number of alternatives, variables and payment mechanism. In the choice experiment ‘consumer surplus’ respondents had to choose from three alternatives (two train alternatives plus the no-choice), whereas the other choice experiments had two alternatives. The no-choice option was included to elicit the maximum amount respondents were willing to pay for a train trip. Train travel times were included as a variable to allow a consistency check with value-of-time values found in other studies (see section 5.5), and train ticket price was included as payment mechanism. The choice experiment ‘consumer surplus’ comprised the following variables and attribute levels:

· Train travel time: +25% / +10% / current state / -10% / -25%;

· Train frequency (for a working day during busy hours): 1 train per hour  (frequency halving) / 2 trains per hour (current state) / 4 trains per hour (frequency doubling);

· Train ticket price: +25% / +10% / current state / -10% / -25%.

The choice experiments ‘option price’ and ‘non-use value’ were identical in design, but differed in the respondent groups selected for the experiments (see Table 3) and the context presented. The choice context in the choice experiment, ‘option price’, was an actual or hypothetical trip; in the choice experiment ‘non-use value’ respondents were asked to imagine a situation in which the respondent and other household members would no longer use the railway link, e.g. the respondent will travel by car from now on, current trip destination has changed (e.g. relocation of work, school), etc. 

Since there is no actual market in which actual payments can be made to maintain public transport services, a hypothesised payment mechanism had to be postulated to trade off rail service levels and financial burden. In this study, monthly local property taxes were chosen as payment mechanism. In the Netherlands, municipalities collect property taxes periodically (monthly, yearly) from residents who own or rent houses. The variation in local taxation was computed considering the change in operation and maintenance costs of the railway link when railway stations are introduced/closed or train frequency levels increase/decrease. Of course, other payment mechanisms are possible to link service quality and costs, but earlier studies successfully used comparable payment mechanisms (Roson et al., 2001; Painter et al., 2002). 

The choice experiments ‘option price’ and ‘non-use value’ consisted of the following variables and attribute levels: 

· Train frequency (working day, at day): no train / 1 train per hour (frequency halving) / current state (2 trains per hour) / 4 trains per hour (frequency doubling);

· Railway stations: entire railway link closed / closure of minor railway stations / current state / introduction of new railway stations. 
· Monthly local property taxes: 10 Euro increase / 5 Euro increase/ current state / 5 Euro decrease / 10 Euro decrease.
An optimal choice design was used for each of the choice experiments. Parameter estimates can be obtained with higher efficiency if the design is optimal. In other words, a lower number of choice sets is needed to obtain these estimates. So, using an optimal design can reduce the task for the respondents in comparison to the situation where ‘standard’ choice designs were used. An optimal design is characterised by (a) orthogonality: each variable (level) can be estimated independently from other variable (level)s, (b) level balance: each level of a variable occurs with equal frequency, (c) minimal overlap: as few as possible equal variable levels occur in each choice set, and (d) utility balance: the utilities of the choice alternatives are as close to each other as possible in each choice set. In general, choice sets that generate extreme probabilities are less effective in constraining the parameters than moderate ones (Huber and Zwerina, 1996). Since these four criteria in general cannot be met simultaneously, a computerised search algorithm is needed to find an efficient design. We used a program based on Zwerina et al. (1996), which searches for a minimal determinant (‘D-efficient’) covariance matrix. This algorithm was used to create two efficient choice designs: (i) one for the choice experiment ‘consumer surplus’, which included the no-choice option and (ii) one for the choice experiments ‘option price’ and ‘non-use value’, which accounted for the fact that the attribute level ‘entire railway link closed’ is always combined with the attribute level ‘no train frequency’. In each choice experiment the task consisted of 12 choice sets. Each choice task was preceded by instruction on the task. Furthermore, extra information on the attributes and the levels could be obtained through ‘pop-up’ textboxes in each choice set. Furthermore, attribute and choice set randomisations were conducted to avoid order effects. The choice experiments were firstly offered in random order, except when the choice experiment ‘non-use value’ was involved; this experiment was always offered last. Secondly, the choice sets from the efficient design were offered to the respondents in random order. Thirdly, the attributes in the choice sets were offered in random order (between respondents, not individually). For example, for one respondent ‘price’ may have been listed first in each choice set; for the next respondent this may have been ‘frequency’. 

