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Abstract: Accessibility differences across individuals are a core topic in the transport equity debate.
Space-Time Accessibility measures (STAs) have often been used to show such differences, given their
sensitiveness to individual spatial and temporal constraints. However, given their complexity, STAs
cannot properly isolate the specific role of the transport system in individual accessibility differences,
since it is mixed with several other spatial, individual and temporal factors. To isolate the role of
the transport system, this study introduces a Space-Time Transport Performance measure (STTP)
that (a) grounds on the individual daily schedule of fixed activities, (b) calculates the generalised
transport costs each individual has to bear to perform such schedule, and (c) weights it against the
Euclidean distance between the activities of such a schedule. STTP is tested together with STA for a
small sample of individuals living and performing their daily activities within the 22nd district of
Vienna. This test provides two main findings: first, individual differences registered by STTP tend to
be smaller than those highlighted by STA, according to the former’s more narrowed and transport-
specific approach. Second, individuals with the highest STA do not necessarily register the highest
STTP (and vice versa). Indeed, some may experience limited transport performances when running
their mandatory daily schedule, while registering a high degree of access to discretionary activities
according to their constraints and opportunities at disposal (and vice versa). Considering these
results, STTP may be seen as a complementary indicator to be used together with STA to analyse both
general and transport-specific individual accessibility differences. Its role is particularly important for
transport policy makers, who should understand which accessibility differences are directly linked to
the performances of the transport system and could be remediated through transport policies.

Keywords: transport equity; distributional analysis; accessibility; space-time model; transport policy

1. Introduction

As highlighted by van Wee and Mouter [1], “in the transport policy literature, there
is consensus that ‘sound’ policies have to meet three criteria: they should be effective,
efficient and fair” [2]. Effectiveness and efficiency have received significant attention in
the last decades [1], while the same does not apply to fairness except for contributions
addressing social exclusion (e.g., ref. [3]). In recent years, the attention on transport fairness
has increased thanks to the growing importance of inequality reduction at the international
level, e.g., among the Sustainable Development Goals of the United Nations [4]. The lack
of studies in this field is linked to the normative nature of fairness, making it difficult to
measure and apply it to a cost–benefit analysis (one of the most diffused policy assessment
tools [1,5]). Due to this normative issue, most studies in transport fairness focus on
distributional analyses, i.e., how transport effects (such as air pollution variations or safety
variations) are distributed over people [1,6]. One of the most addressed effects is the
variation of individual accessibility differences [5]. Indeed, accessibility is one of the critical
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pillars for a sustainable mobility paradigm [7]. Its improvement is one of the core concerns
for transportation ministries throughout the world [8].

However, most accessibility measures developed in the literature are not suitable to
point out such individual differences since they focus on the physical separation among
places and overlook the accessibility differences that could exist among people living in
the same area (e.g., because of their different modal restrictions or daily schedules [9]).
To fill this gap, so-called person-based accessibility measures have been developed [10,11].
Among them, the Space-Time Accessibility measure (STA) is one of the most diffused given
its sensitiveness to individual space-time constraints [12–14]. Although STA is very suitable
for investigating individual accessibility differences in general, its high complexity does
not allow a clear understanding of the specific role the transport system plays in such
differences, differences which are fed by a multitude of spatial, transport, individual and
temporal factors. This is a relevant limit of STA especially from the perspective of transport
policy makers, who should introduce transport policies aimed at reducing such differences.
Indeed, accessibility differences are often unavoidable and the transport system cannot
remediate them [1]. For instance, inevitably, people living close to a large facility (e.g., a
hospital) have better access to it than people living far away. However, this is unavoidable
due to land-use constraints (hospitals cannot be built in any municipality), and transport
policies cannot eliminate distance. Given this issue, it is necessary to complement STA with
transport performance measures (With the term “transport performance” we mean a set of
transport indicators that describe the efficiency of the transport system, such as commercial
speed, network capacity, service period, average waiting or transfer time, or monetary cost
of travel) able to isolate the specific role of the transport system in individual accessibility
differences, which could be avoided or remediated through transport policy interventions.
For this purpose, this paper introduces a so-called Space-Time Transport Performance measure
(hereinafter STTP).

The rest of the article is organised as follows. Section 2 reviews main place- and
person-based accessibility measures used in literature and points out the elements that
prevent STA from isolating the role of the transport system in individual accessibility
differences. On this basis, Section 3 introduces STTP by describing its key features and
its computation process. STTP is then tested in Section 4 together with STA to determine
the complementary results that are achievable with the proposed measure. Moreover, it
discusses the limits of STTP. Section 5 concludes the contribution by highlighting potential
contexts of application.

2. Place- and Person-Based Accessibility Measures

In general terms, place-based measures calculate accessibility for a location by assum-
ing that all people in that location register the same accessibility. Conversely, person-based
calculations analyse accessibility for individuals living in the same area to understand
how accessibility varies across them [15]. Sections 2.1 and 2.2 summarise the main place-
and person-based measures developed and used in literature, while Table 1 displays their
definition, mathematical formulation and main conceptual and operational pros and cons.
Afterwards, Section 2.3 discusses the factors that prevent STA from isolating the role of the
transport system in individual accessibility differences.

2.1. Place-Based Measures

Place-based measures calculate how easy it is for people departing from a place to
reach opportunities located in another [9,16]. Following this definition, three main types
of place-based measures have been developed: cumulative-opportunity, gravity-based and
adapted gravity-based measures ([9,17]; Table 1). All of these are a function of two core
elements: (a) an attraction factor given by the amount, spatial distribution and quality
of opportunities to access; and (b) an impedance factor given by the effort needed to
reach these opportunities [18]. These are combined in different ways. The cumulative-
opportunity measure (e.g., refs. [19–21]) counts the number of opportunities reachable from
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an origin location within a predetermined threshold usually defined in terms of travel
time or cost. It is a very straightforward approach, but it shows some limits since counted
opportunities have the same importance regardless of the effort needed to reach them.
The gravity-based measure (e.g., refs. [22–24]) addresses these limits since it calculates the
accessibility of an origin as a function of the number and importance of opportunities
at the destination, weighed against the travel effort needed to reach them. However, it
neglects the competition between the demand for and supply of opportunities. The adapted
gravity-based measure (e.g., refs. [25–27]) incorporates them through a double constrained
spatial interaction model with two mutually-dependent balancing factors [17].

