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Abstract

Tourism is a key sector in the national economies, representing a real asset for increasing the competitiveness and
the world-wide visibility of a Country. In Italy, the widespread diffusion of the tourist heritage represents a great
potential for the economic development but requires efforts to identify sustainable and seamless travel solutions,
given the limited resources available for tourist mobility. The Italian National Plan of Tourist Mobility identifies in
accessibility one of the key drivers for investment, and to this aim has developed a Planning Support System (PSS)
to identify the investments to bridge up the accessibility gap of national tourist sites from the main airports, ports
and railway stations (i.e. the “access gates” to the Country), either on the road network or using collective transport
services. The PSS is based on the methodology presented in this paper, combining two concepts extensively
studied in the literature, i.e. the generalized travel cost and the accessibility, in order to identify where and how to
invest either to improve existing mobility services or to build new infrastructure. Given the number of tourist sites
scattered over the national territory, the application of the proposed methodology to the Italian case study
represents a relevant example of how accessibility measures can be applied in practice to link with policy goals and
to identify planning priorities. The application is easily replicable and transferable at regional and local level.

Keywords: Tourism management, Accessibility measures usability, Planning support system, Infrastructure
investments, Collective transport services

1 Introduction
Tourism is a key sector in Italy with an annual revenue
of 171 billion Euro; it does contribute to the national
GDP for about 12%. With about 420 million of visitors
per year [1] Italy is the third Country in Europe for tour-
ist presences (after Spain and France) with a share of
13.4% on the total of EU28 Countries. Thanks to the
international incoming, negative trends for tourist sector
are rarely observed, not even during periods of recession.
Moreover, the recovery from the recent economic crisis
has been faster than in other economic sector (e.g. auto-
motive, chemicals, banks, ...): in 2017 the number of in-
coming tourists has reached 56.8 million of visitors/year,
with an increase of 38.6% with respect to year 2008.

Given the strategic role of tourism in stimulating the
national economy as well as in enhancing the image and
the cultural heritage of the Country, a Strategic Plan for
the Development of Tourism [2] has been launched in
2016, including a series of actions to support tourist
areas, including rural and low-demand destinations. In
fact, with its richness and variety of historical, cultural
and natural sites, the Italian territory can offer a range of
opportunities to meet multiple segments of tourist de-
mand: from cultural to seaside attractions, from food
and wine excellences to natural mountain landscapes.
Seizing the opportunity of a vast supply of tourist attrac-
tions requires indeed to innovate the mobility services
offered to guarantee proper level of accessibility compli-
ant with the specific demand segments. Accessibility was
indeed considered as a pre-requisite for the development
of tourism, which in turn should represent an opportun-
ity to improve life quality of residents and to avoid the
population decline in remote areas. However, an ad hoc
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funding channel for the tourist mobility was not fore-
seen, at that time.
The National Plan of Tourist Mobility [3] following up

the subsequent year, proposed a vision for the tourist
sites as an interconnected system through integrated
mobility services. This Plan represented the convergence
point of two distinct institutional pathways, one within
the Italian Ministry of Infrastructure and Transport for
the strategic planning of transport and logistic infra-
structure, it is called “Connecting Italy” [4], and the
other one within the Italian Ministry of Cultural Heri-
tage and Activities and of the Tourism, aiming at
relaunching the strategic role of tourism [2]. Indeed the
National Plan of Tourist Mobility represents the occa-
sion for sharing the vision and the strategic objectives,
and to fine tune the lines of intervention contained in
the two strategic planning documents in order to
optimize the use of resources for infrastructure and
transport, also for the aims of tourist mobility.
Four specific objectives were identified in the Plan:

1. Accessibility, “Increase accessibility of tourist sites to
boost the competitiveness of the tourist industry”;

2. Digitization, “Digitize the tourist industry starting
from mobility”;

3. Infrastructure heritage, “Promote transport
infrastructure as a form of tourist supply”;

4. Sustainability, “Promote sustainable mobility for
tourism”.

Accessibility is considered as a key driver of the com-
petitiveness of national tourist systems; it represents one
of the most relevant variables for travelers’ location
choices, as it is proven that the more accessible a destin-
ation is, the more it is visited. The Plan aims at ensuring
“physical” accessibility to all the tourist sites in order to
decongest the major destinations and to exploit the
whole cultural and tourist heritage, including minor sites
and low-demand attractions, but also at promoting
“digital” accessibility by means of advanced traveler in-
formation systems providing efficient, reliable and seam-
less travel solutions, to improve tourists’ experience even
before the travel starts.
Starting from a baseline where tourist trips using indi-

vidual modes of transport (Car, Moto, Camper, …) are
more than 75% (Table 1), the Plan identifies as expected
outcomes by year 2022, a reduction of tourist trips by
car under 60%, and an increase of public transport ser-
vices for tourist purposes by 15% in the period 2017–
2022. Moreover, maximum travel time to reach the main
national tourist sites from the main airports, ports and
railway stations is expected to be no longer than 1.5 h.
Within the Plan, a Planning Support System (PSS) has

