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Recent advances and applications in accessibility modelling

@ CrossMark

Accessibility is a concept that has become central to physical
planning and spatial modelling for more than fifty years. As mea-
sure of the relative nearness or proximity of one place and persons
to all other places or persons, conceptually linked to Newton’s law
of gravity, its origins can be traced back to the 1920s when it was
used in location theory and regional economic planning (Batty,
2009) and retail planning (Stewart, 1948). In his classic paper,
Hansen (1959) was the first to define accessibility as a potential
of opportunities for interaction and applied the concept to forecast
employment developments in Washington D.C. Hansen'’s gravity-
based measure of accessibility was a generalization of the concept
of population potential, which was based on the notion of potential
in physics systems by Stewart (1948). Since then, accessibility
analyses have addressed the issue of spatial interaction. Spatial
Interaction Models (SIMs) provide an explicit link between accessi-
bility modelling, and economic, demographic and transport flows.
SIMs have a long history and have been used in a wide variety of
contexts. Wilson (1970) gave SIMs theoretical strength by deriving
them using the entropy maximization approach, and the doubly-
constrained form formed the bases for transport flow modelling.
The formal equivalence between SIMs and logit models/micro-eco-
nomic theory was shown by Anas (1983). The accessibility function
can be directly derived from SIMs and it therefore contains SIM
behavioural cost components (Reggiani, 2014). Moreover, the rele-
vance of topological/connectivity structures in the accessibility
analyses has, in some way, been anticipated by Weibull (1980),
who considered accessibility as a property of configuration of
opportunities for spatial interaction.

Accessibility models have in the past decades been applied in
several academic fields such as urban geography, rural geography,
health geography, time geography, spatial economics and trans-
port engineering. Many different applications have been developed
in these fields and can be categorized in several ways. Here, we use
the categorization of accessibility measures from the well-cited
review paper from Geurs and Van Wee (2004). They provide an
overview of components of accessibility and perspectives on
accessibility, which we will use as a categorization of accessibility
measures. Geurs and Van Wee distinguish four basic perspectives
on accessibility: (i) infrastructure-based measures, analyzing the
performance or service level of transport infrastructure, (ii) loca-
tion-based measures, analyzing accessibility of spatially distrib-
uted activities, typically on an aggregate level, (iii) person-based
measures, founded in the space-time geography, analyzing acces-
sibility at the level of the individual level, and (iv) utility-based
measures, analyzing the welfare benefits that people derive from
levels of access to the spatially distributed activities.

These perspectives focus on one or several of the four compo-
nents of accessibility distinguished by Geurs and Van Wee: (i)
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0198-9715/© 2014 Elsevier Ltd. All rights reserved.

the land-use component reflecting the amount, quality and spatial
distribution of opportunities, (ii) the transportation component
describing the disutility of travel in terms of time, cost and effort,
(iii) the temporal component reflecting the temporal constraints
and variability, and (iv) the individual component reflecting the
needs, and abilities of individuals. Here, we describe the directions
which academic literature in the recent years took to improve the
treatment of the four components in accessibility modelling.
Several research directions target the improvement of the land
use component of accessibility in accessibility modelling. This fol-
lows the continuing trend from the past decade or more to develop
more complex and disaggregated accessibility measures. These
trends partly result from improvements in techniques to construct
location-based accessibility indicators. These techniques have
evolved from simple calculations to complex and detailed methods
that use algorithms within a Geographic Information Systems (GIS)
platform to estimate for example block-level accessibility (e.g.,
Chen et al,, 2011). A new generation of accessibility models will
also benefit from advances in geospatial technology. The new geo-
graphic information science for transport analysis (also known as
GIS-T) includes powerful instruments for modelling and visualiz-
ing accessibility (Thill, 2009). Furthermore, an upcoming research
stream focuses on web-based mapping and applications that use
internet technologies to retrieve detailed information about local
amenities. Pdez, Moniruzzaman, Bourbonnais, and Morency
(2013), for example, developed a web-based accessibility instru-
ment employing Google Maps API to retrieve information about
local amenities (e.g. groceries, restaurants, fitness, banks, etc.)
and estimate accessibility by car, walking and cycling. Other aca-
demics developed accessibility models including location-based
competition, which occurs when there is a mismatch in the spatial
distribution of population (or population segments) and opportu-
nities with capacity constraints. Academic research focuses on
competition for jobs (e.g., Cheng & Bertolini, 2013; Geurs &
Ritsema van Eck, 2003) and health care facilities (e.g., Dewulf,
Neutens, De Weerdt, & Van De Weghe, 2013; Wan, Zou, &
Sternberg, 2012). In this special issue, Wang, Monzén, & Di
Ciommo introduced an adapted accessibility indicator taking into
account jobs competition for Madrid, Spain. Despite the higher
level of detail in the treatment of the land use component, there
remains a lack of attention for the dynamic relationship between
land-use and accessibility in accessibility modelling studies. This
is despite the fact that the two-way interaction between transport
and land-use has been one of the central research topics of trans-
port studies (e.g., Banister & Berechman, 2001) and academic
research on land-use/transport-interaction (LUTI) modelling is
growing (e.g., Chang, 2006; Waddell, 2011). In this Special Issue,
Wang et al. and Zondag, de Bok, Geurs, & Molenwijk show the
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added value of embedding accessibility measures within the
framework of a LUTI model. Zondag et al., for example, show that
modest changes in location choices of residents and firms can have
significant effects on the accessibility benefits of public transport
investments.

