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Abstract 

The Space–Time Accessibility (STA) model is broadly used to measure person-based accessibility based on the space, 
time, and transport constraints experienced at the individual level in connection to the actual modal choices 
of observed individuals. In this paper, we propose to adjust the STA model (by introducing a so-called PT-STA model) 
with three core purposes: (1) focusing on public transport accessibility specifically, (2) measuring accessibility 
to both fixed activities and discretionary opportunities, and (3) integrating travel-time thresholds in the accessibility 
measurement. These three elements aim to make the PT-STA model a suitable tool to evaluate the impacts of public 
transport interventions on person-based accessibility and extend the evaluation of public transport accessibility to its 
fixed and discretionary dimensions. The PT-STA model is tested with a sample of 118 residents of the rural municipal-
ity of Mühlwald (South Tyrol, Italy). Results show that the accessibility to fixed activities and discretionary opportuni-
ties are limitedly correlated. It is possible to identify people with high accessibility to fixed activities and poor access 
to discretionary opportunities (typically pensioners and homemakers living in remote locations) and vice versa (e.g. 
people with articulated rural–urban commutes but daily visiting locations with several amenities). These results 
preliminarily confirm the importance of combining both accessibility dimensions in the PT-STA model since they tell 
complementary and not overlapped stories that are relevant for policymakers to evaluate the pros and cons of alter-
native public transport interventions.
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1 Introduction
Accessibility measures, in general, can be grouped into 
“place-based” and “person-based” approaches [30]. 
While the former focus on the accessibility of a place by 
assuming that all people experience the same accessibil-
ity, the latter investigates how accessibility varies across 
people in the same area depending on their individual 

space, time, and transport constraints [19, 25]. As such, 
person-based measures are broadly used to investigate 
accessibility differences across (groups of ) individuals, 
which is a key topic for the transport equity debate [15] 
and for practitioners who increasingly aim to make trans-
port systems not only effective and efficient but even fair 
[43, 44]. Space–time accessibility models (from now on 
STA), are among the most diffused person-based acces-
sibility measures [16, 29]. They can measure accessibil-
ity individually based on the space–time constraints that 
each person experiences due to e.g. their employment, 
household composition, age, gender, or degree of access 
to different transport means. Many studies have used 
STA models to detect accessibility variations in society 
(such as [24, 27, 36]). Nevertheless, the traditional STA 
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measure also has some downsides (e.g. [11, 26, 31]). In 
this study, we intend to focus on three of them.

First, the STA typically focuses on the transport 
mode(s) people use daily to perform their fixed activities 
[16]. From the perspective of policymakers, it would be 
useful to deploy the STA even to measure person-based 
accessibility by specific modes that can be objects of 
planning interventions, such as transit, biking, or car-
pooling [8]. This is particularly important considering 
that EU-level targets, such as the Sustainable Develop-
ment Goals, also call for public transport improvements 
that should support all groups of society and improve the 
fairness of the transport system [42]. Second, the STA 
typically focuses on how many discretionary opportuni-
ties people may access to, given the spatiotemporal con-
straints placed by their daily schedules [25]. Conversely, 
they only say a little about how easily people can access 
their mandatory activities [11]. Considering that many 
EU policies aim to ease access to e.g. work and educa-
tion using collective and active modes [12], integrating 
both the fixed and discretionary dimensions in the STA is 
relevant to get a more complete picture of person-based 
accessibility. Third, the STA focuses on what is doable for 
people in space and time based only on their schedules. 
As such, people with few constraints may tend to regis-
ter high accessibility even if they have poor transport sys-
tems at their disposal (e.g. [15]). Travel-time thresholds 
may be integrated into the STA to deal with this issue and 
exclude from the analysis opportunities that, although 
reachable based on the schedules, cannot be reached 
within reference thresholds. This is particularly relevant 
for space–time models since they deal with services and 
opportunities that all society members should reach 
within a reasonable effort to achieve sufficient well-being 
and quality of life [12].

Based on these limits, this study aims to adjust the tra-
ditional STA model with three purposes: (1) focusing on 
public transport (PT) accessibility, (2) measuring acces-
sibility to both fixed activities and discretionary oppor-
tunities; and (3) integrating travel-time thresholds in the 
accessibility measurement. To focus on accessibility by 
PT only, the model adjusts the way of defining the space–
time path of fixed activities and introduces a so-called 
“PT Reachability Index” to weigh the results. To measure 
the access to fixed activities and discretionary opportu-
nities, the model produces two key output indicators 
reflecting these two accessibility dimensions. Both output 
indicators integrate travel-time thresholds by consider-
ing reference standards set at EU and national levels (see 
Sect. 2 for more details). The model is tested with a sam-
ple of 118 individuals living in the rural municipality of 
Mühlwald (South Tyrol, Italy). By developing the model, 
this study aims to integrate the traditional space–time 

approach to enable a deeper PT accessibility evaluation, 
which can serve as a basis to assess person-based accessi-
bility differences at the status quo, as well as implications 
of PT interventions on such differences.

The article is structured as follows. Section 2 presents 
the adaptation of the STA model for this paper. Section 3 
tests the model with the sample defined above. Sec-
tion  4 discusses the results to identify the complemen-
tary and added value of the proposed model, as well as 
its limits. Section 5 concludes the paper by focusing on 
the potential usage of our model in the evaluation of PT 
interventions.

2  Model
2.1  The standard form of space–time accessibility
The STA stems from the time geography framework [18], 
and it is one of the most diffused measures of person-
based accessibility, together with the utility-based meas-
ure [16, 25], given its high sensitiveness to transport, 
space and time constraints experienced at the individual 
level [31]). Operationally, the STA measures the set of 
additional discretionary opportunities (e.g. retail, phar-
macies and other facilities) that individuals could visit 
on a typical weekday given the constraints posed by their 
fixed activity chain (e.g. work, mandatory errands or edu-
cation) and the transport system at their disposal. This set 
is called Feasible Opportunity Set (FOS) and is reached 
in four steps (Fig. 1). First, the daily sequence of manda-
tory and discretionary activities typically performed by a 
person in a standard weekday is reconstructed (usually 
through a travel-diary survey). The mandatory activities 
constrained in space and time (called “fixed”) are iso-
lated from the discretionary ones, forming a scheme of 
the daily duties. This scheme is called Space–Time Path 
(STPA). For each couple of subsequent fixed activities in 
the STPA, the locations an individual could visit given 
the ending time of the former fixed activity, the start-
ing time of the last fixed activity, the necessary travel 
time between them, and the time required to visit such 
opportunities are identified. These locations form a 
Potential Path Area (PPA) for each fixed activity pair. All 
the PPAs are merged to obtain the Daily Potential Path 
Area (DPPA). Finally, all the discretionary opportunities 
within the DPPA are counted, forming the FOS (i.e., the 
key output of STA).

