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Abstract
The link between land use and travel behavior has been extensively studied
internationally. The question is important when considering the impacts that
transportation and land use have on the quality of life, the economy and the
environment. This thesis tries to assess how land use shapes travel choices in Helsinki
Capital region. In addition, the study shows where land uses producing different travel
behavior outcomes are located within the study area. Similar studies have not before
been done on a city in Finland or the Nordic countries.
Logistic regression was used to link land use features, such as density, diversity, service
availability and public transport service level to mode split. In addition, the railway and
metro station vicinities are evaluated and categorized based on the Transit-oriented
Development (TOD) concept. Two TOD indices are derived from the mode choice
model, was used as a tool in this categorization.
Based on the results, the land use features associated with TOD tend to decrease car
usage while promoting walking. The results for public transport are mixed. Especially
public transport competitiveness and job density explains public transport usage.
However, contrary to earlier studies higher population density do not seem to be
associated with higher public transport usage. The mode share of bicycling was higher in
areas with low density and public transport competitiveness but with relatively high
service availability.
Apart from public transport, the results are in line with previous findings. The link
between land use and travel behavior is in light of the results thus confirmed also in
Helsinki Capital region.
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Tiivistelmä
Maankäytön ja liikkumistottumusten yhteyttä on tutkittu laajalti kansainvälisesti.
Kysymys on tärkeä kun huomioi liikenteen ja maankäytön vaikutukset elämänlaatuun,
talouteen ja ympäristöön. Tämän diplomityön avulla yritetään arvioida miten
maankäyttö muokkaa liikkumistottumuksia pääkaupunkiseudulla. Lisäksi tutkielmassa
arvioidaan miten erilaisia liikennetottumuksia aiheuttava maankäyttö tutkimusalueella
on sijoittunut. Vastaavia tutkimuksia ei ole aikaisemmin tehty suomalaisista tai
pohjoismaisista kaupungeista.
Tutkimuksessa luotiin logistisen regressiomallin avulla linkki eri maankäytön
ominaisuuksista, kuten tiiveydestä, sekoittuneisuudesta, palveluiden saatavuudesta sekä
joukkoliikenteen
palvelutasosta
kulkumuotojakaumaan.
Lisäksi
metroja
rautatieasemien ympäristöt arvioitiin ja kategorisoitiin Transit-oriented Development
(TOD) - konseptin (suom. joukkoliikenne-painotteinen maankäyttö) avulla.
Asemaympäristöjen kategorisointi tehtiin kahden, mallinnuksen avulla luodun,
maankäytön joukkoliikennepainotteisuutta kuvaavan, indeksin avulla.
Tulosten perusteella, TOD konseptin mukaiset maankäytön ominaisuudet vähentävät
autoilua ja lisäävät kävelyä. Joukkoliikenteen osalta tulokset ovat ristiriitaisia. Erityisesti
joukkoliikenteen kilpailukyky ja työpaikkatiheys selittävät joukkoliikenteen käyttöä
hyvin. Aikaisemmista tutkimuksista poiketen, korkeampi asukastieheys ei kuitenkaan
vaikuta lisäävän joukkoliikenteen käyttöä. Pyöräilyn osuus oli korkein väljillä, huonon
joukkolikenteen palvelutason alueilla, joilla kuitenkin on kohtuullisen hyvä
palvelurakenne.
Joukkoliikennettä
lukuunottamatta
tulokset
olivat
linjassa
aikaisempien
tutkimustulosten kanssa. Tulosten perusteella yhteys maankäytön ominaisuuksien ja
liikkumistottumusten välillä on vahvistettu myös pääkaupunkiseudulla.
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1 Introduction
Problems related to transportation are among the main challenges facing the cities of
today. Transportation is a necessity for all residents, but transportation also have direct
and indirect adverse effects on the quality of life. Time spent in traffic is often
unproductive and lost time. Sound and air pollution have negative impacts on the living
environment. Global warming is also a key question for transportation. The question
arises: how to improve the air quality, reduce carbon dioxide emissions while at the
same time cater for the ever increasing travel demand and keeping the travel times at an
acceptable level? The emissions are reducing due to more efficient car motors and
alternative fuels, but the congestion remains a problem. The traditional way to solve
traffic problems is to remove the bottlenecks that cause congestion, but usually this
moves the problems elsewhere or even induces more demand (Cervero, Hansen 2002).
