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1. Introduction

About 10 years ago, Larson and Shaikh (2001) desttrihe integration of the role of time
into environmental valuation models as “one of ti@st challenging and important areas of
recreation demand research”. This conclusion ipsupd by Feather and Shaw (1999), who
observe that welfare estimates generated via remnedemand models can vary by up to a
factor of three depending on the approach usedltulate the Value of Travel Time (VTT).
Therefore, the large volume of trips made to opesess recreational sites every year (e.g.
National Survey on Recreation and the Environm2@@0; Natural England, 2010) places
the VTT among the key parameters for environmemtadl public policy evaluation.
Nevertheless, a consensus on the appropriate VTiBdadn recreation demand modeling is
far from being achieved (Palmquist et al., 201Q)isTpaper contributes to the debate by
developing a novel Revealed Preference (RP) metbpcestimating a VTT specific to
leisure-related journeys by modelling route choitesopen access recreation sites. In
addition, it presents a Monte Carlo simulation &ivke simple and generalizable rules for

estimating the VTT in future environmental valuatgtudies.

VTT estimates are typically based on the theorktivadels describing economic decisions
under limited time allocation developed by Beck&®g5) and DeSerpa (1971). Becker’s
framework assumes fixed time and monetary priceseéeh good and derives a (shadow)
value of time which is uniform in all activities dmunder all circumstances. While this result
can appear questionable, it allows the VTT to bévdd by analyzing any decision in which
individuals trade-off money for time. For exampl8tiated Preference (SP) questions
concerning labor market choices have been ofte usethe environmental valuation
literature to derive the VTT for recreation demamaddels (e.g. Bockstael et al., 1987,
Feather and Shaw, 1999; Lew and Larson, 2005).

DeSerpa’s theory can be thought as a generalizaifoBecker’'s framework. While in
Becker's approach both money and time costs aredfixn DeSerpa’s model only the
monetary costs are set, while the amount of timetgel to each activity is allowed to vary
depending on individuals’ preferences. This geleatibn allows the marginal utility of time
(or the value of saving time) to vary from one wtyito the other. Intuitively, the more an

individual dislikes an activity, the higher must ber value of saving time in that specific



task. While this new framework is certainly ricliean Becker’s original model, it has not yet
been implemented in empirical recreation demandliesu because of its strict data

requirements. Ultimately, within DeSerpa’s modeilyodecisions made by individuals when

travelling to recreation sites can reveal their VioT recreation. Nevertheless, estimating the
VTT within a recreation demand model without inghgl any further stated preference

information (e.g. McConnell and Strand, 1981) islhipematic because of the high correlation
between the travel-cost and travel-time variabéeg.(Haab and McConnell, 2002; Small et
al., 2005).

The contribution of this paper is to resolve tlsisuie by modelling the time-money trade-offs
faced by individuals travelling to recreation sit@sen choosing between toll and free access
roads, thereby providing an estimate of the VTT alhis valid in both Becker's and
DeSerpa’s frameworks. This analysis provides botboatribution to the environmental
valuation literature and is distinguished from B¢ VTT approaches typically implemented
in transport economics studies (e.g. Bhat, 1995wBstone and Small, 2005; Small et al.,
2005, Steimetz and Brownstone, 2005; Fosgerau.,eR@l0). First, rather than analyzing
rush-hour commuters’ choices on single toll roactiea we consider respondents travelling
from home to different recreation sites. This abows to consider much larger time savings
and longer trips. For example, the mean travel sangng in Small et al. (2005) is around 6
minutes, while our respondents, on average, caa sare than one hour of travel time by
using toll roads. Second, by sampling respondenestty on the visited sites, we can focus
on leisure-related journeys and estimate a VTT ifipefor recreation. While there is
numerous empirical evidence reporting significahairgges in the VTT according to the
purpose of the trip, the mode of travel or the l@feongestion (e.g. Beesley, 1965; Makie et
al., 2001; Brownstone and Small, 2005; Small et 2005, Fosgerau et al., 2010), to our

knowledge this is the first RP analysis which eates a VTT specific for recreational trips.

Our case-study sites are three beaches locatdaediatian Riviera Romagnola, whose road
network is a mix of toll and free access roadsl fiadds are faster and can save a significant
amount of travel time, particularly for long-distantrips. However, they require a higher
monetary cost. By re-constructing respondentsesotd the beach, we indentify individuals’
trade-offs and their willingness-to-pay to saveetiwhen travelling to recreation sites. In line
with previous literature (e.g. Lew and Larson, 20@mnall et al, 2005) we find that

individuals differ substantially in their VTT, anthat both observed and un-observed
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heterogeneity are significant. In order to investggthe robustness of a readily generalizable,
yet empirically supported, VTT for future studiege implement a Monte Carlo simulation
showing that (while obviously accounting for perspecific attitudes is preferred) using a
fixed fraction (about 80%) of the average incomaegates defensible welfare estimates.
However, our findings suggest that the strateggssiuming a VTT equal to 1/3 of the wage
rate (following Cesario, 1974) produces a substhmind statistically significant downward

bias in the results.

The remainder of the paper is organized as foll&estion 2 summarizes both Becker’s and
DeSerpa’s models and their implications for the oI recreation. Section 3 presents the
data collection strategy and reports the descepttatistics. Section 4 discusses the
specification and the estimation of the econometradels and reports the resulting VTT.
Section 5 presents the results of the Monte Canlation investigating the effect that

different VTT definitions have on non-market valoatestimates. Section 6 concludes.