These three measures have two main limitations that person-based measures aim
to overcome [13,28]. First, they assume that all individuals who depart from the same
origin location experience the same level of accessibility regardless of their different spatial,
temporal and modal constraints. Second, they calculate accessibility for a single reference
location (typically home place) overlooking the fact that people generally perform a se-
quence of daily activities that are differently located in space and time, and this sequence
affects their accessibility.

2.2. Person-Based Measures

Three main types of person-based measures address the gaps of the place-based
measures: the utility-based, individual integral and space-time measures ([11,17]; Table 1).
The utility-based measure (e.g., refs. [9,29,30]) grounds on economic theories and calculates
accessibility as the maximal economic utility individuals can get from the access to spatially
distributed opportunities based on their perception of the utility of the options at their
disposal. The individual integral measure (e.g., refs. [31–33]) is a gravity-based measure
adjusted to be person-specific. The adjustment is performed either by disaggregating data
and analysis by, e.g., trip purposes, transport modes, age or income groups; or by using
a non-zonal method as the point-based approach, which allows a focus on specific point
locations and measurement of point-to-point travel costs at the individual level. Although
person-based, this last measure focuses on a single reference location, and it overlooks the
spatio-temporal constraints affecting people on a daily basis [34]. The space-time measure
addresses these limitations in the most comprehensive manner (e.g., refs. [14,35,36]).

For this reason, this is considered an effective approach to measure accessibility at
the individual level and to discuss individual accessibility differences [10]. It derives
from the time geography framework elaborated by Hägerstrand [37] and focuses on the
set of discretionary opportunities (i.e., non-mandatory daily activities) that individuals
could reach on a daily basis given the spatio-temporal constraints posed by their fixed
daily activity chain (i.e., mandatory daily activities) [38]. This set is called a Feasibility
Opportunity Set (FOS), and is obtained in three steps. First, the daily sequence of fixed
activities constrained in space and time for a person is schematised. This sequence generates
a so-called Space-Time Path (STPA). Based on the STPA, the Potential Path Areas (PPAs) are
calculated for each couple of the following fixed activities in the STPA. Each PPA includes
all the locations that an individual could visit between two subsequent fixed activities,
given the mandatory departure time from the former, the mandatory arrival time at the
latter, the time needed to travel between them, and the time required to visit such locations.
By extending the calculation of the PPA to all couples of sequential fixed activities, the
Daily Potential Path Area is obtained (DPPA). All the opportunities that belong to the DPPA
constitute the FOS and define the space-time accessibility measure (STA).
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Table 1. Main place- and person-based accessibility measures and their key features.

Accessibility Measure General Definition Mathematical Formulation * Conceptual/
Operational Pros

Conceptual/
Operational Cons Sample References

Pl
ac

e-
ba

se
d

m
ea

su
re

s

Cumulative
opportunity

Set of opportunities
reachable from a
location within a
pre-defined travel
time or cost

Ai = ∑
j=n
j=1 Oj f

(
TCij

)
f
(
TCij

)
=

{
1 f or TCij ≤ T

0 otherwise

Easily
understandable and
applicable

Opportunities have
the same
importance
regardless of their
features

[19–21]

Gravity-based

Set of opportunities
reachable at
destination
weighed by the
travel effort needed
to reach them

Ai = ∑
j=n
j=1 Oj f

(
TCij

) It considers the role
of the travel effort
in decreasing
accessibility

It neglects temporal
constraints and
competition effects

[22–24].

Adapted
gravity-based

Gravity-based
measure including
competition effects
between demand
for and supply of
opportunities

ai = ∑
j=n
j=1

1
bj

Oj f
(
TCij

)
bj = ∑i=m

i=1
1
ai

Di f
(
TCij

)
It includes
competition effects
between demand
for and supply of
opportunities

Particularly difficult
to operationalize
and adopt in
concrete analyses

[25–27].

Pe
rs

on
-b

as
ed

m
ea

su
re

s

Utility-based

Maximal economic
utility individuals
can get from the
access to spatially
distributed
opportunities

Au = 1
λ ln ∑z∈Cu exp(λVzu)

Utility is measured
at individual level
and results can feed
economic
evaluations

Temporal
constraints are
neglected while
results are not easily
understandable

[9,29,30]

Individual
integral

Gravity-based
measure adapted to
analyse individual
accessibility
through
disaggregation or
point-based
approach

Aui = ∑
j=n
j=1 Ou

j f
(

TCu,k
ij

) It allows focusing
on e.g., specific trip
purposes, transport
modes, or age
groups

It measures
accessibility for a
single location and
neglects
spatio-temporal
constraints

[31–33]

Space-time

Set of opportunities
reachable by an
individual
according to
his/her daily
activity programme
and constraints

Au = ∑w=n
w=1 Ow I(w)

I(w) =

{
1 i f w ∈ DPPA

0 otherwise
DPPA ={
(w, t)

∣∣∣ta +
da,w

v ≤ t ≤ ta+1 +
dw,a+1

v

}
Sensitive to
individual transport
specificities and
spatio-temporal
constraints

It needs peculiar
input data and skip
transport factors
beyond travel time

[14,35,36]

* Where: Cumulative opportunity: i is an origin location; j is a destination location; Oj are the opportunities
available at destination; TCij is the cost of travelling from i to j; f (TCij) is the travel cost function, which may
assume different forms such as linear, Gaussian, logistic or negative exponential; T is the travel cost threshold
set in the analysis. Gravity-based: i, j, Oj, TCij and f (TCij) are defined above. Adapted gravity-based: i, j, Oj,
TCij and f (TCij) are defined above; ai is the balancing factor for demand in location i; bj is the balancing factor
for supply in location j; Di is the demand for opportunities in i. Utility-based: u is a user for whom accessibility
is calculated; λ is the travel cost coefficient; z is one of the choices that u can make; Cu is the set of choices z
that u can make; Vzu is the systematic utility of the choice z for u. Individual integral: u, i, j, Oj and f (TCij) are
defined above; TCij

u ,k is the travel cost for u from i to j by transport mode k. Space-time: u is defined above;
w1−n are the locations of discretionary opportunities; Ow are the discretionary opportunities Ow available in
w1−n; DPPA is the Daily Potential Path Area; t is the time needed to participate in a discretionary opportunity Ow;
ta is the ending time of a fixed activity a; ta+1 is the starting time of the following fixed activity a+1; da ,w is the
physical distance between a and w; dw ,a+1 is the physical distance between w and a+1; v is the average speed on
the transport network.

