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Abstract: In this study, discrete choice models that combine different behavioural rules are estimated
to study the visitors’ preferences in relation to their travel mode choices to access a national park.
Using a revealed preference survey conducted on visitors of Teide National Park (Tenerife, Spain),
we present a hybrid model specification—with random parameters—in which we assume that
some attributes are evaluated by the individuals under conventional random utility maximization
(RUM) rules, whereas others are evaluated under random regret minimization (RRM) rules. We then
compare the results obtained using exclusively a conventional RUM approach to those obtained using
both RUM and RRM approaches, derive monetary valuations of the different components of travel
time and calculate direct elasticity measures. Our results provide useful instruments to evaluate
policies that promote the use of more sustainable modes of transport in natural sites. Such policies
should be considered as priorities in many national parks, where negative transport externalities
such as traffic congestion, pollution, noise and accidents are causing problems that jeopardize not
only the sustainability of the sites, but also the quality of the visit.

Keywords: value of time; discrete choice models; random regret minimization; random utility
maximization; revealed preferences

1. Introduction

The number of nature-based recreational trips has grown significantly in recent years.
As a consequence, transport management in natural sites has become crucial in the political
agenda, and thus there is a necessity for demand studies that focus on obtaining monetary
valuations of travel time and quantify the impact of changes on the choice of different
modes of transport (elasticities).

Managers of natural sites around the world are implementing policies to encourage
the use of Alternative Transportation Systems (ATS), together with applying dissuasive
measures to the use of private cars [1,2]. Yosemite is considered one of the best exam-
ples, with the transport system acting as a bridge between the use and the preserva-
tion of the park. [3–6]. Other examples of transport practices in natural sites are Denali
(USA) [7–9], Rocky Mountains (USA, Canada) [10–13], Acadia (USA, Canada) [14–16] and
Zion (USA) [14,17].

Mobility in natural spaces needs a differential analysis because it differs from urban
mobility in terms of travel motivations, time valuations and space-time patterns. Particu-
larly, in a recreational demand context, it is imperative to ascertain whether the behavioural
rules of the visitors are different to those applied in, for example, an urban mobility context,
where the mobility is compulsory for work or study reasons. Despite its relevance, this
topic has not been analysed in depth in the literature.
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The aim of this paper is to evaluate different behavioural rules to analyse the visitors’
preferences in the choice of access mode to Teide National Park (TNP) (Tenerife Island,
Spain) and the extent to which these rules affect the value of travel time savings and
elasticities. We start from the hypothesis that examining the visitors’ preferences from
different decision rules can be a more suitable approach to deepen our knowledge of the
underlying travel mode choice behaviour.

Specifically, we estimate discrete choice models using a hybrid specification that
allows us to treat some attributes under conventional linear-additive utility maximization
rules (RUM) and others under regret-minimization rules (RRM). In this way, RRM is under
the framework of the growing literature on non- and semi-compensatory travel choice
models [18]. Although the concept of regret has been extensively used in other disciplines
(see for example, [19]), its inclusion in discrete choice models has happened relatively
recently in transport literature [20–22]. Our analysis is based on a revealed preference (RP)
survey conducted on visitors of Teide National Park.

As far as we know, there are no antecedents in the literature of travel mode choice
applications that have simultaneously used heterogeneous behavioural rules in the context
of mobility in a natural site. Moreover, we contribute to the body of knowledge by compar-
ing monetary valuations of travel time and direct choice elasticities obtained from our best
hybrid model with those obtained from a traditional utility maximization framework.

Furthermore, the calculation of the travel time values deserves special mention in this
study for two key reasons. First, traditionally, the most used approach in the recreational
demand literature to calculate these values has been to approximate them to a fraction of
the wage rate (see, e.g., [23,24], approach supported by [25] in the time allocation model
proposed by [26]). However, this approach has not been absent of criticism [27] due to
the fact that in a recreational trip, the most important measure is not the working time
valuation but instead the leisure time valuation. In this study, the value of time is obtained
in a rather different way. Specifically, it is derived from the trade-off between money and
time that visitors reveal when they choose the mode of transport to access the natural site,
an approach consistent with the time allocation theory [28] and the microeconomic model
of discrete choices [29]. Second, despite under a random utility maximization framework,
the derivation and interpretation of the values of travel time is straightforward, the ran-
dom regret minimization framework introduces some deviations from this conventional
specification that should be considered. Specifically, in our hybrid model, we calculate the
values of travel time using the measures proposed by [30,31].

The rest of the work is structured as follows. Section 2 presents the theoretical frame-
work of our choice modelling approach. In Section 2.1, we present the calculation of the
values of travel times and elasticities under a RRM framework. In Section 3, we explain
the characteristics of TNP along with a descriptive examination of the data collected in
the revealed preference survey. Section 4 shows and discusses the main estimation results.
Finally, the last section presents the main conclusions.