been developed to bridge up the accessibility gap of

national tourist sites from the main airports, ports and
railway stations (i.e. the “access gates” to the Country),
either on the road network or using collective transport
services. The PSS is based on a methodology combining
two concepts extensively studied in the literature, i.e. the
generalized travel cost and the accessibility. The aim is
to identify where and how to invest either to improve
existing mobility services or to build new infrastructure.
In presenting the methodology and the application to
the Italian case study, the paper intends to contribute to
exploring the gap between theory and application, by
seeking to understand to what extent integrated spatial
and transportation modeling instruments do succeed in
supporting decision-makers in planning practice. In fact,
data availability and modeling complexity are considered
as a barrier for the practical implementation of accessi-
bility indicators. In this respect, the research gives an il-
lustration of how a methodology that can be interpreted
by decision-makers and directly linked to policy actions,
can be suitable for actual planning purposes, even with
some limitations from academic perspective.
The paper consists of five sections, including this

introduction. Section 2 presents a literature review of
studies focusing on tourist mobility and accessibility.
Section 3 describes the proposed methodology to iden-
tify the accessibility gaps, including the travel cost func-
tions and accessibility measures adopted. Section 4
discusses the results of the application of the proposed
methodology to the Italian national case study, including
the accessibility analysis for the above-mentioned tourist
sites. Finally, in section 5 some conclusions are drawn.

2 The usability of accessibility indicators in
planning practice: literature review for tourist
sector
Many Planning Support Systems (PSS) have been devel-
oped aimed at measuring and modelling accessibility,
however their implementation in planning practice re-
mains an exception. The gap between the theory and the

Table 1 distribution by transport mode of tourist trips in Italy

Transport mode 2016 2017

Car 76.7% 73.5%

Bus 4.6% 6.4%

Camper, Auto-caravan 2.4% 2.1%

Moto, Moto-scooter, other 1.7% 1.1%

Total (road network modes) 85.4% 83.1%

Rail 6.6% 9.1%

Air 5.1% 6.2%

Maritime 2.9% 1.6%

Total (public transport services) 14.6% 16.9%

Source: our elaboration based on data by [1]

Coppola et al. European Transport Research Review           (2020) 12:56 Page 2 of 17



applications of accessibility tools for planning practice
proves the need to maximize the usability of accessibility
instruments and measures [5].
Hull et al. [6] observed that accessibility measures are in

some cases too complex, abstract, hard to comprehend
and to interpret, and that accessibility indicators, even
though founded on strong methodological basis, must re-
main sufficiently simple and intuitively meaningful to be
used by professional and Public Administrations in their
application. Moreover, the link with policy goals is often
weak and there are still many barriers to the implementa-
tion of such tools in planning practice [7], depending on
the difficulties to communicate to end-users coming from
several disciplines with different languages and areas of
expertise (i.e. urban geographers, transport planners, and
budgeting professionals) and, in some cases, with limited
ability for using mathematical models.
In the attempt to develop a planning support system

based on accessibility indicators for a sector that trad-
itionally does not make extensive use of models (i.e.
tourist investments management), the main difficulty is
to maintain, at the same time, the technical rigor and
the usability of the tool for practice, seeking for good
balance between scientific rigor and practical relevance
for the sector.
An unique definition for accessibility cannot be found

in the literature, despite the concept of accessibility has
been studied extensively in different disciplines such as
transportation planning, geography, urban economics [8]
and also in other sectors, such as regional development
and growth [9] and agricultural production [10]. Origin-
ally Hansen [11] focused on the ease of fruition of a
given service spatially separated from its beneficiaries
and, accordingly, defined accessibility as “the potential of
opportunities in the interaction”. In fact, accessibility is
often measured as the spatial impedances (time, cost,
etc.) to the movement of people and the exchange of
goods and services. However, the idea of considering the
accessibility as a causal factor in transportation and loca-
tion choice behavior came later (Burns, [12]). Nowadays,
the accessibility has been widely used by transportation
engineers and planners for modeling land-use and trans-
port interactions (e.g. [13, 14]), for assessing transports

plans or solving optimal location problems (see e.g.
[15]).
Several taxonomies have been proposed in the litera-

ture [8, 16]; here a classification based on whether the
measures of accessibility do include or not behavioral
components is proposed (Table 2). Accordingly, we dis-
tinguish two clusters of accessibility measures:

1) Behavioral (or individual-based) measures, defining
accessibility from a single person/activity (subject-
ive) perspective. They include:
a) the “utility-based” accessibility measures, derived

from Random-Utility theory [17], according to
which individuals aim at maximizing the net
utility of participating in activities located in an
area. They can be further classified into “activ-
ity-based” [18, 19] or “trip-based”, depending on
whether they take into account the daily activity
schedule and the related trip chain respectively.
More recently, Le Vine et al. [20] contributed to
extent the definition of accessibility by incorpor-
ating the concepts of “Perceived Activity Set”,
defined as the set of out-of-home activities
which they view as encompassing their potential
travel needs when making decisions that struc-
turally affect their accessibility (e.g. owning a
car, a season public transport ticket).

b) the “contour measures”, that define accessibility
as the number of opportunities that can be
accessed within a given distance or travel time,
from a specific location in the study area (e.g. a
station, an airport, etc.). These measures require
the definition of the threshold of the maximum
distance or travel time acceptable for individuals
to reach the opportunities, which also vary with
individuals’ preferences, taste and habits. Hence,
the more the opportunities are perceived
heterogeneously by individuals, the less accurate
the estimated accessibility values will result. To
overcome such drawback, Cascetta et al. [21]
have introduced the concept of “perceived
opportunities” in the definition of this type of
accessibility measures.

