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A B S T R A C T

Transit Oriented Development (TOD) can stimulate sustainable development by improving the interaction
between transit and the surrounding development. Planning for TOD around existing transit nodes can only be
effective if the assessment of the base situation is done properly. To do so, we propose a methodology to
quantitatively measure existing levels of TOD in terms of a TOD Index, within walkable distance of a transit
node, by measuring various criteria that define TOD. The value of a TOD index indicates the level to which TOD
supporting characteristics are inplace around a transit node and what may be required to be improved so as to
attain better transit orientation of thedevelopment. With these results in hand, TOD planning proposals can
become more accurate by targeting investments on the most relevant or critical factors. The methodology was
applied to the city region of Arnhem and Nijmegen, The Netherlands. A TOD index was calculated for areas
around the 21 train stations in the region. The results help in drawing TOD policy for the region by identifying
which station areas need more attention than others and at the same time, for each station, identifying specific
TOD characteristic(s) that need improvement.

1. Introduction

Transit Oriented Development (TOD) has been described as a
planning approach that aims to integrate land use and transport
planning (Schlossberg and Brown, 2004). Whilst there are numerous
definitions of TOD proposed by Calthorpe (1993), Schlossberg and
Brown (2004), Boarnet and Crane (1997), Parker et al. (2002), Cervero
(2004), Dittmar and Poticha (2004) and many others, the most
common goal of planning for TOD remains to encourage people to
walk, cycle and use public transit instead of cars, which is typically
achieved by developing mixed use communities around transit nodes,
with moderate to high densities and a walkable environment.

The benefits of TOD include increased access to public transporta-
tion and hence to more opportunities, utilisation of already serviced
land rather than servicing sprawl, increased transit ridership and
reduced vehicular traffic pollution, reduced consumption of oil and
gas, and healthier lifestyles. According to Dittmar and Poticha (2004),
TOD projects must achieve five main goals of location efficiency, a rich
mix of choices, value recapture, place making and resolution of tension
between node and place. To achieve these goals and to accrue the

benefits arising from them, it is necessary to ensure that the urban
development interacts with the transit system. In absence of this
interaction, undesirable ‘Transit Adjacent Development’ (TAD)
(Cervero, 2004) may be developed that sits close to transit but does
not interact with it. Since TOD is about integrating both T (transit) and
D (development), we believe that a wholesome TOD policy and
planning for a region must address two issues (Singh et al., 2014):
firstly, to identify those places where urban development has high
transit orientation, but poor access to high quality transit and,
secondly, to identify those areas that surround high quality transit
but where the transit orientation of those places needs improvement.
The remedial actions, as required, should also be identifiable to
improve the existing situation. To achieve both these objectives, we
build a ‘TOD Index’ as proposed by Evans and Pratt (2007) as it helps
in measuring the ‘TOD-ness’ of a place, i.e. the orientation of land use
towards the use of transit. An index that quantifies and measures TOD-
ness of an area is therefore helpful as it allows objective comparison of
different areas in order to identify those areas in need of better transit
connectivity or higher TOD-ness.

To showcase the use of TOD Index in TOD planning, we worked on
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the City Region of Arnhem and Nijmegen in the Netherlands (‘City
Region’ henceforth). In this paper, realisation of the second objective as
mentioned above will be demonstrated, the first objective having been
discussed in a companion paper (Singh et al., 2014). The focus of this
paper is to measure TOD-ness of the areas within a walking distance of
a station using the TOD Index and to study the results to compare
different station areas and identify the reasons for high or low scores.
The results can be used to advise a TOD policy by identifying the
remedial actions required for improvement of TOD-ness in the
different station areas. Our methodology uses geographic information
tools and considers land use as well as transit characteristics while
calculating TOD Index for a station area. The strength of our
methodology lies in its high transferability over different geographies
and the simplicity that makes it repeatable and easy to implement. Our
case study for the purposes of demonstration of this methodology is the
City Region mentioned at the beginning of this paragraph.

In the next section, we review the literature on past studies about
TOD assessment around transit nodes. In Section 3, we describe our
methodology to derive a TOD Index. We then introduce our case study
to get a fair understanding of the study area in Section 4. The detailed
calculation of indicators are discussed in Section 5, while in Section 6
we elaborate on our TOD Index results and sensitivity analysis carried
out to test their robustness. Section 7 explains how the results can be
interpreted and recommendations be made for improvement. Finally,
we conclude this work in Section 8.

2. Literature review

In past, many researchers studied station areas using various
approaches. Case studies such as the ones presented by Cascetta and
Pagliara (2009), Howe et al. (2009), Cascetta and Pagliara (2008),
Curtis (2009), Chorus (2009), Arrington (2009), Yang and Lew (2009),
Cervero and Murakami (2009), Loo et al. (2010), Lindau et al. (2010),
Cervero and Murakami (2009) discuss how TOD has been planned at
different scales – regional, urban and local scales, and these studies are
typically descriptive in nature. Some of these articles study how
improved transit services and improved densities (for example by
increasing Floor-Area-Ratios (FARs)) or mixed-use development
around transit nodes improved TOD. However, measurement or
quantification of existing TOD-ness around transit nodes was not
found. Schlossberg and Brown (2004) for example used GIS-based
walkability measures to analyse the walkability of 11 TOD sites in
Portland, but did not attempt to measure overall TOD-ness. Another
set of work aimed at developing approaches to evaluate the success or
failure of TOD projects. Some of these approaches have been suggested
in (Nelson and Niles, 1999; Belzer and Autler, 2002; Renne and Wells,
2005; Renne, 2007; Renne, 2009c) but have not been implemented. In
Renne (2009a), it is suggested to evaluate the success of a TOD project
by measuring density, transit ridership, increase in property values and
such for the project and comparing those with another TOD project, or
regional averages. More recent work in (Thomas and Bertolini, 2014,
2015) identifies critical factors that were found to be successful in
implementation of TOD policy. Evaluation is however, very different
from measurement as the former happens after implementation of a
project and latter happens before. Our work focuses on measurement,
and not evaluation, as it will help in identifying what needs to be done
and so that more effective TOD plans can be created. The need for such
a measurement has also been stressed by Renne and Wells (2005) and
Evans and Pratt (2007).