2. Becker's and DeSerpa’s models on the allocatiasf time and their implications for
the VTT

Becker (1965) developed the first theoretical fraumk concerning individuals facing

decisions subject to both money and time conssalntthis model the consumption of each
good has fixed monetary and time costs, which alleevderivation of the shadow value of
time. Models inspired to Becker’s original contriimn represent the theoretical foundation of
most VTT studies in recreation demand modelling.(Bockstael et al., 1987; Feather and
Shaw, 1999; Lew and Larson, 2005). The subsequamgrglization proposed by DeSerpa
(1971) replaces the fixed time cost with time coaiats inequalities, providing a more

flexible and elegant framework in which the shad@lue of time is replaced by a value of
saving time specific for each activity. While prews work has already pointed out the
advantages provided by this second approach (eayun§ and Hensher, 1985), the more
stringent data required for estimation have seyerehstrained its application in recreation
demand modelling. Since, to our knowledge, thithésfirst paper providing RP estimates of
the VTT specific for recreation valid within the Berpa’s framework, it is worth illustrating

both Becker's and DeSerpa’s approaches and theitications for recreation demand

modelling.



Considering first Becker's model, let (i =1,...K) indicate commodities or activities with
associated money cogtand time cost;, with w representing the fixed wage rate dnthe
total time available. The utility-maximization pteim of an individual can be written as:

(1.1)maxu (x,...,X,) , subject to the money and time constraints:
k —
(1.2 A% =WT,+V,

(13Xt =T-T,,

whereT,, indicates the time dedicated to work avi@ non-discretionary non-wage income.
The resulting Lagrangian function is:

k

(2)Lgir =U (XX ) F AV +WT, _Zikzl px)+u(T =T, _Zizlti) ,
with first-order conditions:

oLy r/0T, =AW-u=0
OLg /0% =0U/dx —Ap, —it; =0, withi =1,..k

The ratio of the Lagrange multipliers relative he ttime and money constraingg, is the
shadow value of time, which equals to the wage wat&his relationship is valid only if
workers are free to adjust their hours of employinigph When an individual faces rigid
working schedules, the value of tire&l can be higher or lower than the wage rate depending
on the relationship between the optimal and theakatorking hours (e.g. Feather and Shaw,
1999; Lew and Larson, 2005). Therefore, in modgllshort-run choices, such as those
related to day-trip and other recreational acegitione may want to assume long-run, work-
time decisions as given. However, within this hielnécal decision-making framework labor
market decisions do not provide any informationti@ VTT for recreation, since the two
choices take place across different time-horizonsl are characterized by different
constraints (e.g. Palmquist et al., 2010). Indigativith | = wT,, + V the total income



available when the time at work has been sdt,toand withTo=T - T,, the total free-time

available, the short-run utility maximization prebi relevant to recreational choices is:

(3) Lasr =U (ko) + A =X AX) + 4Ty =Y t)
The corresponding shadow value of time is:

AL pen! Ot
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==, fori=1, ..k
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As in the case with labor-market decisions represem equation (2), the value of time is
uniform in all activities and, therefore it is altoe appropriate VTT for recreation. As a
consequence, the VTT can be inferred by analyzeaple trading-off money with free time
in any decision undertaken in this time horizonlnfemiist et al. (2010), for instance, use
household maintenance decisiénathile it is clear that the VTT should be includiedthe
recreation visit costs for environmental valuatienunique shadow value of time raises
guestions regarding how we should measure the wltime spent at the recreation site and
whether its value should be considered at all. iRjgl to date appear to be controversial.
While theoretical analyses suggest that on-site simould be accounted for (Wilman, 1980;
Smith et al., 1983), further research showed thia¢nwthe on-site time is endogenous it
actually makes little difference to include it astras part of the cost of a visit (McConnell,
1992). In practice, most analyses sidestep the isglassuming a constant amount of on-site

time per recreation experience (e.g. Phaneuf anthSa005).

We now move on to consider the theoretical modeklbped by DeSerpa (1971), which
relaxes the unnecessary assumption of fixed tinséscan this framework, individuals not
only optimize across the consumption quantiiegs shown in equation (3), but also across
the consumption timets This increases the decisions variables fkotm Z, creating a more
flexible and more convincing representation. Fipeides are replaced by consumption times’

inequalities such as:

> However, their approach does not strictly confoonBecker's approach, but it is more general anuialithe
marginal utility of time in recreation to be nonastant.
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B)t = ax, fori =1, ...k

where g is the minimum amount of time necessary to consume unit ofx. These
restrictions can be interpreted as natural andtutisinal constraints related to the activities’
characteristics. Examples are the length of a fdbtame, the duration of a movie,
minimum travel times due to speed limits and soWhile these constraints place a lower
bound on the amount df consumed, individuals are still free to allocaterenthan the
required time to any activity. Considering laborrked decision as fixed, the corresponding

utility maximization problem can be representecdhite following Lagrangian function:

k

(6) Lsr =U (%yreee Xt i) + AU =0 ) + Ty =Y t) + Y 66 =D ax),

The corresponding maximization conditions are:

(6.1)0L ygr/ 0% =Ap, + G4, fori =1, ...k
(6.2)0L yr/0t = -6, fori =1, ..k
(6.3)8(t —ax)=0, fori=1, ..k

Equations (6.3) are the Kuhn-Tucker conditions esponding to (5) and indicate that either
ti = aix (i.e. the time allocated to the consumptionxofs equal to the minimum amount
needed and the constraint is bindingdor O (the individual allocates to the consumptién o

X more time than it is strictly necessary).