2.3. Limits of STA in Describing the Role of the Transport System

Thanks to its individual sensitiveness and capacity to comprise all the four accessibility
components (land-use, transport, individual and temporal; [17]), STA is often adopted in the
analysis of accessibility differences (e.g., refs. [10,12,39]). Nevertheless, STA presents some
limits when it comes to isolating the role of the transport system in individual accessibility
differences. In particular:

• Limited relevance of the transport system performances in the FOS: STA is repre-
sented by the FOS, which mostly depends on the amount and spatial distribution of
the discretionary opportunities and the spatio-temporal constraints of the STPA [11].
Therefore, STA focuses highly on spatial and temporal accessibility components and
less on transport performances [17]. This is a gap when the aim is to isolate the specific
role of a transport system in individual accessibility differences. For instance, let us
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assume two people who both have one fixed activity during their day, departing and
headed to the same locations simultaneously, and using the same transport system
with the same performances. The former works full-time while the latter part-time. Ac-
cording to the STA concept, the different time constraints of the two individuals would
lead to an accessibility difference since the part-time worker has more occasions to
engage in discretionary activities than the full-time worker. However, the performance
of the transport system does not play a role in such accessibility differences.

• Unsuitability of the FOS to represent accessibility differences: As stressed by
Pritchard et al. [40,41], the choice of the accessibility measure may significantly influ-
ence the outcomes of the analysis. Therefore, it is crucial to deploy a measure that is
as suitable as possible to discuss accessibility distribution. Specifically, the estimate
should represent an optimisation factor for the observed individuals, i.e., a good they
generally aim to increase [42]. This is the case, e.g., with income, which is one of
the critical indicators for distributional analyses in socio-economic sciences [43]. STA
cannot be easily labelled as an optimisation factor since it is not straightforward to
state that individuals aim to maximise the number of discretionary opportunities they
could reach on a daily basis. For instance, a person could have a small FOS because
(s)he has a tight schedule of fixed activities and no room to engage in discretionary
ones. Nevertheless, (s)he could be not much interested in further activities. At the
same time, the transport system could be efficient in allowing them to reach all the
fixed activities with a reasonable effort [5].

Based on these limits, we introduce the so-called Space-Time Transport Performance
measure (STTP) in order to complement STA by isolating the role of the transport system
in individual accessibility differences.

3. Space-Time Transport Performance Measure (STTP)
3.1. Key Features of STTP

STTP aims to measure the performances of the transport system based on the spatio-
temporal and individual constraints characterising the daily life of each individual. To
meet this purpose, STTP grounds on three key features, described below in detail.

• Focus on the Individual Daily Travel Cost (IDTC) incurred for the daily fixed activ-
ities: STTP is not focused on the sum of the discretionary opportunities potentially
reachable given the schedule of fixed activities (i.e., the FOS). Instead, it focuses on
the individual travel cost incurred to perform the daily schedule of fixed activities
(from now on named Individual Daily Travel Cost; IDTC). IDTC is calculated as the
generalised cost of transport incorporating both monetary and non-monetary cost
(see Section 3.2 for further details). This shift of perspective allows STTP to focus
on a factor that is transport-specific rather than land-use-specific and thus isolate
the performance of the transport system. Moreover, it allows STTP to focus on an
indicator that is suitable to represent transport-related accessibility differences. Indeed,
individuals tend to minimise the transport cost needed to reach their fixed daily desti-
nations [42,44]. However, by focusing on IDTC, STTP also excludes the discretionary
part of accessibility typically included in STA and representing the potential for activi-
ties offered by surrounding amenities. This choice requires STTP to be complemented
with STA to capture the potential component of accessibility.

• Weighting of IDTC against the Individual Daily Distance (IDD): IDTC is usually
influenced by the distance daily travelled: the higher the distance, the higher IDTC.
This may be misleading for evaluating individual transport-performance differences,
since even in the case of identical transport performances, people who travel longer
distances would be more disadvantaged than those travelling short ones. To isolate
the role of the transport system performance in individual accessibility differences,
this variable needs to be controlled to exclude its influence from the analysis. For
this purpose, STTP weights IDTC against the Individual Daily Distance (IDD). This
is the sum of the Euclidean distances between each couple of subsequent activities



Appl. Sci. 2022, 12, 3309 6 of 19

belonging to an individual’s daily schedule (see Section 3.2 for further details). This
choice makes STTP a measure of transport performance rather than a measure of the
daily transport effort of individuals (which would be influenced also by the distance
daily covered).

• Estimation of IDTC based on temporal and individual constraints: To incorporate
the temporal constraints, STTP calculates IDTC by considering the actual location and
timing of the fixed activities daily performed by an individual. Also, the individual
constraints are incorporated in the IDTC computation in two ways. First, the actual
modal choices of individuals for each daily travel are considered according to individ-
ual constraints such as the ability to drive or car ownership. Second, the non-monetary
cost part of IDTC (i.e., travel-time costs) are estimated at the individual level based on
income (as described in detail in Section 3.2).

These three features shape STTP as a transport performance indicator that stems from
spatio-temporal and individual constraints. On the one hand, this allows STTP to isolate
the role of the transport system in individual accessibility. On the other hand, it suggests
how STA and STTP should be deployed together to get both a comprehensive picture
of space-time accessibility and more narrowed information on the transport component.
Figure 1 summarises the relation between STA and STTP, while Section 3.2 describes how
STTP is calculated.

Figure 1. Relation between STA (left) and STTP (right) and their key features.

3.2. Calculation of STTP

STTP (Formula (1)) is calculated by following three steps: (A) the setup of the STPA;
(B) the calculation of the IDTC figures; (C) the calculation of the IDD figures.

(A) The setup of the STPA is made in the same way as for STA. The daily sequence
of fixed activities (a1−n) constrained in space and time for the observed individual is
schematised. This includes the location where each a takes place (address); its category
(home-stay, work, education or other); the duration of each a given by its mandatory
starting and ending time; the transport mode(s) usually used to travel between each couple
of subsequent activities (a); and the degree of fixity for each an according to the flexibility
of its location and timing. This is made through a 1–5 Likert scale, where 1 indicates
maximum flexibility of the location and/or timing of a, while 5 shows a minimum one.
The data needed to reconstruct the STPA are collected from observed individuals using
travel diaries. Interviewed individuals are asked to fill them out by considering a typical
weekday of their daily life. Table 2 shows an exemplificative (and fictional) STPA.
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Table 2. Exemplificative STPA to be set up for the calculation of STTP.