There are also studies that measure TOD around transit nodes,
mostly stations. One of the most recurring approaches to such station
area studies is that of developing station typologies whereby all stations
(in a study) are grouped into types, as has been found in, amongst
others (Bertolini, 1999; Balz and Schrijnen, 2009; Reusser et al., 2008;
Zemp et al., 2011; CTOD, 2013; DeltaMetropolisAssociation, 2014;
Chorus and Bertolini, 2011). In Bertolini (1999), various transit and

urban development characteristics were measured for 17 station areas
in the Netherlands. For each station, urban characteristics were used to
calculate a place index while transit characteristics were used to
calculate a transit index. A node-place model was thus suggested based
on the idea that in an ideal situation, the node and transit indices
should be in balance. The stations were then divided into five types -
stations that have achieved a balance between node and place indices,
stations that have a balance but are used to their full capacities, or are
underutilised, stations where transit services are more developed than
urban activities and vice versa. The Stedenbaan project (Balz and
Schrijnen, 2009) also in the Netherlands, studied 47 station areas in
the Randstad region by measuring density, mixedness of land uses,
access by car and transit around these stations. Nine types of stations
were then identified – stations in rural areas, small cities, city-centres,
business sites, outskirts of cities, Randstad hubs, creative cities, cities
of future and those at regional cross-roads. To fulfil the goals of
regional development, development plans were made for different
station types. In a later SprintCity project for the Dutch Metropolitan
Region (DeltaMetropolisAssociation, 2014), six node and place related
criteria were measured and a ‘butterfly model’ was suggested based on
an idea of equilibrium similar to that of Bertolini (1999). Three ‘node’
characteristics – presence of road infrastructure, transit service and
cycling/ walking infrastructure were measured to represent the ‘node
wing’. Three ‘place’ characteristics – density, diversity and proximity of
development to transit were measured to represent the ‘place wing’.
Under ideal conditions, both wings should be in balance. Based on that
model, 12 station typologies were developed and 64 stations in North-
Holland were classified into those typologies. Zemp et al. (2011) and
Reusser et al. (2008) have also created station typologies based on
existing station characteristics to group about 1700 stations in
Switzerland. CTOD (2013), similarly, created 15 TOD types over
3760 station areas across 39 regions in Allegheny County, U.S.A. The
main benefit of creating typologies of stations is that it reduces
management complexity and allows consistency of actions across large
geographical areas and identified areas with comparable/ similar
strengths and constraints (Zemp et al., 2011). However, it has its
own limitations. As the definitions of goals differ for all studies,
different studies have their unique sets of typologies so that the
application and transferability of developed TOD typologies remains
very limited (Zemp et al., 2011; Kamruzzaman et al., 2014). Further,
while working with clustering/ typologies, a set of recommendations
for improvement are drawn up that are implemented for all stations in
each typology. Since those station areas can be similar but never the
same, the recommendations for improvement will be more effective on
some than others, especially because there is no ‘one-size-fits-all’
solution. This problem may be felt more when the number of station
areas under consideration is small because in those cases, the
differences between station areas will be magnified and clustering will
either become too difficult (because there are more differences than
similarities) or useless (if too many typologies are defined for a
comparatively smaller number of station areas). Most importantly,
with our objective in mind, the methodology of clustering or categor-
ization by any of those cited above cannot be used to denote the TOD-
ness of an area. Further, we do not believe that all areas surrounding a
transit node can be called TODs, as has been done in CTOD (2013),
Nasri and Zhang (2014) and others, since an area does not become a
TOD by the virtue of its location and some areas could be typified as
TADs (Transit Adjacent Development (Halbur, 2007)). Using our TOD
Index, we thus try to quantify TOD-ness of a place and find out how
transit-oriented the areas around transit nodes are.

Thus, while the above papers have showcased very interesting work
on assessing station areas, we chose to work on developing a TOD
Index that is a quantified expression of TOD-ness of an area as also
proposed by Evans and Pratt (2007). The TOD Index measures TOD
characteristics like the earlier studies, but represents the TOD-ness of
each transit node using a TOD Index value and not typologies. This

Y.J. Singh et al. Transport Policy 56 (2017) 96–111

97



single value can be very useful in objective comparison of transit nodes
at urban level, corridor level and even regional level, while at the same
time allowing for improvement of TOD characteristics at local level.
Another benefit is that each node area can be studied separately and
not as a part of a cluster so that specific recommendations, unique to
that node can be made to improve TOD-ness as desired. ITDP (2014)
shows a similar attempt to quantify TOD using TOD standard scoring
system. The focus of their work is to score a new development or a
project in terms of its transit orientation only if it is within walking
distance to the nearest transit station. For qualifying projects, the
walking and cycling infrastructure, mixedness of land use, density,
compactness of development and land occupied by motor vehicles are
measured. These are covered under seven principles of Walk, Cycle,
Connect, Mix, Densify, Compact and Shift. Although the TOD standard
measures urban development characteristics, it does not measure
transit services and the scoring system is also subjective. It also relies
on primary data collection related mainly to urban design, which
makes the applicability of this method to station areas much larger
than a singular project or development, very difficult. ITDP (2014) also
mentions this limitation to this method and recommends sampling the
station area to tackle this problem. Papa and Bertolini (2015) have also
tried to quantify TOD at city-level, for five European cities, by
measuring a ‘TOD-degree’ for entire urban area, as the extent to which
urban development is concentrated along rail corridors in the city. The
method adopted in that study is inspired by the node-place model of
Bertolini (1999) but differs significantly as it used the correlation
coefficient between node and place index values to denote the TOD-
degree of a city not individual transit nodes. In the following section,
we elaborate on our methodology to calculate TOD Index for station
areas.

3. Methodology

Quantifying TOD in terms of an index requires measuring and
combining the factors that influence transit-orientation of a develop-
ment. These factors are both related to the urban development itself
and to the transit that serves that development. Such factors can be
spatial and non-spatial in nature and also have different scales of
measurement. Analysing them individually requires a mix of spatial
and non-spatial analyses while combining into a comprehensive TOD
Index and requires using principles of Multiple Criteria Analysis
(MCA). Literature suggests how stakeholders can be very important
for TOD. Renne (2009c) points out that measuring the success of TOD
depends upon the perspectives of different stakeholders such as
planners, academics, transit agencies, private developers, community
representatives and others. While ideally, involvement of different
stakeholder groups is desired, it is not always possible. Our methodol-
ogy allows for the involvement of one or more stakeholder groups in
the process of measuring TOD aided by the use of MCA principles.

For measuring TOD around transit nodes, it is important to
demarcate the ‘area of analysis’ over which TOD can be measured.
The concept of TOD is built around creating walkable neighbourhoods
(Calthorpe, 1993) and all the literature on TOD suggests that TOD
should be developed within a typically comfortable walking distance
(The City of Calgary, 2004; Renne and Wells, 2005; CTOD, 2009;
Parker et al., 2002; ITDP, 2014; Hale and Charles, 2006; Guerra et al.,
2011) and many more. There is no fixed rule to what distance should be
used except for the typically comfortable walking distance. This ranges
from 250 m to 800 m in the literature and varies from place to place
depending on its geography and demography. To measure the TOD-
ness of a station area using an index, we needed to define the area
within a typical 10 min walking distance, relevant to context of The
Netherlands. As per Molster and Schuit (2013), a typical 10 min
walking distance in the Netherlands is 800 m, thus the same was used
to define the TOD area or the ‘area of analysis’. Even though The
Netherlands is a very cycling-friendly country, we chose to use walking

distance to define this area because average trip length in the country
on a normal cycle is 3.6 km and 5.5 km on an e-bike (KiM, 2015) and
over such long distances TOD concepts of compact development, high
density and walkability cannot be realised.