As in Becker’'s model (3), the Lagrange multiplidrand i represent the marginal utility of

money and the marginal utility of time. The ratil is the shadow value of time. DeSerpa
calls this quantity the “value of time as resouroghich derives from the fact that time is
available only in a limited amount. However, itsluea cannot be measured since
incrementing the amount of total time available ewlkittle sense both according to this
model and in reality. Therefore, the “value of tirag a resource” is not the appropriate
guantity for environmental valuation. Rather, tledevant VTT corresponds to the cost

associated with spending time driving rather thamgl another activity which generates



greater utility. This is the “value of saving tinieom an activity” can be calculated by

dividing equation (6.2) by the marginal utility mfoney:

AL r/ Bt
P

@) _H_ 8 fori =1, ...k

A A

These equations show the marginal rate of sulistitutf t; for money, i.e. the value of the
time allocated to the consumptionxpf DeSerpa refers to this quantity the “value ofdias a
commodity”, which is equal tp/A only if § = 0, i.e. when an individual allocates more than
the required amount of time to the consumptiow;.0Dn the other hand, when the time spent
in consuming is equivalent to the minimum required, the rafig/ can be interpreted as the
marginal value of relaxing the corresponding camstor the “value of saving time from the
activity”. This notion presuppose that time cansheed and transferred to another use which
generates greater utility. In addition, its saviradue is an activity-specific quantity since it
derives from the paramete. Therefore, the VTT for recreation cannot be irddrby
measuring any time-money trade-offs other thanehgsrtaining to driving decisions for
recreation. This stringent requirement has sigaifity limited the application of the rich
framework proposed by DeSerpa for applied envirartaleeconomics analysis.

From equation (7) it also emerges the notion cfulled activity as an activity for which the
allocated time is higher than the minimum requirEdr all these activities the “value of
saving time” is zero because utility cannot be@ased by transferring time to any other use.
Their correspondindgl = 0 and their “value of time as a commodity” isiafto the “value of
time as a resource”. The time spent at a recreddtisite is obviously leisure time and,
therefore, the corresponding value of time is eqoidhe shadow value of time as a resource
/A, In this framework, therefore, the time spent oe &ias already the maximum possible
value and it should not be included in the totatauf the trip because there is no alternative

use which provides higher utility.



3. Empirical setting and data overview

As shown in the previous section, estimating a il recreation valid within DeSerpa’s
framework requires observations on individuals rigcitrade-offs involving money and
driving time to recreational sites. In additionjsttdata needs to present relatively low
correlation between travel times and travel cast®rder to obtain precise estimates of the
effect of both variables on respondents’ behavidnfortunately, this important condition
frequently fails to hold in practice. For exampiegreation demand data are characterized by
a very high collinearitiy between the travel-costldravel-time variables, which makes the
estimation of the VTT within standard RP travel tcomdels problematic (e.g. Haab and
McConnell, 2002; Small et al., 2005).

In this paper we address this correlation issueutin a novel RP setting from which we
obtain precise estimates of the VTT specific focreation. Rather than modelling site
choices as in standard recreation demand modelsanvadyze how individuals choose
between different routes to travel to a given siéh each route option characterized by
different travel times and monetary costs. Our stiates advantage of the peculiar structure
of the Italian road network, which is a mixturetoll and free-access roads, providing drivers
with a rich array of different options for theiattel costs and times. In Italy, most high-speed
highways charge access fees proportional to thgtheof the highway used (with little

variation on a per km basis) which are constardutjnout the year and publicly available

(e.g. on the sitevww.autostrade.jt These toll highways link all major Italian csi@nd can
be accessed at specific stations, located roughdgye20-30 km, which connect them to the
free road network. While tolls are proportionaltbhe length of the highway used, the travel
time savings can vary considerably, depending eridbation of the stations relatively to the
respondents’ home and destination, and on thenalige routes available. This feature
allows us to break-down the correlation betweenelraime and cost and to observe the
choices of individuals facing very different timesney trade-offs.

We choose as case-study three beaches locatecedtalian Riviera Romagnola: Rimini,
Cesenatico and Igea-Marina. These are popularidtosatattracting visitors from the entire
Italian peninsula. Rimini is the most famous reswirthe Riviera, and it is also the most
expensive, Cesenatico is slightly cheaper andedshioth by families and young people,

while Igea-Marina is the smallest and cheapesttbeéthe three and it is mainly visited by
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families. This diversity allows us to generate éehmgeneous sample, varying respondents’
age, income and travelled distance. Furthermoneegihe surrounding road network consists
of one toll highway and a variety of free accessls) also the cost per minute of travel time
saved is highly variable across our sample. Adlastiation, Figure 1 shows possible route
options for two individuals travelling to Rimini,ne living in Imola (top panel) and one
living in Lavezzola (bottom panel). Both panels tast the fastest free route (FFR),
indicated by the dotted line, with the fastest tolite (FTR), represented as a solid line. In
both examples the FTR enters the toll road in “Bh@nd exists in “Rimini South” and it is
faster than the FFR while requiring a higher monetost (the toll between these two
stations is 5€). However, the cost per travel tsaged is very different. Travellers from
Imola switching from the FFR to the FTR can saveaernban one hour of travel time at a
cost of about 5 €/hour, while respondents from kzaeéa can only save about 20 minutes at
the cost of almost 20 €/hour, which is nearly 4etinhigher. Given this heterogeneity, by
sampling respondents living in different locatione are able to observe a wide range of

time-cost trade-offs which allows us to obtain meestimates of the VTT.

[ Figure 1 about here ]

Since the main objective of this paper is to edimbe VTT specific for recreation trips, we
survey individuals directly on the three sites urgtady. We interviewed individuals face-to-
face during the months of August and Septembenenyears 2010 and 2011 and asked them
information on their trip, route choice and socam®omic characteristics. The rate of non-

response was very low, with less than 5% of thpgeaached declining to be interviewed.