2.2  The PT‑STA model
To focus on the PT accessibility to fixed activities and 
discretionary opportunities and integrate the travel-
time thresholds, the classic STA formulation needs to be 
adjusted. The PT-STA model presented in the following 
subsection proposes such an adjustment in five model-
ling steps. Three of them (1–3) deal with the setup of the 
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STPA, identification of the PPAs, and composition of the 
FOS. The remaining two (4–5) regard the calculation of 
the two output indicators of the model, i.e. the Space–
Time Accessibility to fixed activities  (STAPT

fix) and dis-
cretionary opportunities  (STAPT

dis), both integrating 
travel-time thresholds.

Figure  2 provides a flowchart of the five calculation 
steps of the PT-STA model (1–5) including their data 
sources. These steps are presented in detail in the Sects. 
2.2.1–5. Moreover, at the end of Sect.  2, Fig.  3 schema-
tizes the operational logic of the PT-STA model and 
allows comparing it to the standard STA logic (presented 
in Fig. 1).

2.2.1  Space–time path by public transport
The  STPAPT (Formula 1) grounds on all the fixed activity 
couples performed by individuals on a typical weekday. 
The data is obtained from individuals thanks to complet-
ing a travel diary questionnaire [41]. Respondents list all 
the fixed and discretionary activities they perform on a 
typical weekday. They specify the location where they 
take place, their starting time, ending time, duration, 
and activity category (from a predefined set of options).1 
The timing has to be defined based on the requirements 
posed by the activity itself, and not based the usual 
mode of transport. To distinguish fixed and discretion-
ary activities, respondents are asked to label each activity 
as either “fixed” or “discretionary” based on the follow-
ing input definition given by the interviewer: “a fixed 
activity is an activity that you have to perform on your 

typical weekday, usually at the same place and time, with 
no or very little flexibility”. Therefore, any activities may 
be labelled as fixed regardless of the indicated category.2 
This respondent-based evaluation is especially useful 
when addressing e.g. homemakers or pensioners, who 
typically have heterogeneous activities that they consider 
and treat as fixed, although they do not fall into the most 
typical mandatory categories such as work or education.

Since the focus lies on PT accessibility, the model 
checks whether the observed individual can travel 
between each couple of subsequent fixed activities in the 
given timeframe by PT, considering their location and 
starting/ending timing. Only the activity couples that 
PT can connect according to these criteria belong to the 
 STPAPT, while the others do not (as ab2 in Fig.  3). This 
logic implies that modal interdependencies between 
activity couples are not incorporated in the formation 
of the STPAPT and each activity couple is individually 
evaluated. We adopt this approach to reflect the idea that 
accessibility measures reveal the potential of a system 
for interactions [20]; in this case, the potential offered by 
the PT system in each activity couple (see Sect. 4.2 for a 
deeper discussion).

where:
ab1-n are the couples of subsequent fixed activities a 

and b daily registered in the travel diaries.

(1)STPAPT = (ab1, . . . , abn)|eta ≤ ttkab ≤ stb

Fig. 1 The four steps of the standard STA model

1 Work, Homestay, Business, Education, Escorting people, Shopping, Care 
of relatives, Other private errands, Leisure, Other.

2 For instance, a sport training that steadily occurs at a given place and time 
on daily basis may be classified as “leisure” (activity category) and labelled 
as “fixed”, since it is considered and treated as such in the daily life of an 
individual.
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eta and stb are the ending time of a and the starting 
time of b.

ttk
ab is the door-to-door travel time from a to b by mode 

of transport k (in this case PT) in the given timeframe.

2.2.2  Potential path area by public transport
For each activity couple belonging to the  STPAPT, the 
 PPAPT is defined in two steps. The first step is to iden-
tify all the discretionary locations that could be visited in 

the time buffer at disposal (Formula 2). This depends on 
the ending and starting time of the fixed activities, on the 
door-to-door travel time by PT, and on the minimum vis-
iting time to enjoy the opportunities available at the dis-
cretionary locations. The travel time by PT comprises the 
first and last link to the PT stops, the waiting time at the 
stops, the in-vehicle time, and the time spent in transfers. 
These are estimated considering the variability of the PT 
supply during the day, and the PT performances provided 

Fig. 2 Flowchart of the PT-STA model
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by the system in the specific timeframe between subse-
quent fixed activities.

The second step is the weighting of the  PPAPT 
 (WPPAPT) through a Reachability Index ranging from 0 
to 1 (Formula 3), which stems from the relative-network 
efficiency concept [17]. For each discretionary location 
belonging to a  PPAPT, the real performances of the PT 
system for the connection from a (origin) to j (discretion-
ary location) and from j to b (destination) are compared 
against the ideal performances for the same connec-
tion. The PT performances are usually represented by 
travel time only. In this case, we take into account three 

PT attributes that influence reachability and can be 
computed in GIS based on a GTFS3 dataset: total travel 
time, only out-of-vehicle travel time, and the travel-chain 
sections. We do not include other attributes e.g. info-
mobility, tariffs, and ticketing since they do not involve 
the space–time dimension, which is the key focus of this 
study. Table 1 displays the attributes with their descrip-
tion and indicators.

Fig. 3 The five steps of the PT-STA model

Table 1 PT attributes for the calculation of the Reachability index

Code Attribute Description Indicator

x1 Total travel time Total door-to-door travel time (tt) needed to travel from a to j and from j to b in the available time 
window

ttaj + ttjb

x2 Out-of-vehicle travel time Only out-of-vehicle travel time (ott) needed to travel from a to j and from j to b in the available time 
window. It includes walking, waiting and transfer time

ottaj + ottjb

x3 Travel-chain sections Number of travel-chain sections (l) separated by transfers needed to travel from a to j and from j to b 
in the available time window

laj + ljb

3 GTFS (General Transit Feed Specification) is a common format for PT 
schedules and related geographic information.
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Weighting factors are integrated in the Reachabil-
ity index to measure the relative importance of each PT 
attribute against the others. In the PT-STA model, the 
attributes are represented by a proxy ranging from 0.00 
(lowest relative importance) to 1.00 (highest relative 
importance). Weighting factors may be calculated in dif-
ferent ways depending on data availability. Usually, they 
are obtained either by involving local experts through a 
Delphi method, or by collecting end users´ preferences 
through a dedicated survey, or from a mode choice model 
[37]. In our application of the PT-STA model to the case 
study of Mühlwald (Sect.  3), we rely on the results of a 
large survey conducted in South Tyrol with a sample of 
ca 1800 residents and deriving overall importance rates 
for several PT attributes [34], see Sect.  3.2 for further 
details about the estimation of the weighting factors in 
our case study). The  WPPAPT includes all the discretion-
ary locations of the  PPAPT, weighted by their Reachability 
Indexes.

where:
a and b are the first and second fixed activities of a 

fixed activity couple.
j1-n are all the discretionary locations that can be vested 

between a and b.
eta and stb are the ending time of a and the starting 

time of b.
ttk

aj and ttk
jb are the door-to-door travel time by mode k 

(i.e. PT) from a to j and from j to b.
tj is the minimum visiting time to enjoy the opportuni-

ties available in j.
Rj is the Reachability Index of the discretionary loca-

tion j.
x1-n are the attributes describing the performances of 

the PT system.
Ek

ajb(x) is the ideal performance of the connection ajb by 
mode k (i.e. PT) for the attribute x.