2. Theoretical Framework

The most widely used theoretical framework for building discrete choice models is
the time allocation theory [28] and the microeconomic model of discrete choices [29].

The analysis presented here considers a hybrid model based on both random utility
maximization and random regret minimization decision rules. The RRM model proposed
by [32] represents an alternative approach to the traditional RUM model [33,34], which has
grounded for decades the field of choice modelling in a wide variety of areas, including
transportation, health, tourism and environmental economics, among others.

Considering the RUM framework, individuals are utility maximisers, and therefore,
given a finite set of options, they choose the one that maximizes their utility. An individual’s
utility is considered as a latent construct [35] that the analyst cannot observe and represents
the preferences of the individual. Thus, it is separated into two components: (i) a systematic
or measurable part that is explained by the attributes of the alternatives and a set of
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covariates representing the individual’s sociodemographic profile; and (ii) a random
term accounting for unobserved effects. Different discrete choice models can be built by
considering assumptions about the error structure, among the most popular being the
multinomial Logit, the nested Logit and the mixed Logit. The study in [36] presents a
comprehensive reference guide for the most widely used RUM models.

The RRM approach considers that individuals are regret minimizers instead of utility
maximizers. Thus, it is possible to create a discrete choice modelling framework based on
the regret minimization decision rule. The concept of regret is not new in the literature.
Originally, it appears in economics and psychology research and nowadays there exist
applications to many different fields. The authors of [37] propose the theory of regret
regulation by providing a set of ten propositions that capture the current state of art
regarding regret. More recently, [30] incorporates the behavioural notion of regret to
a discrete choice modelling framework where decision makers evaluate multi-attribute
alternatives. In this context, regret appears when non-chosen alternatives have a better
performance than the chosen alternatives in some attributes. Thus, when the individuals
face the choice among a set of alternatives, they wish to avoid situations causing regret,
i.e., when the chosen option is outperformed by other alternatives in some attributes. The
authors of [30] provide a set of behavioural intuitions that characterize the anticipated
regret of an alternative formalizing the random regret function as:

RRi = Ri + εi, (1)

where RRi is the total regret related with the alternative i, Ri is the observable or systematic
regret related with i and εi is an error term that captures the unobserved heterogeneity in
regret of the alternative i.

There are different specifications for Ri in the literature (the interesting website
(https://www.advancedrrmmodels.com/, accessed on 21 May 2020) developed by Prof.
Sander van Cranenburgh presents an overview of the most advanced RRM models where
the reader can consult their specification and main characteristics), but the most extensively
used is that proposed in [21], where the observable regret is defined as follows:

Ri = ∑j 6=i ∑m ln
(

1 + eβm(xjm−xim)
)

, (2)

where βm are the unknown parameters related with attribute xm; xjm and xim are the values
of attribute xm for the alternatives j and m, respectively.

The process of choosing the alternative with lowest anticipated regret is much more
sophisticated than that of selecting the alternative associated with the maximum utility.
In the latter, comparisons are made at the aggregate utility level, whereas in the former,
comparisons between alternatives entail comparisons between attributes to determine
partial regrets and posterior aggregate regret comparisons.

The choice probabilities in the RRM framework can be derived in a similar way to
those obtained from RUM. Thus, assuming that the negative of εi are iid Extreme Value,
and knowing that the minimization of the random regret corresponds to the maximization
of its negative, the probability of choosing alternative i is obtained in a similar fashion than
that in the RUM multinomial logit model (MNL), and is represented by:

Pi =
e−Ri

∑k e−Rk
. (3)

Although there exist many similarities among the RUM and RRM-based MNL model,
important differences can be found between them (see [38,39] for further discussion). One
of them is that the RRM-based MNL is not grounded on the property of independence
from irrelevant alternatives (IIA). This fact makes this model less restrictive, in terms of its
application, than the RUM counterpart. Thus, the attractiveness of an alternative depends

https://www.advancedrrmmodels.com/
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not only on its own attributes but also on how the attributes of competing alternatives
perform when compared with it.

Also, the RRM implies semi compensatory behaviour because a worsening in one
attribute is not fully compensated by an improvement in another. The compensation rather
depends on how the alternative is positioned in comparison to other alternatives regarding
these two attributes. This characteristic has important implications for policy analysis as
the same policy could yield forecasts that differ substantially from those obtained within
the RUM framework.