We assume that respondents undertake a two-staggoteprocess. In the first stage they
choose which site to visit while in the second émey select the best route among those
available, taking into account travel time and mane cost. Since we are interested in
estimating the VTT for recreation and not in vafuithe beaches, here the focus is on the
second-stage decision only. For this reason weicette analysis to respondents who face
both toll and open-access route options, and heeweal trade-offs between money and
travel time. This yields a sample of 457 observetjancluding 155 (34% of the sample)

individuals travelling for short, one day, visits the beach, and 302 (66%) respondents
staying at the resorts for longer holidays, som#ein lasting more than a week. This allows

us to test weather different planning horizons yrghfferent values of time.

10



Since respondents are unlikely to know a priorigkact length of each alternative route and
its travel cost, the relevant variables for thisdstare the expected travel time and cost. We
assume that individuals have a feel for the digtrdn of the travel time and cost required by
each possible route, based on their experiencearnhe information they can gather before
the trip. This approach is standard in VTT RP stadie.g. Brownstone and Small, 2005;
Small et al.,, 2005, Steimetz and Brownstone, 208&).a benchmark, we use the site

maps.google.conto calculate a proxy for expected travel times. gk®wed in previous

research, these engineering estimates are morem@jgte and reliable than using ex-posts
people perceptions of travel time (Steimetz andnBisione, 2005). The fuel travel costs are
determined by assuming an average consumptionlitielper 18 km and the average fuel
price in summer 2010 (1.29 €/litre) and 2011 (1€Btre) as provided by the national

statistics by the Department of Economic Developm@tip://dgerm.sviluppoeconomico.

gov.it).

Since the number of possible routes connectingguiats on a road network is, at least in
theory, infinite, we use a few simple rules to intiiy meaningful routes and thereby
determine appropriate choice-sets for each resmpnd® “core” choice-set for each
respondent is defined by the following options: E#dR; the FTR; the FT1A (the fastest route
accessing the toll road one station after that usdatie FTR); the FT1B (the fastest route
exiting the toll road one station before the onetha FTR). These last two choices are
relevant if the respondent’s house or the beadbcated in-between toll road stations, and
entering/exiting the highway in the next/earlieat&in provides better time-money trade-offs
than either the FFR or the FTR. We finally includeeach respondent’s choice-set all the
alternative routes chosen by individuals travellirgm the same outset area. These areas are
defined in terms of toll road use in order to graogether individuals with the same entrance
and exit according to the FTR (irrespective of eetor not they chose to use the toll road).
Only 25% of the respondents belong to areas inlwhicites other than FRR, FTR, FT1A

and FT1B are chosen.

[ Table 1 about here |

Route choice descriptive statistics
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Descriptive statistics for the route options amgoréed in Table 1. For most people (56%), the
FTR is the preferred route, followed by the FRR%)50nly 11% of the respondents choose
a route outside the 4 options included in the “Caf®ice set. The variability in travel times
is substantial. Considering the FTR, for examptaydl times ranges from less than 30
minutes to more than 8 hours. Similarly, monetasgts vary from under €5 to more than
€70, with a significant fraction made up by tole$e For instance, choosing the FTR instead
of the FFR increases average travel costs by 4@@ppreciate the time-money trade-offs
faced by the individuals in our sample, we canwdate the cost per hour of travel time saved
comparing the two most frequently chosen route®R Bhd FRR. For descriptive purposes,
this ratio can be approximated by dividing the toflthe difference in travel times, since fuel
costs are typically very similar between the twaiaps. The distribution of the toll cost per
hour of time saved is represented in the histografigure 2. While most individuals in our
sample face toll costs between €5 and €10/houre ikeconsiderable variability in trade-offs,
with a significant proportion of respondents facimgry high fees, rising to more than
€50/hour.

[ Figure 2 about here ]

Descriptive statistics for all the other variabiesluded in the study are reported in Table 2.
Variables such as driver's income, age and numbpassengers show great heterogeneity.
Most drivers are male (71%) and most passengersldee than 16, with an average of 2.3
adults per party. By using the common assumptioB0®&0 work hours per year (e.g. Haab
and McConnell, 2002; Hynes et al., 2009), we caleurespondents’ average gross hourly

wage rate as being about 15€/hour.

[ Table 2 about here ]

Descriptive statistics
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4. The econometric model

4.1 The empirical specification

As llustrated in the previous section, we assurnat tindividuals first decide which
recreational site to visit and then choose one @stothe possible routes to get there. This
allows us to estimate the VTT by focusing on theteochoice, as conditional on the beach
decision. Assuming that utility is linear in incoraed, for simplicity, eliminating that portion
of utility which is constant among alternatives, @an write the (dis-) utility which person

(n=1,...,N) receives from choosing routé=1,...,J) as:

(8) U, MG +EL,, +0, +&,;

wheret,; indicates the route time,; the route cost (including both toll and fuel caghich
we assumed are equally shared among all adultsikadr),&, represents the marginal (dis-)
utility of spending time driving angs, is the marginal utility of money. Both coefficiant
correspond to the parameters of DeSerpa’s modettezpin equation (6), and are allowed to
vary across respondents. Furthermajeincludes all observed characteristics of the route
which have some implications for the choice and mgidual termg,; encompasses the
unobserved characteristics of both the respondaohtitze route. This residual component is
assumed to be distributed as a type | extreme waitrescale parametdq,. Respondennh
chooses routg if U, > Uy, Ui. Finally, the parameter of travel time, while alled to be
different across respondents, does not vary pde roption. Therefore, while we encompass
route characteristics through the tegimwe also assume that driving produces the sarse) (di

utility per unit of time regardless of the typeroéd travelled.