Table 2 Taxonomy of accessibility indicators

Cluster Accessibility measures Theoretical basisa Communicabilityb Operationalisationc

Behavioral
(individual-based)

Utility-Based measures Trip-based utility measures + – –

Activity-based utility/time-space measures ++ – –

Contour measures/cumulative opportunities measures – ++ +

Non Behavioral
(zone-based)

Network-based – + ++

Gravity-based + – –
a Score: ++ strong theoretical basis; +moderately strong; − weak theoretical basis
b Score: +easy to communicate or interpret; + moderately difficult to communicate; − difficult
c Score: +easy to operationalize; + moderately difficult to operationalize; − difficult
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2) Non-Behavioral (or zone-based) measures, defining
accessibility from a geographical impersonal per-
spective, based on potential opportunities spatially
scattered among the zones of the study area. They
include:
a) the “network-based” measures, founded on

graph theory, that are based on the
characterization of the topological properties of
spatial networks; according to them, accessibility
is directly related to the concept of the network
centrality of a node [22];

b) the “gravity-based” measures, so-called accord-
ing to Newton’s Universal Law of Gravitation,
that define accessibility directly proportional to
the number of activities/users located in the
zones of the study area and inversely propor-
tional to the generalized transport cost [11].

Accessibility to tourist attractions is mostly influenced
by supply factors [23], represented by elements offered
to attract tourists that may affect the perceived ease of
access, such as infrastructure, services, communications,
utilities and activities [24]. These include both tourist at-
traction functionality factors, such as staffing, car park-
ing capacity, the presence of websites and the
production of brochures [25], and facility factors, such
as toilets, drinking water and picnic sites [26, 27], which
may involve the choice of an attraction rather than the
others [28]. Moreover, the accessibility to an attraction
is affected by the quality of the transport networks to
reach it [29] and the availability of alternative transport
mode, e.g. train, bus, bike, etc. [30, 31].
Using the case of the Old City of Jerusalem, Israeli &

Mansfeld [32] investigated the interrelations between
urban tourism and transportation systems needed to
support tourist activities. The study first characterized
the parameters influencing the level of accessibility of
tourist flows to the main tourist attractions of Jerusalem.
Subsequently, it looked at the most effective strategies of
transportation management to be supported by appro-
priate infrastructure and means of transport.
Other variables that may explain the individual differ-

ences between tourists in their evaluation of accessibility
to tourist attractions are: spatial abilities, individual
needs and values, and preparatory information set.
Spatial ability generally consists of two aspects, geo-
graphic knowledge and way-finding ability, which may
be influenced by a range of factors in relation to the
demographic characteristics of the tourist [33]. Factors
such as the educational level on geographic capability
[34], or the age or gender on way-finding [35, 36], have
an indirect influence on differences of the tourists in the
evaluating process of accessibility to the tourist attrac-
tions. According to Golledge & Stimson [37], personal

needs and values may affect an individual’s perceptions
and, consequently, a tourist’s expectations about avail-
able activities at a given location and the decision to en-
gage in them. Every individual has needs which arise
partially from cultural values and social background
which take shape from childhood, and partially from
motivation factors, related to the education environ-
ment, the financial situation, the age [38] or to the re-
search of new knowledge, adventure, enjoyment [39].
The preparatory set, which consists in a collection of
prior information of tourist attractions obtained from
different sources, e.g. web, newspapers, television or pre-
vious experiences [40, 41], has an influence on tourists’
perceptions of accessibility [37].
In contrast to such a large body of literature focusing

on the theoretical issues of tourist accessibility, the ex-
tent to which such theory is applied into practice is
questionable. In fact, only a small number of studies re-
lates accessibility to tourism. Application on a large-
scale network are mainly based on geographical informa-
tion system (GIS) analysis. For example, Chhetri &
Arrowsmith [42] described a GIS-based technique to
measure the recreational potential of a natural tourist
destination located in Australia, based on a regression
modelling used to develop a set of predictors of scenic
attractiveness derived from data collected via question-
naire administered to a group of university students.
Kong et al. [43] studied accessibility to open spaces in
the urban environment, which have an important amen-
ity values because they offer to tourist leisure opportun-
ities and aesthetic enjoyment. The study, using GIS and
landscape metrics, was conducted in Jinan City, a 7 mil-
lion inhabitants’ Chinese metropolis, where the value of
urban green spaces gradually encroached upon by urban
sprawl is increasingly important. Oh & Jeong [44], using
the network analysis method of GIS, analyzed pedestrian
accessibility to urban parks in Seoul, where the total area
is fairly large compared to those in other cities around
the world, but they are located in an inconvenient loca-
tion in the outer areas of metropolis, so that frequent
opportunities to visit them are relatively minimal.
Starting from these considerations, the contribution of