Main STPAs
Information Fixed Activity a1 Fixed Activity a2 Fixed Activity a3 Fixed Activity a4 Fixed Activity a5

Activity category: Home-stay Other Work Other Home-stay

Activity location: Street 1 Street 2 Street 3 Street 2 Street 1

Activity timing: 00:00–07:30 07:50–08:00 09:00–17:00 17:30–18:00 19:00–24:00

Activity fixity degree: 4 5 5 3 4

* Transport mode(s): - Car driver Car driver Car driver Car passenger

* Notes: the transport mode used to reach the activity.

(B) Once the STPA is set, IDTC is calculated (Formula (2)). IDTC is the sum of the
Individual Transport Costs incurred by an individual for each daily travel performed by
the transport mode k between each couple of subsequent fixed activities a,a+1 (ITCk

a,a+1).
Each ITCk

a,a+1 value is calculated through a generalised cost function, including a series of
monetary and non-monetary (but monetizable) costs [42]. This consists of the monetary
cost of travel (Cm), the cost of the in-vehicle travel time (Civtt), and the cost of out-of-vehicle
travel time (Covtt). Cm encompasses the costs for the usage of infrastructures (e.g., tolls
and parking fares), the operating costs of vehicles (e.g., fuel, usage-related depreciation
and insurance), and the costs for access to services (e.g., public transport; from now on
PT). Civtt includes the time spent within private, shared or pooled vehicles. Covtt covers
the cost of the time to access the first transport system (first mile), the waiting time for
transport services, the transfer time among transport services, and the time to reach the
final destination (last mile [42]). Civtt and Covtt are monetised based on unitary Values of
Travel Time (VTT). As demonstrated in the literature, VTT may vary by income, country,
travel purpose, mode of transport and distance. It depends on the approach with which
it is estimated (e.g., stated vs. revealed preference surveys [44]). The wage rate method
is used for STTP: different wage rate shares are assumed depending on the country of
investigation, travel purpose, and transport mode. Moreover, the actual wage rates of
observed individuals are used to make the estimation individual.

(C) Once IDTC is calculated, this has to be weighed against IDD (Formula (3)). This
is the sum of the distances measured between each couple of subsequent fixed activities
a,a+1 (Da,a+1). Each Da,a+1 value is measured as Euclidean and not travelled distance along
with the transport network. Indeed, the travelled distance may be influenced by the design
of the transport system and not only by the land-use system. For instance, this is the case
with fast transport systems such as motorways and high-speed railways, which tend to
generate much more detours than slower systems (a phenomenon called “spatial inversion”
by Bunge [45]). This detour is an aspect that transport planners can potentially address
e.g., by modifying the shape of the PT lines and distribution of stops. Therefore, it is a
factor to be included in the accessibility computation. Conversely, the Euclidean distance
solely depends on the land-use system (i.e., the amount and location of opportunities in
space) therefore it is used to weight IDTC and point out the role of the transport system in
accessibility differences. Figure 2 summarises the calculation process for STA (in red) and
STTP (in blue) based on STPA (in black), which is the common element between them.

STTP =
IDTC
IDD

(1)

IDTC = ∑an
a1

ITCk
a,a+1 with ITCk

a,a+1 = Cmk
a,a+1 + Civttk

a,a+1 + Covttk
a,a+1 (2)

IDD = ∑an
a1

Da,a+1 (3)

where: a1−n are the fixed activities performed by an individual on a daily basis, k is the
mode(s) of transport used by an individual between each couple of subsequent as, IDTC
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is the Individual Daily Travel Cost incurred by an individual on a daily basis, IDD is the
Individual Daily Distance between the as performed by an individual on a daily basis,
ITCk

a,a+1 is the individual transport cost by mode k between each couple of subsequent as,
Cmk

a,a+1 is the monetary cost of transport by mode k between each couple of subsequent as,
Civttk

a,a+1 is the cost of in-vehicle travel time by mode k between each couple of subsequent
as, Covttk

a,a+1 is the cost of out-of-vehicle travel time by mode k between each couple of
subsequent as, and Da,a+1 is the Euclidean distance between each couple of subsequent as.

Figure 2. Process for the computation of STPA (black), STA (red) and STTP (blue).

4. Joint Test of STA and STTP in the City of Vienna

The test aims to show how STTP may lead to complementary results for STA, providing
insights on the role of the transport system in individual accessibility differences. Similar
to other studies focused on the methodological integration of the space-time approach
(e.g., refs. [36,46]), we run the test for a small sample of five individuals, for whom STA
and STTP are calculated. We perform such a small test for two reasons: first, because the
purpose is to provide a methodological test and not to get statistically relevant results about
a specific phenomenon (e.g., gender or income-related accessibility differences). Second,
focusing on a few individuals allows a more detailed reflection on results, e.g., pointing
out the main differences for each individual (Section 4.3). This would not be feasible with a
test involving many individuals, which would be more suitable for statistical comparison.
Nevertheless, focusing on such a small test also has some limits, which are discussed in
Section 4.4.

4.1. Study Area and STPAs

The test is run in the City of Vienna, Austria. The analysed individuals (A–E) live
and perform their fixed activities within the 22nd district (Donaustadt). This is the second
northernmost district of Vienna, with the greatest surface (ca 102 km2), the second-highest
population (ca 198,800 inhabitants), and the second-lowest population density out of the
23 city districts (1943 inhabitants/km2). The district is served by 26 bus lines, two light
rail lines and two subway lines. Moreover, it is served by a road network that is denser
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in the core part of the district characterised by a higher urban density and much lower
at the fringes, where green areas are predominant. Given the heterogeneous availability
of transport means, the area represents a suitable case study to explore the individual
accessibility differences related to the transport system. Figure 3 displays the road and PT
network of the study area, the location of the available opportunities, the location of the
home places, and the fixed activities of the individuals.

Figure 3. Study area and key locations of the STPAs of the individuals A–E.

