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ABSTRACT

ARTICLE HISTORY

In ecologically sensitive but tourism-intensive areas, transport policymakers face the paradox of understanding the need to minimize
transport-related impacts, yet being practically unable to change the
status quo. This occurs because the acknowledged negative impact of
trafﬁc on the tourism economy is perceived as less problematic than the
potential effects of trafﬁc management. This paper assesses this paradox
by quantifying the effects of trafﬁc management measures on tourist
demand in the Dolomites UNESCO World Heritage Site (Italy) and
proposing measures that minimize negative side-effects. The study is
based on a stated preference survey to elicit visitor sensitivities to a series
of management and experiential conditions, and subsequent simulations
for estimating the outcomes of future trafﬁc management. Results show
that the above-mentioned paradox might be dealt with if a well-balanced
mix of “carrot” and “stick” measures is introduced according to territorial
needs. In the case of the Dolomites, this means that alternative
transportation should be highly performing, i.e. cheap, frequent,
integrated and running on an extended daily schedule, whereas
restrictions on private mobility should be clear and unavoidable. Results of
this study are part of a broader process of re-designing tourism and
transportation systems as integrated domains.
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Introduction
Transport is receiving an increasing amount of attention in tourism literature and in practice, consid€ssling, Scott, & Hall, 2015) and its effects at the destination level
ering both its global impacts (Go
(Dickinson, Robbins, & Fletcher, 2009; Guiver, Lumsdon, & Weston, 2008; Martın-Cejas, 2015). Among
the most important transport-related impacts are atmospheric pollution, noise, land-use conversions
and various kinds of direct impacts of visitation on the environment and tourists’ recreational experiences (Orsi, 2015a). For example, 75% of tourism-caused anthropogenic carbon dioxide emissions is
€ssling, 2010) and private road transport is the most
generated by tourist travel (Scott, Peeters, & Go
signiﬁcant contributor to environmental impacts at the local level, in terms of land use (Martın-Cejas,
2015), energy use (Chapman, 2007), emission of pollutants (Scuttari, Della Lucia, & Martini, 2013),
visual intrusion and noise (Miller, 2008). Among different forms of transportation, road transport, and
in particular private motorized trafﬁc, may signiﬁcantly spoil the recreational quality of tourist experiences on site (Manning, Lawson, Newman, Hallo, & Monz, 2014), questioning therefore the
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sustainability of tourism activities in the long term (Dickinson et al., 2009; Manning et al., 2014). Notwithstanding this evidence, however, the transition towards more sustainable forms of mobility (e.g.
shuttle buses) is still perceived as a risky task (Scuttari, Volgger, & Pechlaner, 2016), because trafﬁc
management policies and measures aimed at mitigating transport-related impacts at the local level
still have an underexplored effect on future tourist demand (Scuttari et al., 2013). This leads to the
paradox that while private motorized trafﬁc is perceived as a threat to the environmental and recreational quality of tourist destinations, few concrete actions are implemented to change the status quo
(Regnerus, Beunen, & Jaarsma, 2007). In order to tackle this paradox and to manage a successful, policy-driven transition towards more sustainable transport solutions in tourism destinations, it is important to increase knowledge about visitor preferences (Orsi & Geneletti, 2014; Pettebone et al., 2011;
Shiftan, Vary, & Geyer, 2006), to stimulate behavioural change (Peeters, 2013), and ﬁnally to design
and manage tourism and transport using integrated approaches (Schiefelbusch, Jain, Sch€afer, &
M€
uller, 2007).
This paper assesses the factors affecting travel mode choice in a sensitive and tourism-intensive
mountain location (the road passes of the Dolomites, Italy) and subsequently investigates the potential effects of trafﬁc management measures on tourism. To study visitors’ perceptions of trafﬁc management measures, a stated preference (SP) survey was conducted in the trans-regional Dolomites
UNESCO World Heritage Site (Italy), where the issue of mobility on mountain passes has constituted
a highly debated topic for at least two decades. The exceptional beauty of the Site, the high intensity
of trafﬁc ﬂows and the fragmented nature of alternative transportation systems (ATS), which are supplied by ﬁve distinct provincial administrations, make the case worthy of consideration. The survey
was used to elicit visitor sensitivities to a series of management and experiential conditions, whereas
simulations were used to predict mode choice as a consequence of various trafﬁc management
measures. The analysis offers innovative insights to scholars and practitioners about how to resolve
the tourism-trafﬁc paradox in mountain regions.