this paper to the literature is to identify an accessibility-
based methodology that can be efficiently applied on
large-scale either from the (private) perspective of a
tourist operator, to identify the suitable tourist attrac-
tions to be included in their tourist packages, or from
the (public) perspective of a Public Administration, to
identify areas to be further developed and where to in-
vest in infrastructure, for tourist aims.
It is worth noting that the methodology here presented

focuses on the international incoming tourist demand,
consisting of the (in-hub) demand through the main air-
ports, ports and railway stations, potentially attracted by
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the selected tourist sites of National and International
interested identified by the Plan (i.e. the UNESCO heri-
tage sites, the Italian Capitals of Culture and the EDEN
sites). However, the methodology proposed could be ap-
plied to other contexts (e.g. regions and metropolitan
areas) and with respect also to other demand segments.
In general, it is possible to have different geographical

scales for application of the accessibility indicators
(urban, regional, national); in this paper we deal with a
national spatial context, but the methodology can be
easily transferred to the regional level, for example, for
the assessment of the priority investments within the re-
gional transport plans. To authors’ knowledge, the appli-
cation at the national scale of an accessibility-based
methodology for the assessment of tourist policies is ori-
ginal in the panorama of accessibility analysis.

3 The proposed methodology
The proposed methodology aims at identifying the tour-
ist areas which presents a gap of accessibility, and at
assessing the most appropriate type of investments (in-
frastructure or services) to improve sustainable tourist
accessibility.1 Starting from these assumptions the meth-
odology consists of three steps:

1. identification of the access gates (origins) and of the
tourist sites relevant for the analysis (destinations),

2. modeling accessibility for the identified tourist sites
from the access gates, using road network and
public transport services,

3. assessment of the tourist sites which require an
upgrading of accessibility either in terms of
infrastructural connections (e.g. new road) or in
terms of travel services.

3.1 Phase 1: identification
The first phase consists of the identification of the tourist
sites and the access gate, relevant for the analysis. It is
worth noting that both have been identified within the
Plan for Tourist Mobility by the Ministry of Cultural Heri-
tage and Activities and of the Tourism, and the Ministry
of Infrastructure and Transport, according to specific cri-
teria. They represent an input for our application.
In fact, the tourist sites have been identified among

the Italian UNESCO Heritage sites (http://www.unesco.
it/), the Italian Capitals of Culture (https://ec.europa.eu/
programmes/creative-europe/actions/capitals-culture_it)
and the Italian EDEN destinations (i.e. the European
Destinations of Excellence, https://ec.europa.eu/growth/
sectors/tourism/eden_it).

The identification of the access gates (Fig. 1) has been
carried out, within the Plan, by including: the airports
classified as first-level airports in the Italian National
Plan for Airports; the ports with a cruise traffic annual
flow above the threshold of 300.000 passengers/years,
and the stations served by High-speed Rail (HSR) ser-
vices, provided that the demand of international tourists
using HSR services is constantly increasing in Italy [45].

3.2 Phase 2: modeling
In the second phase, the accessibility of the identified des-
tinations with respect to identified origins (i.e. the access
gates) is measured. To this aim two accessibility measure
are proposed. The first one is derived from the definition
of “accessibility as a potential” [11] according to which
two types of indicators can be defined [8, 46]:

a) individual (or “active”) accessibility, which reflects
the opportunity for people in a given place to
participate in the activities located in different
zones of study area,

b) place (or “passive”) accessibility, which links the
accessibility of a given activity (e.g. a tourist
attraction) to the potential users located in different
zones of the study area.

In our case, the following “place accessibility” indicator
is firstly considered:

Acc dð Þm ¼
X
oϵO

D oð Þα1∙ exp − α2∙Co;d;m
� � ð1Þ

where

– Acc(d)m is the accessibility of the tourist site “d”
using the transport mode “m”;

– D(o) is the demand of tourists generated from zone
“o” (e.g. from the access gates);

– Co,d,m is the generalised travel cost on the shortest
path between zones “o” and “d”, using mode “m”;

– α1 and α2 are two estimated parameters to be
adapted to the scope of the analysis (see for
instance, [13]).

Note that the demand of tourists generated from zone
“o”, D(o), has not been estimated using a model, but
rather using the source data available from the inter-
national incoming demand at each access gate (ports,
airport and railway stations). Although this does not rep-
resent the exact demand flow for tourist purpose, it can
be assumed as an accurate proxy to the scope of the
analysis.
Provided that it is fundamental that the accessibility

indicator could be understandable and interpretable
1The methodology has been adopted in the Italian Plan for Tourist
Mobility [3].
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[47], a second indicator more explicitly linked to the ac-
cess travel times and costs by cars and public transport
is proposed, in order to convert the accessibility concept

into numerical values more closely related to the objec-
tives of the analysis [48]. To this aim, the following aver-
age access time is considered:

Fig. 1 Access gates and tourist sites identified within the Italian Plan for Tourist Mobility [3]
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AccCostðdÞm ¼

X
oϵO

DðoÞ∙Co;d;m

X
oϵO

DðoÞ ð2Þ

where:

– AccCost(d)m is the (average) access generalized
travel cost to reach the tourist site “d” from the
access gates, using the transport mode “m”;

– D(o) is the potential demand of tourists generated
from zone “o” (i.e. the access gates);

– Co,d,m is the generalised travel cost on the shortest
path between zones “o” and “d”, using mode “m”.