Once the TOD Index has been computed for each station area,
inferences and recommendations can be made on how to improve TOD
around some of those. In the following subsections, we specify the next
steps of the methodology i.e. identification of indicators and outlining
MCA process for TOD Index calculations.

3.1. Identification of indicators

Measuring TOD-ness is about measuring various indicators that
define or characterise TOD. These indicators must be quantifiable, fit
for forward-looking assessments rather than back-ward looking eva-
luations (Evans and Pratt, 2007). Cervero and Kockelman (1997) have
proposed the 3Ds – the land use diversity, density and urban design of
development that are crucial for TOD. High urban densities are
important because effective use of the transit system may not be
possible without minimum transit supportive densities. Similarly, land
use diversity creates a more balanced and consistent passenger flow –
at all times of the day. The increased and varied passenger market
contributes to higher revenues and a better use of transit capacity.
Urban design also plays a significant role in TOD since walkability is
the key to TOD and a pedestrian-conducive built environment will
encourage people to make their short trips on foot or bicycle. The
importance of these 3Ds to TOD is also emphasized in (Calthorpe,
1993; Bach et al., 2006; Curtis, 2009; Lund et al., 2004; Ewing et al.,
2009; Renne, 2009b; Renne, 2009c; Evans and Pratt, 2007) and others.
Of the 15 ‘useful indicators for TOD’ proposed by Renne and Wells
(2005) and endorsed by Evans and Pratt (2007), three relate to the
economic development in the area. These indicators relate to the
private investment per land use type and the number of service and
retail establishments in the area and the reason is that higher economic
development leads to higher travel activity and hence there is a higher
potential of these trips being made on transit. Bertolini (1999) also
emphasizes the importance of this relationship. Thus, our indicators
must include a measure of the 3Ds and economic development when
measuring TOD.

Other than the development characteristics, it is essential for TOD
to be served by a high quality transit service. For the same reason,
transit characteristics have been measured in Bertolini (1999), Reusser
et al. (2008), Balz and Schrijnen (2009), CTOD (2013),
DeltaMetropolisAssociation (2014), and others. The design and quality
of transit service has a major impact on success potential of the TOD
and a TOD plan can fail if the transit service is not attractive enough. As
a rule of thumb, a good quality transit system must be a high frequency
service along fixed lines and fixed times which make it reliable
(Newman, 2009), (Evans and Pratt, 2007), (Cervero and Murakami,
2009), (Newman and Kenworthy, 2007),(Cervero, 2004), (Cervero and
Dai, 2014). It is also emphasized that a seamless and legible transit
network with integrated ticketing, fewer transfers, digital instant-
information displays, benches to sit, elevators and ramps, are required
to make transit attractive and user friendly. The usage of transit is also
affected by the access it provides to other modes and work opportu-
nities (Renne and Wells, 2005), (Evans and Pratt, 2007), (Dittmar and
Poticha, 2004), (Bach et al., 2006). Vice versa, the access to transit
itself by walk is important for TOD as emphasized in, amongst others,
(Calthorpe, 1993, Renne and Wells, 2005, Renne, 2009b, Schlossberg
and Brown, 2004, Bach et al., 2006, Cervero and Murakami, 2009). In
view of the above, the transit system must be an attractive, comfor-
table, user-friendly system with high frequency of service. Its accessi-
bility by foot is also crucial as well as the access it provides to the
opportunities. Two more factors get highlighted when discussing the
transit – transit ridership and parking space. Increase in transit
ridership has been used as an indicator to measure the success of
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TOD in (Renne and Wells, 2005), as it evidences increase in transit
trips, thereby fulfilling the aim of TOD. Thus, higher ridership is an
indicator of higher TOD-ness and should be measured. However,
ridership in absolute numbers for different nodes is not very informa-
tive as the capacity of transit can vary over different nodes depending
on the frequency of service and capacity of buses/ trains serving the
node. Thus, we believe that capacity utilisation should be measured to
indicate the ridership levels of transit. We also want to use this
measure to highlight those nodes where the capacity utilisation is
higher than what may be considered ‘comfortable’. As the comfort
levels go down, the transit will no longer remain an attractive option for
riders. Regarding the parking facility, it is very important to have
parking facility for bicycles at the stations to encourage riders to access
transit by bicycles (Evans and Pratt, 2007, ITDP, 2014). Similarly, it is
also important to provide optimum parking spaces for cars so that
drivers can park and ride to their further destinations. It is important
to move away from parking minimums but not to completely remove
them (Calthorpe, 1993, Renne and Wells, 2005, Evans and Pratt,
2007).

Based on the above discussion, we first formulated the following
‘rules’ regarding how urban development and transit characteristics
affect TOD-ness of an area:

1. Rule 1: Urban densities are important for developing TOD.
2. Rule 2: Land use diversity creates a vibrant/ lively place out of a

node.
3. Rule 3: Design of urban space that makes an area walkable and

cyclable, is necessary for TOD.
4. Rule 4: Higher economic development in an area leads to higher

TOD.
5. Rule 5: Higher ridership indicates higher TOD-ness. Transit systems

should also have enough free capacity to remain attractive to more
passengers.

6. Rule 6: A user-friendly transit system is necessary to encourage
people to use it.

7. Rule 7: A node with better access and one that provides high
accessibility and frequency of service increases chances of creating
TOD.

8. Rule 8: Parking supply for bicycles and cars will help more people to
use transit for their longer commutes.

In line with our eight rules, we identified eight criteria that
represent each of the above (Table 1). These are – 1) urban densities,
2) land use diversity, 3) walkability and cyclability, 4) economic
development, 5) passenger load in peak and off peak hours, 6) user-
friendliness of the transit system, 7) access to and access from the
node, 8) parking at the node.

Each of our eight criteria can be measured in indicators. To identify
these indicators, we studied a number of indicators proposed in
literature and as used in various TOD case studies (Curtis et al.,
2009b; Lindau et al., 2010; Balz and Schrijnen, 2009; Bae, 2002;
Cascetta and Pagliara, 2009; Yang and Lew, 2009; Howe et al., 2009;
Chorus, 2009; Arrington, 2009; Hoffman, 2006; McKone, 2010; Zhang
and Guindon, 2006; Cervero and Murakami, 2009; Schlossberg and
Brown, 2004) or station area studies as discussed in the previous
section. In many TOD case studies, the indicators were meant to
measure a ‘change’ in transit use or densities because their aim is to see
what changes a TOD project has brought about. This makes these
indicators fit for back-ward looking evaluation. In contrast, our
indicators must allow for forward-looking planning by measuring the
current situation. Thus, from a number of available indicators, we
chose about 21 indicators in total that are measurable, quantifiable,
assess current situations, and for which data could be readily available
from secondary sources. Table 1 lists the criteria and corresponding
indicators that we measured for our TOD Index at each transit node.
Detailed indicator calculation is given in Section 5.