After defining the study area, the first step for calculating both STA and STTP is the
setup of the STPAs (summarised in Table 3 for individuals A–E). Each STPA describes the
categories of fixed activities daily performed, their location (not listed in Table 3), their
starting and ending time, their fixity degree (expressed with a 1–5 Likert scale), and the
transport mode(s) used to reach them. Individual A is a full-time worker who takes their
child to school before reaching the work place, stays at the work place until late afternoon,
and then comes back home in the evening. (S)He always travels by car. Individual B is a
part-time worker who works in the morning and picks up their child after school on the
way home at lunchtime. In the afternoon, (s)he has to stay at home for some household
duties in the timespans 13:00–15:00 and after 17:30, while (s)he has free time to engage in
discretionary activities between 15:00 and 17:30. (S)He always travels by car for all the
mandatory travels. Individual C is a part-time worker too. In the early morning and at
lunchtime (s)he takes their child to school and back home by walking. In between, (s)he
has some household duties to perform at home (from 08:20 to 09:30 and from 12:00 to 14:00)
and a free time to engage in discretionary activities in between (from 09:30 to 12:00). From
the afternoon until the evening, (s)he works part-time. (S)He travels by PT to and from
the workplace. Individual D is a pensioner who visits the hospital in the morning on a
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daily basis and travels to and from the hospital by PT. In the afternoon, (s)he has free time
to engage in discretionary activities (between 15:00 and 18:00), while (s)he has to stay at
home for the other hours of the afternoon. Finally, Individual E is a teenager who goes to
school. In the morning, a parent takes them to school by car. In the early afternoon, (s)he
has to come back home by PT and stays at home for their mandatory activities till 18:00.
Afterwards, (s)he has free time in the late afternoon to engage in discretionary activities,
before having to be again at home at 20:00.

Table 3. The STPAs of individuals A–E.

Individuals Main STPAs
Information

STPAs of Indiviuals (A–E)

Fixed
Activity a1

Fixed
Activity a2

Fixed
Activity a3

Fixed
Activity a4

Fixed
Activity a5

Fixed
Activity a6

Fixed
Activity a7

Fixed
Activity a8

A

Activity category: Home-stay Other Work Home-stay

Activity timing: 00:00–07:30 07:40–07:45 08:00–17:30 18:00–24:00

Activity fixity degree: 5 5 5 4

Transport mode(s): - Car driver Car driver Car driver

B

Activity category: Home-stay Work Other Home-stay Home-stay

Activity timing: 00:00–06:30 07:00–12:00 12:30–12:35 13:00–15:00 17:30–24:00

Activity fixity degree: 5 5 5 4 3

Transport mode(s): - Car driver Car driver Car driver PT,
Walking

C

Activity category: Home-stay Other Home-stay Home-stay Other Home-stay Work Home-stay

Activity timing: 00:00–07:25 07:45–07:50 08:20–09:30 12:00–14:00 14:15–14:20 14:35–17:00 18:00–23:00 24:00–24:00

Activity fixity degree: 4 5 3 4 5 4 5 5

Transport mode(s): - Walkig Walking PT,
Walking Walking Walking PT PT

D

Activity category: Home-stay Other Home-stay Home-stay

Activity timing: 00:00–09:00 10:00–11:30 13:00–15:00 18:00–24:00

Activity fixity degree: 4 5 4 3

Transport mode(s): - PT PT PT,
Walking

E

Activity category: Home-stay Education Home-stay Home-stay

Activity timing: 00:00–07:30 08:00–14:00 15:00–18:00 20:00–24:00

Activity fixity degree: 5 5 4 4

Transport mode(s): - Car
passenger PT PT,

Walking

Notes: Activity category: We define four activity categories: Home-stay, Work, Education, and Other. For
individuals B–E, two consecutive home-stays occur in their STPAs. This is because they have two consecutive
mandatory activities to perform at home and a free-time span in between to potentially engage in discretionary
activities. Activity timing: This indicates the starting and ending time of each activity. The first and last activities
always start at 00:00 and end at 24:00. Activity fixity degree: 1–5 Likert scale, with 1 indicating maxium flexibility
and 5 maximum fixity. Transport mode: This indicates the transport mode(s) used to reach the related activity.
We define four transport modes: Car driver, Car passenger, PT, and Walking. Since the first activity is always the
early-morning home-stay, there is no transport mode assigned to reach it.

4.2. STA and STTP Calculation

To calculate STA, (A) the travel-time performances of the transport mode(s) used by
the individuals A–E have to be estimated, and (B) the discretionary opportunities in the
study area have to be mapped. These steps are implemented in ArcGIS by calculating
different route analyses and service-area analyses through the Network Analyst extension.
The estimation of these two components is described below in detail.

(A) Travel-time performances (tta,a+1): tta,a+1 by car, PT and walking is estimated via GIS
by using the GTFS-Dataset of the Wiener Linien and the Austrian Graphenintegrations-
Plattform GIP [47,48]. Road network performances include speed limits, one-way
streets, turn prohibitions and actual traffic conditions. According to time schedules,
PT performances include travel time between stops and waiting time at the stops.



Appl. Sci. 2022, 12, 3309 11 of 19

The transfer time between lines or modes is not yet available for the city of Vienna.
Therefore, we assume an average value of one minute for buses and light rail and
three minutes for the subway, plus the related waiting time. Finally, tta,a+1 by walking
is estimated based on the existing network of sidewalks and an assumed walking
speed of 5 km/h.

(B) Discretionary opportunities (Ow): The set of Ow available in the study area is geo-
referenced using OpenStreetMap as a core data source. These comprise all the study
areas’ amenities apart from workplaces, schools, and other educational facilities.
Therefore, they mainly include groceries, shopping facilities, healthcare facilities,
leisure facilities and other services such as post offices and banks. We consider all Ow
to have the same importance for all individuals for the STA computation. Additionally,
we assume that all Ow need at least a 10-min stay to be considered in the PPAs.

To calculate STTP, it is necessary to estimate (A) the unitary value of travel time
for both Civttk

a,a+1 and Covttk
a,a+1; (B) the unitary monetary cost for Cmk

a,a+1; and (C)
the Euclidean distances among fixed activities, i.e., Da,a+1. Even these components are
implemented in ArcGIS through the Network Analyst extension by calculating different
route analyses and described below in detail.