Assessing the paradox: modal shift and policy mix
Assessing the tourism-trafﬁc paradox at the local level means considering tourism and transport as
symbiotic (Hall, 2008) but sometimes controversial (Orsi, 2015a) phenomena in time and space.
Indeed, while the permissive role of transport for tourism development is well-acknowledged,
because there is no tourism without mobility (Kaul, 1985; Prideaux, 2000), the interpretation of transport in tourism studies is ambiguous: transport is an experience maker (Hall, 2008; Lumsdon & Page,
2004), but on the other hand also a source of impacts (Peeters, Szimba, & Duijnisveld, 2007). The type
and intensity of both experiences and impacts are mainly related to transport mode (Peeters, van
Egmond, & Visser, 2004), therefore the sustainability challenge in tourism transport might be interpreted as the ability to shift tourists towards more sustainable modes of transport, while ensuring
high quality experiences. Figure 1 illustrates a possible classiﬁcation of transport modes based on
experiential value and environmental impact, according to ﬁndings by Peeters et al. (2007), Peeters
et al. (2004) and Page (2008). While the diagram does not consider future transport innovations (e.g.
e-cars) that might change a mode’s environmental and emotional impact, the conceptualization
helps highlight transport modes that might play an interesting role for sustainable tourism in the
future, being both environmentally friendly and/or exciting for tourists.
Shifting tourists from relatively unsustainable and unattractive means of transport (e.g. car)
towards more sustainable and attractive forms of mobility is key to solving the tourism-trafﬁc paradox (Peeters, 2013). Nevertheless, the deﬁnition of adequate policies to achieve this goal is inherently
difﬁcult and requires cooperation among tourism and transport stakeholders (Regnerus et al., 2007;
Scuttari et al., 2016; Stanford & Guiver, 2016). Such difﬁculty is partly related to the actual ability to
conceive a balanced set of “carrot and stick” measures, i.e. incentives on the use of ATS (e.g. mobility
cards) and restrictions on car use (e.g. road closures), that do not harm the tourism economy at the
local scale. In fact, both literature and practice have shown that a combination of incentives and

JOURNAL OF SUSTAINABLE TOURISM

3

Figure 1. Environmental impact and experiential value of the main tourism-related transport modes.

restrictions is more effective in changing tourists’ behaviour than “carrot” measures or “stick” measures alone (Cullinane & Cullinane, 1999; Holding, 2001; Holding & Kreutner, 1998; Stradling, Meadows,
& Beatty, 2000), but the right balance between the two is a place-speciﬁc issue (Regnerus et al., 2007).
Table 1, adapted from Cullinane and Cullinane, (1999), illustrates the strengths and weaknesses of the
main trafﬁc management measures assessed in this paper, indicating their potential role in changing
tourist behaviour.
Given the breadth of the potential effects and unintended consequences of the measures presented in Table 1, policy-makers may struggle to deﬁne strategies that may actually tackle the tourism-trafﬁc paradox. Yet, some exploratory research has revealed that carefully designed trafﬁc
management measures can reduce trafﬁc volumes without necessarily resulting in a decline in tourist
ﬂows (Scuttari & Della Lucia, 2015). In the light of the above, eliciting current tourists’ perceptions of
trafﬁc management measures may provide policy-makers with valuable information for the design of
effective strategies.

Table 1. A taxonomy of tourism-related trafﬁc management measures.
Measure
Objective
Strengths
STICKS
Vehicle exclusions/
To improve the physical
– Excludes highly polluting
access restrictions
and human environment
modes
for visitors
– Allows a re-design of the
environment (less parking
space needed)
Tolls

CARROTS
Introduction of more
efﬁcient public transit
systems

To apply the “polluter pays” – Discourages the most
principle
pollutant means of transport
– Safeguard the freedom of
movement
– Generates cash ﬂows to
ﬁnance public transport
To make public transit
– Necessary condition for
convenient and attractive
modal shift
– Reduces carbon emissions
– Reduces noise

Weaknesses
– May cause a loss in inﬂows
– Requires an excellent ATS, in
order not to restrict the freedom
of movement
– Can trigger public resistance to
implementation
By placing a price tag on a
destination, it may actually
increase use

– May stimulate an increase in
demand (overcrowding of the
area)
– It is necessary but not sufﬁcient to
cause modal shift
– Only effective if improvements are
made on the entire network

Source: Adapted from Cullinane and Cullinane (1999), Holding (2001), Orsi (2015b) and Scuttari et al. (2013).
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In this paper, we focus on understanding visitors’ attitudes towards trafﬁc management measures,
starting from the main factors affecting modal shift, namely: the quality and cost of the (alternative)
service provided (Lumsdon, 2006; Shiftan et al., 2006), the kind of management measures adopted in
the area and eventually the conditions experienced by the user (Regnerus et al., 2007).