Some authors have shown that both RUM and RRM decision rules can be accommo-
dated into the same model [38]. In this context, a hybrid specification can be considered,
in which some attributes are assumed to be evaluated by the individuals according to
the conventional utility maximization approach whereas others evaluated according to
the regret minimization. Thus, a hybrid utility–regret (HUR) function can be built where,
without loss of generality, the first Q attributes are specified outside the regret function,
and the remaining M-Q inside it. In this case, assuming a linear-additive form for the
random utility part, the systematic component of alternative i would be represented by the
following expression:

HURi =
Q

∑
m=1

βmxim −∑
j 6=i

M

∑
m=Q+1

ln
(

1 + eβm(xjm−xim)
)

. (4)

In this case, choice probabilities are computed similarly, yielding the expression:

Pi =
eHURi

∑k eHURk
. (5)

2.1. Marginal Effects, Willingness to Pay and Elasticities
2.1.1. Marginal Effects

Whereas under the RUM framework obtaining marginal utilities is quite straightfor-
ward, RRM marginal effects present a more complex form. Given that the attribute xim
appears in the regret function of all the alternatives, the marginal regrets of alternatives
with respect to attribute xim would take the following form:

∂Ri
∂xim

= −βm ∑
j 6=i

(
eβm(xjm−xim)

1 + eβm(xjm−xim)

)
and

∂Rj

∂xim
= βm

eβm(xim−xjm)

1 + eβm(xim−xjm)
, j 6= i, (6)

which depends not only on the associated coefficient βm but also on the value of attribute
xm in all the alternatives, in the form of differences xjm − xim and xim − xjm, respectively,
differently from the linear-additive RUM where marginal effects are fixed values. It is also
interesting to note that −βm represents an upper or lower bound (depending on the sign of
the parameter, which is expected to coincide with that obtained from RUM) for each term
on the left-hand side expression above; i.e., the absolute value of βm could be interpreted
as an upper bound for the increasing in the regret function associated to alternative j due to
a marginal worsening in xim, or similarly, a lower bound for the regret reduction associated
to alternative j due to a marginal improvement in xim.

In addition, it is also worth pointing out that the magnitude of both the regret Ri
and the marginal regret ∂Ri/∂xim is conditioned by the number of alternatives available
to the individual. Therefore, there exists a “choice set (size) dependency” since the larger
the choice set, the larger the number of terms included in the regret and marginal regret
functions [31]. This is especially relevant for RP data sets, such as the one used in this
research, where the set of available alternatives could vary across individuals.
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2.1.2. Willingness to Pay

The derivation of the value of time and other willingness to pay (WTP) measures
in the context of RUM has a solid microeconomic basis built on the time allocation theo-
ries (see [40] for a review of time allocation models) and the microeconomics of discrete
choices [29]. Thus, the WTP for improving the attribute xim in alternative i is obtained as
the ratio between the marginal utility of the attribute (∂Vi/∂xim) and the marginal utility
of the cost (∂Vi/∂ci), being Vi the conditional (on the choice of alternative i) indirect utility
function [29]. Moreover, this ratio coincides with the negative of the marginal rate of
substitution (MRS) between xim and ci; in other words, the negative of the slope of the
indifference curve of Vi.

Under the RUM approach, and since the alternatives’ utility is explained only by
their own attributes, the willingness to pay also coincides with the quotient between the
marginal utilities obtained from the unconditional utility. This function is represented
by the expected maximum utility (EMU), which is the utility experienced by an average
consumer representative of the population. Under the assumptions of the multinomial
Logit model, the expected maximum utility is represented by the well-known LogSum
formula, widely used in welfare analysis [41].

WTPRUM
xim

= −MRSRUM
ximci

=
∂Vi/∂xim
∂Vi/∂ci

=
∂
[
ln
(

∑j eVj
)]

/∂xim

∂
[
ln
(

∑j eVj
)]

/∂ci

. (7)

The above expression indicates that the marginal rate of substitution between xim and
ci for the user of alternative i coincides with that of the representative consumer.

When the RRM approach is used, [38] points out that there is not such a “clear
conceptual and formal link” between the marginal effect ratios and the willingness to pay.
In this case, attributes of competing alternatives enter in the specification of the regret of
alternative i, and the regret of the representative consumer for the RRM MNL model is

represented by the expected minimum regret (EMR), which equals – ln

(
∑
j

e−Rj

)
. Thus, the

marginal rate of substitution for the representative consumer no longer coincides with that
of users of alternative i, yielding the following two candidate measures for the marginal
rate of substitution between xim and ci.