Nk
ajb(x) is the real performance of the connection ajb by 

mode k (i.e. PT) for the attribute x.
W(x) is the weighting factor for the PT attribute x repre-

sented by a proxy ranging from 0.00 to 1.00.

2.2.3  Feasible opportunity set by public transport
For each  PPAPT, the opportunities that lie within them are 
counted and weighted. This leads to a so-called weighted 

(2)
PPAPT

(ab) =

{

(

j1, . . . , jn
)

|eta + ttkaj ≤ tj ≤ ttkjb + stb

}

(3)WPPAPT
(ab) =

{

(

j1Rj1 , . . . , jnRjn

)

|Rj =

(

n
∑

x=1

Ek
ajb(x)

Nk
ajb(x)

·W(x)

)

/

n
∑

x=1

W(x)

}

 FOSPT for each fixed activity couple  (WFOSPT
(ab); For-

mula 4). This includes all the discretionary opportunities 
(like services, shops or leisure facilities) that lie within the 
locations including the related  PPAPT. Each opportunity 
is weighted according to the Reachability index assigned 
to the location where it lies. The  WFOSPT calculated for 
each fixed activity couple are summed into the overall 
 WFOSPT (Formula 5). As such, this double counts all the 
opportunities that can be visited more times per day (i.e. 
that belong to more  PPAPT) since this allows incorporat-
ing the added values given by the possibility of visiting 
the same opportunity multiple times a day.

where:
Oj are the discretionary opportunities that lie within 

the discretionary locations j belonging to the PPA.

Rj are the Reachability indexes of each location j 
belonging to the PPA.

2.2.4  Space–time accessibility to fixed activities by public 
transport

The Space–Time Accessibility to fixed activities by PT 
 (STAPT

fix; Formula 6) checks how many fixed activity 
couples daily performed by an individual can be made by 
PT within the available timeframes and given travel-time 
thresholds. Such thresholds represent minimum per-
formances that the PT system should guarantee for the 
access to mandatory activities like work and education.

As such,  STAPT
fix is calculated as an index that ranges 

from 0 to 1, with 1 indicating that all the fixed activ-
ity couples listed in the travel diary can be performed 
by PT both within the available timeframe, as well as 
within given travel-time thresholds. The value of  STAPT

fix 
depends on two proxy values calculated for each fixed 
activity couple. The first proxy (equal to either 0 or 1) 
indicates whether a fixed activity couple can be per-
formed by PT within the available timeframe. The second 
proxy (equal to either 0 or 1) indicates whether a fixed 
activity couple can be performed by PT within the given 
threshold. Such threshold varies depending on the type 
of fixed activity couple under examination. In this model, 

(4)
WFOSPT(ab) =

∑

∀j∈PPAPT
(ab)

OjRj

(5)
WFOSPT =

∑

∀PPAPT
(ab)

WFOSPT(ab)
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we consider three types, namely “home-to-work” (and 
vice versa), “home-to-school” (and vice versa), and “other 
errands” travels.

Threshold concepts for fixed activities are used in vari-
ous EU countries to e.g. identify disservices, find weak 
areas or set refund policies [4, 7]. For instance, the Aus-
trian Pendlerpauschale (commuter allowance) refunds 
commuters with home-work trips by PT exceeding 
defined travel-time thresholds. Methodologically, it is 
hard to establish a priori thresholds fitting any kinds of 
context. For instance, a threshold of 15  min for home-
to-school trips might be reasonable for urban areas with 
high service concentration and dense PT network. How-
ever, it would not be appropriate in a rural county. There-
fore, thresholds have to be estimated on a case-by-case 
basis by following a common approach, i.e. by consider-
ing (1) the transport and land-use characteristics of the 
study area, (2) existing local PT performance standards if 
available, and (3) the PT goals set by local policy makers. 
According to this approach, Sect. 3.2 presents the thresh-
olds estimated for our study area of Mühlwald, which is a 
rural and remote valley.

where:
ab1-n are the couples of subsequent fixed activities a 

and b daily registered in the travel diaries.
PXtf

ab is the proxy defining whether the fixed activity 
couple ab can be performed by PT within the available 
timeframe (tf).

PXtr
ab is the proxy defining whether the fixed activity 

couple ab can be performed by PT within the set travel-
time threshold (tr).

eta and stb are the ending time of a and the starting 
time of b.

ttk
ab is the door-to-door travel time from a to b by mode 

of transport k (in this case PT) in the given timeframe.
trtfix(y) is the travel-time threshold for fixed activity 

couples of type y: home-to-work (y1), home-to-school 
(y2), other errands (y3).

2.2.5  Space–time accessibility to discretionary opportunities 
by public transport

The Space–Time Accessibility to discretionary activities 
by PT  (STAPT

dis; Formula 7) indicates a pool of discre-
tionary opportunities individuals can reach and visit 
based on their space–time constraints and within refer-
ence travel-time thresholds. These thresholds represent 

(6)STAPT
fix =

n
�

ab=1

�

PX
tf
ab + PXtr

ab

�

/2n with



















PX
tf
ab = 1 ⇔ eta ≤ ttkab ≤ stb

PX
tf
ab = 0 otherwise

PXtr
ab = 1 ⇔ ttkab ≤ trtfix(y)

PXtr
ab = 0 otherwise

the minimum performances that a PT system should 
guarantee to all citizens for the access to basic services 
like groceries and healthcare.

Following this concept, the  STAPT
dis consists of a sub-

set of the  WFOSPT that includes only the discretionary 
opportunities in the  WFOSPT that belong to given types 
of basic services and that can be reached by PT from 
the origin or from which the destination can be reached 
within set travel-time thresholds. As in the previous 
case, these thresholds vary depending on the type of 
discretionary opportunity under examination. In this 
model, we focus on three main types of discretionary 
opportunities and related thresholds, i.e. “basic retail 
and pharmacies”, “healthcare and general services”, and 
“leisure and other facilities”.