3.2. Calculation of TOD index

Once the indicators are calculated, a Multiple Criteria Analysis
(MCA) is adopted to calculate the TOD Index for each station area.
MCA is a unique method that allows for a comprehensive assessment of
multiple criteria or indicators with different units of measurement.
When dealing with spatial indicators, GIS-based MCA (Malczewski,
1999) (also known as ‘Spatial MCA’ or ‘SMCA’) can be used to assess
multiple spatial indicators (Beukes et al., 2011). In this study we have a
mix of spatial indicators, such as those related to density, land use and
walkability as well as non-spatial indicators, such as those related to
frequency or passenger load of the transit system (see our MCA
methodology in Fig. 1). Indicators (I) for any station area are partly
spatial and partly non-spatial. A transit node (S) is represented as a
point in space and all spatial criteria such as density, diversity and
walkability can be spatially analysed and aggregated in ArcGIS to
represent their values for a point, i.e. transit node. Other non-spatial
criteria, some of those related to transit characteristics, already
represent the values for that point.

In order to bring all the indicators to comparable units, they were
standardised using the ‘maximum standardisation method’ where the
maximum achieved value of an indicator becomes ‘1′ and all other
values are given a value between 0 and 1 based on their ratio with the
maximum value. While standardising the indicators, it is also required
to represent how each indicator affects the value of TOD Index. Most of
our indicators have a directly proportional relation with the TOD Index
so that a higher value of that indicator contributes positively to the
value of TOD Index. Thus, those indicators were represented using the
‘benefit’ method. Three indicators – passenger load, parking utilisation
and mixedness of land use- were exceptions to this method. The ‘goal
method’ was used for the first two so that the indicator's value is
represented as ‘benefit’ until it reaches a set goal value of 90%
utilisation of transit capacity and parking supply respectively. After
the goal value, any increase in transit or parking use is treated as ‘cost’
to the TOD Index value because higher utilisation levels indicate a
pressure on the transit and parking systems. This figure is an
assumption but a reasonable one. The combination of ‘benefit’ and
‘cost’ representations was used for mixedness of land use, so that the
indicator acts as a ‘benefit’ to the index until it reaches a value of 0.5,
implying a good balance of residential and other land uses, after which,
it acts like a ‘cost’ to the index and contributes negatively to the TOD
Index (Singh et al., 2014).

Not every indicator might be equally important for the realisation of
TOD, depending on the perception of the stakeholders involved in TOD
planning and those differences are reflected by using the weights. The
indicators are hence weighed before calculating the TOD Index
following the principles of MCA. For the weighing exercise, views of
one or many groups of stakeholders, such as planning professionals,
academics, community representatives and others can be taken. For
our case study, the Aldermen were involved as the stakeholders at the
behest of the City Region officials as these people had been leading
other smaller TOD projects in the study area. They were asked to rank
the criteria in order of their importance in the realisation of TOD. They
were first sent a short report detailing out the purpose of the study, the
expected outcomes and the need for a weighing exercise. It also told
them how their views were important for the study and what we
expected from them during the workshop. At the workshop, they were
given a presentation giving out details as mentioned in the short report
and the questionnaire was introduced to them with necessary instruc-
tions on how to fill it out. The questionnaires listed the criteria for the
TOD Index and asked the respondent to rank each one of them in order
of their importance in realisation of TOD. Within each criteria too, they
ranked the indicators in order of their importance for the respective
criterion. Their ranks were aggregated using a Borda Count method. It
is a method of ‘election by order of merit’ (Reilly, 2002) and can be
used to arrive at a combined rank for each of the ‘candidates’. Under
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this method, first the ‘n′ candidates, in our case the criteria and
indicators, are ranked from highest to lowest. The ranks of each
respondent are then converted to scores by assigning ‘n′ points to
his/her favourite, n minus 1 for second choice, n minus 2 for third
choice, and so on, all the way down to 1 point for least-preferred
choice. After converting ranks of all respondents to scores for each

‘candidate’, the scores for each candidate are aggregated. The candidate
with the highest score gets the highest rank and the one with the lowest
score gets the lowest rank. These were used as the final rankings from
the workshop and were then converted to weights using a rank sum
method as given below:

Table 1
Rules, criteria and indicators for measuring TOD Index.

S.no. Rules Icon Criteria Indicators

1. Urban densities are important for developing TOD Density Population density (persons / sqkm)
Commercial density (number of commercial
enterprises/sqkm)

2. Land use diversity creates a vibrant/ lively place out of a node Land use Diversity Land use Diversity using measure of Entropy

3. Design of urban space that make an area walkable and cyclable, are
necessary for TOD

Walkability and
Cyclability

Mixedness of residential land use with other land
uses
Total length of walkable/cyclable paths (meters)
Intersection density (number of intersections/
sqkm)
Impedance Pedestrian catchment area (IPCA)

4. Higher economic development in an area leads to higher TOD-ness Economic Development Density of business establishments (number of
business establishments/sqkm)
Tax earnings of municipalities (thousand euros in
last year)
Employment levels

5. Higher ridership indicates higher TOD-ness. Transit system should
also have enough free capacity to remain attractive to more
passengers.

Capacity Utilisation of
Transit

Passenger load in peak hours
Passenger load in off-peak hours

6. A user-friendly transit system is necessary to encourage people to
use transit system

User-friendliness of
transit system

Safety of commuters at the transit stop
Basic Amenities at the station
Presence of Information display systems (Yes/no)

7. A node with better access and that provides high accessibility and
frequency of service – has increased chances of creating TOD

Access and Accessibility Frequency of transit service (number of trains
operating/ hour)
Interchange to different routes of same transit
(number of routes)
Interchange to other transit modes
Access to opportunities within walkable distance
from train station (number of jobs)

8. Parking supply for cycles and cars will help more people to use to
transit for their longer commutes

Parking at Station Parking utilisation for cars/four wheelers
Parking utilisation for cycles
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Where,

W(k) = normalized weight for the criterion with rank k;
n = total number of criteria in the set (52°North, 2012).
i= index of summation that takes the value from 1 to n.

The weights for each indicator and criterion are tabulated in the
Table 2. Finally, in the MCA platform, all indicators and criteria values
and their weights were used to calculate the TOD Index value for each
station area, the results of which are discussed in the next section.

4. Case study area

The City Region of Arnhem and Nijmegen, The Netherlands, has
been chosen as the study area for this work since the City Region aims
to stimulate a modal shift from cars to public transport and believes
that TOD could be an appropriate strategy to achieve their aim and
sustainable development on the whole. The City Region is the third
largest of the eight city regions in The Netherlands (Fig. 2) and lies in
the Province of Gelderland. According to many planners and TOD
experts in the country, the Gelderland province with its main cities of
Arnhem and Nijmegen, has become a beacon of TOD in the country

outside the Randstad (biggest economic centre of Netherlands) (Pojani
and Stead, 2014).