A second set of research directions target the transport compo-
nent of accessibility. The transportation component of accessibility
measures is often assumed based on conventions, and reasonable
expectations on the part of the analyst (see Paez, Scott, &
Morency, 2012, for a review). However, there is growing attention
for actual measures of travel behaviour or travel costs as perceived
by the traveler (subjective accessibility). Krizek, Horning, and EI-
Geneidy (2012), for example, show that individuals’ perception of
walking accessibility to retail is fraught with error. Curl, Nelson,
& Anable (this issue) compare objective to subjective accessibility
measures through logistic regression models in England, UK and
finds significant discordance between the two. The differences vary
spatially (between urban and rural settings), destination (e.g.
familiar and unfamiliar destinations) and socially (e.g., age). More-
over, a growing number of accessibility studies is examining the
vulnerability and resilience of transport systems to sudden disrup-
tions, contrasting the mainstream of research examining accessi-
bility under ‘normal’ circumstances. In this issue, Jenelius and
Mattsson adopt vulnerability measures to the road system of Swe-
den as proxy for accessibility decay, and Osth, Reggiani, & Galiazzo
analyze the interplay between accessibility and economic resil-
ience at the level of municipalities of Sweden. Osth et al. show that
economic resilience varies strongly between urban and rural areas.
Rural municipalities in Sweden with estimates of poor resilience
and poor accessibility in general also experience population loss.
However, the relationship between resilience and accessibility
seems not strictly linear. In this issue, Caschili, De Montis, &
Trogu also show the interplay between accessibility and rurality
at the level of municipality in Sardinia, Italy, using spatial autocor-
relation analysis. They find that there is not always a spatial corre-
lation between accessibility and rurality of an area. In an era where
cities triumph (Glaeser, 2012) over rural areas with declining and
ageing populations, the complexity of urban-rural interactions is
a research area which deserves more attention, also in the light if
accessibility issues (Taylor, & Susilawati, 2012).

A third, and growing field of accessibility modelling is related to
temporal dynamics in accessibility. So far, mainstream accessibility
models can all be considered static measures of access, since the
score for a particular location does not vary temporally, which as
a result may not suitably represent the actual levels of access for
different population groups and activity purposes. However, now-
adays, time-of-day variations in road network accessibility can be
examined using realtime driving speeds on road networks based
on GPS measurements from mobile phones and navigation systems
such as TomTom or NavTeq. Recent advances in geospatial technol-
ogy, open source web-based mapping (e.g., OpenStreetMap) and
public availability of Transit Feed Specification (GTFS) data from
transit authorities gives room for a growing field of research on
time-of-day variations in public transit accessibility (e.g., Lei,
Chen, & Goulias, 2012; Owen, & Levinson, 2014).

Fourthly, and finally, person-based accessibility measures, mea-
suring accessibility at the individual level as opposed to a zonal
levels, also remains to attract academic research, partly in response
to recognizing that location-based measures are less suited for
understanding the complexities of and individual difference in
human spatial behaviour (Kwan, & Weber, 2003). For example,
recent studies examined the spatial variation in opportunities for
social interaction (e.g., Neutens, Farber, Delafontaine, &
Boussauw, 2013; Farber and Li, 2013). A related direction of acces-
sibility research focuses on measuring the social dimension of
transport using accessibility concepts, using location-based or

person-based accessibility concepts to social exclusion, social
equity, and/or social justice (e.g., Achuthan, Titheridge, &
Mackett, 2010; Bocarejo S and Oviedo H, 2012).

It seems with advances in geospatial technology, internet tech-
nology, and abundance of detailed spatial data and real-time trans-
port data sets, the field of accessibility modelling is thriving. In this
era of data abundance, reflections on the role of accessibility mod-
elling are more than ever important in the search for sound and
interdisciplinary accessibility theories and tools. This is the ratio-
nale which characterizes the articles included in this Special Issue.
Some of the contributions in this special issue have been inspired
by concepts and ideas discussed in the papers presented in a
ERSA-NECTAR' Special Session on Accessibility and Spatial Patterns
organized by Andrea De Montis and Aura Reggiani in the context of
the ERSA 50th Conference held in Jenkeping (Sweden) on 19-23
August 2010.