∂Ri/∂xim
∂Ri/∂ci

6=
∂
[
− ln

(
∑j e−Rj

)]
/∂xim

∂
[
− ln

(
∑j e−Rj

)]
/∂ci

. (8)

An excellent discussion about the pros, cons and properties of these two measures
can be found in the study detailed in [31]. The left-hand side term in the above expression
was proposed in [30,32] as the regret-based counterpart WTP measure. It is based on the
conditional indirect regret function and represents the negative of the marginal rate of
substitution between xim and ci along the level curve of Ri. As both improvements and
deteriorations in an attribute affect the regret of all the alternatives in the choice set, even
keeping Ri constant, the individual could change his choice after changing the attribute
because of reductions produced in the regret of competing alternatives. Therefore, this
measure is valid as long as the marginal changes in the attribute do not provoke changes
in the individual’s preferred option. Throughout this paper, we refer to this RRM based
measure as the Chorus WTP measure (WTPRRM_C

xim ).
The right-hand term in Equation (8) was proposed by [31] as an alternative to the

Chorus measure. It is based on the EMR and, as can be observed in the following expression,
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the marginal effects of the EMR incorporate the effect of changes in the regret of all the
alternatives caused by changes in xim.

∂
[
− ln

(
∑j e−Rj

)]
∂xim

= Pi
∂Ri
∂xim

+ ∑
j 6=i

Pj
∂Rj

∂xim
, (9)

where Pi and Pj are defined as in Equation (3); and ∂Ri
∂xim

and
∂Rj
∂xim

defined as in Equation (6).
It is important to note that the right-hand term in Equation (9) could result in either a

positive or negative figure since it is made up of the sum of positive and negative terms.
In this regard, positive and negative willingness to pay figures could be obtained when
the Dekker measure is used, indicating that some consumers could be benefited after the
application of a particular policy, while others could be worse off. Moreover, inordinately
high figures could be obtained when the denominator in the WTP expression is close to
zero. This has been pointed out by Dekker as one of the main drawbacks of this measure
which questions its empirical application.

When the hybrid formulation is considered, the way in which each attribute is pro-
cessed must be taken into account and the Chorus and Dekker measures can be easily
extended by using the appropriate marginal effects. Thus, the marginal effects of the HURi
used in the Chorus measure are defined as follows.

∂HURi
∂xim

=


βm if xim is evaluated in RUM

∑
j 6=i

(
eβm(xjm−xim)

1+eβm(xjm−xim)

)
if xim is evaluated in RRM. (10)

The marginal effects of ln

(
∑
j

eHURj

)
used in the Dekker measure are defined as

follows.

∂
[
ln
(

∑j eHURj
)]

∂xim
=


Piβm if xim is evaluated in RUM

Pi ∑
j 6=i

eβm(xjm−xim)

1+eβm(xjm−xim) − ∑
j 6=i

Pj
βmeβm(xim−xjm)

1+eβm(xim−xjm) if xim is evaluated in RRM. (11)

2.1.3. Elasticities

Model elasticities can also be derived by computing ∂lnPi /∂lnxjm. They represent
the percentage change in Pi due to 1% change in the attribute xjm. Thus, direct and cross
elasticities are obtained when j = i and j 6= i, respectively. The authors of [39] obtained the
elasticity formulas for the RRM MNL model. The authors point out that, contrarily to the
RUM MNL model, some reversal signs could occur in this case due to the functional form
of the regret function.

3. Data and Context

The data used to estimate the models of this paper come from a revealed preference
survey conducted on visitors of TNP. The survey was designed to examine the preferences
of the visitors in relation to the mode of transport for accessing the park. With an RP
survey, we are interested in capturing relevant information about the actual behaviour of
the visitors in their trip to the park. TNP is situated in Tenerife, the biggest island of the
Canary Islands (Spain). The park is one of the most famous parks in Spain in terms of
number of visits and one of the most famous in the world, currently attracting more than
five million visitors per year.

According to data from TNP authorities, around 70% of visitors use cars to reach
and visit the park whereas the rest of visitors use tourist buses of organized tours. A low
percentage of visitors visit the park using public buses or other means of transport such
as taxis or bicycles. There are several factors that might explain this behaviour. First is
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that the park is crossed by a road that concentrates the main landmarks (e.g., the cable
car, the visitor centre and the viewpoints) and that, by law, cannot be closed or turned
into a toll road. Second is that all the aforementioned landmarks have free parking spaces.
Third is that the public bus line reaches the park, but it departs from just two places on
the island, has only one departure and return time and can be only used to access the
park but not to visit it, because passengers can only get off the bus at one stop. This
mobility pattern along with the increasing number of visitors is causing traffic congestion,
accidents, noise, pollution and so on, which are negative externalities more related to urban
areas than to natural sites. In view of this situation, the implementation of alternative
transportation systems to visit the park is mandatory and so is collecting information about
visitors’ preferences.