% In addition, we do not consider the effect of jialgsroad congestion, which is commonly referredisothe
“travel time reliability”. However, congested roaale not likely to be an issue for our estimates;esmost of
the respondents (around 90%) did not report amifgignt road traffic. In addition, only a smalkfition of the
interviewees who actually encountered road congestadjusted their route accordingly, typically rad@ning
the congested highway for smaller but less trafidaoads. We eliminated these individuals (ab8atdf the
respondents) from the analysis since their tragaitaite differed from the one they had plannediaripbased
on expected travel cost and travel time. Finalbad congestion is commonly ignored in RP analyaes,
typically investigated using SP data (e.g. Li et 2010) or by combining RP and SP information.(&gall et
al., 2005).
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As shown in equation (6.4), in this model the ral@wWTT for recreation is the ratio of the

marginal (dis-)utility of the time spent driving the marginal utility of money:

ou, . /ot,. @
Q) VIT, =" —"l="0
oy, /ac,; u,

As dividing or multiplying utility does not affediehavior, we can divide (8) by the scale

parameter obtaining an error term with the samewmee for all respondents:

n,j
n n n

(20) U, :%c . +int"’j +ck1j+a%’j :

Train and Weeks (2005) refer this equation as a hsukxified in “preference space”. Un-
observed heterogeneity in preferences can be erasmep by specifying a probability
distribution for the time and cost coefficients aslimating the model as a mixed logit (e.g.
Train, 1998, 2009). Among the most commonly apptiedributions are the normal, the log-
normal, the uniform and the triangular. Unfortuhgteecent work has shown that models
with preference parameters distributed accordingthtese simple probability densities
generate VTT distributions with counter-intuitive ti@@s, such as excessively long tails or
non-finite moments (e.g. Scarpa et al., 2008). Asgme solution is to define a cost
coefficient which is constant across respondentg. (Revelt and Train, 1998). This
assumption allows the VTT distribution to match tbathe time coefficient. However, this
restriction is somehow counter-intuitive, as thare good theoretical reasons underpinning
taste heterogeneity in the cost parameter (e.gp8a al., 2008). Furthermore, as shown in
equation (10), a fixed cost coefficient,€ £, [In) implies that the standard deviation of the
residual termg , is the same for all respondenks=k, [In). If violated, this latter assumption

will induce biased inference by erroneously attiitogi variation in scale to variation in VTT.

Train and Weeks (2005) resolve this issue by remvgimodel (9) in what they define as
being the “Willingness to Pay Space” (WTP) represton, which, in our context,
corresponds to the VTT space. Definiag = 1 / kq andq,-,n* =qj / An, we can re-write (10)

as.
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AV U, =4 [c;, +VTTE,, +a, ]+ @, -

In this parameterization, the variation in VTT is epéndent from the variation in scale,
which is encompassed in the cost coefficignt Another advantage of this approach is that
we can directly specify a distribution for the VTather than generating it numerically as a
ratio. In addition, we can include some observetiofs within the specification of the VTT
(e.g. VTT, = agn + a;inc,, with inc, = income of respondent) and directly test their
significance with standard inference (e.g. Thieng &oarpa, 2009). The appeal of the “WTP
space” parameterization over the traditional “prefiee space” specification for VTT

estimates is confirmed by Hensher and Greene (2@iigng others.

Model (11) is a non-linear in parameters mixed tlagiodel and its estimation can be
implemented via Simulated Maximum Likelihood (SM0O)rain, 2009, Scarpa et al., 2008).
Conditional on the values of the random paramagersg A, VTT.}, the probability of person

n choosing rout¢ can be written as the standard logit formula (Mixfem, 1974):

12)p.(j Iy, :‘j)‘pi"l)
(ilv.) > exply,)

whereV,; = Uy — anj. The unconditional probability is given by the utal of (12) over all
possible values of,, weighted by their density:

pa(i)= [ pu(i l7a)atr )y,

whereg(.) is the joint probability distribution functioof the random parameters. Indicating
with y, the dummy variable identifying the route choserrdgpondeah, the log-likelihood

function to be maximized is:
_ N .
(A3)InL=> _ p.()Y,-

Rather than maximizing directly the likelihood (1@) approximate the integral owgrvia

simulation. This approach consists of taking dravesnf the distribution of the random
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parameters, calculating,(j) for every draw and then averaging the resultss T3ML
estimator is consistent, asymptotically normal afitcient for an increasing number of
draws (Train, 2009). Estimation is implemented ia fitee software R (R development core
team, 2008) using the Nelder-Mead (1965) maximaratlgorithm and 50 Halton draws
per person (as per Train, 2009).

4.2 Estimation results

The results provided by different model specificasioare reported in Table 3. As a
benchmark, the first column reports a standard itional logit model in preference space
with only route time and cost as choice attribytdsdel A). The estimated VTT is about
€9/hour which corresponds to roughly 60% of therage wage rate. This is between the
value reported by Browstone and Small (2005) fan-mork related trips ($11/hour), and
the “baseline” value ($20/hour) estimated by Palistget al. (2010). For illustrative
purposes, Model B in the second column reportsréhparameterization of Model A in
VTT space. Since the two models do not include anglaen parameters, they yield exactly
the same VTT estimate and log-likelihood. All theastimodels in Table 4 are estimated
directly in VTT space. Model C, reported in the themumn, extends the base specification
by including route characteristics. The estimatesasthat, given the same cost and time,
the fastest free route (FFR) and the fastest talter (FTR) are much more likely to be
chosen than those other routes containing diffezentbinations of toll and free roads. This
reflects the fact that FFR and FTR are the two moghitively straightforward routes and
those which, for example, can be automaticallyctetéon standard satellite navigators. In
contrast, alternative routes, such as FT1A or FTr#Buire greater knowledge of the area

and of its road network.