Study area
The Dolomites UNESCO World Heritage Site (WHS) is a natural area in the Eastern Italian Alps that
received the UN recognition in 2009 due to its exceptional beauty and extraordinary geo-morphological features. The complexity of the WHS is related to its geographic and administrative fragmentation
(9 separate units, 5 provinces and 137 municipalities). Furthermore, 95% of the 230,000 ha of the site
are designated as protected areas (Dolomites UNESCO Foundation, 2014). In order to govern such
complexity, a Foundation (Dolomites UNESCO Foundation) is in charge of managing the entire site
and guaranteeing a harmonized and sustainable development of territories that are neither contiguous nor responding to the same administrative authorities (Della Lucia, 2013; Elmi & Perlik, 2014). In
2016, the Foundation proposed a general management strategy based on the principle of networked
management and involving not only core and buffer zones, but also their access valleys. Mobility on
road passes and sustainable tourism are integral part of the strategy, together with conservation,
socio-economic development, education and scientiﬁc research. Both complexity and coordinated
management make this context a very interesting case study with respect to tourism transport systems and the transition towards more sustainable solutions. From a tourist perspective, it was estimated that the whole WHS area (i.e. municipalities hosting the core or buffer zones of the WHS)
welcomed around 4.9 million visitors in 2009 (Elmi & Wagner, 2013). Access to the different systems
is possible through a widespread network of roads and multiple bus providers (at least one per province). Tourists tend to ﬁnd accommodation in the valleys just outside the WHS and to reach the core
areas by car (64.4% on average) (Elmi, 2014), due to the fragmented and uncoordinated nature of the
bus transport offer. Applying a load coefﬁcient of car occupation speciﬁc for tourism, which is estimated to be twice as high as that of daily commuting and between 2.2 and 2.9 person per car
(Peeters et al., 2007; Scuttari et al., 2013), we estimate that between 1.1 and 1.4 million vehicles
access the WHS for tourism purposes every year.
Road trafﬁc is particularly intense in the summer season (see Figure 2), and highly concentrated
around some major passes. These are in fact very attractive because they represent fundamental
logistical connections between valleys for tourists and residents, departure points for excursions, panoramic terraces where to admire the scenery, and rest stops to enjoy a meal at high elevation. Among
several passes within the WHS, four – Passo Sella (2240 m), Passo Gardena (2136 m), Passo Campolongo (1875 m) and Passo Pordoi (2239 m) – play a particularly important role because they connect
four valleys (belonging to three different provinces) to constitute a circular tour (the Sella ring) that
encircles a spectacular rock formation (the Sella massif) and offer astonishing views towards all the
Dolomites. Trafﬁc monitoring stations reveal that during summer peak days 4000 or more vehicles
travel across these passes, mostly between 9 am and 5 pm (Scuttari & Bassani, 2015). The impacts of
such trafﬁc volumes, i.e. pollution, congestion, visual intrusion, noise and problems related to the use
of parking space, have been discussed for 20 years and several studies and reports have been pub€rnbacher, 1995), constantly mentioning the
lished (Pechlaner, Laesser, Raich, & Bischof, 2004; Po
importance of trafﬁc management measures. After the UNESCO nomination, the issue has gained
more importance and has been increasingly looked at from a transregional perspective.
This study focuses on one of these passes, the Passo Sella (Sella Pass), presenting some of the
results of a survey commissioned by the Dolomites UNESCO Foundation in 2014–2015, whose overall
ﬁndings are available online (http://www.dolomitiunesco.info/?pubblicazioni=11768). The Sella Pass
was chosen for its highly touristic appeal, as demonstrated by a higher share of summer trafﬁc than
other passes (up to 5000 daily vehicles in August), and by the intention of local administrations to
introduce trafﬁc management measures to reduce trafﬁc-related impacts. The Pass is crossed by a
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Figure 2. Map of Dolomites UNESCO WHS and passes.

national road (SS242) and connects two valleys: Val di Fassa (Fassa Valley) on the Southern side and
Val Gardena (Gardena Valley) on the Northern side. The distance between the Pass and the closest villages on either side is approximately 11 km, whereas the elevation difference between the Pass and
such villages is around 600 m. In summer 2017, the Pass has been the target of a pilot project of trafﬁc management, which was informed by this study.

Method
SP surveys have been used to understand people’s preferences towards different options in a wide
range of contexts, including transport studies (Birol, Koundouri, & Kounoyris, 2008; Bristow, Wardman,
& Chintakayala, 2015; Davidson, Teye, & Culley, 2014; Hensher, 1994; Louviere, Hensher, & Swait, 2000;
Wardman, 1988). Some authors have also investigated the attitudes of visitors towards different
transportation options in the tourism literature (Kelly & Williams, 2007; Orsi & Geneletti, 2014;
Pettebone et al., 2011; Shiftan et al., 2006; Steiner & Bristow, 2000), with particular reference to protected or sensitive areas.
An SP survey is based on providing respondents with multiple choice scenarios (choice sets) characterized by two or more alternatives (e.g. transportation option A, transportation option B, etc.),
each one deﬁned by various attributes (e.g. fare, travel time, etc.) and uniquely identiﬁed by a speciﬁc
combination of attribute levels (option A costs 3€ and takes 16 min, option B costs 4€ and takes 12
min). Respondents are then asked to pick their preferred alternative out of each choice set. The statistical analysis of responses allows the estimation of respondents’ sensitivities to the various attributes.
The strength of SP methods relies on the possibility to monitor several attributes of the means of
transport simultaneously (Birol et al., 2008), to assess the potential effects of trafﬁc management measures by combining those attributes in multiple ways with reference to the existing visitors of one area
and to analyse people’s preferences towards plans or projects that have yet to be implemented.
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The use of SP surveys, however, should take into account some important limitations of the method.
In particular, respondents must have, or be put in the conditions to get, a good understanding of the
problem that is being investigated and the characteristics of the choices available to minimize bias in
the responses. Furthermore, choice sets must be as realistic as possible and present decently conﬂicting
and credible attribute levels to force the identiﬁcation of acceptable trade-offs and therefore reduce
the inevitable discrepancy between statements and actions by respondents. Regarding this latter
aspect, in fact, social norms may play a role in steering responses towards less attractive yet more
acceptable options (e.g. less convenient but more ecological transport mode) (Johansson-Stenman &
Martinsson, 2006; Kuran, 1995). However, balanced choice sets stimulate a trade-off analysis and “force”
respondents to think carefully about which option to choose, minimizing biases.