4.3 Data collection method

An Internet-based survey was chosen here as research method. Internet is a cost–effective method in complicated studies which require advanced or tailor-made designs (such as stated choice experiments) and large samples (Nossum, 2005). Respondents were recruited from a large Internet panel in the Netherlands that provides a relatively high spatial coverage of Dutch territory (more than 200,000 panel members, about 2% of the households in each municipality). Internet panel members living in the case study areas were recruited for the study. Data collection using an Internet panel has the advantage that respondents are experienced (respondents can handle complicated SP surveys), highly motivated (respondents are paid for each survey) and reliable (members who have filled in ‘suspicious’ questionnaires before are periodically removed from the panel). 

There were two major disadvantages of the data collection method used. Firstly, data collection via the Internet is still not a satisfactory alternative for all population groups, in particular for elderly. The proportion of people in the Netherlands having access to Internet is very high (about 73% in 2004), but access among elderly people is still relatively low (about 17% of over-65s), especially the elderly with a low education level (5% of over-65s with only primary education) (Statistics Netherlands, 2005). A second disadvantage was that only one person per household was a member of the Internet panel. This complicates the aggregation of option value estimates to the household level. As the purpose of this study is to conduct an initial exploratory study examining the relevance of option values as a benefit category, the advantages of the Internet panel survey method largely outweighed the disadvantages.

5. Case study results

5.1 Respondent groups and characteristics 

About 7500 panel members living in one of the two case study areas were requested by email to participate in the survey. About 2665 respondents completed the introductory questions (response of about 35%), of which about 2450 were users of the selected rail link or car user in the case study area. About 1000 respondents participated in the full survey. The selection of respondents was aimed at a sufficient distribution of respondents across the different stated choice experiments. After cleaning the data, 779 valid questionnaires remained, of which 395 were in the case study area of Arnhem–Winterswijk and 384 in Leiden–Gouda. The total number of participants in the choice experiments ‘consumer surplus’, ‘option value’ and ‘non-use value’ was 413, 454 and 510, respectively, resulting in 5000 observations or more in each experiment. A comparison of the socio-economic characteristics of participants with a sample of (about 4000) respondents for both study areas taken from the 2004 Dutch National Travel Survey (Ministry of Transport, Public Works and Water Management, 2005a) revealed – as expected – that elderly people (over 65) and people with a low educational level are somewhat underrepresented. Respondents were weighted in all model estimations to correct for the differences in education level and work situation. Furthermore, elderly people were excluded from the sample. As a result, we were not able to estimate willingness-to-pay estimates of elderly people.   
5.2 Consumer surplus, option value and non-use values
Parameter estimates for each choice experiment and respondent group were obtained through maximum likelihood estimation of multinomial logit models (choice experiment ‘ consumer surplus’) or binomial logit models (choice experiments ‘option price’ and ‘ non-use value’ . The logit model estimations result in utility values for each attribute level. In the estimation, effects coding has been used for the highest attribute level for each variable, e.g. ‘frequency doubling’, ‘train travel time ‑25% and ‘train ticket price -25%’ in the choice experiment ‘consumer surplus’. Effect coding has the advantage that non-linear effects in the attribute levels may be measured. Utility functions derived from the survey (with the current situation as reference point) were s-shaped and asymmetric. That is the (dis-)utility of an increase in local property taxes is higher than the utility of a reduction in property taxes by the same amount. This is consistent with the concept of loss aversion from prospect theory widely used in behavioural economics, which explains risk-averse behaviour – people prefer avoiding losses to making equally high gains (Boardman et al., 2001; Kahneman and Tversky, 1979). Monetary values were derived from the model estimations by estimating the ratios between utility values of the train service level attributes and price attributes (ticket price or local property taxes), multiplied by absolute price changes. Absolute price changes were either given (property taxes) or computed from the revealed preference data (train fair actually paid for the selected trip on the railway link). 