[ Table 3 about here ]

Model estimates and corresponding VTT

* We did not include in the model other charactiessof the routes such as the scenery since makeabutes
considered here cross similar landscapes withoytpanticularly noteworthy features. For examplenemf
them is costal road. On the other hand, we trieth¢tude a dummy variable to take into accounh# toad
crosses the outskirts of major cities, which canhighly trafficated at peak times. Since it did mesult
significant, we removed it from the model and frtra discussion to preserve space.
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Model D (fourth column) relaxes the assumption@istant scale parameter and introduces
un-observed taste heterogeneity. We specify bathctist and the VTT parameters to be
normally distributed. The results confirm findings in the literature (eLgw and Larson,
2005) in showing significant un-observed heteroggnevith both random parameters
standard errors being highly statistically sigrafit. Considering an interval equal to plus
and minus one standard error, the VTT for recreatraries from about €9/hour to
€16/hour. Model E, reported in the fifth column tseashether VTT alters with the length of
the holiday, estimating two separate VTT random-patars: one for respondents
undertaking a day visit and one for those stayorddnger holidays. Both the mean and the
standard error of the new random parameter argnifigant, suggesting that neither the
route decision nor the VTT depend on the length efiibliday. Therefore, we continue our

analysis by keeping the two groups of travellersl@d together.

Model F, reported in the last column of the talreludes both observed and un-observed
heterogeneity yielding an average VTT around €12/hiouline with our expectations and
consistent with the results of previous work (&gpwnstone and Small, 2005; Small et al,
2005; Steimetz and Brownstone, 2005), income igrafgeant factor. With every additional
€10,000 of gross yearly salary the VTT increasessvanage, by €1. Furthermore, the VTT
of respondents older than 60 years is, on aveadg®yt 45% lower than that of other age
groups. This finding can be explained by the higbpprtion of retired workers in this age
class who, by having more free time, also have toWET. Finally, we do not find any

significant evidence of gender having any influeonehe value of saving travel time.

These results support an average VTT for recreatidohwh around 80% of the wage rate.
While our methodology is novel and focuses on tHET Mfor recreation, our empirical

estimates fall within the range reported by presi®P studies on VTT for generic road trips
(e.g. Deacon and Sonstelie, 1985, and Small eR@D5, respectively report a VTT of 78%
and 93% of the wage rate). However, while incoma ggnificant factor in explaining the

VTT, we also find strong unobserved heterogeneityh wstimated VTTs ranging from less
than 50% to more than 100% of the personal wagerikpg on respondents’ tastes and
attitudes towards driving. Therefore, our findingsese with those of Lew and Larson (2005)
and Small et al. (2005), which show that both oles#rand un-observed sources of

® We also investigated a log-normal distribution, lsimilarly to others (e.g. Small et al., 2005), were unable
to obtain convergence.
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heterogeneity are important in VTT elicitation. Whdar study collected a rich dataset on
route options, limited resources mean that it is alvays possible to estimate a person-
specific VIT within every recreation demand study.eThext section analyzes which
assumptions can be implemented in empirical studigsn VTT estimation is not feasible.
To do so, we undertake a simple Monte Carlo simufatomparing some of the options

which have been implemented so far in the recreateanand modeling literature.

5. Testing alternative VTT assumptions for future sudies: a Monte Carlo simulation

In this section we examine which assumptions cannidemented in applied recreation
demand studies when the estimation of person $peéfT is not feasible. We design a
Monte Carlo simulation based on our RP data andpepenwelfare estimates based on the
true, un-observed VTT, with those obtained by usogie of the simple approximations

which are commonly implemented in the applied dtere.

For simplicity and to emulate one of the most commaaluation frameworks, we focus our
simulation on a single beach. As the site to valigeselect the beach of Cesenatico, for
which we have 247 survey respondents. For eackichdil in this sub-sample, we calculate
the VTT according to our final model (Model F in TaBleencompassing both observed and
un-observed heterogeneity. We estimate personfgpeandom parameters following the
approach outlined by Train (2009). Specifically, derive the distribution of the VTT for

each respondent as conditional to the data by usa&ayes’ rule:

1AV [ 1.2 = Pl ZVTTINOVTT, [O)
(1HhVTT, | j.2,) N

whereVTT, is the value of travel time for respondemy indicates the chosen option,
represents all the explanatory variables in theehfce. income, age, and gender and route
characteristics) an@Q are the parameter estimates, including the medrstamdard error of
the random parameters. The functh() is the distribution oV TT, given the observables,
N(.) is the Gaussian probability distribution\6T T, given the parameterg, (j | z,, VTT,) is

the probability of the observed choice given thiigaf time and the explanatory variables,

andpn (j | z,, Q) is the integral op,, (j | z, VTT,) on the parameter space. This denominator
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is a constant and, therefolg,) is proportional to the numerator. As suggedigdlrain
(2009), we calculate the expected valueh@) by simulation randomly generating 500
draws of VTT, from the normal population density(VTT, | Q) and computing their
weighted mean, with weights proportionalxd] | z,, VTT,).

After having calculated the individual-specific V1ile generate the number of visii&) to
Cesenatico beach through a simple trip-simulatiomction specified with the following

exponential form:
(14)R, = expl, + ATC, +u,),

with TG, = total round-trip cost from the respondents hamthe beach (including both fuel
cost and VTY), u, = i.i.d. Gaussian residual term, angdandb; functional form parameters.
We compute the number of visits for each respontdgnthoosingiby = 5, b; = 0.5 and

s.e.(n) = 0.5. This definition generates a number of tpps respondent varying from almost
0 to around 100, and simulates the type of datechwlai typical single site recreational

demand study could collect.

