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Abstract— Accessibility is a well-known and studied concept within the scientific literature. Good 

transportation accessibility is certainly an important factor in exploiting spatial potentials.  The quality of 

transportation infrastructure in terms of capacity, travel speed, connectivity etc., determines the quality and 

advantage of a location relative to other locations, which is usually measured as accessibility. Increasingly 

overloaded transport corridors, in the context of changing transportation flows are becoming an important 

issue for accessibility. This Paper gives a very brief overview of which kind of transportation networks and 

services indicators should be used in relevant documents and in transportation planning practice. This Paper 

provides a comprehensive overview of the different definitions, dimensions and indicators of accessibility in 

the literature of those already discovered. 
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I. INTRODUCTION 

The interrelations between regional development, spatial analysis and transportation are strong 
and both approaches, the spatial and transport, opposite must be combined in a more efficient 
way [10]. Accessibility is a frequently used concept, but there is no consensus about its definition 
and formulation. A large amount of research and working papers about transport accessibility 
issues is produced over the years. New studies and practical approaches are continuously 
emerging on this subject. Accessibility was commonly defined as the ease with which activities can 
be reached from a certain place and with a certain system of transportation [24; 32]. The concept 
generally takes the combination of two elements into account: the location on a surface relative 
to suitable destinations, and the characteristics of the transport network [34]. Accessibility as an 
issue has an important role in the European Observation Network, Territorial Development and 
Cohesion. It provides a wide range of indicators that describe the transport system and its spatial 
implications to enhance the decision support tool so that policy makers can more easily find the 
relevant equation between policy objectives and transport policy measures [2]. This Paper gives a 
very brief overview of which kind of transportation networks and service indicators should be used 
in relevant documents and Transportation Planning Strategies. The starting points are indicators like 
the quality of transportation infrastructure in terms of capacity, connectivity, travels speeds etc. 
Also, the more complex indicators of accessibility are presented. The concept of accessibility as 
baseline for territorial indicators is introduced. 

II. ACCESSIBILITY: THEORETICAL FRAMEWORK AND REVIEW OF LITERATURE

“Accessibility is the main “product” of a transportation system. It determines the locational 
advantage of an area (a region, a city or a corridor) relative to all areas (including itself") "[10]. 
Indicators of accessibility measure the benefits that households and firms in an area enjoy from the 
existence and use of the transportation infrastructure relevant for their area. 

The important role of transportation infrastructure for spatial development in its most simplified 
form implies that areas with better access to the locations of input materials and markets will ceteris 
paribus, be more productive, more competitive and hence more successful than more remote and 
isolated areas [see 10]. 

However, the impact of transportation infrastructure on spatial development has been difficult to 
verify empirically. There seems to be a clear positive correlation between transport infrastructures 
endowment or the location in interregional networks and the levels of economic indicators such as 
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GDP per capita [6; 7; 8]. However, this correlation may merely reflect historical agglomeration 
processes rather than causal relationships effective today [19]. Attempts to explain changes in 
economic indicators, i.e. economic growth and decline, by transport investment have been much 
less successful. The reason for this failure may be that in countries with an already highly developed 
transport infrastructure further transport network improvements bring only marginal benefits. The 
conclusion is that transport improvements have strong impacts on regional development only 
where they result in removing a bottleneck [5; 6; 40]. 

While there is uncertainty about the magnitude of the impact of transport infrastructure on spatial 
development, there is even less agreement on its direction. It is debatable whether transportation 
infrastructure contributes to spatial polarization or decentralization. Some analysts argue that 
regional development policies based on the creation of infrastructure in lagging regions have not 
succeeded in reducing regional disparities in Europe [35], whereas others point out that it has yet to 
be ascertained that the reduction of barriers between regions has disadvantaged peripheral 
regions[6; 7; 8]. From a theoretical point of view, both effects can occur. 