Like for  STAPT
fix, also the thresholds for the access to 

discretionary opportunities need to be estimated on a 
case-by-case basis depending on the study area object 
of analysis. Thus, it is not possible to establish already 
in the methodology common thresholds fitting any 
study areas. Nevertheless, EU countries such as the UK 
have developed such thresholds to deal with minimum 

basic service access in remote areas [10, 38], as well as 
EU projects like the ESPON 2020 project PROFECY 
[14] have used similar kind of standards to identify 
inner peripheries in the EU [35]. The examples given 
by these EU-level initiatives may be combined with 
local directives, policy goals and desk research to reach 
context-sound thresholds. According to this approach, 
Sect.  3.2 presents the threshold regarding discre-
tionary opportunities estimated for our study area of 
Mühlwald.

where:
Oj(y)Rj are the opportunities Oj weighted by the 

Reachability index Rj included in  WFOSPT and belong-
ing to the types y.

ttk
aj are ttk

jb are the travel time from a to j and from j to 
b by mode of transport k (i.e. PT) in the given timeframe.

trtdis(y) is the travel-time threshold for discretionary 
opportunities of type y: basic retail and pharmacies (y1), 
healthcare and general facilities (y2), and leisure and 
other facilities (y3).

(7)
STAPT

dis =

{(

Oj(y)Rj ∈ WFOSPT
)

|min
(

ttkaj , tt
k
jb

)

≤ trtdis(y)

}
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As anticipated, Fig.  3 summarises the five steps to 
undertake for the application of the PT-STA model, 
which can be compared with those of the standard STA 
(Fig.  1). In particular, it presents a realistic condition 
where not all the fixed activity couples listed in the travel 
diary belong to the  STPAPT according to the needed 
travel time by PT against the available timeframe (see 
ab2). All the other activity couples in the  STPAPT pro-
duce their own  PPAPT,  WPPAPT and related  WFOSPT, so 
showing the total potential accessibility by PT based on 
the framework space–time constraints.

3  Testing the model in Mühlwald (South Tyrol, 
Italy)

3.1  Study area and sample
Mühlwald is a remote valley of South Tyrol (Italy) with 
about 1400 inhabitants and belongs to the local commut-
ing area of Bruneck (LLS Bruneck; [22], Fig. 4). It highly 
depends on neighbouring municipalities to access work-
places, middle and high schools and general facilities, 
thus registering a high share of outbound commuters and 
students [3, 23]. As regards its PT supply, Mühlwald is 
served by a minor extra-urban bus line crossing the val-
ley once per hour from 6 am to 8 pm [39]. This line con-
nects the valley to a major bus terminus, served by other 
extra-urban bus lines that lead up to the closest urban 
hub of Bruneck (ca 20 km away).

In autumn 2022, a telephone travel-diary survey has 
been carried out with the residents of Mühlwald. A 

random sampling approach [9] has been followed based 
on the official list of resident households (ca 500 in 
total). This has allowed involving 118 individuals ran-
domly. As visible in Table 2, the respondents have been 
selected to involve a series of accessibility-relevant sub-
groups. In particular, we defined the sample to least 30 
respondents for females, people under the age of 18 and 
over the age of 65, people belonging to households of 
at least four members, people working full-time, people 
living in dispersed hamlets, people mostly travelling by 
PT, and people having no access to a private car. As vis-
ible in Table 2, all these groups have at least 30 respond-
ents, except for people under 18 and over 65, which 
have been challenging to involve, and people using 
mostly PT (27 respondents). These sample characteris-
tics allow testing the PT-STA model with a heterogene-
ous group of rural dwellers supposed to have different 
accessibility-relevant constraints. Due to the involve-
ment of at least 30 people for the listed subgroups, some 
restrained sociodemographic differences between the 
sample and reference population may be noticed (see 
Table  2. In particular, females are partially overrepre-
sented (57.6% of the sample and 47.7% of the popula-
tion, as well as people from large households (with an 
average household size of 3.6 members in the sample, 
against the population average of 2.7 members; [1, 2]. 
Conversely, the age and place or residence characteris-
tics are very consistent.

Fig. 4 The study area of Mühlwald and the LLS Bruneck
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3.2  PT‑STA modelling
(1) STPAPT: To estimate the  STPAPT, we rely on the fixed 
activity couples listed in the travel diaries. Travel time 
by PT is calculated in ArcGIS by using the GTFS-Data-
set of the transport operator STA [33, 39]. This includes 
walking time to/from stops, waiting time at stops based 
on schedules, in-vehicle time and time spent in trans-
fers. Values are calculated by assuming individuals to 
start their trip right after a fixed activity ends and take 
the first PT connection available with the earliest possi-
ble arrival time at the destination. This approach is not 
always rational, since, in some cases, the first available 
connection could take a longer travel time than the fol-
lowing one and might not be preferred. However, this 
issue barely applies to our study areas due to homog-
enous timetables and travel times. At the same time, this 
approach allows a good trade-off between computing 
time and complexity.

(2) PPAPT and WPPAPT: To determine the extent of 
the  PPAsPT, we define each discretionary location as a 
250 × 250  m raster cell. Travel time figures by PT from 
the first fixed activity to each cell and the following fixed 
activity are calculated to identify the cells belonging 
to the  PPAsPT. As regards the visiting time, we set it to 
10 min based on the travel-diary data collected in Müh-
lwald. This is the average minimum duration of discre-
tionary activities reported by the interviewed people in 
their diaries. To obtain the  WPPAsPT, the PT Reachability 
index (Rj) is calculated. Some specifications are needed:

• Actual performances: The actual performances of 
the PT system are estimated in ArcGIS based on 
the GTFS dataset mentioned above. The total travel 
time is calculated doo-to-door by considering the 
actual PT schedules and the sections by walking. The 
out-of-vehicle travel time focuses on the access and 

Table 2 Characteristics of the sample used to test the PT-STA model and its reference population

a This is the only statistical data regarding the household size available for the population of Mühlwald and the sample

Variable types Variables Subgroups Sample in this 
study (118 
members)

Reference 
population 
of Mühlwald 
(1,402 
inhabitants)

Number Share Number Share

Variables with data available both for the sam-
ple and reference population

Gender Males 50 42.4% 735 52.3%

Females 68 57.6% 667 47.7%

Age group People age < 18 19 16.1% 256 18.3%

People age 18–65 79 66.9% 903 64.4%

People age > 65 20 16.9% 243 17.3%

Place of residence Built-up rural settlement 72 61.0% 906 64.6%

Dispersed rural hamlet 46 39.0% 496 35.4%

Average household size (members)a 3.6 – 2.7 –

Variables with data available only for the sample Household composition 1–2 members 25 21.2% – –

3 members 22 18.6% – –

> 3 members 71 60.2% – –

Employment status Full-time 41 34.7% – –

Part-time 28 23.7% – –

Not employed or retired 28 23.7% – –

Student 21 17.8% – –

Main mode of transport Mostly public transport 27 22.9% – –

Mostly private car 58 49.2% – –

Mostly other modes 33 28.0% – –

Private car availability Always 75 63.6% – –

Sometimes 13 11.0% – –

Never 30 25.4% – –
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egress time, the waiting time at stops and the transfer 
time. The travel-chain sections are measured as fol-
lows: each PT line separated by the others through a 
transfer is a single section. In addition, the access and 
egress time by walking is considered a different sec-
tion.