We can now estimate model (14) from the simulaisdsvusing different definitions for the
VTT (including the “true” un-observed person-specMT used to generate the data) and
assess their impact on the welfare estimates. Aswoer surplus we use the WTP of access

as given by Haab and McConnell (2002):

A5)wTP= I:C exp(B0 + f;c)dc = —% ;

where the “hat” indicates the parameter estimatasowdinary least square3C, is the
current travel cost and all other symbols are @efias previously. We compare the WTP
estimates generated using the following VTT definisio@) the “true” person-specific value
used to generate the datd), Zero, €) 1/3 of the respondent wage rate (Cesario, 19dbjhe
respondent full wage rate, (e) 80% of the respondege rate andf)(80% of the average
wage rate. The last two definitions use the avefeaysion of the salary estimated on our

data but differ in that for optiore) the VTT is proportional to each person’s salarylevhi
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option ) assigns the same value to all respondents, imguthose who are currently un-

employed.

[ Table 4 about here]

Monte Carlo simulation: welfare estimates usindedtént VTT

Results obtained from 5000 Monte Carlo repetitiarespresented in Table 4 and in the box-
plots in Figure 3. The WTP estimates vary considgral@pending on how the VTT is
determined. The first column/box-plot reports the Wa&imates obtained by using the
“true” un-observed person-specific VTT. The mean WTBParound €9.3, but there is
considerable variability between respondents, wigh5th percentile being only €0.3 and the
95th almost €11. The second column reports the atsrobtained by assuming that travel
time has no value. As expected, this definition egates a significantly lower consumer
surplus, roughly halving the average WTP to abouB.€As shown in the third column, the
common assumption that VTT is equal to 1/3 of theevage (as per Cesario, 1974, and in
numerous other studies) produces downwardly bigstidhates, with an average of about
€6.7. On the other hand, the results presentdukifiorth column show that assuming that the
VTT is equal to the full wage substantially inflateT®/ values, the average being €11.5,
which is higher than the 95th percentile calculdigdising the “true” VTT.

[ Figure 3 about here |

The best approximation of the true WTP is providedgpting the assumption that VTT is
80% of the wage rate, reported in the last tworooisi of Table 4, with means and percentiles
only slightly higher than the ones used to genethte simulated data. As shown by
comparing the box-plots in Figure 3, these aredhly assumptions which produce 95%
confidence intervals which include the mean of W&P calculated using the true VTT
value. In addition, despite salary being a sigaificfactor in the simulation of the person-
specific VTT data, assuming the VTT to be 80% of averagge rate produces slightly
better estimates than defining the VTT equal to 80%e personal wage rate. This shows
that un-observed factors play a very important rolethe VTT definition and that
approximating the VTT with a value which is a fraatiof the average salary can be a simple
and yet effective strategy for obtaining sensibl@R\estimates. Another advantage of this

approach is that it provides VTT estimates for batipleyed and unemployed respondents,
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rather than implicitly assuming that those outstde workforce have zero VTT as in
conventional analyses. As shown by Feather and Si&®9), among others, this latter
approach can significantly bias downwardly WTP easluf a large share of respondents is
unemployed. Obviously, assuming the same VTT foresdpondents still remains a second-
best strategy, which should be implemented only rwiverestigating individual-specific

VTTs is not a feasible solution.

6. Conclusions and further research

We introduce a novel RP setting to estimate the gpécific for recreation. Compared with
previous studies, which use labor market choices. (éeather and Shaw, 1999; Lew and
Larson, 2005) or household maintenance optionsm(@abt et al., 2010) to estimate the
value of time, our analysis has the important ath@a of being based on actual travel-choice
decisions for recreation. Therefore, it providesTal'Mvhich is appropriate in both Becker’s
(1965) model of economic decisions with time camsts and in the subsequent
generalization by DeSerpa’s (1971), while earligalgses are valid only within the first and

more restrictive framework.

The average VTT of our sample is around €12, whidiproximately 80% of the average
wage rate; a value which is within the range idettiby previous RP studies on the VTT of
generic road trips. In addition, our results caonfiprevious findings (e.g. Lew and Larson,
2005) in that individuals differ substantially irowu they value travel time to recreational
sites, and that both observed and un-observed atkastics are important. For instance,
VTT increases with income and is lower for those vene older than 60 years, probably

reflecting the higher proportion of retired peoplghis age group.

As shown in previous studies (e.g. Feather and SH#89), welfare estimates from
recreation demand models are highly sensitive @cagsumed VTT. Earlier work (e.g. Lew
and Larson, 2005; Palmquist et al.,, 2010) inclu®fl questions on labor market or
household maintenance decisions within the stanéddrecreational survey to recover
individual-specific VTTs for recreation. Another &#ale option is to add SP choices on
alternative routes to reach the recreational gitesiding respondents with different money-

travel time trade-offs. However, further reseachecessary to test if values provided by this
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SP approach conform to RP estimates, since findingtate seem to indicate a significant
gap between SP and RP estimates of VTT (e.g. Browastad Small, 2005; Small et al.,
2005).

Finally, our Monte Carlo simulation shows which ple assumptions can be implemented
for situations where it is not feasible to estimatgerson-specific VTT measures. Assuming
VTTs which are either zero or 1/3 of the wage rag fuggested by Cesario, 1974, and
implemented in many subsequent studies) clearlgymes downward biased estimates, while
defining the VTT to be equal to the full wage ratenswhat overestimates values. In our
case-study we find that ignoring respondent hetreily and setting VTT equal to 80% of
the average wage provides defensible results, wanemot significantly different from those
obtained using the “true”, un-observed, VTT useddaoggate the data.
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Tables and Figures

Table 1

Routes: descriptive statistics

Route Time (minutes) Fuel cost(€) Toll (€) %
mean min max mean min max mean min  max chosen
FTR 137.8 28.0 495.0 16.22 2.49 59.42 11.26 1.00 37 56
FFR 2339 350 763.0 15.49 2.29 50.12 0.00 0.00 0.00 15
FT1A 148.7 37.0 498.0 16.35 2.74 59.45 10.29 0.3 36.3 14
FT1B 1447 35.0 502.0 16.32 2.23 59.56 10.76 0.3 373 4
other routes 1742 84 418.0 17.25 8.10 42.99 9.35 1.1 274 11