For each respondent group, separate models were estimated for each case study area and for the whole sample. Here, we will present only the average consumer surplus, option value and non-use values for the whole sample (Figure 3). See Geurs et al. (2006) for detailed information on the number of observations, goodness of fit measures (log likelihood and Nagelkerke’s pseudo-R square), estimated coefficients for each attribute level, T-statistics. Suffice to say here that all models have a decent goodness of fit, i.e. a pseudo-R2 of 0.38 to 0.46, equivalent to a R2 of 0.6 to 0.8 of a linear regression model (Hensher et al., 2005). 
Consumer surplus estimates

Consumer surplus estimations were based on the parameter included for the no-choice option in the choice experiment. The no-choice attribute represents the ticket price increase at which a train user decides to stop making trips. Monthly consumer surplus was estimated as the monetary value of the no-choice attribute, multiplied by respondents’ average monthly trip frequency. On average, WTP is about 40% above the average ticket price of 6 Euro. Monthly consumer surplus for regular train users is about three times as high as for option users. This is primarily due to the higher trip frequency (4.5 compared to 1.3 trips per month). 

Option value estimates

The average option price estimate for regular train users (about 20 Euro per month) is significantly higher than for option users (on average about 14 Euro per month), which, in turn, is higher than for possible option users (on average about 12 Euro per month). This result agrees with a priori expectations. Option value estimates were obtained as the average option price reduced with average monthly consumer surplus for each respondent group. Train users were willing to pay a significant amount over and above their consumer surplus for the continued availability of the railway link: an average of about 8 Euro for both case study areas. Surprisingly, average option values do not differ strongly between regular train users and option users. This is because the option price is higher for regular train users; however, consumer surplus is also higher. The option value estimates for possible option users are significant (12 Euro per month) which indicates the importance of the railway links as a back-up transport mode for car-owners with uncertain demand. The average option value for all non-users is 20 to 30% lower, accounting for the percentage of car-owners who are unlikely to use the train under any condition and thus have a zero option value. Figure 3 shows that option value are significant compared to average monthly ticket costs and consumer surplus estimates for train users. 
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Figure 3. Monthly train ticket costs, consumer surplus and option value estimates (Euro per month) by respondent group, average values for both study areas 

Non-use value estimates

Respondents seem willing to pay significant amounts to maintain the railway link in a non-use context; average WTP for non-use was about 16 Euro for train users, 6 Euro for car drivers and 9 Euro for possible option users. As expected, non-use values are higher for users than for non-users – users are more familiar with the train service and may have a stronger positive attitude towards the train service. However, it seems implausible that the non-use value estimates obtained for users are a factor 2 to 3 higher than those for non-users. The high non-use value for train users may be biased by the difficulty of the mental task train users were presented with in the choice experiment, i.e. having to imagine a situation in which they and other household members would no longer use the railway link. The mental task is obviously much easier for car drivers whose WTP seem more reasonable). The non-use values obtained in the study are thus subject to doubts, and there is a risk of doubling counting benefits when computing the total economic value as the sum of consumer surplus, option and non-use value estimates. 
6
Comparison of the estimates with other studies
Laird et al. (2006) present an elaborate review of five empirical studies on public transport option values and non-use values, including the Dutch case study. As the different empirical studies were undertaken in different years and different countries, the WTP values are converted to common price base (the year 2002) and value base (to account for income growth on WTP valuations). Table 4 compares average WTP values from the studies. 
Table 4. WTP estimates, converted to yearly WTP values, at 2002 prices and common value base (original study values between brackets)
	
	Bristow et al. (1991b)
	Crockett (1992)
	Painter et al. (2002)
	Humphreys and Fowkes (2006)
	Geurs et al. (2006)

	Mode
	Bus
	Rail
	Bus
	Rail
	Rail

	Alternative PT service
	No
	Bus service and rail station
	No
	Half hourly bus service
	No

	Base year
	1990
	1992
	1999
	2002
	2004

	Currency
	UK pound
	UK pound
	US dollar
	UK pound
	Euro

	Unit of analysis
	Not specified
	Not specified
	Mixture
	Household
	Individual

	Consumer surplus (CS)
	€320 (₤102)
	N/A
	N/A
	€80 (£46)
	€75 (€86)