In the last decades, the planning philosophy has shifted towards breaking the spiral and
instead enable people to change habits towards more sustainable and space efficient
modes of traffic, such as walking, bicycling or public transit. However, the transition is
difficult as the structure of many cities are built up to serve a car-oriented lifestyle, with
too large distances for walking or bicycling and too spread out to support nothing but
the most basic public transit options. (Banister 2008).
To face the challenge of fast and often uncontrolled urban expansion, also known as
urban sprawl, a myriad of new, partly overlapping methods and concepts has been
developed. Smart Growth, mixed-use development and new urbanism are all concepts
that have been implemented and studied (Ewing, Greenwald et al. 2011; Handy 2005).
Among the best known concepts developed to make this transition from car use to the
alternative modes is Transit-oriented Development (TOD). There is no single universal
definition for TOD. However, there are several features recurring in TOD definitions.
For example, Cervero (2002) comparing several TOD definitions lists mixed uses,
proximity to transit and land use that supports transit use as features commonly
associated to TOD in literature. Other features included in definitions are compactness,
walkability and cyclability. Features also included in TOD-definitions are the
requirements of public spaces near the station and the functionality of the stations as
community hubs (Cervero, Ferrell et al. 2002). In addition to mixed-use development,
TOD also shares many of its features with neotraditional development (Jabareen 2006),
but TOD is distinct in its emphasis on public transport. The compactness could be
defined as that the TOD is limited to a certain area around the station and that it is of a
suitable density. A 800 meter or half mile radius, which corresponds to a 10 minute
walk from the transit station, is commonly used in literature (Falconer, Richardson
2010). Much of the research agrees on that a TOD needs to be walkable and dense and
that land use within the TOD needs to be diverse and mixed-use (Cervero, et. al 2004).
With the above features, TODs can be concluded to be neighborhoods built around a
public transit service, where emphasis has been put on integrating land use and public
transit. Typically, TODs are situated around rail based public transit, but also a high
quality bus service can be an option (Currie 2006). TOD can be defined from a set of
distinct characteristics of the built environment compared with other land use. As there
does not exist a common definition of TOD, there are no measurable thresholds
regarding the features either. However, the TOD concept is always applied to the
existing spatial context. For example, the higher density of a TOD is always relative to

the surrounding land use and the densities of typical development in the region
(Cervero, et. al 2004).
By developing land use close to public transit, several advantages can be achieved in
comparison with land use concepts creating car dependency. The core aim is to create
sustainable neighborhoods with high quality of life. For transportation, this means
providing more sustainable alternatives to car usage. Ultimately, this may reduce the
number of trips made by private car and shifts travel demand to walking, bicycling and
public transit. In addition, the aim is to reduce distances for car trips and make
carpooling modes more feasible (Cervero, Kockelman 1997). Through reduced
congestion levels the implementation TOD would also benefit persons for whom it is
necessary to continue car usage. TODs also increases social sustainability due to the
increased street safety and health benefits for the inhabitants, because of decreased air
pollution and a more active lifestyle (Saelens, Sallis et al. 2003). The provision of
several viable transportation options and will potentially distribute accessibility in a
more socially sustainable manner (Martens, Golub et al. 2012). There may also be
economic benefits, such as decreased transportation costs.
To fully extract the potential of the TOD concept or even to prove TODs achieve
intended objectives, there is a need for ways to measure TODs and land use in general.
As TOD is not a clearly defined concept and there are a wide variety of ways to design a
TOD, there is no reason to assume that every way is equally good. First, having better
knowledge on the outcomes of infrastructure projects will help avoiding failure in
public investments. Second, the results can be disappointing if the expectations and
planning are not based on adequate knowledge. With TODs there have been problems
with the integration of land use and transit but also the adaptation of transit-oriented
planning principles have been slow, resulting in transit-adjacent development. (Belzer,
Autler 2002). Defining a success in TODs is always relative and should be viewed in
the context of the TOD objectives. (Renne, Wells et al. 2005). The experiences gained
from previous realizations of the TOD concept should be collected and analyzed to find
the best design practices. This way TOD concept can be developed in a direction that
more efficiently achieves the objectives of TOD. In addition, the outcomes when
implementing TODs of different type and in different contexts will become easier to
predict.