In Table 1, the focus of the six articles collected in this Special
Issue is further explained with a classification using the following
main features:

. The main component of accessibility on which analysis focuses;
. Transportation system indicates to which transportation context
the authors are referring;

3. Region, country elucidates the national context under analysis;

4. Socio-economic variable refers to the categories of people that
are analyzed in their mobility/accessibility choices;

5. Spatial unit explains the level of spatial organization of the data;

6. Time period reports the time span when the data were collected;

7. Methodology indicates the analytical tool(s) adopted for con-
structing the accessibility measures;

8. Accessibility measurements/proxy reports on the measurements

used to calculate the level of accessibility.

N =

The papers included in this special issue are interrelated and
show a number of common concepts. Some papers approach acces-
sibility by defining for the first time or post processing measures of
complex socio-economic phenomena assessed through multi-com-
ponent indicators. Curl et al. consider composite measures pro-
vided by the two datasets Core Accessibility Indicators (CAI) and
National Travel Survey (NTS), while Caschili et al. explore the inter-
play between accessibility and Composite Indicator of Rurality
(CIR), and Osth et al. study the relation between accessibility and
Resilience Capacity Index (RCI). Another leitmotif, as noted earlier,
is the adoption of instruments falling in the cluster of Land-Use
and Transport Interaction (LUTI) models. Zondag et al. describe
the characteristics of TIGRIS XL, a national modelling framework
able to perform, inter alia, discrete choice modelling in the context
of a recursive quasi dynamic LUTI model. Wang et al. work out a
LUTI model, i.e. the Metropolitan Activity Relocation Simulator
(MARS), while introducing an adaptive accessibility indicator.
Accessibility is defined in some papers by invoking the efficiency
of the system in a dynamic context. So Jenelius and Mattsson focus
on vulnerability, i.e. the social risk of transport system disruption
and degradation, while Osth et al. commit themselves to resilience,
i.e. the capacity to resist to or to recover from shocks. Some authors
adopt the definition of accessibility as potential of opportunity for
interaction. In this context, Caschili et al. describe commuter
movements between municipalities in a European region, Wang
et al. model the displacement of individuals in a European city,
and Osth et al. do so at the level of municipalities in a European
state. In two papers, the authors adopt Spatial Interaction Model-
ling (SIM) techniques to calibrate the description of the movement

1 ERSA (European Regional Science Association): http://www.ersa.org/; NECTAR
(Network on European Communications and Transport Activity Research): http://
www.nectar-eu.org.
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to the relational behaviour of the agents belonging to the entire
spatial system. In this direction, Caschili et al. and Osth et al.
deploy a doubly-constrained SIM by managing the calibration of
two balancing factors and time-distance cost sensitivity parame-
ters, which vary depending on the location.

From the overview of literature and the papers in this special
issue it will firstly be clear that considerable progress has been
made in accessibility modelling in recent years. However, at the
same time, the papers in this issue show a clear need for additional
research on several topics, such as the inclusion of user perceptions
of transport impedance factors, the dynamic relationship between
land-use and accessibility in accessibility modelling studies, the
relationships between accessibility, vulnerability, resilience and
transport in spatial networks, and, consequently, the relationship
between accessibility and network connectivity at different scale
levels (urban, regional, national, etc.). Secondly, it is clear that
advances in accessibility models have taken many different direc-
tions. Accessibility is a multifaceted concept which make the devel-
opment of different approaches and models appealing for
researchers but at the same time a confusing amount of definitions,
approaches and modelling outcomes are generated with increas-
ingly higher spatial resolutions. A first direction for future accessi-
bility research would be to develop more unified and
comprehensive conceptions of accessibility and test them in prac-
tice. These would need to bring together different dimensions of
accessibility (e.g., economic, social, cognitive and psychological)
and incorporate relevant transport and communication modes, user
groups and travel generating opportunities (Geurs et al., 2012). A
second, and more practical, research direction would be to focus
on comparative accessibility studies to sort out which approaches
and model specifications are appropriate for which study purpose
and spatial context. From existing comparative studies it is well
known that different accessibility approaches and specifications
(e.g., using different distance decay functions, or different connec-
tivity structures) can lead to very different conclusions for the same
study area (e.g., Kwan, 1998; Linneker & Spence, 1992; Neutens,
Schwanen, Witlox, & de Maeyer, 2010; Thill & Kim, 2005).

Vulnerability measure as a proxy of the potential

accessibility decay
Doubly constrained spatial interaction model

Potential of opportunity for interaction

Jobs opportunity

Interplay between accessibility and RCI

Spatial autocorrelation analysis

Network analysis of the road system
Composite indicators

Social welfare objective function

maximization
Vulnerability GIS-base modelling

2008

12.5 x 12.5 km? 2013
cell

Resilience Capacity Index (RCI) Municipality
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