	Option value (OV)
	N/A
	N/A
	N/A
	€270 (£154)
	€85 (€94)

	Non-use value (NUV)
	N/A
	N/A
	N/A
	€60 (£36)
	€70-115 (€80-129)

	OV + NUV
	€180 (£58)
	€100 (£36)
	€160 (USD 56)
	€330 (£190)
	€150-220 (€165-242)

	OV/CS ratio
	N/A
	N/A
	N/A
	3.3
	1.3

	OV/(OV+NUV)
	N/A
	N/A
	N/A
	0.8
	0.4 - 0.6


Table 2 shows a wide variation in WTP estimates. Firstly, the sum of option and non-use values varies between 100 to 330 Euro per year. Secondly, Humphreys and Fowkes (2006) estimated option values at £154 per person per year (270 Euro per year, about 22 Euro per month), which is about three as high as the estimates from our study. The variation in outcomes is not easily explained; there are differences in transport mode examined, unit of analysis (individual or household estimates), service quality, methodology and scope of the study. However, although all studies are exploratory and some have small samples, the ranking of the absolute size of sum of the option values and non-use values between the studies, can be quantitatively rationalised through a consideration of the mode, the quality of service and whether the values represent individual or household valuations. 

If we examine the range of values presented in the table we can see that two of the three lowest valuations are those associated with bus services. As bus services are traditionally viewed as a lower quality mode of transport compared to train services and the bus services are subject to more service changes than rail services this is a result that we would expect. 
The absolute differences in WTP between the three rail studies can probably be partly explained by differences in the presence of alternative public transport services and the unit of analysis (individual or household values). The lowest OV and NUV value is from Crockett (1992), who estimates WTP to prevent closure of the Settle-Carlisle railway line for residents of Settle compared to the existing situation where a bus service and an alternative rail station is present on a different line but within 2 km of the Settle train station. Clearly we would expect the incremental values to be lower than the absolute values, and in part this can explain some of the differences in the values found. Humphreys and Fowkes (2006) also presents ‘incremental’ rather than ‘absolute’ WTP values but the relatively high estimates apply to households, whereas the Dutch case studies apply to individuals. Whilst it is not possible to multiply the option values held by individuals by household size to obtain household values, due to issues associated with who has control of the household income and what values should be ascribed to children, we can see that the studies that reflect individual values are significantly lower (less than half the value) of the studies that reflect household values. An adjustment for whether the value reflected individuals or household values would probably significantly narrow the gap between for example the values observed by Crockett and Geurs and those obtained by Humphreys and Fowkes. The other studies are not explicit or mixed in their unit of analysis.
In relative terms, there are also significant differences in option and non-use value estimates between Humphreys study and the Dutch study. That is, the ratio of option value to consumer surplus is much higher in Humphreys study (factor 3.3) than the Dutch study (factor 1.3). Also the share of option value in the sum of option and non-use value is much higher in Humphreys study than in the Dutch study; option values contribute to 80% and 40-60% of total option and non-use value, respectively. This may be partly explained by differences in the methodology used. That is, Humphreys and Fowkes estimates consumer surplus and specific non-use values (i.e. WTP for road traffic changes and discount rail cards for family members and specific population groups). Option values are estimated by subtracting consumer surplus and non-use values from the total economic value estimate. This ‘option value’ thus reveals the portion of total economic value not captured by consumer surplus non-use attributes included in the experiment, and may be biased upwards when the total non-use value is not fully captured by the sum of non-use value components included in the experiment. This may be the case as their total non-use value estimate is much lower than the estimate from our study. On the other hand, the non-use value estimate derived by Humphreys and Fowkes may be more realistic as our values are probably biased upwards (see Section 5.2). 
In conclusion, it is difficult to validate the WTP estimates from our case study as the evidence base on public transport option values and non-use values is quite small. Existing evidence seems to indicate that the option value estimates derived in our study are conservative and non-use values overestimated. 
7.
Conclusions and discussion