A large number of studies and working papers about transportation accessibility issue is 
produced  over the years. New studies and practical approaches are continuously emerging on 
this subject. In this section, we present a compilation of the most representative approaches to the 
study of transport accessibility and an overview of relevant concepts. Numerous authors have also 
analyzed the relationship between transport infrastructure accessibility and economic prosperity. 
Some studies show that transport infrastructure investments can both have positive (increased 
population or gross product) and negative economic impacts (degradation of the region, 
because firms and residents can move away from the region more easily) [1;18]. Transport 
infrastructure investments positively influence an area’s economic growth if three conditions met: it 
increases accessibility within a region, transport is a relevant input for the processes of the firms in 
the area, and the infrastructure does not generate significant negative environmental externalities 
[16]. Thompson and Taniguchi (2001) conclude that the construction of transportation infrastructure 
(increasing accessibility) leads to employment growth and lower consumer prices of commodities 
at the city level [33]. The effects at the state level was addressed address by Jiwattanakulpaisarn et 
al. (2010) indicate that lane-mile additions of own-state major highways could increase state 
employment growth in the services sector while reducing growth in manufacturing. However, the 
causal relationship has also found to work the other way around [31]. Gutierrez et al. (2010) 
considered how different approaches have been used to measure regional spillover effects and 
proposed a new methodology based on GIS and accessibility indicators to measure spatial 
spillovers of transport infrastructure investment [22]. Karou and Hull (2014) outlined the concept and 
methodology of a Spatial Network Analysis of Public Transport Accessibility (SNAPTA) model for 
measuring the accessibility by public transport to different urban services and activities, and 
presented the findings related to this pilot study with a focus on changes in potential accessibility to 
jobs between four different public transport network scenarios [37]. There have been numerous 
studies that have examined changes in rail accessibility as a result of the introduction of high-speed 
rails, particularly at the European scale. However, the results of these studies depend on the nature 
of the accessibility measure used, the nature of the high-speed rail implementation and the area of 
study [20]. Several authors presented a Geographical Information System (GIS)-based 
methodology, which analyses changes in the territorial distribution of accessibility resulting from 
high-speed rail investments. It has been estimated that the implementation of a European network 
of high speed trains could reduce weighted travel times between major European cites by as 
much as 50% [23]. Implementation of a single international line would have a much smaller effect 
across Europe – reducing weighted travel costs by 5% or increasing a market potential measure of 
accessibility by 2% [22]. If the study is done at a national scale, a new high-speed line might reduce 
rail travel times by 10% or lead to a broadly similar increase in market potential measures [9]. 
Several authors have analysed the impact of HSR in Europe using centrality indicators, including 
Bruinsma and Rietveld (1993), Spiekermann and Wegener (1996), Gutiérrez et al. (1996) and 
Gutiérrez (2001) [11; 26; 23; 21]. In general, these studies show differences in accessibility between 
regions rather than within regions. Where impedance functions are used, steeper impedance 
functions generally lead to more variation on a lower spatial scale. Some authors analyzed the 
influence of accessibility on labor supply [17; 18; 25]. A common approach is to assume that 
individuals allocate their total daily hours between work and non-work activities. Hence, reduced 
travel time will result in more time available for both work and leisure time activities. Given 
assumptions on work/leisure time substitution as well as on the income effect from reduced travel 
times and costs, improved accessibility has a positive effect on the amount of labor that individuals 
are willing to supply [12]. 
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Regarding population, Chi (2010) examines the role that highway expansion plays in the process 
of population change [13]. The author proposes an integrated spatial regression approach to study 
the impacts of highway expansion on population change in the 1980s and 1990s in Wisconsin at the 
minor civil division level. The findings suggest that the impacts of highway expansion on population 
change differ across rural, suburban, and urban areas: there are only indirect effects in rural areas, 
both direct and indirect effects in suburban areas, and no statistically significant effects in urban 
areas. In addition, Chi (2012) shows that airport accessibility and highway improvement promote 
population growth in rural areas [14]. In suburban areas, airport accessibility promotes population 
growth, while highway accessibility facilitates migration of population out of the area. In urban 
areas, highways and airports have no significant effect on population growth. Chi (2010, 2012) 
argues that in urban areas, infrastructure development reaches maturity, meaning that extra 
investments do not result in growth or development of the area [13; 14]. Koopmans et al. (2012) 
examined the impact of accessibility improvements on municipal population growth in the 
Netherlands between 1840 and 1930, using census data [3]. By mapping a multimodal transport 
network and calculating the shortest travel time between all municipalities, authors generated an 
accessibility indicator, which is strongly influenced by railway connections. The regressions show 
that high rail accessibility levels positively related to municipal population growth from 1880 
onwards. 