There are three main strategies to measure TODs or land use from a TOD-perspective.
First to measure the change enabled by the construction of a TOD, (Austin, et al. 2010).
This form of measurement is enabled by comparing the land use and travel behavior
before and after the implementation of TOD. The second purpose is to find out the
general performance of a TOD and thus enable comparison between TODs but also
between TODs and the surrounding land use. The final purpose is to measure TOD
potential, which uncovers places that are suitable for TODs, but currently lacking in
either land use intensity or transit options (Singh, Fard et al. 2014, Fard 2013). In this
thesis, all categories will be covered at least briefly but the focus is on the second
category of reasons to measure TODs. It is worth noting that despite there being three
main reasons to measure TODs, most indicators can be used in all three categories.
It is worthwhile to remember that land use and transportation measurement methods are
more of an intermediate step if assessing sustainability. It is not possible to determine
sustainability solely based on land use. It is ultimately the lifestyles and the decisions of
the society and its people who determine sustainability. Land use is merely a factor that
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shapes the current behavior of individuals. The phenomena revealed by the land use
indicators are therefore “intermediate impacts” of the land use and transportation
system, which finally result in the environmental, economic and social impacts. (Geurs,
Wee 2004).
TOD and the connection between land use and travel behavior interaction are both quite
common research subject within transportation and land use research. However, much
of the TOD research is set in areas that in many ways differ from the situation in cities
in the Nordic countries. Focus is often on American and Australian cities that tend to be
more car dominated or Asian cities that tend to be very dense (Newman, Kenworthy
1996). The Nordic cities are different also in a European context. For example, they
tend to be less dense because of the discontinuous urban structure (Kasanko, Barredo et
al. 2006). However, the planning in the Nordic countries has a long time emphasised a
more public transport based city structure and therefore the modal shares, despite
relatively low densities, have remained on a higher level than in America (Cervero
1995). The research that has been done on Nordic cities has concentrated on the urban
structure on a relatively coarse level compared to the American counterparts. When the
focus in American TOD studies has been on a neighborhood level, the focus in Nordic
studies has been on the whole urban agglomerations. In addition, there are many
transportation studies focusing on the impact of personal attitude on travel behavior.
(Haybatollahi, Czepkiewicz et al. 2015, Næss 2012) . There is thus a lack of knowledge
on to what extent neighborhood level characteristics shapes travel behavior in Nordic
cities.
The study has two primary aims. First, to increase the understanding of to what degree
land use shapes travel habits in the Helsinki Capital region. The study tries to answer
the following questions:
● Which land use features shapes travel behavior?
● To what degree do the land use features shape mode choice?
● What is the correct scale to measure land use features in this case?
Second, to categorize the existing and future land use from a TOD suitability
perspective, by answering the following questions:
● Which are the similarities and differences between TODs in Helsinki Capital
region?
● How could the TODs in Helsinki be categorized?
● Is the strategic planning of the Helsinki Capital region
To achieve the aims, logistic regression is applied to create a set of models establishing
a relationship between land use features measured on different scales and travel
behavior described by mode split. The questions attached to the second aim is answered
by applying the model on the land use in Helsinki Capital region and analysing the
results. In addition, the results of this thesis are related to previous studies with the same
scope.
This thesis consists of four main parts. In the background section, the theory behind
land use and travel behavior is presented from a TOD perspective. The historical
background of the land use development of the study area, in addition to previous travel

behavior and land use studies on Helsinki are covered briefly. The methodology section
will cover the data, the preprocessing of data and the statistical methods used in this
study. The Results and analysis section is divided into four parts. First the selected
models are presented. Then the impacts of individual land use indicators are analysed
and compared with previous studies. The Helsinki station vicinities are evaluated and
categorized in the third part. In the fourth part the impacts of the strategic planning will
be discussed from the same perspective. In the Discussion section the results of this
study is compared to previous studies. The conclusions are presented in the last part of
this study.
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2 Background
The first part of this section, Land use and travel habits, presents the core features of
TOD, why these features are important for the functionality of TOD and how these
features relate to the goals set up for TOD. In addition, this section presents the
theoretical foundation for the indicators used in the measurement methods presented in
the methodology section. In the second part of this section, TOD measurement methods
from previous studies are compared. In the last parts of this section focuses on the
study area. After a short introduction, the history of Helsinki land use is presented
briefly with the focus on the development of the railroad and metro lines. Following, is
an overview of previous land use and mobility research on Helsinki. In the last part, a
selection of current strategic plans of the Helsinki region are presented.