Eq. (1) represents a “place-based” accessibility indica-
tor while Eq. (2) represents an average access cost to-
wards a given destination “d”. The two measures applied
to the same study actually do show opposite patterns,
i.e. the higher the access cost (Eq. 2), the lower the ac-
cessibility (Eq. 1). They could be used alternatively. In
fact, the A-G diagram is adapted accordingly to each of
them. In the application presented in Section 4 we opted
for the Access Cost (Eq. 2).
Both the above indicators require the computation of

the generalized travel cost on the shortest path between
two generic zones [49]. The algorithm is based on the it-
erative correction of the tree structure T(o) – having
root the origin node “o” – and verifying at each iteration
the satisfaction of the condition expressed by Bellman’s
theorem [50]:

CT oð Þ;i þ cij≥CT oð Þ; j ∀ i; jð Þ∈T oð Þ ð3Þ
being:

� CT(o),i the generalized travel cost from the origin
node o to the node i in the tree T(o);

� CT(o),j the generalized travel cost from the origin
node o to the node j in the tree T(o);

� cij the generalized travel cost of the generic section
having i and j for extreme nodes.

Similarly, to compute the shortest paths on the inte-
grated public transport network, the identification of
minimum cost paths is carried out by an extension of
Dijkstra’s algorithm [51].
The generalized transport cost is computed using two

different cost functions: one for the road network and
the other for the integrated Public Transport (PT)
system.

3.2.1 Generalized travel costs on the road network
For the road network, the transport cost, Co,d,Road, is
given by the sum of the travel time, t, and the monetary

cost, cm, the minimum path kmin, weighed by the coeffi-
cients βc, adapted from the literature on value of time
and assumed equal to 0.10 (hour/euro), transforming
cost (euros) in time (hours):

Co;d;Road ¼ to;dkmin
þ βc∙cm

o;d
kmin

hours½ � ð4Þ

The travel time depends on the speed and the pres-
ence of congestion on the different typologies of sections
(motorway, suburban road, etc.) of the road network,
whereas the monetary cost is the sum of the operating
cost and the toll (if any) on section, s, estimated by the
vehicle type, v:

cmk ¼
X
v

X
s∈k

Ccs;v þ Cl þ Ct þ Co
� �
|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}

operating cost

þ Cps;v|ffl{zffl}
toll

2
64

3
75∙Lk

ð5Þ
being:

� Lk the length of path k expressed in kilometers;
� Ccs,v the fuel cost on section s for vehicle class v,

computed as:

Ccs;v ¼ cs;v∙fuel costv
γv

€=km½ � ð6Þ

where:

– fuel_costv is the unitary cost of the fuel for vehicle
type v (petrol vs. diesel);

– cs,v is the average fuel consumption estimated based
on average speed on section s, Vs, through the
CORINAIR2 model [53], according to pollutant
emissions regulation η and the percentage number
of vehicles dη (Euro 0, 1, …) for both the motorway
cycle (Table 3) and the urban and sub-urban cycle
(Table 4):

cs;v ¼
P

dη∙cη;sP
dη

gram=km½ � ð7Þ

cη;s ¼ aη∙V s þ bη∙V
2
s þ kη ð8Þ

2Note that the emission factors estimated using CORINAIR might be
outdated in some contexts; recently the European Environmental
Agency (EEA) has released the technical guidance to prepare national
emission inventories e to create an updated air pollutant emission
inventory guidebook [52].
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– γv is specific weight of the fuel for petrol and diesel
vehicles, equal respectively to 740 and 825 g/liter.

� Cl, Ct, Co represent respectively the lubricants cost,
the tires cost and the maintenance cost for vehicle
type v, assumed respectively equal to 0.00576,
0.01507 and 0.04035;

� Cps,v is the toll on section s and for each vehicle
class v, i.e. vehicles with two axles (class es A and B)
and vehicles with more than two (classes 3, 4 and 5).

3.2.2 Generalized travel costs by public transport
In the case of public transport, the generalized cost has
been computed on the” minimum hyperpath” K for the
generic origin-destination pair (od) which represents the
average cost that travelers do perceive over all the paths
on the Public Transport network connecting a given
origin-destination pair, weighted by the relative frequen-
cies of the service [51]. This is obtained as follows:

Cod;PT ¼ Tb
od þ βcm∙cm

od
s þ βφ∙φ

od hours½ �: ð9Þ

The boarding time, Tb, depends on the commercial
speed of the public transport service which is in turn a
function of the vehicle’s type (e.g. High-speed Rail, inter-
city or regional rail services; regional or interregional
bus services), (train or bus). The monetary cost, cm, de-
pends on the fare systems of the PT service available on
the od pair and is computed as the sum of two
components:

cmod
s ¼ cmK

od
s þ cmdist s∙dist

od euros½ � ð10Þ
being the first component, cm_K, a constant depending
on the type of service and on the od pair; and the second
component the product of the travelled distance (in km),

dist, and the unitary cost per kilometer, cm_dist, de-
pending on the PT service (bus or train). Finally, the
generalized cost function includes the service frequency,
φ, as proxy of the waiting time for high-frequency ser-
vices and of the scheduled early and late departure pen-
alty for low-frequency services [54]. The parameters βcm
and βφ have been adapted from the literature and as-
sumed equal respectively to 0.125 (hour/euro) and 0.33
(hours2).