The importance of road transport infrastructure in the location decision of firms studied and 
analyzed the influence of road transport and other factors on industrial location in terms of the ex-
ante decision-making process. Based on conditional logit models and recent census data, Hong 
[40], studied the influence of transport and other factors on the location of foreign logistics firms 
across Chinese cities. The results of this research suggested that the location of foreign logistics firms 
depended on transport conditions in terms of roadway, railway and waterway, as well as market 
size, labor quality, agglomeration economies and government incentives. The importance of 
transport was found to vary with some firm-specific characteristics. 

Accessibility is not easy to quantify, and there is no best approach to measuring it [21]. In the 
scientific literature, accessibility measurements have generally been use to evaluate the 
performance of transport networks. The measurement of accessibility also plays a key role in 
evaluating the competitive advantage of some locations due to the quality of their transport 
infrastructure. Handy and Niemeier (1997) classified the available measures into three categories: 
isochrones (which indicate the number/proportion of destinations reachable within a given travel 
time/distance/ cost from an origin), gravity-based measures (which assume a gradual decrease in 
accessibility as the travel time to destinations increases) and utility-based measures (which estimate 
the accessibility at the individual level) [36]. Another classification was established by Geurs and 
Ritsema van Eck (2001) and Geurs and van Wee (2004), who suggested four basic perspectives: (1) 
infrastructure-based measures, (2) activity-based measures, (3) person-based measures and (4) 
utility-based measures [27; 28]. 

III. INDICATORS OF TRANSPORT NETWORK, SERVICES AND ACCESSIBILITY 

A. Indicators of transport infrastructure supply  

Endowment indicators consider the transport infrastructure in an area expressed by such 
measures as total length of motorways or number of railway stations. The indicators most frequently 
used are "density of infrastructure" (km of motorways or motorways per surface or number of 
inhabitants) or "connectivity to transport terminals" (generalized cost to get motorways entrances, 
railways stations etc.). These indicators are able to capture the capacity of the infrastructure 
independently from the services actually provided by transport carriers and their quality, and the 
utility they provide to fulfil the development opportunities of the region. 

The basic data needed to calculate this type of indicators are multimodal transport networks at 
European level, precise enough in terms of intermodal connections and location of transport 
terminals, with information concerning infrastructural characteristics [2]. 

List of indicators includes: 

 Length/density of roads by road category 

 Length/density of railways by railway category 

 Number of ports 

 Number of airports 

 Generalized cost to motorway entrances by road 
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 Generalized cost to railway stations by road 

 Generalized cost to airports by road 

 Generalized cost to airports by rail 

 Generalized cost to ports and logistic centres by road 

 Generalized cost to ports and logistic centres by rail 

Transport infrastructure capacity indicators can be grouped in two basic types, one describing 

capacities of links, the other capacities of terminals.  

Existing indicators of transport infrastructure capacity: 

 Link capacity Capacity of road 

 Capacity of railway track 

 Capacity of ferry link 

 Node capacity Capacity of road nodes (intersections, tollbooth) 

 Capacity of airport by category 

 Capacity of port by category 

 Capacity of intermodal terminals 

Existing indicators of transport services: 

 Number of departing/arriving trains by category and destination 

 Number of departing/arriving flights by destination 

 Number of departing/arriving ferries by destination 

 Number of passenger cars 

 Number of public transport vehicles by type 

 Number of goods vehicles by type 

 Link travel time by transport mode or multimodal 

 Origin-destination travel time by transport mode or multimodal 

 Link travel cost by transport mode or multimodal 

 Origin-destination travel cost by transport mode or multimodal 

 and type of traveller 

Indicators of network vulnerability include: 

 Geographic structural vulnerability of corridors 

 Climatic vulnerability of corridors 

B. Indicators for the actual use of transport networks and services 

Indicators for the actual use of transport networks and services which are used in relevant 
documents and studies: traffic volumes and flows and traffic flow indicators. A distinction is made 
between traffic indicators showing volumes on links or in nodes and flow indicators which always 
include origin and destination of the flows. 

The measure of volumes and flows in and out from a given place to all others already is an 
indicator of the actual accessibility, not related to the transport system by itself but to the 
integration of a region in a larger economic area. Actual traffic volumes and flows encapsulate 
other accessibility elements beyond the transport system such as cultural relations, language 
barriers, institutional cooperation. 