2.1 Land use and travel habits
The foundation of the TOD concept is the assumption that land use patterns and density
in combination with the design of the neighborhood directly shapes travel behavior.
There is plenty of research available regarding the effects of different land use and built
environment factors on travel patterns. Much of the research can be applied when
assessing TOD. Therefore, the research on land use and travel behavior forms a
theoretical basis for TOD evaluation. TOD after all, is a land use concept designed to
enable changes in travel behavior. Much of the success of TOD thus depends on if land
use affects travel behavior in the first place. If that is the case, the question arises of the
magnitude of this impact.
Encouraging people to use public transit instead of personal cars usually cannot be
made simply by providing public transit. First, the public transit service level provided
is constrained by economic factors, which in turn are constrained by the transit usage.
Second, for the transit users, the land use needs to support a lifestyle where the
everyday travel can be made without car use. Transit adjacent development (TAD) is a
term used to describe land use located around a transit station, where the built
environment features do not encourage transit usage (Renne 2009b).
One of the problems when researching how land use shapes travel behavior, is that it
can be difficult to single out the magnitude of the effect of an isolated feature (Ewing,
Cervero 2002). Many of the land use features that potentially reduce car usage tend to
occur in the same places; high density neighborhoods tend to have better transit options
and less parking (Cervero, Kockelman 1997). This is not surprising; providing dense
neighborhoods with transit are usually more cost effective while constructing parking in
dense neighborhoods tends to be more expensive as there is less space available for
parking.
Many of the results of studies linking land use to travel behavior have been compared in
three meta studies (Ewing & Cervero 2002; Leck 2006; Ewing, Cervero 2010). Ewing
and Cervero (2002) did a synthesis on over 50 research papers made on the impact of
land use on travel behavior. The impact of five different land use features was estimated
based on the earlier research results. The meta-analysis by Leck (2006) established a
connection between land use indicators and travel indicators, in a similar way as the

meta studies by Ewing (2002 & 2010). This study included more travel indicators than
Ewing‟s meta studies (Vehicle miles travelled VMT, Vehicle kilometers travelled VKT,
Vehicle hours travelled VHT, Vehicle trips, the probability of commuting with
automobile/transit/walking). However, it did not include elasticities to show the
magnitude of the impact. Only significance and direction of the effect was presented.
(Leck 2006). Ewing and Cervero (2010) extracted elasticity values for different travel
behavior indicators with respect to built environment features from the research papers.
In this meta research the weighted averages for the elasticities was then calculated. The
research covered both density, diversity, design and accessibility features. The travel
behavior indicators were vehicle mile traveled (VMT), walking trips and trips with
public transport. (Ewing, Cervero 2010) . In the following sections, the different land
use features and the indicators used in the measurement are presented in more detail.

2.1.1 Density
Density is one of the land use features that is relatively easy to define and measure.
High density implicates that the origins and destinations of trips on average are closer to
each other. As walking and bicycling is more suitable for short trips there is more
potential for these modes in dense neighborhoods (Cervero, Kockelman 1997). Dense
land use also favors public transit as access trips (the trip section between the origin or
destination and the transit station) often are made by walking. Increased land use
density means potentially more public transport passengers which in turn justify a better
service level that further increases the public transport utility.
Density can be measured in several ways. Typical density measures are population
density, employment density and floor area ratio (FAR). Population density and
employment density are usually direct indicators of the amount of activity in an area
while FAR is not. Many functions such as logistic hubs needs plenty of floor area while
employment density remains low. Therefore the different uses needs to be defined when
comparing FAR. Consequently, FAR may be a useful measure for commercial activities
as the direct amount of customers and therefore the generated travel demand is difficult
to track. Sometimes population and employment density are combined as an “activity
density” value (Ewing, Cervero 2010). Sometimes density is calculated as residential
units (Kamruzzaman 2014), but this might be problematic in areas where the household
sizes vary.