In our RP survey, we collected information about the preferences of 801 visitors. The
questionnaires were randomly administered face to face and in different languages to
visitors in the most popular landmarks during summer 2016. The survey was composed of
three parts. First, socioeconomic questions in relation to their age, gender, nationality, etc.
Second, questions regarding their visit to TNP, such as how many times they have visited
the park or number of accompanying persons. Third, questions about the trip to the park,
that is, the mode of transport they chose, the reason for the choice, the travel times and
the travel costs. Although information was collected from about 801 visitors, we restrict
the sample in this work to those individuals who correctly answer the question regarding
the origin of the trip and those who are not captives of any mode of transport, meaning
that they have more than one transport option to reach the park. We also only consider
the modes of transport most used by the visitors because including modes that represent
a very small fraction of users (e.g., taxi) would lead to misleading estimations. The final
sample is composed of 751 visitors and four possible modes of transport: rental/private
car and public/tourist bus. Table 1 shows some relevant characteristics of the visitors and
of their trip to TNP, as well as the transport mode choices.

Table 1. Characteristics of the sample and transport mode choices.

Nationality %

Spain 42.34
Germany 18.77

UK 14.65
Rest of the world 24.23

Age %

18–25 9.99
26–30 12.38
31–45 48.34
46–60 24.5

61 or over 4.79

Visits to TNP %

First time 82.69
Second time 9.99

More than twice 4.66
No answer 2.66

Companions %

Alone 1
1 companion 44.69
2 companions 16.73
More than 2 37.58

Transport Mode Choice %

Rental car 75.77
Private car 5.59
Public bus 2.13
Tourist bus 16.51
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Table 1 shows that most of the visitors are from Spain (more than 40%), followed
by Germans and British. The most representative age range is situated between 31 and
45 years old, although it is noticeable the high percentage (around 30%) of visitors older
than 45 years old. Regarding the questions about the visit to TNP, we can see that for
more than 80% of the sample it was their first visit and that 45% of people visit the park
accompanied by one person. In relation to the mode of transport, the information collected
shows that travel by rental car is the most popular option among visitors (75%), followed
by tourist buses in organized excursions (16.5%). Private cars are mainly used by residents
of the island, who represent a small fraction of the sample. Above all, it is noticeable
the low percentage of use of the public bus (around 2%), due to the reasons mentioned
above. In comparing these numbers with official statistics on tourist arrivals to Tenerife as
well as with information of TNP authorities, we can assure that our sample represents the
population of visitors to TNP.

Lastly, Table 2 shows some descriptive statistics in relation to the level-of-service
variables that we use to build the hybrid models of Section 4. We present the average
and the standard deviation of the travel cost and the travel time variables (in-vehicle time,
access time and waiting time) for the four modes of transport considered.

Table 2. Descriptive statistics of the variables.

In-Vehicle Time (min.) Access Time (min.) Waiting Time (min.) Travel Cost (EUR)

Average Sd Average Sd Average Sd Average Sd

Rental car 54.87 5.93 - - - - 7.89 2.91
Private car 46.72 4.32 - - - - 4.16 0.67
Public bus 96.71 8.66 21.91 3.35 25.71 3.27 5.87 1.25
Tourist bus 92.17 7.69 - - - - 14.9 1.17

Table 2 shows that, to reach TNP, rental cars and private cars are the fastest modes
of transportation, substantially faster than public buses and tourist buses. Regarding the
travel costs, the private car is the most competitive mode, followed by the public bus and
the rental car. We have to note that the travel cost in tourist bus only refers to the trip to
TNP and does not include other services usually included in this kind of excursion. Finally,
note that waiting and access time (i.e., walking time from the place of accommodation
to the bus stop) are only related to the public bus. They were not considered for tourist
buses because usually these buses pick up passengers in the place of accommodation of
the visitors.

4. Results

Using the information provided by the revealed preference survey described in the
previous sections, we estimated a transport mode choice model to analyse visitors’ prefer-
ences in their access to Teide National Park. The data set contains four alternatives: private
car (CP), rental car (CR), tourist bus (BT) and public bus (BP). For the first three alternatives,
preferences are analysed in terms of in-vehicle travel time (TT) and travel cost (C). The
public bus also considers access time (AT) and waiting time (WT).

The analysis is based on the construction of a hybrid model in which the behavioural
rule is based on both utility maximization and regret minimization, as described in the
previous section. Thus, after considering different specifications, the best results were
obtained when access time and waiting time were processed according to RUM, whereas
travel time, travel cost and the alternative specific constants were processed according to
RRM. In addition, the cost was specified as a random parameter following the normal
distribution, allowing for the estimation of individual-specific parameters for this attribute.
Estimation results corresponding to the hybrid random parameter random utility-random
regret (RP RUM–RRM) model are presented in Table 3, which contains the name of the
parameter and the attribute, the estimated coefficient, the t-test and tail probability and
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the parameter confidence interval. All models were estimated using the software NLOGIT
6 [42].