3.3 Phase 3: assessment (the “AG-Diagram”)
The third phase of the method aims at identifying the
sites that need an upgrading of accessibility either in
terms of infrastructural connections (e.g. new roads or
railways) or in terms of public transport services. To this
aim, the accessibility indicator (or the generalized access
travel cost) are plotted in a diagram, so called the “Ac-
cessibility Gap” (AG) diagram, reporting for each tourist
site the accessibility on the road network (on x-axis) and
the accessibility using the Public Transport system (on
the y-axis).
Having set a threshold for accessibility, it is possible to

recognize four quadrants (Fig. 2):

� the 1st quadrant, at the top on the right, includes
sites having a good level of accessibility both on
public transport and on the road network,

� the 2nd quadrant, at the top on the left, includes
those sites with good level of accessibility by public
transport but with limitation of access by car (for
example, the sites located in zone with restrictions
to car),

� the 3rd quadrant, at the bottom on the left, includes
sites with low accessibility levels both by car and by
public transport, i.e. zones with accessibility gaps,

� the 4th quadrant, is characterized by low
accessibility by public transport services and high
accessibility by car, i.e. zones where improvement of
public transport services are required.

Using the above diagram, which represents a frame-
work for the analysis of the estimated accessibility
values, it is possible to identify the specific type of inter-
vention for each site included in the analysis. In fact,
sites and tourist areas falling in the first quadrant are
those do not require priority interventions on infrastruc-
tures and mobility services, given the good level of ac-
cessibility both on private and public transport. Sites
falling in the second quadrant are those located in very
congested area or area with restricted access by car; no
specific intervention are required in these cases, as well.
On the other hand, sites falling in the third quadrant re-
quires an infrastructural upgrading of the access network
(road and/or railway) to improve the accessibility

Table 4 Corinair’s model for fuel consumption of cars on urban
and suburban roads

Regulation η Suburban roads Urban roads

PRE ECE 67 118.754

ECE 15–00/01 50.29 109.346

ECE 15–02/03 50.22 101.683

ECE 15–04 50.18 82.178

Table 3 parameter of the Corinair model for fuel consumption
of cars on motorway

Regulation η aη bη kη

PRE ECE 0.471 0 29.286

ECE 15–00/01 −0.407 0.0042 59

ECE 15–02/03 −0.7032 0.0059 71

ECE 15–04 −1.364 0.0086 102.5
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Fig. 2 the Accessibility Gap diagram for differential analysis of public vs private transport accessibility

Fig. 3 travel times from the main airports to the selected tourist sites, on the road network (on the left) and using public transport (on the right)
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primarily on the road network and then on the public
transport service to bridge up the accessibility gap. Fi-
nally, sites falling in the fourth quadrant are those re-
quiring an upgrading of public transport services, given
the presence of an infrastructural network that allows a
good level of accessibility on the road network.

4 Application
An application of the method described in Section 3,
was carried out within the framework of the Italian Plan
for the Tourist Mobility. It is worth noting that, the ap-
plication here presented focuses on the international in-
coming tourist demand, consisting of the (in-hub)
demand through the “access gates” (see Fig. 1), poten-
tially attracted by the tourist sites identified by the Plan,
i.e. the UNESCO heritage sites, the Italian Capitals of
Culture and the EDEN destinations (see section 4.1).
Other tourist segments, have not been considered al-
though relevant, however the methodology proposed
could be applied to other contexts (e.g. regions and
metropolitan areas) with respect also to other demand
segments. In these cases, a different transport model
(e.g. a regional transport model) and more disaggregate
data (e.g. Census data at the level of municipalities)
would be needed to compute the accessibility values.

The analysis of travel times from the airports (Fig. 3)
show a good level of accessibility spread over almost the
whole national territory, with the exception of the Tren-
tino Alto-Adige region in the North-East, the Basilicata
region and the Southern parts of the Calabria region due
to poor connections with the Lamezia Terme airport.
Overall the 97% of the considered tourist sites are reach-
able, using the road network, from the nearest airport in
less than 2 h and more than half of these (i.e. 40 sites) in
less than 1 h. Besides, only 40% of the sites can be
reached, using public transport, from the nearest airport
in less than 2 h and only 8 of these in less than an hour.
The analysis of travel times from the ports (Fig. 4)

show a good level of accessibility spread over the na-
tional territory, thanks to the presence of numerous ac-
cess gates on both Tyrrhenian and Adriatic coasts. An
exception is represented by the Alpine arc, due to the
long distance from the closest ports on the North Tyr-
rhenian ports, on the one side, and from the North-
Adriatic ports, on the other side. Overall, the 80% of the
considered tourist sites can be reached from the nearest
port in less than 2 h on the road network, even if most
of these (i.e. 31 sites) are still more than 1 h far away.
Besides, it takes two or more hours to reach the majority
of the considered sites (66%) using public transport, and
only eight sites are within 1 h from the nearest port.