The City Region covers more than 1000 km2 of area and is home to
the two large cities: Arnhem and Nijmegen. Total population of the
region is 735,000. The region has 20 municipalities and is served by a
rail-based national as well as regional transit system (Fig. 3). There are
also regional, urban and neighbourhood bus systems operational
within the City Region. In the near future, the City Region officials
also plan to upgrade a few bus lines to BRT standards. In order to
showcase our methodology and use of TOD Index, we studied TOD-
ness around the existing 21 train stations in the region.

5. Calculation of indicators

To compute the indicators mentioned in Table 1, we required a
variety of spatial as well as non-spatial data. The required data were
collected from the City Region, the Statistics Nederlands (CBS), the
regions transit service's website, ESRI Top 10NL and Open Street Map
(OSM). Administrative boundaries, the train network, station locations,
the road network, land use data including building footprints were all
available as spatial data layers in vector format. The information
available from transit service's website related to services available at
the stations was also checked by visiting all the stations. Two indicators
– tax earnings and employment levels – had to be dropped since there

Fig. 1. : MCA process for TOD Index calculations.

Table 2
Criteria, indicators and their weights.

S.no. Criteria Indicators

Description Weights Description Weights

1. Density 0.15 Population density 0.67
Commercial density 0.33

2. Land use diversity 0.03 Land use Diversity 1
3. Walkability and Cyclability 0.06 Mixedness of residential land use with other land uses 0.1

Total length of walkable/cyclable paths 0.4
Intersection density 0.2
Impedance Pedestrian catchment area (IPCA) 0.3

4. Economic development 0.22 Density of business establishments 1
5. Capacity Utilisation of transit 0.19 Passenger load at peak hours 0.67

Passenger load at off-peak hours 0.33

6. User-friendliness of transit system 0.11 Safety of commuters at the transit stop 0.5
Information display systems 0.5

7. Access to and from the station 0.15 Frequency of transit service 0.4
Interchange to different routes of same transit 0.3
Interchange to other transit modes 0.2
Access to opportunities within walkable distance from train station 0.1

8. Parking supply at the station. 0.08 Parking supply-demand for cars/four wheelers 0.67
Parking supply-demand for cycles 0.33
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were no data available on those. One indicator ‘basic amenities’ also
had to be dropped because it was found that all stations had the basic
amenities i.e. waiting room, benches to sit, elevators and/or access for
disabled and a ticket machine and any comparison of TOD over all
transit areas, on the basis of this indicator was not possible. So, in total
18 indicators were measured for 21 stations. However, this does not
impact the TOD Index calculations as there is at least one measurable
indicator to represent the criteria.

5.1. Calculation of indicators

5.1.1. Population and commercial densities; density of business
establishments

The original data on population, number of commercial and
business establishments was available at neighbourhood level from
CBS. Since the areas of analysis do not conform to neighbourhood
boundaries, a data apportionment operation was carried out in ArcGIS
10.3 to proportionately divide data per neighbourhood into the area of
analysis. This function used the building foot-print data per land use
type that we had for land use information. must be noted that the
‘Commercial’ establishments represent the services and retail establish-
ments while ‘Business’ establishments represent the non-services and
non-retail establishments such as consultancy business. Hence, the

double-counting is avoided.

5.1.2. Land use diversity
Land use diversity is critical to the concept of TOD as it creates a

sense of ‘place’ around a ‘node’ and it improves transit utilisation in off-
peak hours and on weekends (Calthorpe, 1993; CTOD, 2009; Renne
and Wells, 2005; Cervero and Kockelman, 1997; Bach et al., 2006;
Curtis et al., 2009a). It requires a balanced mix of different urban land
uses and was measured using the notion of ‘entropy’ which has been
widely used to measure the level of diversity. Ritsema van Eck and
Koomen (2008) used entropy to measure land use diversity in Dutch
spatial planning which is adapted in this work as follows in the formula
(Eq. (2)):

LU i
Q Q

n
( ) =

− ∑ ×ln ( )
ln ( )d

i lu lui i

(2)

Where,

Q
S
S

=lu
lu

i
i

i

(3)

LUd(i) = land use diversity in analysis area i
lui= land use class (1,2,……,n) within analysis area i

Fig. 2. : Arnhem and Nijmegen City Region in the Netherlands (Singh et al., 2014).
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Qlui
=Share of specific land use within analysis area i

Slui
= Total area of the specific land use within the analysis area i

Si= Total area of analysis i

Higher values of entropy thus mean high levels of land use diversity
and hence higher levels of TOD-ness. Fig. 4 shows the building foot
prints around two stations as an example.

The land uses used for this indicator were - residential, industrial,
commercial, office complexes, health, educational, sport and ‘others’.

5.1.3. Mixedness of residential land use with other land uses
This indicator is used to assess walkability and cyclability in the

area of analysis. This indicator is different from the land use diversity
since this one measure the mixedness of residential land use with other
land uses. It has been suggested by Jacobs (1961), Evans and Pratt
(2007), Zhang and Guindon (2006) and Bach et al. (2006) that many
non-work trips can be made on foot or by bicycle if residential land use
is sufficiently mixed with other land use types. Thus, we measure
mixedness of residential land use with other land uses with the

Fig. 3. : The City Region of Arnhem and Nijmegen (Singh et al., 2014).

Fig. 4. : Building footprints and their land uses around two stations.
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following formula, as adapted from (Zhang and Guindon, 2006):

MI i
S

S S
i( ) =

∑
∑ ( + )

∀i c

i c r

∩

∩ (4)

Where,

MI(i)=‘Mixedness Index’ for area of analysis i,
Sc = sum of the total area under non-residential urban land uses and
Sr = sum of the total area under residential land use within i.

The value of MI can range from 0 to 1 and balanced mixedness of
land use is 0.5 implying equal share of residential land use with other
land uses.

5.1.4. Total length of walkable/cyclable paths
This indicator is calculated based on the length of accessible roads

for pedestrians/cyclists within the area of analysis around each station.
The unit of measurement is meters. The road network was reclassified
based on the likelihood of the roads to be used for slow traffic. The
roads which are used for fast traffic like motorways were removed from
the road network data since walking and cycling is not permitted there.
The notion of approximating the walkable/cyclable path based on the
reclassified road network has been adapted from the research by
Schlossberg and Brown (2004).

5.1.5. Intersection density
Intersections can make walking and cycling easier because they

help in shortening the routes. Higher density of intersections generally
means higher walkability (Ewing and Cervero, 2010; Evans and Pratt,
2007; Bach et al., 2006) and hence cyclability as they indicate the
choice available to pedestrians (Schlossberg and Brown, 2004) to
choose and possibly shorten their routes. The number of intersections
per km2 in the area of analysis is used to depict the intersection density.
For this, the road network data set was used in ArcGIS for computation
of the indicator.