• Ideal performances: The ideal performances are cal-
culated by taking the private car as a benchmark 
since this tends to be the quickest transport mean 
in the study area. The ideal total travel time is calcu-
lated as the travel time by car for the observed trip. 
The ideal out-of-vehicle travel time is assumed to 
be equal to 1 min for any trip, i.e. a minimum time 
needed to/from the parking spot to the origin/desti-
nation. Finally, the ideal number of travel chain sec-
tions is set to 1 for any trip, since the car does not 
require any transfer or line combination.

• Weighting factors: As anticipated in Sect. 2.2.2, over-
all weighting factors are obtained from a survey con-
ducted with a sample of ca 1800 South Tyrolean resi-
dents and ca 400 tourists [34]. Based on the answers 
given by the residents only, the degree of importance 
assigned by the sample to several PT attributes has 
been measured with a 0–100% scale (0% = minimum; 
100% = maximum). The examined attributes encom-
pass several aspects, such as the quality of the net-
work, reachability of stops, on-board comfort, ser-
vice reliability, digital information means, tariffs and 
ticketing systems. Similarly to previous studies like 
Cavallaro and Dianin [5], we consider only the attrib-
utes in Pechlaner et  al. [34] that are directly con-
nected to the PT attributes of our model to get their 
overall importance rates. For both the total travel 
time (x1 in Table 1) and the travel-chain sections (x3 
in Table  1), the overall importance rate obtained in 
Pechlaner et  al. [34] is equal to 70% (Wx1,3 = 0.70), 

as reported also in Cavallaro and Dianin [5]. For the 
out-of-vehicle travel time, we combine the rates given 
to two relevant attributes, namely the time to reach 
the PT stops and the time for PT transfers. This 
results in an importance rate of 54% (Wx2 = 0.54). The 
three weighting factors are reported in Annex 1 and 
applied to the 118 sample members.

(3) WFOSPT: Based on  PPAsPT and  WPPAsPT, the dis-
cretionary opportunities are counted and weighted to 
obtain the  WFOSPT. We rely on the georeferenced data-
base of OpenStreetMap comprising all the amenities in 
the study area, such as groceries, shopping facilities, 
healthcare and leisure facilities. We exclude workplaces, 
schools, and other educational facilities since they typi-
cally represent the location of fixed activities. The dis-
cretionary opportunities are weighted by means of the 
public transport Reachability index of the raster cell 
where they lie.

(4) STAPT
fix: The travel-time thresholds needed to 

obtain  STAPT
fix are inspired by the commuter allowances 

in force in South Tyrol and Austria [4, 7]. The former 
focuses on the distance, especially the waiting time to 
travel to the workplace and return by PT. People travel-
ling more than 18 km per direction with a total waiting 
time of at least 60  min in their commuting travel chain 
are entitled to a refund. The Austrian system focuses 
instead on the entire travel time only, by establishing that 
people that have a home-to-work commute of more than 
60 min in total are eligible for refunding. Based on these 
examples, we set the travel-time threshold of Mühlwald 
for “home-to-work” (and vice-versa) travels to 60  min. 
However, there is no similar reference threshold for 
“home-to-school” (and vice-versa) and “other errands” 
travels, and some assumptions are necessary. Consider-
ing that educational facilities (especially elementary and 

Table 3 Travel-time thresholds for the study area of Mühlwald for  STAPT
fix and  STAPT

dis

Accessibility 
indicator

Fixed‑activity‑couple and 
discretionary‑opportunity types

Reference 
thresholds

Model‑test 
thresholds

Explanation of the selection of the thresholds

STAPT
fix y1 Home-to-work 60 min 60 min Commuter allowances in force in South Tyrol and Austria are taken 

as a reference for home-to-work travels. The other thresholds are 
derived accordingly

y2 Home-to-school None 30 min

y3 Other-errand None 45 min

STAPT
dis y1 Basic retail and pharmacies 15 min 30 min Car-based thresholds of the PROFECY project are used as a reference 

and adjusted considering the usually longer travel time by PT

y2 Healthcare and general facilities 30 min 45 min

y3 Leisure and other facilities 45 min 60 min
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middle schools) should be spread across the territory 
since they are essential facilities for households (e.g. [13, 
32]), we set the threshold for “home-to-school travels” to 
30 min considering the rural nature of Mühlwald. Con-
versely, the threshold for “other errand” travels is set 
to 45  min, since many facilities are often unavailable in 
small municipalities like Mühlwald (Table 3).

(5) STAPT
dis: The thresholds for  STAPT

dis are inspired 
by the EU project PROFECY [14, 35]. To identify inner 
peripheries in the EU, the project has set the following 
travel time thresholds for the access to services of general 
interest by car: 15  min for supermarkets, convenience 
stores and pharmacies; 30 min for banks, post offices and 
medical practices; 45  min for leisure facilities like cine-
mas. Areas not able to meet these thresholds are labelled 
as inner periphery as regards the transport accessibility 
to services. In the PROFECY project, Mühlwald is iden-
tified as the inner periphery according to its remoteness 
and distance from main amenities and centres. Therefore, 
the thresholds set by the PROFECY project may be con-
sidered generally suitable for our study area. However, 
they refer to the travel time by car and thus need a partial 
adjustment based on the generally longer times by PT. 
On this basis, the threshold for “basic retail and pharma-
cies” is set to 30 min; the one for “healthcare and general 
facilities” is set at 45  min; finally, the threshold for “lei-
sure and other facilities” is of 60 min (Table 3). As further 
discussed in the limits of this study (Sect. 4.2), identifying 
these thresholds may be subject to arbitrariness, and it 
heavily depends on the policy goals placed for the analy-
sis area.

3.3  Results
Figure 5 summarises the results of the PT-STA model at 
the sample level. Instead, Annex 1 provides an extended 
and detailed version of the results with one row for each 
sample member. As visible both in Fig.  5 (first stacked 

bar) and Annex 1, four main groups of results may be 
recognised:

• 19 individuals (16% of the sample) register both 
 STAPT

fix and  STAPT
dis = 0 (highlighted in orange in 

the first stacked bar of Fig. 5 and in Annex 1), mean-
ing that they can neither perform any daily fixed 
activities in the given timeframes and thresholds, nor 
access any discretionary opportunities.