Table 3. Estimation results for the hybrid RP RUM–RRM model.

Parameter
Name

Attribute
Name

Estimated
Coefficient t-Test p-Value Confidence Interval

Attributes attended in random utility form
βAT Access time −0.079 −1.693 0.090 −0.171 0.013
βWT Waiting time −0.147 −3.207 0.001 −0.237 −0.057

Attributes attended in random regret form
Fixed parameters

αCR ASC Car rental −1.894 −2.616 0.009 −3.313 −0.475
αBT ASC Bus tourist −1.789 −1.956 0.051 −3.581 0.004
αBP ASC Bus public −0.295 −0.169 0.866 −3.727 3.136

βTT
Travel time (in

vehicle) −0.026 −2.731 0.006 −0.044 −0.007

Random parameters

µc Cost mean −0.005 −4.444 0.000 −0.007 −0.003

σC
Cost standard

deviation 0.003 3.919 0.000 0.002 0.005

Observations 751
Halton draws 1000

l∗(0) −1041.107
l∗(β) −326.872
AIC 669.700

Adjusted ρ2 (Rho-squared) 0.684

All parameters’ estimates were significant considering the 95% confidence level, except
for the case of access time that was significant at the 91.0% confidence level and the
public bus constant that which was not significantly different from zero. The standard
deviation of the cost coefficient was also very significant, indicating the existence of random
heterogeneity in the perception of travel cost. Attribute parameters were also estimated
with the correct sign confirming the consistency of the results. Attending the sign of the
alternative specific constants, results indicate that the private car (acting as the reference) is
preferred when the effect of the rest of the attributes is considered negligible.

With the purpose of comparing our results with alternative and more traditional
specifications, the estimation results corresponding to the counterpart RUM model are
presented in Table 4. Similarly, parameters were estimated with consistent sign and were
significant considering the 95% confidence level, with the exceptions of access time that
was significant at the 90.2% confidence level, the car rental constant that was significant at
the 93.5% confidence level and the public bus constant that was not significantly different
from zero to an acceptable confidence level.

In determining which model is statistically superior, we observe that the RUM is
slightly better in terms of the log-likelihood, the adjusted rho-squared (for a more detailed
description of the adjusted rho-squared measure, see [43] and [44] (p. 282)) and the Akaike
information criteria (AIC). However, for a better comparison between the models, we
use the Akaike likelihood ratio test [45] which is specially designed to compare non-
nested models. The results of this test suggests that the hybrid RUM–RRM model is
superior in terms of fit. (Under the null hypothesis that the hybrid RUM–RRM model
is the true specification, the probability that the RUM model outperforms the hybrid
RUM–RRM specification is bounded by φ (−14.43) ≈ 0, being φ the standard normal
cumulative distribution function, so we fail to reject the null hypothesis. The test states
that P(

∣∣ρ2
RUM − ρ2

RUM−RRM
∣∣ > Z) ≤ φ

(
−
√
−2ZL(0) + (KRUM − KRUM−RRM)

)
, where ρ2

is the adjusted rho-squared and K is the number of parameters in each model, and Z is a
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positive number (0.1 was considered in this case) controlling differences in fit measures.) It
is also worth pointing out that most attribute parameters in the hybrid model are slightly
more significant than in the RUM model, and a figure of 0.684 for the adjusted rho-squared
index suggests a fairly good fit of the model to the data set. Summing up, we can conclude
that the overall fit between the two models considered is relatively similar.

Table 4. Estimation results for RUM model.

Parameter
Name

Attribute
Name

Estimated
Coefficient t-Test p-Value Confidence Interval

Fixed parameters

αCR ASC Car rental −2.339 −1.842 0.065 −4.827 0.149
αBT ASC Bus tourist −2.648 −1.974 0.048 −5.276 −0.019
αBP ASC Bus public 4.780 1.157 0.247 −3.316 12.876

βAT Access time −0.192 −1.655 0.098 −0.420 0.035
βWT Waiting time −0.394 −2.997 0.003 −0.651 −0.136

βTT
Travel time (in

vehicle) −0.043 −3.642 0.000 −0.066 −0.020

Random parameters

µc Cost mean −0.005 −4.025 0.000 −0.008 −0.003

σC
Cost standard

deviation 0.003 3.540 0.000 0.001 0.005

Observations 751
Halton draws 1000

l∗(0) −1041.107
l∗(β) −313.008
AIC 642.000

Adjusted ρ2 (Rho-squared) 0.697

To further deepen the comparison and interpretation of these two specifications, direct
elasticities are estimated and presented in Table 5. Elasticity estimates that did not result
significant (note that elasticities are obtained as a function of estimated parameters and, as
such, are values that could result not significant estimates) were considered as zero. The
elasticities represent the percentage variation in choice probability for the mode of transport
in the column in response to a 1% change for the attribute in the row and were computed
using individual-specific estimates for the cost and considering probability weights in the
sample enumeration method [44].