The survey
Visitors willing to reach the Sella Pass have two main transportation options available: private vehicle
(e.g. automobile, motorcycle, RV, etc.) and bus. The choice between these is essentially based on a
visitor’s sensitivity towards the intrinsic characteristics of transport modes (e.g. speed, comfort), management conditions (e.g. road tolls, bus schedules), contingent conditions emerging from the decisions of other visitors (e.g. trafﬁc, crowding) and a series of other individual characteristics (e.g.
knowledge of the area, availability of a vehicle, etc.). At the time of the survey, in summer 2014, the
average daily vehicles in transit on the access road to Sella Pass were 1895 and the ﬂows climbing
the pass were almost equivalent to those descending (Scuttari, Bassani, 2015). Bus access was
guaranteed at least hourly in the time frame 9 am–5 pm from both valleys by two different transport
providers, with bus fares between 1€ and 2€ (depending on the distance covered). Consistent with
the recent literature on travel mode choice in natural settings (Orsi & Geneletti, 2014; Pettebone
et al., 2011; Shiftan et al., 2006), ﬁve attributes were assumed to thoroughly summarize the key determinants of visitors’ decisions: cost, hours of access, ease of access, trafﬁc and crowding. Cost reﬂects
the price attached to each option: toll in the case of private vehicles and fare in the case of the bus.
Hours of access refer to the time window throughout which an alternative is available: this is related
to the existence of road restrictions on private vehicles and the schedule of the bus service. Ease of
access accounts for other management conditions that may affect the decision of choosing a mode,
such as the existence of a quota on private vehicles, and bus frequency. Trafﬁc is the actual road trafﬁc for the private vehicle and the occupancy rate for the bus. Crowding refers to the number of other
visitors walking around the Pass.
Table 2. Attributes and levels characterizing the transport options in the choice set.
Attribute
Private vehicle
Cost
– Free
– Toll:

11€

22€
Hours of access
– Always open
– Road closed:

11:00–13:00

9:00–17:00
Ease of access
– No quota
– Access probability:

70%

40%
Trafﬁc
– Photo showing

Little trafﬁc

Medium trafﬁc

Intense trafﬁc
Crowding
– Photo of the Pass showing

Little crowding

Medium crowding

Intense crowding

Bus
– Free
– Toll:



11€
22€
– Schedule:

9:00–19:00

9:00–17:00

10:00–18:00
– Bus frequency:

20 min.

40 min

60 min
– Photo of the bus stop showing

Little crowding

Medium crowding

Intense crowding
– Photo of the Pass showing

Little crowding

Medium crowding

Intense crowding
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Figure 3. Example of a choice set in the survey.

Each attribute was assigned three levels, which reﬂect realistic conditions (Table 2). In particular,
levels for the attributes cost, hours of access and ease of access are inspired by road restrictions and
bus services in various sites throughout the Alps. Numeric levels (i.e. toll, bus fare, quotas, bus frequency) were deﬁned in a way that ensures linearity (i.e. equal value gaps between the intermediate
and the highest and lowest levels), whereas qualitative attribute levels referring to trafﬁc and crowding were represented by means of digitally edited photographs to enhance comprehension by
respondents. Given two alternatives, ﬁve attributes and three levels, million possible choice sets
could have been deﬁned (each one reﬂecting a speciﬁc combination of attribute levels). A total of 72
signiﬁcant choice sets were identiﬁed using a fractional factorial design and grouped into eight
blocks of nine choice sets each. Respondents were then alternatively presented with one of these
blocks (i.e. one respondent received the ﬁrst block, another one received the second block, etc.).
Each choice set included three alternatives: private vehicle, bus and a no go option (Figure 3). The latter was to be selected by respondents in case they did not ﬁnd any of the transport options satisfactory enough.
The survey was conducted during nine non-consecutive days in the months of August and September 2014 in the area of the Sella Pass. Questionnaires were distributed at two locations: right at
the Pass and a few hundred meters before the Pass, on the Northern side. Questionnaires, which
were available in three languages (i.e. Italian, English and German), included basic demographic
questions (e.g. origin, purpose of travel, etc.), speciﬁc qualitative and quantitative questions about
the management of the area (e.g. would you be willing to pay a fee to visit this area?) and the nine
choice sets. Respondents were provided with all the relevant information to understand the content
of the questionnaire and the characteristics of the management policies presented in it. Questionnaires were ﬁlled in front of interviewers who were always available to clarify the meaning and interpretation of the various elements.
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Statistical analysis
Each of the three alternatives was assigned a utility function, which is the mathematical representation of the satisfaction a visitor gets from choosing one alternative. Typically, utility functions are
additive and given by a summation of the attributes’ values (e.g. 11-euro toll), each multiplied by a
parameter (b) reﬂecting the sensitivity of the respondent to the related attribute. These parameters
are to be estimated. In the case of the two transport alternatives, functions were given by linear combinations of the ﬁve variables and related sensitivity parameters (bs) plus (for the bus option only) an
alternative speciﬁc constant (to be estimated). The function of the no-go option was simply represented by an alternative speciﬁc constant. Categorical attributes (i.e. hours of access, trafﬁc, crowding), which cannot take on quantitative values, were effects coded, considering the least binding
level (e.g. road always open) as the base level. Hence, two variables were assigned to each of these
attributes and given values of (¡1 ¡1), (1 0) or (0 1), depending on whether the level of the attribute
in the relevant choice set was the lowest (base level), medium or highest, respectively. A nested logit
(NL) model (Ben-Akiva et al., 1994; Hensher & Greene, 2002; Thobani, 1984; Train, 1980), instead of
the simpler multinomial logit (MNL) model, was chosen because the signiﬁcant conceptual and
econometric difference between the two transport options and the no-go option suggested the random component of utilities would not be identically and independently distributed (IID) across the
alternatives (e.g. respondents may prefer a moderately inconvenient transport option to a no go
option). The NL model in this study was implemented by grouping the two transport options under
one nest and leaving the no go option apart (i.e. degenerate nest). Under the NL framework, the
probability that one of the two transport options is selected is given by the product of the probability
that the nest is selected and the probability that that speciﬁc option is selected from within the nest.
These two probabilities are function of the nest parameter λ, which has to be estimated and varies
between zero and one for a model that is consistent with utility maximization for all possible values of
the variables. Parameters were estimated considering all observations as well as smaller subsets identiﬁed on the basis of: origin (Italians vs. German-speaking vs. others), transport mode chosen (private vs.
public), residence (residents in nearby municipalities vs. others), activity (hikers, climbers, cyclists vs.
others), sensitivity to crowding and noise (poorly sensitive vs. mid-sensitive vs. highly sensitive), willingness to pay a fee for access (willing vs. unwilling). Information for the identiﬁcation of these subsets
was collected through the demographic, qualitative and quantitative questions of the survey.