• 25 individuals (21% of the sample) register 
 STAPT

fix > 0 but their  STAPT
dis = 0 (highlighted in yel-

low in the first stacked bar of Fig. 5 and in Annex 1). 
These people can access at least part of their daily 
fixed activities by PT in compliance with the given 
timeframes/thresholds. However, they have not 
enough extra space–time budget to access also dis-
cretionary opportunities.

• 46 individuals (39% of the sample) reach both a 
0 <  STAPT

fix < 1 and  STAPT
dis > 0 (highlighted in green 

in the first stacked bar of Fig. 5 and in Annex 1). This 
means they are able to access part of (but not all) 
their fixed activities by PT within the timeframes/
thresholds, as well as a minimum number of discre-
tionary opportunities in compliance with the given 
requirements.

• 28 individuals (24% of the sample) have  STAPT
fix = 1 

and register also a  STAPT
dis value > 0 (highlighted in 

blue in the first stacked bar of Fig.  5 and in Annex 
1). These are the only people able to reach all their 
fixed activities within the available timeframes and 
set thresholds, and visit at least one discretionary 
opportunity belonging to basic service types within 
the thresholds.

This last group may be considered as the only 
one reaching an acceptable minimum degree of PT 

Fig. 5 Synthetic results of the PT-STA model in Mühlwald (see Annex 1 for the extended figures)
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accessibility both for the access to fixed activities and dis-
cretionary opportunities. The discussion of such results 
is addressed in detail in Sect. 4.1, to point out the added 
value of the PT-STA model.

In order to provide individual-level details regarding 
the results, Figs. 6, 7 and 8 show the outputs of the PT-
STA model for three sample members in detail, by dis-
tinguishing their single fixed activity couples. As visible, 

Fig. 6 Results of the PT-STA model for u5 (see Annex 1 for details)

Fig. 7 Results of the PT-STA model for u94 (see Annex 1 for details)
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these individuals reflect: (1) a case with poor accessibil-
ity since no fixed activity couple is feasible by PT; (2) a 
typical case where part of the fixed activity couples listed 
in the diary are not feasible by PT; and (3) an ideal case 
where all the fixed activity couples are feasible by PT. In 
detail:

Individual u5 (Fig. 6) is a man living in Mühlwald and 
working full time in Bruneck (see Fig.  4). His daily life 
includes only two fixed activity couples, namely home-
work in the morning (ab1) and vice versa in the evening 
(ab2). As visible, his working shift is atypical (12:00–
19:00) and this negatively impacts his accessibility. 
Indeed, during the timeframes where he travels, the PT 
supply is less frequent and thus the overall travel time is 
longer. Moreover, the final destination he has to reach is 
not in the nearby of a PT stop, requiring a relatively long 
walking time. For these reasons, this person is not able to 
connect any of his fixed activities by PT neither within 
the available timeframes (both of 80  min), nor within 
the reference thresholds (both of 60 min). This leads his 
 STAPT

fix to be equal to 0. As additional consequence, he 
also has no extra time budget available for visiting discre-
tionary activities in the timeframe between fixed activi-
ties, leading also to an  STAPT

dis = 0.
Individual u94 (Fig.  7) is a woman working part-

time whose daily routine includes three fixed activity 
couples. ab1 is neither doable by PT in the available 

timeframe nor within the reference threshold. ab2 has 
a broader timeframe at its disposal which is served 
by a higher PT frequency. As a consequence, this 
trip is doable by PT and it enables access to discre-
tionary opportunities. Nevertheless, ab2 takes more 
travel time than the set threshold. Finally, ab3 is a free 
timespan between two mandatory homestays at lunch 
and dinner time that allows access to discretionary 
opportunities. This example makes it evident that the 
PT-STA model calculates the accessibility generated 
by each fixed activity couple independently from the 
others without considering modal interdependencies. 
Indeed, although ab1 does not belong to  STPAPT, the 
accessibility of ab2 is computed and not assumed equal 
to 0. Although this approach is not strictly related to 
the expectable modal choices, it is coherent with the 
idea of accessibility as potential [20], i.e. a supply-ori-
ented measure of what could be accessible by PT for 
each single activity couple.

Individual u107 (Fig. 8) is a pensioner who performs 
three activities daily considered as fixed: a personal 
errand in the early morning, one mandatory homestay 
around lunchtime, and a second fixed homestay from 
the afternoon till the end of the day. Due to his limited 
space–time constraints, all his fixed activity couples 
(ab1–3) are feasible by PT in the available timeframe 
and produce access to discretionary opportunities. 

Fig. 8 Results of the PT-STA model for u107 (see Annex 1 for details)
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However, since he often travels during off-peak hours, 
the time requested by PT for the fixed trips of ab1 and 
ab2 is longer than the set thresholds, with a negative 
influence on his access to fixed activities.

4  Discussion
4.1  Insights and added value of the PT‑STA model
Figure  9A shows the results of  STAPT

fix and  STAPT
dis in 

a bivariate graph where each data point is a single sam-
ple member. As visible in the graph, there is no evident 
(linear) correlation between the  STAPT

fix and  STAPT
dis 

trends over the sample. For instance, ca 21% of the sam-
ple members register a  STAPT

fix over the average (0.54) 

and a  STAPT
dis under the average (4.39) as visible in the 

bottom-right area of the graph. Conversely, 8% show the 
opposite trend, as represented in the top-left area of the 
graph. Such absence of an evident relation between the 
results of the two accessibility indicators for the sam-
ple members is confirmed by the weak correlation value 
reported in Table  4: Pearson Correlation Coefficient, 
PCC =  + 0.20. Moreover, the results of  STAPT

dis are much 
more dispersed than  STAPT

fix (see Table 4, Coefficient of 
Variation, CV = 176% and 66% respectively).