5.1.6. Impedance Pedestrian Catchment Areas (IPCA)
Pedestrian Catchment Areas, also known as ‘Ped-Sheds’, are actual

areas that can be covered by walking within a specified walking time
from a railway station. The term “impedance” is used because it was
applied to the network after removing high speed roads (impedance)
(Schlossberg and Brown, 2004). The IPCA was calculated based on the
800 m of walking along the network in a two-way scenario since in
reality pedestrians can move in both directions. The indicator was
calculated based on the ratio of each IPCA in km2 compared to the
whole area of analysis i.e. 2.9 km2. The value of IPCA can range from 0
to 1, the latter representing the highest size of catchment area. The
resulting IPCA map, for some stations, is presented in Fig. 5.

5.1.7. Passenger load
Transit ridership is an indicator of TOD-ness as higher ridership

means higher TOD-ness. And as explained in Section 3.1, ridership
across many nodes should be measured as the utilisation of the transit's
capacity. Thus, passenger load was adopted as an indicator to measure
the same. It is the ratio of total number of passengers to the total
capacity of the transit system at that node. Higher passenger load
means better utilisation of transit's capacity and a higher value for
TOD. However, passenger load beyond a certain limit (assumed to be
90%) is considered to imply that the trains are too crowded for a
comfortable ride and that will reduce the attraction of transit versus
cars. This indicator is also used to highlight those nodes that have
higher capacity utilisations than desirable. Capacity increases at these
nodes can be considered by relevant transit agencies.

For this indicator, the total number of passengers per station per
day was available. Since we want to compute passenger load for peak

and off peak hours, we wanted to split this daily number accordingly.
However, due to lack of available data on the split of ridership in peak
and off-peak hours, we had to make assumptions for the same. The
peak hour and off-peak hour commuter traffic was assumed to be 25%
and 75% of the daily traffic, respectively, at each station.

For capacity calculations, the frequency of service in peak and off-
peak hours was considered. It was found that there are four types of
trains that serve the City Region and the capacity of each is different.
From the website of transit service provider, the hours of operation of
each type of train was found and accordingly, with relation to their
frequencies, the total capacity of the transit at each station was
calculated. In addition to this, we also considered the fact that trains
are not empty when they reach a station, unless it is starting from a
terminus station. Thus, a 40% occupancy was assumed for non-
terminus stations. There are only two terminus stations – Arnhem
and Nijmegen, where various trains terminate or originate from. In
view of all these factors, the total capacity of the transit system in peak
hours and off-peak hours was calculated. Finally, the passenger load
was computed for each station.

It may be noted that in the calculation of this indicator, a number of
assumptions, as mentioned before, were made due to lack of data on
the same. However, it may also be noted that these are not unreason-
able assumptions and were needed to demonstrate the workability of
our methodology, which is the focus of this paper. For different case
studies, different data availabilities will present different challenges
which will need to be handled accordingly.

5.1.8. Safety of commuters at the transit stop
Safety is one of the most important things that influences the choice

of use of transit. It is also one of the hardest to quantify. Ideally the
safety in the station can be indicated based on the presence of other
people in the stations, the layout and design provide good visibility and
good lighting during the day and at night. All the stations were found to
have good lighting conditions and differed mainly in the presence of
other people at the stations. Since the data on the ‘number of people’ at
stations was not available, safety was measured using the ‘number of
shops and eating joints’ at the station since they attract people and
influence the number of people at the station. In the absence of these,
fellow passengers will only stay shortly before their departure and leave
immediately after their arrival. This is similar to the established fact
that diverse land uses add liveliness and safety to a place by having
more ‘eyes’ in that space (Jacobs, 1961).

5.1.9. Information display systems
Static and dynamic information display systems affect the user-

friendliness of the transit. All stations were found to have static
information displays but the presence of dynamic display systems
varied over stations. Thus, stations were assessed on the basis of this
indicator.

5.1.10. Frequency of service
Access to transit is affected by a measure of its frequency of service.

The service frequency of the train system was calculated based on the
number of trains operating per hour, at each station.

5.1.11. Interchange to different routes of same transit
This indicator measures the number of train routes accessible at

each station. Higher number of train routes and hence connecting
destinations has the potential to get more people to prefer transit to
their cars.

5.1.12. Interchange to other transit modes
A high quality transit system not just offers accessibility to more

destinations but also allows interchange to other transit modes. Since
the City Region also has train and bus based transit systems, we
measured the interchange possibilities at each station to the bus based
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system. A value of 0 means no interchange possible, value of 1 means
interchange possible from an on-street bus stop and value of 2 means
interchange possible to many bus routes from an off-street bus
terminal. The main stations like Arnhem and Nijmegen have such
large bus terminals.

5.1.13. Access to opportunities within walkable distance from train
station

This indicator measures the number of jobs accessible within the
area of analysis for each station. Such a measure is also known as the
‘Cumulative Opportunity Measure’ or ‘contour measure’ (Pirie, 1979).
We used data on jobs per sector at municipality level. The jobs were
divided into sectors such as industry and commerce and matched with
building foot prints of the same sectors within the area of analysis.

5.1.14. Parking utilisation
The data on parking demand and supply of cycle and car parking

was used to assess the parking utilisation. Higher parking utilisation
indicates efficient use of space. For car parking, the objective is to
provide optimum parking supply as large parking lots can encourage
unnecessary driving behaviour and insufficient parking space can
discourage potential riders from Park-and-ride. Thus, by measuring
parking utilisation, we identify those stations where it is low and policy
decisions can be made to allocate that extra space to more shops or
bicycle parking (if needed). Those stations are also identified where
utilisation is more than 90% so that parking management plans can be
made before the situation gets worse. For cycle parking, if the
utilisation is higher than 90%, parking supply should be added.

6. Results and sensitivity analysis

The TOD Index results for all 21 stations in the City Region are
tabulated in Table 3 and shown in Fig. 6. Using these results, the
station areas can be compared with each other and we can identify the
stations with highest and lowest TOD-ness in the region. SWOV
(Feb'12) says that in absence of a reference value, values calculated
within a group of entities, at the same time, for the same purpose and
with the same inputs, can be compared with each other. Since, this
study is a first instance of calculating a TOD Index for station areas,
there are no reference values available from literature. So our TOD

Index values need to be compared with each other for better under-
standing. In our region, Arnhem and Nijmegen are the busiest urban
centres and their stations (by the same names) have also scored well in
the region at 0.75 and 0.57 respectively. Objectively speaking, a score
of 0.75 (or higher) over a maximum possible score of 1 can be
considered as a good score. Thus, it is safe to suggest that Arnhem
has a high TOD score. The lowest TOD score of 0.16 was recorded for
Wolfheze station. As can be observed, the TOD scores are generally low
across the region. This is attributed to the fact that other than the main
cities of the region, most of the region is sub-urban in nature with a
small population and low economic development. Due to such char-
acter of the development surrounding the transit nodes, the scores for
individual criteria like land use diversity, density, economic develop-
ment are low. Also, the transit service for these stations is compara-
tively low when compared to bigger stations of Arnhem and Nijmegen.