Simulation
Once bs were estimated, they were used to predict future choices of visitors as a consequence of various management policies. In other words, while previously the model had been used to estimate bs
starting from the choice sets and related responses (i.e. choices), now the model is used to estimate
choices starting from some realistic management policies and bs. This was practically implemented
considering 10,000 virtual visitors (as shown by Orsi & Geneletti, 2014), each of which was assigned a
unique behaviour (i.e. a unique set of bs). The latter was simulated assuming that a visitor’s sensitivity
to a speciﬁc attribute is equal to the summation of the estimated parameter for that attribute and a
random term comprised within the parameter’s standard error. The actual choice of a single virtual
visitor was determined from the probabilities computed by the NL model through the following logical operation:
Choice ¼ if ðx < P1; 1; if ðx < P1 þ P2; 2; 3ÞÞ;
where P1 and P2 are the probabilities of option 1 and 2, respectively, and x is a random term
between zero and one.
A total of nine management policies (strategies) were considered, some of which were inspired by
those currently in place in some Alpine tourist destinations. Each strategy was represented by a set of
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Table 3. Management conditions deﬁning the nine strategies that were considered in the simulations. Some of these strategies
are currently implemented in a few locations in the Alps.
Strategies
6a
7a
8a
9a
1
2
3
4
5a
Place of
Gross-glockner Zillertal
Campo
Rombo
–
–
–
–
–
adoption
diDentro
Pass
Toll (€)
35
8
0
14
0
15
0
5
5
Bus fare (€)
5
3
1.50
6
1.50
1.50
1.50
1.50
1.50
Road closure
Open
Closed
Closed
Open
Closed Open Closed Open Open
9–17
9–17
11–13
9–17
Access prob. (%)
100
1
100
100
100
100
100
70
70
Bus freq. (min.)
120
30
30
120
60
30
60
30
20
a

Strategies 5–9 were deﬁned for this study and are not currently adopted in any real location of the Alps.

values for the management variables (i.e. cost, hours of access, ease of access), while contingent variables were kept at their intermediate level (e.g. medium trafﬁc) (Table 3).

Results
A total of 350 questionnaires were collected during the survey. 83.7% of the interviewees were tourists staying overnight in the surrounding areas, while only 16.3% were same-day visitors from the
neighbouring municipalities. On average, respondents were reaching the pass by car (73%), by bus
(6%), by motorcycle/camper/private bus (5% each), by bicycle (3%) or using other means of transport
(3%). Among overnighting tourists, most (84.1%) were accommodated in the two valleys connected
by the pass: 36.5% overnighted in Gardena Valley, and 47.6 in Fassa Valley. This means that their
access to the pass area would deﬁnitely not be affected by a lack of provision of public transport
(there are frequent direct connections between the valleys and the pass from both sides), or a need
to change route when shifting mode. Other tourists were staying overnight in adjacent municipalities
in the Dolomites Area (mainly around the Sella massif), from which access to pass is guaranteed,
although with less frequent rides. Anyway, 97.6% of tourists stated that, after the visit, they would
return to the same accommodation where they had stayed in the previous night and only 27% stated
that they would visit other passes.