Leck (2006) found that both employment and population density were associated with
reduced car usage (VKT, VHT and number of trips) and a larger share of transit and
walking trips. The indicators describing land use intensity used in the meta analysis
compiled by Ewing and Cervero (2010) were household/population density, job density
and commercial floor area ratio. The extracted elasticities showed that the population
density had an elasticity of -0.04 on VMT while the job density did not have any impact
with an elasticity of 0. Job density did however have an impact on walking with an
elasticity of 0.04 but also here population density seemed to have a greater impact with
and elasticity of 0.07. (Ewing, Cervero 2010).

2.1.2 Diversity and mixedness
Until the 20th century, the city districts tended to be diverse, with residential,
commercial and industrial functions often located side by side. Modern planning
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principles introduced geographical separation of different land use types to make the
city safer and more efficient. However, several of the land use types that were separated
were compatible and even complementary. The planning principles of today are again
favoring mixing uses as it is suggested to having several advantages. First, mixed uses
implies shorter travel distances as people have the option of living close to shops and
workplaces. Shorter travel distances as mentioned earlier, increases the odds to use
transportation options other than the car. Second, in a diverse area the infrastructure will
be used more efficiently as different uses can take part at different times of the day. This
time separation means that the road infrastructure needs less investments, and
additionally it enables shared parking which also implies savings. (Cervero 1988,
Ewing, Greenwald et al. 2011, Grant 2002, Litman 2003). A more even distribution of
jobs along a corridor, increases reverse commuting which balances the traffic flows.
Often having bidirectional flows will lead to a more efficient utilization of the
transportation network. (Cervero 2006, Suzuki, Cervero et al. 2013). In addition, land
use diversity has transportation advantages that are less obvious. For example land use
diversity, in the form of street side shops in an otherwise residential area have an impact
on the experience for passersby by making the streetscape interesting and thus inviting
longer walking trips (Iltanen 2011, Gehl 2010). In addition, diverse neighborhood with
activities spread all around the day will increase the “natural surveillance” and therefore
also the safety and the walkability of the streets (Jacobs 1961, Cozens, Saville et al.
2005).
Even if diversity and mixedness are related concepts and often used interchangeably,
Kockelman (1996) suggested that they should be seen as separate. Diversity is a
measure for the balance of functions within an area while mixedness refers to how these
various functions are located in relation to each other. In other words, mixedness reveals
how fine grained the city structure is. There are several studies indicating that land use
diversity and mixedness indeed reduce car usage and encourage active transport and
public transport. Diverse land use was found to decrease VKT and increase the share of
transit and walking trips in the meta study by Leck. (Leck 2006).
Measuring diversity or mixedness is more complex than measuring density. Land use
diversity measures could be divided into three main categories. The simplest category of
measures shows if the services are available within the study area or the distance to the
closest service. For example the shortest distance to a store (Ewing, Cervero 2010) or
the presence of grocery stores, restaurants, pharmacy or florist (Reusser, Loukopoulos et
al. 2008). These measures are quite intuitive and correspond to the reality that the
inhabitants are facing. Data availability might be an issue since land use data often is
aggregated, making it impossible to detect the services that are interesting. The second
category is to simply use the ratios between measures describing the various functions
within the area. For example, the ratio of non residential land use and total land use
(Singh, Lukman et al. 2015). The last category of diversity measures consists of entropy
or diversity indices such as Shannon‟s entropy (Iltanen 2011, Kockelman 1996) or
Simpson‟s diversity index (Kamruzzaman 2014). According to Eck (2008) Shannon‟s
entropy and Simpson's diversity index gives almost similar results when measuring land
use diversity (Eck, Koomen 2008). Entropy measures the balance between different
land use categories. When each category is equally represented, the entropy index
reaches its maximum value. In reality the categories used when calculating an entropy
index are unlikely to be equal when in balance. For example, it is unlikely that the space
dedicated to services and population is equal in the whole region. Kockelman therefore

suggested that each category could be corrected with coefficients to give more reliable
results. (Kockelman 1996).
Measuring land use mixedness is different to diversity. The mixedness depends on how
the land uses are situated in relation to each other. This is done through calculating the
bordering land uses that are of a differing category for example with the Dissimilarity
Index. (Kockelman 1996). A high diversity does not automatically give a high
mixedness score as the differing land use categories can be separated within the same
area. When land use is mixed, the distances between differing land use categories are
minimized which potentially could reduce average travel distances in the same manner
as diversity but on an even smaller scale (Kockelman 1996). As with density, there are
several options regarding what datasets the diversity can be calculated from. Often the
same datasets that are used in population and job density or FAR calculations can be
used in calculating diversity, provided that there is detailed data about in what sectors
the jobs are or what uses the buildings contain.