We carried out a sensitivity analysis to check the robustness of our
results and approach with respect to potential uncertainties in data,
indicator values and criteria weights.

We do not expect any uncertainty in the data because the data
sources are well-verified and dependable. Therefore, any sensitivity
analysis for the data inputs is not required. However, we have made an
assumption related to peak/ off-peak hour split of passenger traffic.
This assumption was used to calculate ‘Passenger Load’ of transit in
peak and off-peak hours and can potentially be uncertain. So, to
analyse the sensitivity of TOD Index values with respect to change in
assumption, we changed the assumption of peak/off-peak hour split of
25/75 respectively (see Section 5.1(g)) for passenger load calculations,
to 20/80 and 30/70. Under the base scenario of 25/75 split, 4 stations
– Arnhem, Duiven, Nijmegen and Zevenaar have a passenger load of
more than 90% in peak hours and none in off-peak hours. Under the
20/80 scenario, only Nijmegen and Nijmegen Hyendaal have passenger
load of more than 90% in peak hours and off-peak hours respectively.
Thus, 4 stations in all are affected in this scenario. The TOD Index
results for all the stations, when calculated again, show that the scores
for some stations are reduced by 0.01 and for the five stations named
above (Arnhem, Duiven, Nijmegen, Nijmegen Hyendaal and Zevenaar)
their scores are reduced by 0.02. The changes in results are so evident
because the weight attached to ‘passenger load’ in TOD Index calcula-
tions is 0.19, almost 20%. Similarly, under the 30/70 scenario, it was
found that all the above mentioned 5 stations have a passenger load of

Fig. 5. : Impedance Pedestrian Catchment Area (IPCA) for areas around various stations in the City Region.
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more than 90% in peak hours and none in off-peak hours. The
recalculated TOD Index results for all the stations, show that the
scores for some stations improved by 0.01 and for the five stations
named above, their scores improved by 0.02. With this, we can infer
that for any other case study, real values of passenger flow in peak/off-
peak hours should be used as much as possible as the results can be
sensitive to these values (using similar weights).

A weighing exercise is always subjective in nature and it is quite
likely that the ranks provided by the same stakeholder with the same
information may be slightly different in a changed setting or time. To
incorporate this uncertainty, the weights of criteria can be changed
within a range (Malczewski, 1999) to conduct the sensitivity analysis.
Thus, the weight for each of the eight criteria was changed by a +10%,
one at a time, while others were equally increased or decreased, thereby

Table 3
Criteria and TOD Index values for all 21 stations in the City Region.

S. No. Station Name (arranged
in order of their TOD
score)

TOD
Index
score

Criteria

Passenger
Load

User-
friendliness

Access to and
from station

Parking
utilisation

Density Diversity Walkability and
Cyclability

Economic
Development

1 Arnhem 0.77 0.84 0.97 0.98 0.69 0.46 0.82 0.66 0.72
2 Arnhem Velperpoort 0.57 0.27 0.53 0.49 0.59 0.64 1.00 0.88 0.72
3 Nijmegen 0.57 0.65 1.00 0.66 0.19 0.41 0.89 0.86 0.35
4 Rheden 0.52 0.14 0.03 0.12 0.50 1.00 0.72 0.62 1.00
5 Nijmegen Heyendaal 0.45 0.89 0.25 0.31 0.85 0.18 0.83 0.69 0.17
6 Wijchen 0.42 0.56 0.32 0.26 0.94 0.25 0.78 0.92 0.22
7 Duiven 0.41 0.87 0.25 0.21 0.69 0.24 0.60 0.95 0.09
8 Nijmegen Dukenburg 0.41 0.36 0.32 0.41 0.73 0.28 0.70 0.92 0.29
9 Zevenaar 0.37 0.71 0.32 0.31 0.75 0.08 0.65 0.51 0.11
10 Elst 0.35 0.28 0.28 0.44 0.89 0.16 0.83 0.59 0.20
11 Dieren 0.33 0.26 0.60 0.34 0.81 0.13 0.53 0.59 0.11
12 Velp 0.33 0.20 0.28 0.13 0.80 0.28 0.72 0.62 0.33
13 Didam 0.31 0.42 0.25 0.22 0.77 0.13 0.75 0.61 0.14
14 Arnhem Presikhaaf 0.30 0.22 0.28 0.24 0.68 0.19 0.71 0.86 0.16
15 Arnhem Zuid 0.25 0.14 0.03 0.33 0.79 0.14 0.47 0.93 0.06
16 Westervoort 0.24 0.11 0.00 0.31 0.45 0.32 0.52 0.64 0.17
17 Molenhoek-Mook 0.22 0.32 0.00 0.25 0.86 0.06 0.14 0.60 0.00
18 Oosterbeek 0.21 0.08 0.03 0.20 0.67 0.12 0.43 0.76 0.15
19 Nijmegen-Lent 0.21 0.05 0.28 0.27 0.77 0.06 0.37 0.59 0.03
20 Zetten-Andelst 0.18 0.40 0.00 0.20 0.19 0.06 0.46 0.28 0.07
21 Wolfheze 0.16 0.13 0.07 0.21 0.43 0.04 0.33 0.69 0.02

Fig. 6. : TOD Index for all 21 stations in the City Region of Arnhem and Nijmegen.
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creating 16 scenarios for sensitivity analysis. The TOD Index results
under all the scenarios changed slightly. The highest TOD Index value
ranged from 0.762 to 0.773 and the lowest ranged from 0.152 to 0.162.
Further, the top 5 ranking stations remained the same in all scenarios
and the overall ranking of stations remained almost the same in all
scenarios. So the results are not substantially affected by the sensitivity
analysis. It may be noted that the results of the sensitivity analysis
could have been more noticeable if the number of criteria and
indicators were fewer as it would mean that the total weight of 1 gets
spread over fewer criteria and indicators.

7. Inferences and discussions

In this section, we infer from our results, compare different stations
areas and understand the Index results in detail to make a TOD policy
for the whole region as well as for stations in particular. It is logical to
see in Fig. 6 that the larger stations of Arnhem and Nijmegen show
higher TOD levels than most, while the stations between these two have
very low TOD levels, suggesting how concentrated is the development
around these two main centres.