Econometric modelling and estimation of parameters
The 350 questionnaires resulted in 3143 usable choice sets (i.e. only few choice sets were unanswered). The decision to use the NL model was justiﬁed by the MNL model failing the omitted variable test (McFadden, 1987) and the nest parameter taking a value signiﬁcantly lower than 1. When
the model was run considering all observations, signiﬁcant estimates (p < 0.05) were obtained for
most of the 17 parameters (Table 4), whereas some greater bias emerged, not surprisingly, when the
sample was segmented for the analysis of speciﬁc categories’ attitudes (i.e. parameters had to be estimated with a smaller number of observations).
Parameter estimates have to be interpreted according to the deﬁnitions of the relevant values. For
example, if we look at “bus frequency” (expressed as time between two consecutive rides), a positive
parameter tells us that the longer the time between two consecutive rides the greater the beneﬁt for
the respondent, whereas a negative parameter tells us that the longer the time the lesser the beneﬁt.
Parameter values for quantitative variables (e.g. toll, bus fare, bus frequency) tells us how much an
increase in the variable by one unit adds to or subtracts from a visitor’s utility. Parameter values for
qualitative variables (e.g. schedules, trafﬁc, crowding) tells us the addition to or subtraction from utility that is associated with a speciﬁc level. The analysis of parameter estimates for the full sample highlights elements that are then conﬁrmed by the study of speciﬁc groups’ responses. The cost of
transportation alternatives has a negative impact on utility, with each additional euro spent on the
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bus being slightly preferable than a euro spent on the private vehicle. Hours of access seem to have a
deep impact on people’s perception. A road always open is very attractive, whereas a major closure
(9:00–17:00) is perceived as a big obstacle, just like an extended bus schedule (8:00–19:00) is a strong
incentive, while a service running between 10:00 and 18:00 only is considerably constraining. In
terms of ease of access, each percentage increase in the probability of entering the road adds more
to the utility of the private vehicle than a minute less wait adds to the utility of the bus. While the
reaction of respondents to the ﬁrst three attributes was largely expected, at least in qualitative terms
(i.e. sign of the preference), their attitude towards trafﬁc and crowding was rather surprising. Trafﬁc is
perceived as a negative element when excessive, but it is essentially unimportant when minimal and
positive if at an intermediate level. Crowding, both on the bus and at the Pass, is welcomed favourably, whereas a moderate or total lack of other visitors is perceived as a negative element.
Table 4. Parameter values estimated considering the entire sample.
Variable
b
Bus intercept
5.07**
No go intercept
2.35**
L
0.629**
Toll
–0.331**
Bus fare
–0.303**
Road open
0.776
Road closed 11–13
0.224*
Road closed 9–17
–1**
Bus 8–19
0.5364
Bus 9–17
–0.0514
Bus 10–18
–0.485**
Quota
0.0513**
Bus frequency
–0.0318**
Little trafﬁc
–0.01
Medium trafﬁc
0.147
Intense trafﬁc
–0.137
No crowding on bus
–0.1493
Medium crowding on bus
0.0123
Intense crowding on bus
0.137
No crowding at the Pass
–0.1464
Medium crowding at the Pass
–0.0876
Intense crowding at the Pass
0.234**
Observations
3143
Final log-likelihood
–2582.05
Rho-square
0.252
Adjusted rho-square
0.247
*
**

Std. err.
0.389
0.315
0.0482
0.0261
0.0238
0.107
0.117
0.0709
0.0801
0.00427
0.00356
0.0957
0.0976
0.0715
0.0717
0.0547
0.0573

p < 0.05.
p < 0.01.

When looking at the results of the origin-based segmentation (see Appendix, Supplemental Data),
differences emerge in the attitude towards road closures, with German-speaking visitors (i.e. visitors
from Austria, Germany and Switzerland) favourably seeing access restrictions in the central part of
the day; cost, with non-German speaking visitors being much more sensitive to road toll than they
are to bus fares; and ease of access, with German-speaking and other visitors being much more sensitive to quotas than they are to bus frequency. It should be observed though that parameter estimates
for other visitors are affected by signiﬁcant errors due to the smaller size of the sample. The segmentation based on transport mode (i.e. people who reached the Pass by private vehicle vs. people who
used the bus) shows how bus users are less willing to pay a toll and particularly sensitive to bus frequency. The comparison between parameter estimates for residents and for tourists highlights how
the former seek an extended bus service and moderate crowding on board, while the latter accept a
more limited schedule and are not particularly attracted by a less patronized service. A segmentation
based on the type of activity performed generated estimates suggesting that “active” visitors are
more open toward the bus option and more sensitive to car trafﬁc than “non-active” visitors. When a
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distinction is made based on the stated sensitivity to current disturbances (i.e. trafﬁc, crowding,
noise), those who are heavily affected by such disturbances are poorly sensitive to the price of the
bus and look favourably at car restrictions and a more extended bus service. Conversely, those who
are relatively unaffected by those same disturbances reject the idea of any car restriction and are not
particularly interested in a better bus service. Finally, parameter estimates conﬁrm how respondents
who declared their willingness to pay to visit the area are in fact less sensitive to a road toll than
others.