The differences between  STAPT
fix and  STAPT

dis are par-
ticularly visible for members of the sample like pension-
ers and homemakers, who tend to have a few mandatory 
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Table 4 Mean, dispersion and correlation of  STAPT
fix,  STAPT

dis and of the standard  FOSPT

Mean Standard deviation 
(STDEV)

Coefficient of variation 
(CV) (%)

Pearson correlation coefficient (PCC)

STAPT
fix STAPT

dis FOSPT

STAPT
fix 0.54 0.36 66 + 1.00 + 0.20 + 0.13

STAPT
dis 4.39 7.74 176 – + 1.00 + 0.98

FOSPT 16.45 32.95 200 – – + 1.00
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activities typically performed either at home or in their 
surroundings (leading to high  STAPT

fix). However, this 
tendency to stay in the vicinity of their home leads to 
limited access to discretionary opportunities in a remote 
place such as Mühlwald (i.e. low  STAPT

dis values). The 
opposite applies to sample members with tight daily 
schedules but daily travelling to urban hubs with many 
amenities (like some adult commuters). In their case, 
the accessibility to fixed activity  (STAPT

fix) tends to be 
low, while their access to discretionary opportunities 
 (STAPT

dis) is relatively high.
The  STAPT

fix and  STAPT
dis differ also from the stand-

ard FOS (calculated by considering PT only and called 
 FOSPT). This is visible in Fig.  9B, which reports the 
 FOSPT,  STAPT

dis and  STAPT
fix results of all the 118 sample 

members in three column graphs, with the sample mem-
bers always sorted in decreasing order of  FOSPT values. 
As expectable and visually evident in the graphs,  STAPT

dis 
and  FOSPT are strongly correlated (PCC =  + 0.98 in 
Table 4), although the magnitude of results is sensibly dif-
ferent due to the introduction of weights and thresholds. 
Conversely,  STAPT

fix and  FOSPT are even less correlated 
than with  STAPT

dis (PCC =  + 0.13 in Table 4), confirming 
that the accessibility to fixed activities describes a com-
plementary and not overlapped side of accessibility.

These results highlight the main added values of the 
PT-STA model. First, the model combines two compo-
nents  (STAPT

fix and  STAPT
dis) that tell complementary 

stories regarding the PT accessibility. Both of them have 
to be considered to get a more complete picture of the 
most relevant PT accessibility issues experienced by dif-
ferent members of the population and address them with 
more targeted policies. Second, the model integrates 
thresholds in  STAPT

fix taking into account not only the 
timeframes actually at the disposal of people but also ref-
erence travel-time standards that the PT system should 
guarantee. This provides a more complete assessment of 
the degree of access to fixed activities. Third, the model 
counts in  STAPT

dis only the basic amenities reachable 
within reference thresholds and weights their relevance 
based on their degree of PT reachability. This allows 
focusing only on the basic discretionary opportunities to 
which the PT system guarantees a minimum degree of 
access.

The outputs of the PT-STA model may be used by poli-
cymakers in different ways. In particular, two evaluations 
of the presented results may be particularly useful for PT 
planning:

• Share of people with  STAPT
fix ≠ 1. These individuals 

cannot perform all their fixed daily trips by PT within 
the available timeframes and set thresholds. This con-

dition may heavily prevent them from using PT not 
only for those fixed activities unfeasible by PT, but 
also for all the other fixed activities directly chained 
to them. Moreover, it would affect their possibility to 
visit discretionary opportunities by PT along the way 
between two fixed activities, by making the potential 
generated by  STAPT

dis not exploitable by PT. In the 
case of Mühlwald, this condition affects 73% of the 
respondents. Policymakers may focus on this share to 
verify how different PT interventions may reduce it 
and to what degree, and thus enable more people to 
use PT for their daily needs.

• Share of people with  STAPT
dis = 0. These people have 

no access by PT to any basic amenity within their 
available timeframes and the set thresholds. This is 
a relevant shortcoming since access to fundamental 
amenities like basic retail and healthcare are con-
sidered essential factors for people’s well-being. In 
Mühlwald, ca 37% of the respondents experience this 
condition and policymakers may verify which PT 
interventions are most promising in reducing such 
share and increasing the access to basic services.

By controlling these and other aspects of  STAPT
fix and 

 STAPT
dis, policymakers may better assess the pros and 

cons of alternative PT measures, and select the most 
desirable intervention given both components.

4.2  Limits of the PT‑STA model
The main limits of the PT-STA model and its test in this 
study regard the following aspects: (1) accessibility as 
potential, (2) travel-time thresholds, (3) timetable flex-
ibility, (4) sample size, (5) generalisation, (6) service fre-
quency, and (7) weighting factors.

(1) Accessibility as potential: The fact that the opportu-
nities included in the FOS merely represent a potential in 
which there might not be any interest by the individual is 
a general criticism of the concept of the STA. The results 
of our model, especially in the area of   discretionary 
opportunities, are based on the summary of the potential 
of all subsequent fixed activities of a person, which can be 
covered in the specified timeframe. This implies that our 
analysis has not considered that the impossibility to use 
PT for at least one of the fixed daily activities (a condition 
that affects 73% of our sample) could affect all the other 
modal choices, so preventing the usage of PT for other 
daily trips and decreasing the PT accessibility results. As 
mentioned in Sect.  2.2.1, we have taken this approach 
since accessibility is traditionally defined as a measure of 
“the potential of opportunities for interaction” [20, 21]. 
Accordingly, the PT-STA model aims to capture the PT 
potential beyond the actual modal choices. To meet this 
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target, each fixed activity couple can generate an own PT 
accessibility potential. This allows pointing out accessibil-
ity differences between individuals unable to perform any 
daily activities by PT, and individuals experiencing such 
obstacles only for one or some of their daily activities. In 
this light, our results should be interpreted only in terms 
of potential accessibility by PT.

(2) Travel-time thresholds: Even if the travel-time 
thresholds selected for this study are derived from politi-
cal specifications and EU-project findings, they are still 
based on normative specifications. They are subject 
to valuations, which may result in different travel time 
thresholds under different framework conditions in dif-
ferent places. A case-by-case justification of the thresh-
olds is needed for the validation of the procedure and 
should not always be accepted without reflection.

(3) Timetable flexibility: In various cases, the time-
frames between subsequent fixed activities are men-
tioned by respondents with the usually used traffic mode 
in mind (rather than by focusing only on the mandatory 
duration of the activities). In cases where the car is usu-
ally chosen, this may result in the underestimation of the 
timeframe length, with negative impacts on PT acces-
sibility. To take this fact into account, the model has 
considered a flexibility of the timeframes, especially for 
activities that are usually subject to higher flexibility like 
the first and last homestays at the beginning and end 
of the day. Nevertheless, the problem of potentially too 
short timeframes could have affected the results, result-
ing in a partial underestimation of the PT accessibility 
especially for fixed activities.