List of traffic volume and flow indicators includes: 

 Km per person per mode by purpose 

 Km per ton by goods type per mode 

 Traffic on road links by vehicle type 

 Number of trains and passengers on rail links  

 Number of passengers and freight, cars   and lorries on ferries 

 Traffic volume (passenger and freight) of airports 

 Traffic volume (passenger and freight) of ports 

 Traffic volume (freight) in intermodal terminals 

 Passenger flows by user type, trip purpose 
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 Goods flows by type of good 

 Flows with origin and destination in different areas by modes 

 

Traffic flow indicators are different from traffic volume indicators as they always include origin 
and destination, i.e. the relationship between two different points in space: 

 Traffic flow Passenger flows by user type, trip purpose 

 Trade/goods flows by type of good 

C. Accessibility indicators  

There are numerous definitions and concepts of accessibility. A general definition is that 
"accessibility indicators describe the location of an area with respect to opportunities, activities or 
assets existing in other areas and in the area itself, where 'area' may be a region, a city or a 
corridor" [5]. Accessibility indicators can differ in complexity. More complex accessibility indicators 
take account of the connectivity of transport networks by distinguishing between the network itself 
and the activities or opportunities that can be reached by it. These indicators always include in 
their formulation a spatial impedance term that describes the ease of reaching other such 
destinations of interest. Impedance can be measured in terms of travel time, cost or inconvenience 
[2]. 

Accessibility indicators can be classifying by their specification of the destination and the 
impedance functions [1]: 

 Travel cost indicators measure the accumulated or average travel cost to a 
predefined set of destinations. For instance, the average travel time to all cities of 
more than 500,000 inhabitants. 

 Daily accessibility is based on the notion of a fixed budget for travel in which a 
destination has to be reached to be of interest. The indicator is derived from the 
example of a business traveller who wishes to travel to a certain place in order to 
conduct business there and wants to be back home in the evening [3]. Maximum 
travel times of between three and five hours one-way are commonly used for this 
indicator type. 

 Potential accessibility. These most frequently applied and most extensively tested 
accessibility indicators are potential indicators. The potential of an area is the total of 
the destinations in other areas that can be reached from the area discounted by a 
negative function of the effort to reach them.  

Three kinds of potential accessibility indicator are suggested below. The first two measure 
accessibility to population, the last one accessibility to economic activity (expressed by gross 
domestic product, or GDP) [10]. Accessibility to population is an indicator for the size of market 
areas for suppliers of goods and services; accessibility to GDP an indicator of the size of market 
areas for suppliers of high-level business services. 

Potential accessibility is based on the assumption that the attraction of a destination increases 
with size, and declines with distance, travel time or cost. Destination size usually represents by 
population or economic indicators such as GDP (gross domestic product). Accessibility to 
population is seen as an indicator for the size of market areas for suppliers of goods and services; 
accessibility to GDP an indicator of the size of market areas for suppliers of high-level business 
services. 

Travel time and travel cost indicator give a good impression of the effort to reach other places. 

A list of travel time and cost indicators include: 

 Link travel time by transport mode or multimodal 

 Origin-destination travel times by transport mode or multimodal 

 Link travel cost by transport mode or multimodal 

 Origin-destination travel costs by transport mode or multimodal and type of traveller 

Travel time and travel cost indicator will be presented in numerical form as well as in maps 
showing indicator values link by link or isochrones or isocosts for selected origins. 

The list of indicators includes indicators of the following groups (see Figure1): 

 Indicators describing the supply of transport networks and services, 

 Indicators describing the use of transport networks and services, 

 Accessibility indicators. 
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Transport infrastructure supply indicators can be grouped in two basic categories. Endowment 
indicators consider the transport infrastructure in an area expressed by such measures as total 
length of motorways or number of railway stations. Endowment indicators are indicators measuring 
the suitability of the region for economic activity and may include traditional location factors such 
as availability of skilled labor and business services, capital stock (i.e. production facilities) and 
intraregional transport infrastructure as well as 'soft' location factors such as institutions of higher 
education, good housing and a pleasant climate and environment. Morphological indicators 
describe features of modal networks and are mainly derived from graph theory or fractal theory. 
Transport infrastructure capacity indicators can be grouped in two basic types, one describing 
capacities of links and the other capacities of terminals [10]. 