Fig. 4 travel times from the main ports to the selected tourist sites, on the road network (on the left) and using public transport (on the right)
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Fig. 5 travel times from the main railway stations to the selected tourist sites, on the road network (on the left) and using public transport (on
the right)

Fig. 6 The Accessibility Gap diagram for differential public vs private transport access travel cost
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The analysis of travel times from the railway stations
(Fig. 5) show an excellent level of accessibility diffuse
over almost the entire peninsular territory, with the ex-
ception of very small areas in the lower part of Tuscany
and the border area between Basilicata and Calabria,
which is clearly counterbalanced by the lack of accessi-
bility to the island sites, due to the absence of High-
speed Rail service. Generally speaking, if we keep out the
analysis, the 13 tourist sites in Sicily and Sardinia, most
of the remaining sites (68%) can be reached by car in
less than an hour from the nearest railway station and
20 of these even in less than half an hour. On the other
hand, only 35% of the 57 peninsular tourist sites can be
reached by public transport in less than an hour and
only 10 of these are within half an hour from the nearest
railway station.
The accessibility gap analysis was carried out by means

of the access generalized travel cost functions (see Eq.
2), on the road network and using public transport. Note
that when using a travel cost function instead of an ac-
cessibility indicator, the same consideration as described
in section 3 may apply, but the definition of the quad-
rants follow a different scheme (Fig. 6), given that access
travel costs are negatively perceived by travelers, whereas
accessibility positively.
The access travel costs of the considered tourist sites,

aggregated by macro-areas (Table 5), allow the following
considerations. Overall, it can be observed that the ac-
cessibility from the airports is better than from the ports.
In fact, on the National basis, it is estimated an average
travel access cost on the road network of 60 min from
the airports and 80 min from the ports (Fig. 7), and an
average travel access cost using public transport of 135
min from the airports and 145 min from the ports
(Fig. 8). Northern-east and Northern-west sites (includ-
ing those located in the Alps) are less accessible both
from airports and from ports, whereas the sites located
on the islands (Sicily and Sardinia) are poorly connected
to the airports.
The National Plan of Tourist Mobility (see Section 2)

set a threshold of 1.5 h under which all the main tourist

sites ought to be reached from the access gates (i.e. the
main national airports, ports and railway stations). To
identify those sites that are beyond this threshold either
using the public transport service or using the road net-
work, the travel access costs to the selected tourist sites
from the airports (Fig. 9), the ports (Fig. 10) and the rail-
way stations (Fig. 11) have been plotted in the Accessibil-
ity-Gap diagram (see section 3.3).
It can be observed (Table 6) that there are no tourist

sites falling in the 2nd quadrant (where travel access
costs by Public Transport is lesser than by private trans-
port) and that there is more than a third of the tourist
sites (40%) that do not require additional accessibility
(1st quadrant). The analysis suggests that the connec-
tions by Public transport need to be improved (particu-
larly from the ports) for almost half (42%) of the tourist
sites. Finally, for about 18% of the selected tourist sites
(those falling in the 3rd quadrant) there is an accessibil-
ity gap that need to be bridged up by means of infra-
structural interventions either on the road network or
on the railway connections.

5 Discussion and conclusions
This paper presents a methodology, developed within
the Italian National Plan of Tourist Mobility, aiming
at identifying tourist areas with poor accessibility
from the main national airports, ports and railway
stations (i.e. the “access gates” of the international
tourists). The focus of the paper is not on how to
compute the generalized travel cost and the accessi-
bility for tourist purposes, but rather to combine the
two’s measures (extensively studied in the literature)
to develop a method to support decision-makers to
identified where and how to invest (e.g. in services or
infrastructure? public transport or roads?) in order to
improve the accessibility to a selected number of
tourist sites.
The state of the art has shown that while there is a

large body of literature focusing on tourist choices, pref-
erences and needs, accessibility indicators are rarely
applied to drive tourist policies, as also pointed out by
OECD report on the indicators for measuring tourist
competitiveness [55]. The fact that the methodology has
been adopted and applied within a national plan proves
that accessibility-based methodology can be efficiently
applied on the large scale to identify areas to be further
developed and where to invest for tourist aims. To au-
thors’ knowledge, the application at the national scale of
an accessibility-based methodology for the assessment of
mobility policies for tourism is original, in the panorama
of the accessibility analysis.
Moreover, the paper shows the potential and the us-

ability of the accessibility concept in tourist planning,
and confirm that accessibility instruments are applicable

Table 5 the macro-areas of the national territory

Macro-
area

Italian Regions (NUTS2)