(A) Unitary value of travel time (VTT): VTT is estimated with the wage rate method [44].
According to this approach, the value of travel time outside working hours (called
Off-The-Clock Travel Time) for the driver is empirically found to be approximately
60% of the wage rate, excluding benefits. This percentage tends to decreases to 45%
for passengers (of cars and PT) and increases to 100% when considering any kinds
of out-of-vehicle travel time (i.e., walk-access, waiting, and transfer times). These
differences depend on the perceptions of disutility of travel time for different modes
of transport. Generally, travel time by PT or as car passenger has a higher utility since
it is possible to make a profitable use of that time (e.g., to read, work or relax). When
focusing on travel time during working hours (called On-The-Clock Travel Time), a
percentage of 100% is considered for any kind of in-vehicle and out-of-vehicle travel
time. Since we do not have individual income data at our disposal, we rely on the
average hourly wage rates registered in Austria in 2018 for four different categories
of people relevant for our case study, i.e., full-time workers (€16.22/h), part-time
workers (€13.78/h), pupils (€9.88/h) and pensioners (€8.89/h) [49]. Accordingly,
VTT is calculated for each individual and transport mode as summarised in Table 4.
Combining these values with the travel-time performances, we obtain the Civttk

a,a+1
and Covttk

a,a+1 figures for each individual.

Table 4. VTT values applied to the different modes of transport and categories of individuals.

Categories Full-Time
Workers

Part-Time
Workers Pensioners Pupils

Related individuals of the test A B and C D E

Hourly wage rate €16.22/h €13.78/h €8.89/h €9.88/h

VTT for car drivers €9.73/h €8.27/h €5.33/h €5.93/h

VTT for car and PT passenger €7.30/h €6.20/h €4.00/h €4.45/h

VTT for out-of-vehicle travel time €16.22/h €13.78/h €8.89/h €9.88/h

(B) Unitary monetary cost (UMC): UMC is estimated for private cars and PT in two dif-
ferent ways. For private vehicles, we rely on the average kilometric Vehicle Operating
Cost (VOC) for passenger cars in Austria. This includes the average cost of fuel and
oil, maintenance and repair, tyres, and kilometric-dependent depreciation. According
to the EU report by Infras [50] and the yearly values provided by ACEA for all EU
countries, [51], a VOC of €0.42/km is assumed for Austria. This is multiplied by the
distance travelled to obtain Cmk

a,a+1 figures for each individual travelling by car. As
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for PT, the transport operator of the city of Vienna offers different yearly subscrip-
tions covering the whole urban transport system [52]. Given the age and mobility
habits of individuals, three subscriptions are considered: the annual ticket for adults
(€365/year), for seniors +65 (€235/year), and for students till 24 years old (€79/year).
According to these fares, a UMC of €1/day, €0.64/day and €0.21/day is taken as
Cmk

a,a+1 for individual C, D and E, respectively.
(C) Euclidean distances (Da,a+1): The Euclidean distances are first measured for each

couple of subsequent fixed activities and then summed up to obtain the total daily
Euclidean distance (IDD). Each Da,a+1 value is obtained via GIS and then merged for
each individual.

Table 5 presents the values of the components discussed above for the individuals
A–E. Based on these components, Figure 4 displays the STA and STTP results. Figure 4
(left side) focuses on STA by showing the extension of the DPPA and the related FOS
for each individual. For individuals B–E (who have a wide free-time span available for
discretionary activities either in the morning or afternoon), results are divided into two
clusters. The first includes the DPPA and FOS resulting from the time available between
fixed activities occurring in different locations (DPPAfa and FOSfa). The second includes the
additional DPPA and FOS deriving from the free-time span available between consecutive
mandatory home stays (PPAhs and FOShs). Figure 4 (right side) shows the results of STTP.
Each individual shows the ITCk

a,a+1 and Da,a+1 segments on the map, plus the overall IDTC
and IDD figures.

Figure 4. Left, results of the STA computation; right, results of the STTP computation.
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Table 5. Components for the calculation of STA and STTP for individuals A–E.

Individuals

STPA STA STTP

Subsequent
Fixed

Activities

Time
Span *

Mode(s) of
Transport

tta ,a+1 PPA Ow∈
PPA VTT UMC

ICTk
a ,a+1

Da ,a+1
Cmk

a ,a+1 Civttk
a ,a+1 Covttk

a ,a+1

- Min. - Min. km2 Num. €/h €/km € € € km

A

a1→a2 15 Car driver 5 0.88 119 9.73 0.42 1.42 0.74 0.00 2.30

a2→a3 15 Car driver 7 0 † 0 † 9.73 0.42 2.41 1.18 0.00 4.64

a3→a4 30 Car driver 5 6.32 779 9.73 0.42 1.81 0.86 0.00 3.16

B

a1→a2 30 Car driver 9 4.08 82 8.27 0.42 2.12 1.21 0.00 3.16

a2→a3 30 Car driver 6 3.64 104 8.27 0.42 1.68 0.94 0.00 1.98

a3→a4 30 Car driver 7 6.24 357 8.27 0.42 2.12 0.84 0.00 3.17

a4→a5 ** 150 PT, Walking 45 70.56 8924 - - - - - -

C

a1→a2 20 Walking 9 0.32 1 13.78 0.00 0.00 0.00 2.09 0.52

a2→a3 30 Walking 9 0.32 1 13.78 0.00 0.00 0.00 2.09 0.52

a3→a4 ** 150 PT, Walking 45 39.16 1227 - - - - - -

a4→a5 15 Walking 9 0.32 1 13.78 0.00 0.00 0.00 2.09 0.52

a5→a6 15 Walking 9 0.32 1 13.78 0.00 0.00 0.00 2.09 0.52

a6→a7 60 PT 43 2.32 373 6.20 1.00
*** 0.50 3.20 2.85 8.45

a7→a8 60 PT 39 2.32 373 6.20 1.00
*** 0.50 3.00 2.36 8.45

D

a1→a2 60 PT 27 3.52 259 4.00 0.64
*** 0.32 1.07 1.60 3.23

a2→a3 90 PT 29 6.92 616 4.00 0.64
*** 0.32 1.27 1.47 3.23

a3→a4 ** 180 PT, Walking 60 186.68 29,892 - - - - - -

E

a1→a2 30 Car
passenger 9 7.44 101 4.45 0.42 0.00 0.70 0.00 3.78

a2→a3 60 PT 34 1.84 30 4.45 0.21
*** 0.21 0.74 3.90 3.78

a3→a4 ** 120 PT, Walking 30 20.16 279 - - - - - -

Notes: * The time span between the ending time of a fixed activity and the starting time of the following one. **
Subsequent fixed activities occurring at the same location (i.e., home place) with a free-time span in between.
Travels that could be potentially performed between them are considered in the STA computation, but not in the
STTP one. *** For the values regarding PT, the unit of measure is €/day and not €/km. † PPA and Ow are equal to
0 because there is less than 10 min at disposal to engage in discretionary activities.