Simulation
Results of simulations are summarized in Figure 4, which shows, for each strategy, the modal splits
(i.e. share of people choosing the private vehicle, choosing the bus, and not going) predicted using
parameters estimated for the entire sample (All), as well as the Italian (IT), German-speaking (DE, AT,
CH), active (Active) and non-active (Non active) sub-sets.
A ﬁrst group of measures con be grouped according to their implementation of relatively high
tolls (>10€) in the trafﬁc management measure mix. The ﬁrst strategy, which introduces a high toll
(35€) and a poor bus service (5€; 120 min frequency), given the preferences of today’s visitors, would
eliminate vehicle trafﬁc, but would also encourage 9 people out of 10 to leave the area. Only a fraction of German-speaking and non-active visitors would still be willing to visit the area, using the bus.
Strategy 4 is similar to strategy one in terms of bus frequency, but proposes a lower toll (14€ instead
of 35€) and slightly higher bus fare (6€ instead of 5€). Results show that, given the lower toll price,
more tourists would be willing to keep using their cars, but still seven out of 10 would abandon the
area. German-speaking visitors might behave differently though: half of them would still pick the private vehicle and only one out of three would abandon the area. The sixth strategy, which resembles
the ﬁrst one except for the more efﬁcient bus service, would almost eliminate car trafﬁc (though less
so among German-speaking and non-active visitors) and shift most visitors to the bus. Among the
strategies with tolls higher than 10€ and no road closure, this seems to be the most balanced
solution.
A second group of management measures could be identiﬁed as those applying quotas. Among
these, the second strategy, which combines a low (8€) road toll and highly restrictive quota on
vehicles (1%), would eliminate private vehicle trafﬁc and shift many visitors to the bus. However,
about one visitor in every four would be encouraged to abandon the area, and this ﬁgure would be
even higher for non-active visitors (30%). Conversely, Strategies 8 and 9, which combine a moderate
toll (5€), a moderate quota on private vehicles (70% of access probability) and a highly efﬁcient bus
service (1.50€; 20- to 30-minute frequency), could reduce private vehicle trafﬁc considerably, increase
bus ridership and minimize the rate of abandonment. German-speaking and non-active visitors
would stick to private vehicles more, just as in previous cases.
A third group of management measures could be represented by those applying road closures
over different time frames. Among these, the third strategy, by coupling an extended road closure
(9.00–17.00) with a highly efﬁcient shuttle bus service (1.50€; 30-minute frequency), could induce a
balanced modal split and seems therefore quite desirable. Simulations in this case show that, on average, ﬁve out of 10 visitors would drive anyway, four would ride the bus and only one would abandon
the area. A stronger preference for the private vehicle would again be observed among Germanspeaking and non-active visitors (more than 60% of the total in both cases), whereas the bus would
be more popular among Italian and active visitors (almost 50% of people in these categories would
choose it). According to results of Strategy 5, reducing the extension of the road closure does not
seem to be particularly effective. In fact, a closure between 11 am and 1 pm plus a modest bus service (1.50€; 60-minute frequency) would encourage nine out of 10 visitors to choose the private vehicle, but would minimize those abandoning the area (around 4% according to the simulation).
Reducing the frequency of the bus service would be problematic, as well: results of the simulation
performed for the seventh strategy, which is similar to the third one, but with bus frequency
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Figure 4. Modal splits associated with the nine strategies as estimated through simulations. For each strategy, different modal
splits are presented for: the entire population, Italian visitors, German-speaking visitors (i.e. visitors from Austria, Germany and
Switzerland), active visitors and non-active visitors.
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decreased from 30 to 60 min, show that about 30% of visitors would shift from the bus to the private
vehicle.
Based on these considerations, Strategies 3, 6, 8 and 9 seem to be more effective in favouring a
shift from private cars to the bus, while at the same time minimizing the rate of abandonment. These
four strategies have one aspect in common: they are all based on a balanced mix of different measures (toll, road closure or quotas) and they rely on a frequent and affordable bus service.