The option value concept is well-known in environmental economics for valuating natural assets that offer opportunities for future consumption. The field of measuring transport option values, however, is far from developed. This paper records one of the few empirical studies in the transport field that shows the relevance of option values as a benefit category additional to the traditional use and non-use benefit categories. Here we have shown our development of a survey instrument to quantify option value benefits of public transport services, including three stated choice experiments for separate eliciting of willingness to pay for use, option use and non-use. To derive a first set of willingness-to-pay estimates for option use of public transport services in the Netherlands, the survey instrument was applied to two regional railway links in the Netherlands – one located in a low-density rural area situated in the eastern Netherlands and one in the highly urbanised western part of the country. Respondents were selected and recruited from a national Internet panel.

The main conclusion from the study is that option values may form a potentially relevant benefit category in public transport policy appraisal, additional to use and non-use benefit categories (e.g. congestion, environmental impacts) typically included. Significant option values could be obtained from the stated choice experiments for both regional railway links. Train users seemed to be willing to pay about 9 Euro per month over and above their consumer surplus for the continued availability of the railway link. Non-users with uncertain demand seemed to be willing to pay about 12 Euro per month to maintain the railway link. These results provide a first indication of the order-of-magnitude of the option value of regional railway links to users and non-users, but estimates obtained are not directly transferable to other railway links. That is, both railway links were selected because option values would likely form an important benefit category: the links have relatively low use and cost-coverage levels, and no real public transport alternatives are present in the area. Option values are likely to be smaller in railway link areas where residents exhibit higher use levels (and consumer surplus will dominate total use value) or where good rail or bus alternatives exist. 

The survey instrument developed in this study proved to be useful, but a number of issues related to the survey design and data collection method can be improved. Firstly, the survey design allowed the computation of average use and option values for different respondent groups, however, not on the individual level. In other words, the survey included three stated choice experiments, but respondents applicable to all experiments were selected for only two choice experiments. This was to reduce survey length and prevent potential boredom, irritation and fatigue, which can arise when respondents are repeatedly asked to participate in several choice experiments. Secondly, in our study we did not examine different payment mechanisms, which have been shown in the literature to have an impact on WTP. Bateman et al. (2002) indicate that when asked for a monthly payment, respondents have a tendency to pay more than the corresponding yearly payment. There were also two major issues in using an Internet panel as data collection method. Firstly, data collection via the Internet is still not a satisfactory alternative for collecting data for all population groups. In our study we were not able to address elderly people properly in the study. Secondly, only one person per household was a member of the Internet panel. We were thus not able to examine option values for each household member individually, and could not examine differences in the valuation of public transport services between household members. 
Several directions for further research can be pursued. First, the evidence base for transport option values is rather small. It would be ideal to construct a set of willingness-to-pay estimates which could then be included as rules of thumb in transport appraisal analysis guidelines. The results of the case studies are not directly transferable to other railway links, as noted earlier, or to the introduction of new railway links, often the topic of a cost-benefit analysis. To generate option value estimates for existing railway links with different characteristics, research could be directed either towards a series of small-scale surveys at the project level or a large-scale national survey. Either way, the studies would need to include regional, national or international railway links, and railway services where alternative railway links or other competitive public transport services exist. 

A second direction to pursue in future research is to examine option values of population groups not yet included in our exploratory study. More study on the valuation of public transport on the household level and for elderly is necessary. In addition, we have included residents living in the municipalities bordering on the railway links in our study and have not included potential users or option users from other parts of the country. Although residents in outlying areas outside the service area of the rail links are generally unlikely to use the train under any condition, a small proportion of residents (possibly with an option value) may be future visitors to the case study areas. Furthermore, we have not examined the option value that firms may place on transport infrastructure or services. To our knowledge, no studies have so far attempted to quantify this benefit.

A final direction that further research might take arises from our suggestion to further examine non-use values of railway services. There are few efforts in the literature which have attempted to quantify the non-use benefits of public transport, although non-use benefits seem an important motive for willingness-to-pay through public funds to subsidise public transport services. In the case studies we were not able to compute reliable non-use value estimates of the railway links. More research will be necessary to disentangle non-use values from option and use values, especially for train users and individuals with other train-using household members. 
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