Notes: total number of observations equal to 45% Statistics of the “other routes” category refarsly to those respondents who
has these options within their choice-set it (25%haf sample), whereas the other statistics refehéofull sample. FTR the fastest
tolls route, FFR the fastest free route, FT1A tmtdst toll route by accessing the toll road oraish after the one in FTR and FT1B
the fastest route by exiting the toll road oneistabefore the one in FTR. Cost deflated to yed020y using gross domestic product
deflator (source: World Bankyww.worldbank.or}y
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Table 2

Descriptive statistics

X A(X) min max
Personal income (1000€/month) 2.51 1.50 0.35 12.60
age (years) 40.70 12.17 18.00 76.00
gender 0.29 0.45 0 1
people in the car 2.85 1.13 1 7
> 16 years old 2.27 0.86 1 7
< 16 years old 0.59 0.84 0 4
one-day 0.34 0.47 0 1

Notes: X indicates the sample meaﬁ(x) the sample standard deviation. The statistics om agd income (before

tax) refer to the driver. Income deflated to ye@4.@ by using gross domestic product deflator (seuvorld Bank,
www.worldbank.ory
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Table 3

Model estimates and corresponding VTT
Preference space VTT space
Model A Model B Model C Model C Model D Model F
Base model Base model route Un-observed Trip length Full Model
characteristics Heterogeneity heterogeneity
time -3.0317 0.858" 0.971" 1.168" 1.179" 0.989"
(0.361) (0.072) (0.125) (0.163) (0.161) (0.201)
s.e.(time) 0.367 0.354" 0.315"
(0.075) (0.078) (0.107)
cost -3.53% -3.53%" -2.312" -4.870" -4.400" -4.507"
(0.543) (0.543) (0.431) (1.178) (1.099) (1.174)
s.e.(cost) 2.534 2.282" 2.282"
(0.657) (0.595) (0.611)
d FTR -0.533 -0.200” -0.224" -0.221"
(0.1116) (0.066) (0.076) (0.078)
d_FFR -0.509 -0.328" -0.383" -0.354"
(0.139) (0.107) (0.127) (0.118)
time * one_day 0.215
(0.278)
s.e.(time * one_day) -0.290
(0.274)
Time * sex -0.080
(0.165)
Time * age> 60 -0.489
(0.140)
Time * p_inc 0.116
(0.053)
Log-likelihood -580.06 -580.06 506.60 -497.53 7-0% -491.13
Pseudo R 0.13 0.13 0.24 0.25 0.25 0.26
Mean WTP (€/hour) 8.58 8.58 9.71 11.68 12.58 42.0

Notes: travel cost expressed in 10€ (e.g. 100€)=tdd¥el time in hours, gross income in 1000€/y(eag.
significant at the 5% level, = significant at the 1% level.
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Table 4
Monte Carlo simulation: welfare estimates usindedtént VTT

“true” VTT,, VTT,=0 VTT, = 1/3w, VTT,=wy VTT, = 0.80w, VTT, = 0.80W
9.35 5.28 6.75 11.36 9.86 9.78
Mean WTP€)
[8.60, 10.25] [4.86, 5.80] [6.21,7.41] [10.47,12.46] [9.09, 10.81] [9.00, 10.73]
] 0.32 0.18 0.23 0.40 0.34 0.34
5% quantile €)
[0.26, 0.41] [0.14, 0.23] [0.19, 0.30] [0.32, 0.50] [0.27,0.43] [0.27,0.43]
) 10.88 6.15 6.99 13.23 11.47 11.38
95% quantile €)

[9.68,12.23]  [5.47,6.92] [7.87,8.85] [11.76,14.89] [10.20,12.90]  [10.12, 12.81]

Notes: results generated with 5000 Monte Carlo réjoeti w, indicates the person specific wage rate aNdndicates the sample mean wage
rate. In brackets the 95% confidence intervals.
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Figure 1: Possible routes and cost per time saved for twiwishaals living in different cities

time =56 minutes
cost=12.5€

time = 113 minutes
cost=7.6€

Cesena

Individual A:Imola — Rimini
Cost per time saved =5.1 € /hour

Legend: wmmms — FTR w@mam = FFR ===; — tollroad _ —

~ A lLavezzola
=p

time = 98 minutes
cost=7.3€

time =77 minutes
cost=14€

-
Cesena Rimin

Individual B: Lavezzola— Rimini
Cost per time saved =19.14 € /hour " .

Legend: e = FTR «me® = FFR ===, — tollroad _ N 2 omete

Notes: The small picture at the top representstaliehighway network in Italy, the top panel shoivso
possible routes for a person living in Imola ara#lling to Rimini, with the dotted line represegtithe fastest
free route (FFR) and the solid line indicating thstest route including a toll road (FTR). The bottpanel
represent the same route options for a persongliiinLavezzola. Travel times calculated via the vede
maps.google.confuel cost computed using the average fuel priceummer 2010 (1.29€/litre). The toll cost is

€5.
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Figure 2: Histogram of toll cost per hour of travel time sdve
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Notes: histogram of the toll cost per hour of tlawme saved, which is defined as the
ratio between (a) the toll and (b) the differenteiine between the fastest toll route and
the fastest free route for our sample (N=457). Nig&pondents have a toll-time ratio
higher than 50€/hour and lie outside the rangé®flotted values.
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Figure 3: average WTP estimates
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Notes: Confidence intervals for the mean WTP of acasdculated with 5000 bootstrap repetitions. Thayg
box indicates the 1st and 3rd quartile, the wishbies 95% confidence interval. The symbglimdicates the

person specific wage rate ail¥ indicates the sample mean wage rate.
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