(4) Sample size: Our limited sample size is firstly linked 
to the small population of Mühlwald. Indeed, our 118 
sample members represent almost 10% of the reference 
population. A second issue is the length and complexity 
of the travel-diary survey, which discourages a larger par-
ticipation. On average, about 20 min have been necessary 
to introduce the survey, reconstruct the diary, ask for 
sociodemographic information, as well as for individual 
PT preferences. This length makes it difficult to involve 

a higher share of the population, which is a common 
challenge also in other STA studies with relatively small 
samples if compared with their reference population [6, 
40]. Moreover, countries making similar kinds of sur-
vey at the governmental level (like Austria) tend to col-
lect a sample from all over the country. This makes the 
data unsuitable to perform local analyses oriented to PT 
development as that one presented in the study. There-
fore, further work is needed to simplify the travel diary 
survey as much as possible, and increase the interest of 
regional and local authorities in the collection of such 
kind of data for future usages.

(5) Generalisation: The limited sample size implies 
that no statistically generalizable statement is possible. 
However, the purpose of this study is to present and test 
the PT-STA model so as to compare it with the stand-
ard STA and point out its potential. For this reason, we 
have decided to test the model in a second rural area for 
which travel-diary data has been collected: the munici-
pality of Sooß in Lower Austria. Even in this case, we 
deal with a rural area with a small population and sam-
ple (ca 1100 inhabitants and 104 respondents). As vis-
ible in Table  5, the results of Sooß are consistent with 
those of Mühlwald presented in Table  4. Specifically, 
 STAPT

fix and  STAPT
dis have a weak correlation also in 

Sooß (+ 0.11 in Sooß and + 0.20 in Mühlwald), and this 
correlation is even weaker between  STAPT

fix and  FOSPT 
(+ 0.05 in Sooß and + 0.13 in Mühlwald). Instead, the 
 STAPT

dis and  FOSPT results are coherent but different in 
magnitude in both areas (correlation of + 0.99 in Sooß 
and + 0.98 in Mühlwald). Although this second test does 
not enable a statistical generalisation of the single case 
studies, it shows how the added value of the PT-STA vis-
ible with the test in Mühlwald is also visible in the sec-
ond test of Sooß. From the perspective of policy makers, 
this is a positive signal of the potential usefulness of the 
PT-STA model, although larger samples are needed in 
future case-study applications to reach statistically reli-
able results.

Table 5 Results of the second test of the PT-STA model in Sooß (Lower Austria)

Mean Standard deviation 
(STDEV)

Coefficient of variation 
(CV) (%)

Pearson correlation coefficient (PCC)

STAPT
fix STAPT

dis FOSPT

STAPT
fix 0.24 0.35 150 + 1.00 + 0.11 + 0.05

STAPT
dis 17.21 47.93 278 – + 1.00 + 0.99

FOSPT 76.45 246.29 322 – – + 1.00
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(6) Service frequency: This study focuses on the earli-
est and fastest possible connection in the given time-
frame of each pair of subsequent fixed activities. To 
enhance the model, all possible connections of every 
couple of subsequent fixed activities could be exam-
ined. In this way, a qualitative distinction between 
different fixed-activity connections can be made, not 
only in terms of whether a destination is reached or 
not, but also how often the destination can be reached 
in a timeframe. This would allow integration a certain 
degree of flexibility in travel planning, which can repre-
sent a relevant factor for the individual assessment of a 
connection, especially when it comes to comparing it to 
private cars. The comparison can be used for a weight-
ing of the results, whereby the integration of a flexibil-
ity criterion to the analysed PT attributes in the form 
of frequency determination would further improve the 
model.

(7) Weighting factors: The weighting factors used in 
our case study have been applied to the whole sample 
based on a large survey involving ca 1800 South Tyro-
lean residents. A customisation of the weighting fac-
tors either by sociodemographic groups or by single 
respondents could potentially increase the person-
based quality of the model. However, such kind of 
customisation is not viable in our study areas since we 
have neither sociodemographic variants of the over-
all importance rates by Pechlaner et  al. [34], nor indi-
vidual interval-scale rates from our sample members in 
Mühlwald. On the one side, this may be considered a 
weakness for our person-based approach. On the other 
side, the usage of overall weights derived from a large 
sample contributes to the generalization of the accessi-
bility results, which is relevant for the usefulness of our 
model for policymaking.

5  Conclusions
This paper has proposed an integration of the stand-
ard STA measure (called PT-STA model) to meet three 
targets: (1) focusing on PT accessibility, (2) measuring 
accessibility to both fixed and discretionary activities; and 
(3) integrating travel-time thresholds. These three targets 
have been addressed by adjusting the way of defining the 
STPA, introducing an index to weight both the PPAs and 
FOS, and by integrating travel-time thresholds in the two 
outputs of the model: the  STAPT

fix and  STAPT
dis indica-

tors. The PT-STA model has been tested with a sample 

of 118 people living in the rural valley of Mühlwald, in 
South Tyrol. The results of the test suggest that the PT-
STA model provides two complementary and not over-
lapped viewpoints on the accessibility to fixed activities 
and discretionary opportunities. Policymakers may ben-
efit from the integration of both in the assessment of PT 
interventions. Nevertheless, some conceptual and opera-
tional caveats must also be considered, as described in 
Sect. 4.2 above.

Despite such limitations, the PT-STA model may rep-
resent a useful tool for researchers and practitioners 
to assess the impacts of PT interventions on the acces-
sibility of single individuals or specific groups to both 
fixed activities and discretionary opportunities. First, 
the PT-STA model requires defining travel-time thresh-
olds based on policy goals and reference standards that 
are desirable for the area of analysis. This may be useful 
for policymakers, who must reflect on minimum stand-
ard conditions that the PT system is asked to guarantee. 
Second, the PT-STA model may allow an understanding 
of to what extent a PT intervention may be beneficial 
for access to fixed activities, discretionary opportuni-
ties or both. This allows observing the impacts of PT 
interventions from two complementary points of view 
and selecting the most suitable intervention depending 
on the specific policy goal or the best trade-off between 
the two accessibility dimensions. Third, the PT-STA 
model allows integrating access to both fixed and dis-
cretionary activities in transport equality evaluations. 
Indeed, the effect of a specific PT intervention on a 
population subgroup (such as the elderly, women or 
members of large households) may be compared to the 
impact on the overall population. This is also possible 
with traditional STA measures. Still, the PT-STA model 
allows doing it with a focus on PT only and broaden-
ing the evaluation to both the fixed and discretionary 
dimensions of accessibility. Finally, the analysis of spe-
cific indicators as the share of people with  STAPT

fix ≠ 1 
and  STAPT

dis = 0 suggested in Sect. 4.1 may enable fur-
ther equity analyses of the accessibility outputs that 
go beyond distributional analyses, such as minimum-
standard assessments (see e.g. [28].

Considering these potentials, the PT-STA model may 
be considered a valuable contribution to the space–time 
accessibility debate, and it may be a useful tool to foster 
person—(and not only place-) based evaluations of the 
accessibility implications of PT measures.
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Annexes

Annex 1: Results of the PT-STA model for all the sample members.
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