Our case study area is a polycentric city region, location hierarchies
develop within the network. These hierarchies indicate the difference in
development potentials of different stations (Bertolini, 1999). In the
Sprint City project (DeltaMetropolisAssociation, 2014), it has been
postulated that the level of development around a station is related to
the position of that station in the whole network. Bertolini (1999)
mentions that concentration of activities automatically occurs around
the place where movement of people is concentrated such as around
transit nodes where different kinds of people from different strata of
society and with different travel purposes come together and cross
paths. Such intense and diverse flows of people at transit nodes have
the potential of translating into equally intense and diverse patterns of
human interactions and social and economic activities. In this way,
depending on its location and transit service and hence its position in
the network, every station creates a potential for transit-complemen-
tary urban development or transit-oriented development (TOD)
(Bertolini, 1999; Balz and Schrijnen, 2009).

In our City Region too, the planners have planned and provided the
region with a high quality transit system with an intended hierarchy of
stations in terms of their size and services. Their priority was to connect the
urban/ sub-urban areas irrespective of their travel demand and the City
Region authority does not expect or plan to have high TOD-ness around all
station areas. However, the TOD score should correlate to the planned
hierarchy of stations since a higher priority station is expected to serve
more people and hence have higher TOD. The City Region authorities can
thus identify those stations that need an improved TOD score in order to
achieve the desired pattern of urbanization and match the transit hierarchy
at regional level. For example, there are two main cities in the City region –
Arnhem and Nijmegen. However, their TOD scores are not in a similar
range even though they score higher than other stations. Arnhem scores
much higher than Nijmegen. The City region may decide to work on

improving TOD-ness at Nijmegen by improving its low scoring criteria.
After a look at the score distribution at regional level, the stations of

Arnhem-Zuid, Elst and Nijmegen-Lent also seem to have high potential
for improvement (Fig. 6), given that they are sufficiently close to both
Arnhem and Nijmegen (high centres of growth) and yet have very low
TOD scores. The current regional plan for the City Region also has a
policy to develop an ‘urban network’ connecting the main cities of
Arnhem and Nijmegen, through the smaller towns and villages that fall
between them and surround them. There is more development
expected around Arnhem Zuid, Elst and Nijmegen Lent. In the TOD
policy for the City Region, these stations can therefore be prioritized for
improving the TOD conditions around them. Other stations may be
similarly identified.

It is a well-established fact that investment policies, maps and
illustrative plans are not sufficient to spur TOD and they need to be
accompanied by specific actions or tools. Thus, separately for each
station, the web-diagrams in Fig. 7 can help in identifying those criteria
that scored low and can be improved. The TOD Index results help in
identifying unique problems per station area, which is not possible
using the clustering technique (as discussed in Section 2). Station-
specific TOD recommendations will be more effective in improving
TOD-ness than cluster-specific recommendations.

It may be pointed out here that the web-diagrams are made using
the standardised values and so, the standardised score of 1 for user-
friendliness at the stations of Arnhem and Nijmegen means that,
comparatively, their user-friendliness is ‘maximum’ among all stations
but they may still hold potential for improvement. However, the low-
scoring criteria should be of higher significance when improving the
TOD-ness because that will lead to a more all-rounded improvement. It
may be pointed out that currently, the area around Nijmegen-Lent
station is developing significantly and it is expected that in about 4–5
years, the TOD levels would be much higher than the current levels.

Based on the information in web-diagrams, for each station, those
criteria were identified that can be improved, if need be, and were
tabulated in the Table 4.

For the Nijmegen Heyendal station, for example, the TOD policy
could be to improve the user-friendliness and access of the station and
improve the economic development in the area. Any increase in the
latter should mean an increase in the number of jobs and hence
improved accessibility and higher densities in the area. For Nijmegen
station, the parking utilisation was found to be very low and upon
looking at individual indicator scores, it was found that car parking
utilisation at this station is only 16%. Thus TOD policy should be to
reduce the parking supply drastically to free up space that can be
further used for other purposes such as shops or cycle parking.
Similarly for Arnhem Velperpoort station, the car parking utilisation
can also be improved by reducing the car parking supply by about 40%
(as it is utilised only 49%) and increasing the cycle parking supply by at
least 15% as it is almost 96% utilised.

Hence, it can be seen how a TOD Index can be used to make TOD
policy by comparing different station areas at a regional scale and

Fig. 7. : Web diagrams for the 3 top-scoring stations (transit related indicators are shown on blue side of the web and land use indictors on the light orange side).
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Table 4
Criteria holding potential for improvement at each station.

(continued on next page)
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identifying specific problems at each station, separately, at local scale.
At the regional level, it also helps in making sure that the regional plans
and policies are adhered to and not lost due to local conditions and
priorities.

While we can make policy decisions on the need for improving
certain criteria or indicators, we cannot propose what measures should
be taken to do so. For instance, we may be able to conclude that
density, more specifically residential density around a certain station is

Table 4 (continued)

*Refer Table 1 for icons.
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low and needs to be increased, but we cannot recommend if that should
be achieved by relaxing the building regulations or increasing housing
supply for a specific section of society or by utilisation of existing
vacant land parcels (if any) or through other measures. For such
detailed proposals, planners need to revisit their local and regional
policies, political priorities, consider local conditions of the station area
such as available area for green-field/ brownfield development, build-
ing bye-laws, zoning regulations and other similar information. These
results should be used to guide detailed TOD proposals for different
station areas.

8. Conclusions

In this paper we have elaborated our approach on quantifying TOD
around existing transit nodes, using a TOD Index that is calculated
using MCA with stakeholders’ involvement and which expresses the
TOD-ness of the station areas. The paper elaborates on how the Index
allows direct comparison of transit node areas over the region or may
be even an urban area. To calculate our TOD Index, we used a total of
eight criteria that measure the development as well as transit related
characteristics as all these factors influence the commuter's choice to
use transit over car. The stakeholders were also successfully involved in
this process by including their opinion on the importance of each
criterion in the realisation of TOD. A sensitivity analysis was also
carried out to study how our results are affected by changes in weights
or indicator values. Inferences were drawn from the TOD Index results
to recommend areas for improvement.

We demonstrated how this Index can be useful for planning
practitioners who wish to plan for TOD in their region or urban area
as they can compare existing TOD characteristics/ conditions around
different transit nodes. Since our method does not cluster stations,
planners can treat each station's problems uniquely, thereby getting the
best results from their plans. Keeping the broad methodology the same,
planners can choose their own set of indicators and involve different
and multiple stakeholders in the weighing exercise. In a wider scheme
of things, we also believe that such a TOD Index methodology can also
be used to measure TOD across the whole City Region and then identify
those areas, where the TOD Index is high or the development has high
orientation towards use of transit but has poor access to it. By
combining those results with these in this paper, the City region can
not only improve development around existing transit nodes but also
improve access to transit at various locations in the region. This, we
believe is the wholesome approach to TOD planning and policy. In
future, as more and more studies are done using this Index, it would be
possible to have a better understanding of what score can be considered
as ‘low’ and ‘high’. In a gist, this methodology can help the planners
inform planning, funding and investment policies for TOD at an urban
or a regional level.
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