Discussion
The results of this study provide arguments for implementing trafﬁc management measures along
scenic roads in the Dolomites, minimizing losses in tourist ﬂows. As already acknowledged in the literature (Holding, 2001), the study ﬁnds that a balanced mix of incentives (“carrots”) and constraints
(“sticks”) achieves better results in terms of modal shift and abandonment rate than measures of one
type only. Moreover, there is evidence that modal shift from the private vehicle to the bus is achieved
if alternative transportation is highly performing (e.g. Strategies 3, 6, 8 and 9), while poor performance
(i.e. low frequency, high price) (e.g. Strategies 1 and 4) may induce many to abandon the area. The
fragmentation of the actual ATS supply in the Dolomites is therefore a major area of intervention in
order to prevent a decrease in visits due to the introduction of stick measures. As higher frequency
and lower fares might create a major gap between revenues and costs (Orsi, 2015b), policy-makers
may rely on road tolls to generate additional revenues, in accordance with the “polluter pays” principle. However, the toll amount must be carefully deﬁned because, according to the survey’s results,
visitors seem to be quite sensitive to price variations. The high sensitivity might be interpreted as visitors’ opposition to paying for access to a road which is not perceived as an attraction in itself (where
driving is the experience), but rather as a means to reach the Pass (i.e. the true attraction). Indeed, in
the other locations (Grossglockner, Rombo Pass) where a toll was introduced, no reduction in visitation levels was observed. Additionally, while this study has shown considerable sensitivity to road
tolls by all visitor groups (some slightly more, some slightly less), policy-makers should consider that
in the reality speciﬁc groups (e.g. motorcyclists) may even tolerate signiﬁcantly high tolls as long as
these allow access to spectacular and relatively empty roads. In this respect, the survey could not estimate how the toll, acting as a price tag on an exclusive experience, may attract rather than dissuade
visitors interested in driving.
Another aspect worth mentioning is the importance of hours of access: major road closures, just like
limited schedules for public transportation, are seen as very negative factors, while open roads and a
good coverage of public transport across the day are perceived as essential. Maintaining a good
degree of accessibility across the day is therefore an important factor to minimize the number of
potential visitors turning down their trip. The study has shown that minimal road closures (i.e.
between 11 am and 1 pm) are not a good compromise, as they tend to cause a shift in mobility timing (e.g. Strategy 5). Based on the simulation analysis, it seems that the possibility to foster sustainable habits without alienating traditional visitors depends on moderate yet clear restrictions, and
investments to make public transport more frequent and accessible.
This study also investigated the effect of quotas on travel mode choices, showing that even just
the awareness that car access may not be possible for everyone encourages many to a priori shift to
alternative transportation (Strategies 8 and 9). From a management perspective, quotas are in fact a
valuable tool because, as opposed to tolls, guarantee that pre-deﬁned use levels will not be
exceeded.
Finally, there is a partly unexpected result that is worth emphasizing: a moderate degree of crowding is well tolerated, both on the public transport and at destination. This seems to suggest that tourists in this speciﬁc context are seeking for social interactions both on the pass and on the bus, and
some crowding may be positive as long as it is adequately handled by transport supply.
While the study has provided a series of interesting insights about visitor preferences and the
potential effects of various strategies, these same ﬁndings may be biased by the intrinsic limitations
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of the method and the speciﬁc features of the designed experiment. As already mentioned at the
beginning of the method section, the use of stated rather than revealed preferences may have
induced us to over- or underestimate some aspects. In particular, some respondents appeared overly
optimistic regarding their willingness to shift to public transit, possibly owing to a strong environmental consciousness, while others seemed excessively scared by proposed road tolls to the extent
that they would not visit. Moreover, the survey took a picture of today’s attitude of current visitors:
no information is provided about what these same visitors will think once some policies will have
been implemented and what visitors currently not visiting the area may think of new access policies.
We may well discover, for example, that the adoption of speciﬁc measures (e.g. road toll, quota) may
favour a cultural change, encouraging fewer visitors than expected to leave the area, and attract new
visitors who currently avoid this area (e.g. tourists without a vehicle who may be attracted by highquality public transport and very strict regulations on automobile access). Additionally, only people
who stopped on the Pass were interviewed: those crossing the area without stopping (e.g. tourists
on their trip from their home region to accommodation in another valley) were not interviewed,
even though they would too be affected by trafﬁc management measures. Finally, a minor issue is
related to the respondent’s understanding of the questionnaire and management policies presented
therein: while everything was done to ensure things were clear enough, some interviewee may still
have misunderstood something, with inevitable consequences on the coherence of his/her
responses. These considerations remind us that, while such studies provide fundamental guidance
for the initial design of policies, it is only through implementation and test that these policies can be
progressively ﬁne-tuned to generate the best outcomes.

Conclusions
In sensitive and tourism-intensive mountain areas, transport is both a means to experience attractions across space, as well as a source of environmental impact. To preserve tourist experiences while
minimizing impact, destinations need to resolve the tourism-trafﬁc paradox by introducing robust
trafﬁc management measures. These need not be single policy interventions, but rather a ﬁne-tuned
mix of place-speciﬁc “carrots” and “sticks” measures, that limit impacts without preventing the opportunity to satisfy mobility needs (Martın-Cejas, 2015). Understanding mobility needs in terms of space,
time and emotional value is therefore crucial to design an effective policy mix. Indeed, only technically effective and emotionally rich alternatives to private transport do not discourage the visit. A
major issue in this sense is the match between mobility and activity needs, i.e. the coordination
between transport options and activities on site. The provision of frequent and all-day buses has
turned out to be very important, since it guarantees that recreational activities are performed with
the same freedom they would have been if the area were reached by private transport. A further consideration on the capacity to satisfy mobility and activity needs regards transport-related information
for non-domestic tourists. Even in case of a very simple road network, foreign guests might not be
familiar with public transport and might face potential language or knowledge barriers, which would
result in a lower-than-expected modal shift. Finally, particular attention should be paid to visitors
who can hardly be shifted from private to public means of transport (e.g. people with reduced mobility). In this case, particularly when the available buses do not have ad hoc equipment, special permits
for private motorized access should be guaranteed.
Apart from mobility and activity needs, also attitudes towards trafﬁc management measures
among different visitor groups may favour visitors’ self-selection. Active visitors, for example, being
more sensitive to environmental issues, may be more open to measures aimed at reducing noise and
pollution. Conversely, non-active visitors, being more interested in driving to the pass or taking a
tour, may suffer any limitation on private transportation. Trafﬁc management measures might then
work as a leverage to attract sustainability-oriented tourists, while discouraging other types of visitors. In this respect, the abandonment rate estimated by the simulations conducted in this study may
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reﬂect the ability of a measure to reduce trafﬁc congestion and indirectly increase the attractiveness
of a destination for sustainability-oriented visitors.
If new mobility concepts shape tourism markets, they might also (re)shape destination space and
tourism products. Indeed, bus transport determines a completely different visitation pattern than car
transport, with possible difﬁculties in managing larger groups of visitors moving around in transportdependent time slots, and more potential to increase the tourist offering through interpretation. Similarly, new forms of tourism, e.g. cycling tourism, may become more popular if roads are less crowded,
which implies a re-arrangement of the tourism offer, including infrastructure investments (e.g. bicycle
parking, bicycle transport on cable cars) and related service development (e.g. rental systems, bikefriendly hotels). Resolving the tourism-trafﬁc paradox means therefore understanding this interrelatedness and developing coordinated policies that deﬁne new geographies of space and new experiences on the move according to desired tourism targets. In doing so, new mobility concepts turn
into new tourism concepts, and vice-versa.
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