Table 5. Direct elasticities.

Attributes
Alternatives

Rental Car Tourist Bus Public Bus Private Car

RUM–RRM model

Cost −1.62 −14.32 −2.73 −0.10
Travel time (in vehicle) −1.82 −7.04 0.00 −0.10

Access time - - 0.00 -
Waiting time - - 0.00 -

RUM model

Cost −0.34 −2.13 −1.85 −0.01
Travel time (in vehicle) −0.53 −1.87 −1.95 −0.08

Access time - - −1.87 -
Waiting time - - −5.06 -



Sustainability 2021, 13, 6831 11 of 16

In general, the choice probability in all the alternatives was more elastic for the RUM–
RRM model in all the attributes, except for the public bus where the elasticity estimates
with respect to time attributes did not result significant. The choice probabilities in the
RUM–RRM were more elastic to travel cost than travel time in the bus alternatives, being
this figure rather high for the tourist bus. In contrast, probabilities in the RUM model are
more sensitive to travel time for the car alternatives and the public bus, whereas for the
tourist bus, the time elasticity is lower. This result could be explained by the fact that in
tourist buses there could exist some type of entertainment such as a tour guide giving
explanations about the route, thus increasing the chances of having a more productive use
of time. In addition, the public bus resulted more elastic to access and waiting time than to
in-vehicle time.

Value of Time

In this section, the willingness to pay measures for saving travel time in the context of
recreational trips are obtained. Figures are computed considering the individual specific
estimates for the cost and using probability weights. Aggregate WTP figures are obtained
considering the weighted average over the set of individuals who have the alternative
available. For this reason, alternative specific figures are obtained also for the RUM model.
For the hybrid RUM–RRM model, both Chorus and Dekker WTP measures (see Section 2.1)
are obtained considering marginal effects defined as in Equations (10) and (11). Since travel
time is measured in minutes and travel cost in euro cents, figures obtained are multiplied
by 0.6 in order to transform the value of time units into euros/hour. In addition, for the
Dekker measure, separate aggregates are made for individuals with positive and negative
WTP, recognizing the fact that the application of this measure could lead to the existence of
winners and losers among users of the same mode of transport after the application of a
particular policy.

The values obtained for the components of total travel time are presented in Table 6.
Regarding the value of travel time (in-vehicle) for car alternatives, similar figures are
obtained for the RUM model, the Chorus measure and winners in the Dekker measure,
ranging from 5.28 to 6.44 EUR/h. In contrast, for bus alternatives, winners in the Dekker
measure exhibit the highest willingness to pay (13.49 EUR/h). It is also worth noting the
low value of time (2.67 EUR/h) obtained for tourist bus users when the Chorus measure is
used. These results suggest a heterogeneous perception of travel time among our sample
of respondents. In addition, since the hybrid RUM–RRM model yields individual specific
marginal effects, this formulation provides richer information as it enables researchers to
identify differences in visitors’ behaviour even when preference parameters are fixed.

Table 6. Value of time components.

Alternatives
RUM Model

(EUR/h)

RUM–RRM Model
(EUR/h)

Chorus WTP Dekker WTP

Positive Negative

Value of travel time in vehicle

Rental car 6.44 6.49 5.70 −2.67
Tourist bus 6.13 2.67 11.11 −3.79
Public bus 5.28 7.11 13.49 −4.66
Private car 5.28 5.57 5.83 -

Value of access time
Public bus

23.43 16.92 49.39 −9.84
Value of waiting time 46.99 30.68 91.35 −18.20
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In the case of access and waiting time, the RUM model and the winners in the Dekker
measure present WTP figures that are rather high (23.49 and 49.39 EUR/h for access time
and 46.99 and 91.35 EUR/h for waiting time, respectively). These figures made the Chorus
measure more attractive as its results are more consistent with that obtained in other studies
conducted in the TNP. In this respect, [46] obtained, in the analysis of mode choice for visits
inside the park, a willingness to pay of 9.22 EUR/h for saving waiting time for bus users
and 10.27 EUR/h for saving time finding parking space for car drivers.

To better understand the meaning of the willingness to pay figures obtained using
these three approaches, the distribution of the WTP is analysed through the kernel density
estimates shown in Figures 1 and 2. In the case of in-vehicle travel time (Figure 1) for
the first three alternatives, the distribution of the Dekker measure (labelled as TTi_RRD)
presents a significant proportion of individuals with negative WTP, this being higher for
tourist bus users. The distribution of the value of time obtained for the RUM model
(labelled as TTi_RU) has less dispersion than that obtained from the Chorus measure
(labelled as TTi_RRC). In contrast, for private car users, the value of time distribution
does not present negative values and the two approaches used for the hybrid model
show similar results. As for the case of access and waiting time (Figure 2), the values of
time distributions are substantially different, explaining differences obtained in aggregate
measures presented in Table 6. In addition, individuals obtaining negative value of time
(in the Dekker measure) suggest that even in the case of marginal reductions in travel
time they could claim a monetary compensation to keep the expected maximum hybrid
utility–regret function constant.