4.3. Discussion of Results

The results of STA and STTP are summarised in Table 6. Since they are expressed
in different measurement units, they are also converted in percentages (rSTA and rSTTP).
The highest STA and STTP figures across the five individuals are 100.00%, while the other
values are rescaled accordingly. The coefficient of variation (CV) is measured for both STA
and STTP to point out their differences in terms of distribution across individuals. To better
understand these differences in distribution, we take into account a set of time, space and
transport variables, which have a relevant influence on STA and STTP (reported in Table 6).
These include: the amount of constrained time in a day, i.e., the number of hours/day
spent in fixed activities (CT); the density of discretionary opportunities available within
the DPPA of each individual (OD); the average speed of the travels linking the subsequent
fixed activities of each individual (AS); the average kilometric monetary cost (considering
the travelled distance) incurred by individuals to travel among their fixed activities (AKC);
the average travel-time cost to perform daily travels by all modes (ATC); the detour effect
experienced by each individual expressed as the ratio between the travelled distance and
the Euclidean distance (DE); and finally the preferred mode(s) of transport used by the
individuals for their fixed activities (PMT). The first two variables are particularly relevant
to explain STA results, while the others have a higher influence on STTP. The following two



Appl. Sci. 2022, 12, 3309 14 of 19

paragraphs first discuss the overall accessibility differences registered by STA and STTP,
and then explore the main reasons for these differences for each individual.

Table 6. Results of STA and STTP for individuals A–E.

Individuals
Time, Space and Transport Variables STA STTP

CT OD AS AKC ATC DE PMT STA rSTA CV STTP rSTTP CV

h/day n./km2 km/h €/km €/min % Preferred mode(s)
of transport - % % €/km % %

A 23 120.4 47 0.42 0.16 133 Car driver 800 2.68

153

0.83 88.09

19

B 20 125.7 42 0.42 0.14 182 Car driver 8947 29.93 1.07 68.48

C 18 31.3 11 0.05 0.18 114 PT, Walking 1227 4.10 1.20 61.21

D 18.5 160.1 9 0.08 0.10 127 PT 29,892 100.00 0.94 78.46

E 20 14.9 17 0.02 0.12 161 Car passenger, PT 330 1.10 0.73 100.00

Overall accessibility differences: Accessibility differences measured by STA are sen-
sibly higher than those registered by STTP (CV equal to 153% and 19%, respectively). This
is consistent with the different approaches of the two measures. The primary purpose of
STTP is to isolate the individual accessibility differences that are directly related to the
performance of the transport system by excluding other variables not affected by changes in
the transport system. Accordingly, STTP varies depending on the travel-time and monetary
costs incurred to travel between fixed activities (ATC and AKC). Moreover, it depends on
the level of the detour (DE), since travel costs are weighed according to the Euclidean (and
not travelled) distance among fixed activities. Accordingly, the individuals with the lowest
rSTTP (B and C) register the highest average time cost (ATC = €0.18/min for individual
C), monetary cost (AKC = €0.42/km for Individual B), detour effect (DE = 182% for indi-
vidual B), and one of the lowest average speeds between fixed activities (AS = km11/h for
individual C). In contrast, STA considers a wider range of factors, including the availability
and distribution of discretionary opportunities across space and the individual amount of
constrained and free time on a daily basis. These two factors play a crucial role in deter-
mining the higher differences registered by STA. Indeed, the three individuals scoring the
lowest STA (E, A and C) also have the highest amount of daily constrained time (CT equal
to h23/day and h20/day for individuals A and E); and the lowest density of discretionary
opportunities within their DPPAs (OD equal to 14.9/km2 and 31.3/km2 for individuals E
and C).

Accessibility differences at the individual level:

• Individual A has the second highest rSTTP value (88.09) and the second lowest rSTA
value (2.68). This is related to the lack of time to engage in discretionary activities
(h23/day are constrained) that decreases STA; it also depends on the high average
speed of private car (AS = km47/h, the highest value registered) and the moderate
detour effect (DE = 133%) that increase STTP.

• In contrast, Individual B has the second highest rSTA (29.93) and the second lowest rSTTP
(68.48). The high density of discretionary opportunities at disposal (OD = 125.7/km2)
affects STA positively, as well as their possibility to reach the city centre of Vienna
during their free-time span in the afternoon (see Figure 4). Conversely, the high detour
effect experienced during mandatory travels (DE = 182%) and the monetary cost
(AKC = €0.42/km) affects STTP negatively.

• Compared with the other individuals, Individual C registers low values for both rSTA
and rSTTP (4.10 and 61.62). On the one hand, this depends on the lack of discretionary
opportunities in their DPPA (OD = 31.3/km2), which decreases STA. On the other hand,
this condition is influenced by a low average speed of mandatory travel and the high
average travel-time cost associated with them (AS = km11/h; ATC = €0.18/min), which
affect STTP. In particular, it is worth mentioning that Individual C spends almost 1 h
each day in out-of-vehicle travel time (by walking, waiting and transferring), which
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corresponds to about 50% of their daily travel time. This has great impacts on their AS
and ATC.

• Contrary to Individual C, Individual D registers high or average values for both STA
and STTP. This is linked to various factors. As for STA, (s)he has the second lowest
amount of constrained time (CT = h18.5/day) and the highest density of opportunity
at disposal (OD = 160.1). These two conditions are interlinked: thanks to the amount
of free time and proximity of the home location to a stop of the subway line U1,
Individual D could reach the central district of Vienna (see Figure 4). As for STTP,
Individual D has the lowest average speed among individuals (AS = km9/h). However,
this negative factor is offset by the low travel-time and monetary cost paid for their
daily travels (AKC = €0.08/km; ATC = €0.10/min). Indeed, Individual D is a pensioner
and their time has the lowest value among the observed individuals (see Table 4),
meaning that the low speed has a smaller impact on his STTP. At the same time,
(s)he benefits from the convenient PT subscriptions offered from the City of Vienna to
people aged +65.