 
Figure 1. Indicators of transport network, services and accessibility. [39] 

 

Accessibility indicators may be calculated for road, rail, inland waterways or air. Multimodal 
accessibility indicators combine several modal accessibility indicators. Intermodal accessibility 
indicators include trips by more than one mode. Accessibility indicators at the continental, 
transnational or regional scale may require data of different spatial resolution with respect to area 
size and network representation, intra-area access and intra-node terminal and transfer time. Equity 
accessibility indicators may be calculated for specific groups of areas in order to identify 
inequalities in accessibility between rich and poor, central and peripheral, urban and rural, nodal 
and interstitial areas. Accessibility indicators may be calculate for different points in time in order to 
show changes in accessibility induced by TEN projects or other transport policies, including their 
impacts on convergence or divergence in accessibility between areas. Accessibility indicators may 
be calculate from the point of view of different population groups such as social or age groups, 
different occupations such as business travellers, tourists or different economic actors such as 
industries or firms. Accessibility indicators may measure the location of an area with respect to 
opportunities, activities and assets such as population, economic activities, universities or tourist 
attractions. The activity function may be rectangular (all activities beyond a certain size), linear (of 
size) or non-linear (to express agglomeration effects) [38]. 

The spatial impedance term may be a function of one or more attributes of the links between 
areas such as distance (Euclidean or network distance), travel time, travel cost, convenience, 
reliability or safety. The impedance function applied may be linear (mean impedance), 
rectangular (all destinations within a given impedance) or non-linear (e.g. negative exponential). 
The use of the links between areas may be constrained by regulations (speed limits, road gradients, 
maximum driving hours) or by capacity constraints (vehicle size, congestion). In addition to spatial 
impedance, also non-spatial (e.g. political, economic, legal, cultural or linguistic barriers) between 
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areas may be considered. In addition, non-spatial linkages between areas such as complementary 
industrial composition may be considered. 

D. Dimensions of accessibility indicators 

Accessibility indicators may be sensitive to the following dimensions: origins, destinations, 
impedance, constraints, barriers, types of transport, modes, spatial scale, equity and dynamics [29]. 

- Origins: Accessibility indicators may be calculated from the point of view of different population 

groups such as social or age groups, different occupations such as business travellers or tourists, or 
different economic actors such as industries or firms. 

- Destinations: Accessibility indicators may measure the location of an area with respect to 
opportunities, activities and assets such as population, economic activities, universities or tourist 
attractions. The activity function may be rectangular (all activities beyond a certain size), linear (of 

size) or non-linear (to express agglomeration effects). 

- Spatial impedance: The spatial impedance term may be a function of one or more attributes of 

the links between areas such as distance (Euclidean or network distance), travel time, travel cost, 

convenience, reliability or safety. The impedance function applied may be linear (mean 
impedance), rectangular (all destinations within a given impedance) or non-linear (e.g. negative 

exponential). 

- Constraints: The use of the links between areas may be constrained by regulations (speed limits, 
access restrictions for certain vehicle types or maximum driving hours) or by capacity constraints 
(road gradients or congestion). 

- Barriers: In addition to spatial impedance the non-spatial, e.g. political, economic, legal, cultural 
or linguistic barriers between areas or non-spatial linkages between areas such as complementary 
industrial composition may also be considered.  

- Types of transport: Only personal travel or goods transport, or both, may be considered. 

- Modes: Accessibility indicators may be calculated for road, rail, inland waterways or air. 
Multimodal accessibility indicators combine several modal accessibility indicators. Inter-modal 
accessibility indicators include trips by more than one mode. 

- Spatial Scale: Accessibility indicators at the continental, transnational or regional scale may 
require data of different spatial resolution both with respect to area size and network 
representation, intra-area access and intra-node terminal and transfer time. 

- Equity: Accessibility indicators may be calculated for specific groups of areas in order to identify 

inequalities in accessibility between rich and poor, central and peripheral, urban and rural, nodal 

and interstitial areas. 

- Dynamics: Accessibility indicators may be calculated for different points in time in order to show 
changes in accessibility induced.   

IV. CONCLUSION 

The relationship between transport infrastructure and spatial development has become more 
complex than ever. Accessibility concepts range from very simple indicators to sophisticated 
indicators and they can differ in complexity: 

 Simple accessibility indicators (“endowment“) - take only transport infrastructure in the 
area itself into account (e.g. length of road, number of railway stations or port or airport 
existing). 