Figure 1. Cont.
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Figure 1. Value of in-vehicle travel time. Kernel density estimates.

Figure 2. Value of access and waiting time. Kernel density estimates.
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5. Conclusions

A hybrid random-utility-maximization (RUM) and random-regret-minimization (RRM)
model could offer a behavioural alternative to a fully compensatory RUM model for study-
ing travel mode choice preferences. This possibility is especially valuable in the context
of recreational trips in natural environments, which clearly differ from commuting trips
in urban environments. One of the core concepts in transport economics is that transport
demand is a derived demand; that is, people in commuting trips do not demand transport
“per se”, but rather they demand transport to carry out a particular activity located in time
and space such as working or studying. In the case of recreational trips, this concept is
partially true because the trip itself can be part of the recreational activity. In this situation,
the assumption that the travel mode choice is based on a fully compensatory behaviour in
terms of the attributes of the modes of transport can be too restrictive.

In this paper, we estimated a RUM–RRM discrete choice model than combines different
behavioural rules to study visitors’ preferences for accessing a national park. Specifically,
we present a hybrid model specification that includes random parameters, where some
attributes are assumed to be evaluated by the individuals according to the conventional
utility maximization approach whereas others were evaluated according to regret mini-
mization. Our application is based on a data set collected from a RP survey of visitors to
Teide National Park. We presented the estimation of the hybrid model and, for comparative
purposes, the estimation of its RUM model counterpart. For both models, we estimated
direct choice elasticities and travel time values using the measures of Chorus and Dekker
in the case of the RUM–RRM model. This approach constitutes the first comparison of
RUM–RRM and RUM models in a recreational trip context.

Our findings suggest that the overall model fit between RUM–RRM and RUM models
is relatively similar. Despite that, the willingness to pay figures and elasticities obtained
from both models are different. With respect to the values of travel time, we found first
significant differences between the different measures used, and second, more reasonable
willingness to pay figures, according to those obtained in previous studies conducted in the
same context, when we use the Chorus approximation to obtain the value of time. It is also
worth highlighting that in the RUM–RRM model, the marginal effects are no longer fixed
values, enabling us to estimate different values of time according to different modes of
transport despite specifying generic coefficients for some travel components. Regarding the
direct elasticities, and focusing on the modes of transport with the highest market shares in
our application (rental car and tourist bus), we found two main results. The first is that the
choice probabilities in the RUM–RRM model change more than those in the RUM model
when travel cost and travel time are modified. The second is that in both models, rental
car users are more sensitive to travel time whereas tourist bus users are more sensitive
to travel cost. The first result could be explained as follows: the RRM approach accounts
for the chance that the wrong choice might have been made (regret), thus amplifying the
behavioural responses in relation to a RUM approach [39]. The second result may be due
to the fact that the travel time in a tourist bus might be less relevant than the travel cost
because part of it can be considered as pleasant and part of the excursion.

Results obtained in this work provide very useful instruments to evaluate policies
aiming to promote the use of more sustainable and efficient modes of transport to access
natural sites. These policies should be considered as priorities in areas such as the one
studied here (Teide National Park), where negative transport externalities are causing
problems that jeopardize not only the sustainability of the area, but also the quality of the
visit. For example, different initiatives associated with the implementation of incentives
for the use of Alternative Transportation Systems—such as buses, trains, bicycles and
cableways—together with applying dissuasive measures to the use of private vehicles,
such as tolls and restrictions on car access [1,2]. More specifically, one of these initiatives is
the use of e-public transport such as electric buses and electric bikes (see the studies of [46]
for an internal electric bus and [47] for e-bike sharing, both studies in Teide National Park),
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which apart from representing a more sustainable mobility system, it may also become a
tourist attraction itself, allowing a more direct contact with the natural heritage.

Our findings reinforce the importance of examining different behavioural rules when
analysing visitors’ preferences in a recreational demand context. Travel time values and
elasticities obtained with conventional models based only on utility maximization rules
could differ from those obtained with potentially more complete hybrid models combining
different decision rules. Travel time values and elasticities are essential measures to assess
the effects of a transport intervention strategy; thus, an incorrect estimation of these values
could lead to wrong valuations of the benefits associated with the implementation of
alternative transportation systems in natural parks.
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