• Finally, Individual E registers the lowest STA and highest STTP. In this case, STA is
most negatively influenced by their home location, which is in a mainly non-urbanised
area. As a consequence, the density of discretionary opportunities is the lowest reg-
istered (OD = 14.9/km2). Additionally, Individual E has free time only during the
evening (from 18:00 to 20:00; see Table 3), when the PT provision is least competitive.
In contrast, when travelling to their fixed activities, Individual E may take advantage
of a ride from their parents in the morning and make use of PT in the afternoon. This
makes their average speed higher than those registered by the other individuals travel-
ling by PT (AS = km17/h), while keeping their kilometric cost low (AKC = €0.02/km).
AKC is also influenced by the attractive annual subscription offered by the Wiener
Linien to students up to 24 years old, which is 78% lower than the standard subscrip-
tion for adults (€79/year vs. €365/year). Finally, even the low cost of travel time
(ATC = €0.12/min) plays a positive role in STTP.

4.4. Added Value of STTP for STA and Its Limits

According to the developed methodology and test, the main added value of STTP
for STA consists in its capacity to focus explicitly (and exclusively) on the performance of
the transport system. Although this allows STTP to point out the accessibility differences
that are strictly linked to the transport system, it also makes individual differences less
evident (as demonstrated by the test results). Indeed, other aspects such as the daily
amount of free time, the distance daily travelled, and the availability of discretionary
opportunities are excluded from the computation. This confirms that STTP should be seen
as a complementary (and not alternative) measure to be used together with STA to deal
with the broad topic of accessibility equality. On the one hand, STA measures individual
accessibility from a broad perspective by taking into account spatial, transport, individual
and temporal factors and by holding the potential dimension of accessibility. On the other
hand, STTP narrows the focus down, by isolating the performances of the transport system
in allowing individuals to carry out their schedule of daily fixed activities.

Beside this key added value of STTP for STA, it is important to mention also some
limits of STTP that need to be addressed in future applications. First, STTP results highly
depend on the estimation of VTT, which has to be as accurate as possible and performed
at the individual level. However, to estimate VTT at the individual level with the wage
rate method, personal income data has to be collected. This is not always feasible since
people tend to be not willing to answer income-related questions [53]. An alternative may
be to estimate VTT through stated and revealed preference methods [44]. However, this
approach is very data demanding and time-consuming and it requires the availability of
individuals to answer a lengthy questionnaire that should include (a) preliminary socio-
economic and demographic questions; (b) the travel diary for STPA computation; and (c)
stated-preference questions to estimate VTT. Second, regarding the test, there are some
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computational limits to be refined. First, the opening/closure time of the discretionary
opportunities should be integrated to properly select those to be counted in STA. Second,
discretionary opportunities could be weighed according to the importance assigned by
individuals to different categories of opportunities such as groceries, shopping facilities,
or post/bank offices. However, the inclusion of these elements in the computation highly
depends on the data at disposal in the study area and the availability of individuals to
answer longer questionnaires. Third, the walking speed assigned to individuals (km5/h
in our test) could be differentiated in specific cases, e.g., for elderly people with physical
hindrances that make them walk slower. These limits need to be addressed to highlight
precisely accessibility difference issues at individual level (e.g., refs. [54–56]).

5. Conclusions

Considering that many accessibility differences are unavoidable and irremediable
by transport policies [1], and that STA measures tend to incorporate a broad variety of
factors, this study has introduced a transport performance measure isolating the role of the
transport system in individual accessibility differences. As suggested by the test, the results
obtained by STTP may be sensibly different from those of STA. On the one hand, individual
differences tend to be smaller, according to the more narrowed and transport-specific
approach of STTP. On the other hand, the individuals registering the highest STA do not
necessarily correspond to those with the highest STTP and vice versa. Indeed, an individual
might register some transport difficulties in running their daily schedule but at the same
time have enough time to engage in several discretionary activities (like Individual D in
Section 4). Even the opposite may apply: a person could easily reach their usual daily
destinations but have little free time and few surrounding amenities so as to register a low
space-time accessibility (like Individual E in Section 4).

These results highlight the complementary value of STTP for STA. Indeed, researchers
and policymakers might gain relevant benefits from the combined analysis of these two
measures since they may evaluate both the overall and transport-specific impacts of various
transport policies on individual accessibility differences (e.g., refs. [57–59]). This would be
particularly relevant to assess transport policies that are expected to trigger controversial
impacts on individual accessibility differences. For instance, in the case of high-speed
railways, autonomous vehicle applications and transport sharing services, which are often
found to increase accessibility in general, but also the accessibility differences across (groups
of) people (e.g., refs. [57,59,60]). At the same time, STTP might be used to discuss the
individual accessibility impacts of growing mobility trends, such as the usage of individual
slow mobility solutions (such as e-scooters), which are progressively replacing walking
travels, especially for the first- and last-mile.

To prove the suitability of the combination of STA and STTP, it is necessary to refine
the estimation of user transport costs on the one hand and extend the application of this
methodology to a broader case study on the other. The former challenge is mainly related
to reliable estimation of the value of travel time (VTT). This study relied on the wage rate
method, given its popularity and ease of application. However, more articulated estimation
approaches could be used (such as stated and revealed preferences) to differentiate better
VTT values depending on, e.g., the travel purposes, length of the travel and transport
modes [61,62]. The latter challenge implies collecting STPA information from a substantial
sample of individuals and applying sound statistical distribution analyses to the results.
The first aspect is problematic for many studies using space-time measures, and it is one of
the main practical reasons for the low usage of this kind of measure compared with, e.g.,
gravity-based measurements [15]. To overcome this limit, recent studies have deployed
multi-stage stratified random sampling approaches, reducing the survey sampling rates
while maintaining high accuracy [12]. The usage of statistical distribution analyses is
problematic for a conceptual reason, since they imply the focus on one or more equity
typologies [63]. For instance, calculating the coefficient of variation (CV) over the whole
sample is closely linked to an egalitarian point of view, since the CV measures how spread
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the distribution of a good over a population is. Conversely, calculating the percentile ratio
(PR) by comparing the accessibility values scored at the median (50%) with those scored at
e.g., 10% is linked to the vertical-equity point of view, since it focuses on the individuals
with the lowest accessibility values. To guarantee a scientifically solid distributional
analysis, future applications of STTP and STA to a broader case study would require a
methodological effort in selecting a broad set of statistical distribution analyses to apply to
the results.

Despite these challenges, STTP provides an added value for STA, and it may be
deployed to complement the analysis of individual accessibility and of the distributional
implications of transport policies, which represent an increasingly relevant priority of
policymakers and transport planners.
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