North-
West

Aosta Valley, Piedmont, Lombardy, Liguria

North-East Trentino Alto-Adige, Veneto, Friuli-Venezia Giulia, Emilia
Romagna

Center Tuscany, Umbria, Marche, Lazio

South Abruzzo, Campania, Basilicata, Molise, Calabria, Apulia

Islands Sardinia, Sicily
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in practice when they are included in a modeling frame-
work easy to be interpreted by decision-makers, and dir-
ectly linked to policy actions.
The methodology consists of three phases: the iden-

tification of the access gates (origins) and of the tour-
ist sites relevant for the analysis (destinations), the
estimation of the accessibility by car and public trans-
port services for the identified tourist sites from the
access gates, and, finally, the assessment of the acces-
sibility gaps either in terms of infrastructural

connections or in terms of mobility services. The so-
called Accessibility-Gap diagram, reporting for each
site a measure of accessibility on the road network
(on the x-axis) and using public transport (on the y-
axis), has been introduced to assess where there is an
accessibility gap and whether this ought to be bridged
up by improving mobility services and/or by building
new infrastructure.
The use of concepts such as the generalized transpor-

tation cost and the place accessibility, extensively studied

Fig. 7 average access travel costs (expressed in minutes) on the road network

Fig. 8 average access travel costs (expressed in minutes) using public transport
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in spatial and transportation planning has been key for
the adoption and the implementation in the Plan, even
with some limitations from the academic perspective.
In particular, the Accessibility-Gap diagram requires

the definition of a threshold to identify zones with low
and high accessibility. In principle, the threshold should
be defined based on the trade-off between, on the one
hand, the increase in the number of tourists attracted
(and the induced economic benefits) due to improved
accessibility conditions, and, on the other hand, the eco-
nomic investment needed for such improvement. In
short, the lower the threshold the more the number of
tourist sites with an accessibility gap and the more the
economic investment required to cope with that. In the
application here presented, the threshold of 1.5 h has
been considered based on the policy objective of the
Plan which sets up the target of 1.5 h as maximum travel
time from the “access gates” (i.e. airports, ports, HSR
stations) for the UNESCO heritage sites, and the Italian
Capitals of Culture and the EDEN destinations. The
value was set in consideration of the fact that 1.5 h is the
travel time which approximately allows tourist operators
to organize a visit of a site within one single day.3 How-
ever, the fact of not having considered any cost-benefits
trade-off in the definition of the target is questionable,
and ought to be seen as a limitation of the analysis. Fu-
ture research should investigate more in detail the im-
pact of different thresholds on the economic investment

in the attempt to verify the existence of any optimal
balance.
Moreover, the methodology proposed is based on a

gravity-based accessibility measures (GRABAMs) includ-
ing the demand of tourists generated from the access
gates, as the potential, and a decay function (negative ex-
ponential) of the generalised travel cost on the shortest
path from the access gates to the tourist site, as imped-
ance function. From the operational viewpoint, GRA-
BAMs present some difficulties: in fact, they require the
estimation of some parameters and of the potential func-
tion (see section 3.2) which could be cumbersome given
the scale of analysis (nation-wide) and the number of
tourist sites considered. Therefore, in the application, a
second accessibility measure has been chosen, i.e. the
(average) access travel cost to the tourist site. This
present the advantages not only of being easier to be
computed than GRABAMs, but also, and of utmost im-
portance, that, being explicitly related to the threshold
value, it is understandable by decision-makers and dir-
ectly linked to one of the policy goals of the Plan.
The model has been applied to the Italian case study

which represents a relevant example given the number
of tourist sites scattered over the national territory. The
results of the analysis carried out, suggest that the
connections by public transport need to be improved
(particularly from the ports) for almost half (42%) of the
considered sites; about 18% of the selected tourist
presents an accessibility gaps that need to be bridge up
by means of infrastructural interventions either on the
road network or on the railways. Overall, it can be ob-
served that the accessibility from the airports is better
than from the ports. Besides, the sites located in the

Fig. 9 AG Diagram (from the main national airports)

3In a different context, i.e. the analysis of intercity daily commuters
using high-speed rail service in Italy, a similar value has been found
[56].
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South of Italy lack of public transport services. The sites
located in the Center-Italy have better accessibility con-
ditions particularly from the airports.
The results of the application have allowed to identify

some investment priorities for tourist mobility in Italy. In
fact, the Italian Ministry of Infrastructure and Transport
based on such results have launched an investment pro-
gram to improved ports and airports last mile connections
and mass rapid transit systems, with attention also to the
tourist destinations. The analysis focuses on road and
public transport investments, which might appear to be
rather a narrow perspective with respect to a broader
concept of accessibility including digital and environmen-
tal aspects. In fact, a “digital-oriented” and “sustainable”

approach to develop a tourist mobility is foreseen in the
Plan under the policy goals of “Digitalization” and
“Sustainability”. Actions are proposed to optimize the
access to tourism by means of advanced traveler informa-
tion systems providing efficient, reliable and seamless
travel solutions, and to improve tourists’ experience even
before the travel starts, as well as models of sustainable
tourist mobility such as, the national network of cycling
and pedestrian integrated routes connecting the tourist
sites. Indeed, tourism is an important asset for Italy, and
future research contribution should help to further
develop the Plan in order to valorise the resources of the
Country, contributing to its economy, without com-
promising its sustainability.

Fig. 11 AG diagram (from the main national railway stations)

Fig. 10 AG diagram (from the main national ports)
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Finally, it is worth to mention that although the analysis
has been carried out at the national territorial scale, the
methodology is easily replicable and transferable even at
the local level, and in the future, it could be applied for
the assessment of the priority investments within the
regional transport plans.
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