 More complex accessibility indicators - take account of the connectivity of transport 
networks, distinguish between network itself and the opportunities that can be reached 
(e.g. travel time to cities, daily accessibility, potential accessibility). 

This Paper provides a brief review on existing indicators for transportation networks and services. 
Any indicator presents just a simplified model of understanding and explaining reality; by definition, 
they just “indicate” certain aspects of the problem or the concept being studied while other 
aspects remain dark. Successful indicators, rather than trying to explain everything, have to be 
focused on key aspects, illuminating those aspects more relevant to the problem under scrutiny. 
Therefore, multiple indicators, as scientifically consistent and policy-meaningful as feasible, needed 
to get useful insights [10]. The purpose of the Paper is to show existing indicators and new indicators 
of accessibility, more complex, scientifically consistent and relevant to contemporary trends on 
transport. The existing indicators do answer the research questions only to a certain degree. New 
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indicators are showing the interrelationships between the supply, trends and impacts of transport 
infrastructure networks and services and territorial features, such as the degree of polycentrism, 
accessibility to different types of regions and territories, areas lagging behind, inter- and 
multimodality and missing links. 

Each of the different accessibility types has its own advantages and disadvantages. Travel time 
indicators and daily accessibility indicators are easy to understand and to communicate though 
they generally lack a theoretical foundation. Potential accessibility is founded on sound 
behavioural principles but contain parameters that need to be calibrated and their values cannot 
be expressed in familiar units. 

Accessibility concepts range from very simple indicators to sophisticated indicators and models 
used in regional science. Different accessibility models used diferent accesibility indicators. Over 
the last decades, there are a growing number of accessibility models, accessibility studies and 
project addressing European accessibility. Accordingly, accessibility as an issue has an important 
role in the European Observation Network, which provides a wide range of indicators that describe 
the the transportation system and its spatial implications and indicators accessibility. The purpose of 
the European Observation Network (ESPON) projects is one the one hand updating existing 
indicators and advancing in new indicators scientifically consistent and relevant to contemporary 
trends on transport, and on the other, gathering a set of policy. In addition, raster-based maps, 
time space maps and chronocarts may be considered as a starting point to develop innovative 
cartographic methodologies as in [10]. Combining the Geographic Information System (GIS) and 
statistical monitoring results in a framework of statistical-cartographic data and indicators, that can 
be a suitable base for decision makers.  

The existing accessibility indicators used in ESPON, notably in the [10] used a measure of potential 
accessibility, based on what the existing physical infrastructure could provide in terms of transport 
flows. Such as in [10], each of the different accessibility type indicators have been calculated and 
presented for the European territory. The accessibility model based on [4] uses centroids of NUTS-3 
regions as origins and destinations. The accessibility model calculates the minimum paths for the 
road network, i.e. minimum travel times between the centroids of the NUTS-3 regions. For each 
NUTS-3 region, the value of the potential accessibility indicator is calculate by summing up the 
population in all other regions including those outside the ESPON space weighted by the travel time 
to go there. Because the accessibility indicators are in non-familiar units, accessibility is 
standardised to the average accessibility of the ESPON space. 

The other important aspect is the mission of The Organization for Economic Cooperation and 
Development (OECD, 1998-2000) which investigate current evaluation studies of major transport 
infrastructure projects in OECD Member countriesi. The aim is to develop guidance for governments 
and transport administrations on how to identify such impacts and include them in appraisal 
methodologies in order to improve the efficiency of investment in transport infrastructure. The 
application of cost benefits analysis in OECD Member countries for this purpose has tended to 
concentrate on the direct user benefits of transport. However, it was been suggested that transport 
infrastructure investment has wider impacts on regional development, which range beyond direct 
user benefits, and these should also be taken into account in order to ensure efficient allocation of 
resources [39]. 

This Paper shows that accessibility is an important determinant of the attractiveness of regions 
and hence and should be taken into account in government policies and transportation planning 
studies and strategies. Accessibility indicators could be use as part of a spatial monitoring system. 
Such accessibility indicators could have significant political relevance and could be use in different 
regional policy contexts. Policies to improve regional accessibility by transport infrastructure 
investments belong to the most effective policies to stimulate regional competitiveness and 
economic development [39]. 
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