Much of the research regarding land use mix and travel behavior seems to be uncritical
regarding what kind of land use mix actually reduces travel demand and to what extent.
Hess, Moudon et al. (2001) suggested that land use complementarity should be taken
into account in the assessment. Some land uses are functionally complementary,
meaning that it is likely that trips are made between them. Land uses that are spatially
complementary are close enough for the trips to be made by walking or bicycle. (Hess,
Moudon et al. 2001). In the case of TODs, spatially complementary land uses need to be
at walking distance when considering the trips within a TOD. When considering the
critics by Hess, it would make sense to emphasize functions that have high
complementarity to many other land uses, i.e. functions that are likely to be used daily
by many people, such as grocery stores or restaurants.

2.1.3 Design
Design is used as an umbrella term for the wide variety of aspects impacting the
walkability i.e. the walking experience. These include both the macro level pedestrian
network pattern and the quality of the pedestrian infrastructure on a micro level. Studies
have often included measures of the network pattern, as the data often is readily
available. The walking environment itself is harder to study, as the visual aspects often
are subjectively interpreted. The objective measurement of the perceptual qualities is
difficult as there is less data available on the several parameters that impact walkability
on a micro scale. (Ewing, Handy 2009).
The design category includes a wide variety of both quantitatively and qualitatively
measured indicators. These could be roughly divided into the pattern of the street grid
(or the walking network) and the walking environment (the quality of the walking
network). Simple measures for the street grid category are intersection or street density,
block size, the proportion of intersections that are four way intersections, density of
dead ends and land use barriers. (Ewing, Cervero 2010, Cervero, Kockelman 1997,
Schlossberg, Brown 2004). A more advanced measurement is calculating the ratio of
actual and Euclidean catchment areas, i.e. comparison of distance as the bird flies to a
walking distance in the actual street grid (Schlossberg, Brown 2004).
Even if the quantitative indicators may work as proxies for walkability, they do not tell
much about the quality of the walking environment. There are several suggested
15

indicators for walking environment. Many of them describe the buildings siding the
street, for example the proportion of historic buildings, street side shops or the height of
buildings. Other indicators describe the amount of “life” on the street, through
measuring the number of people or the existence of outdoor dining. (Ewing, Handy
2009, Schlossberg, Johnson-Shelton et al. 2015, Schlossberg, Brown 2004).
A gridiron network pattern is often considered the most walkable, as it offers several
route choices and minimizes walking distances. Conversely, patterns with tree-like
structure or loops make walking distances long. (Schlossberg, Johnson-Shelton et al.
2015). The meta study by Ewing (2010) found that a higher intersection density and
larger proportion 4-way intersections are associated with lower car usage and higher
public transport usage. The results for walking were mixed, however. Intersection
density had a positive association with walking while the case the opposite with 4-way
intersections.
The usefulness of small block sizes or a dense street network can also be questioned.
For example, within a grid plan smaller blocks often only gives more alternatives for
pedestrians, but does not necessarily shorten distances. Smaller blocks also result in
more area dedicated to streets, which decreases the density of the neighborhood. Indeed,
the meta analysis collected by Leck (2006) found that neither the proportion street grid
nor the proportion of streets with sidewalks had a significant impact on mode split.
These results were in stark contrast of the results of Ewing (2010), but can perhaps
partly be explained by the differing indicators. There were even some indications that a
street network formed as a grid actually encouraged car usage. Crane (1996) tried to
explain why a grid-like transportation network may increase car traffic instead of
reducing it. Any improvement in local accessibility through adding new connections
tends to increase trip frequency in general but also the number of car trips might
increase in the same time. Even if the trips are shorter in a grid-like street network, the
fact that there are more trips might also lead to longer overall travel distances as the
accessibility is better. (Crane 1996). It is therefore more of a question if a grid-like
street network is relatively more of an advantage to walking. Walking trips tend to be
short. Therefore a street grid that enables short distances between nodes will be more
favorable for pedestrian travel than a grid with many cul-de-sacs and barriers.

2.1.4 Distance to transit
To promote walking and transit usage, with walking often being a part of the trip chain,
the distances within the TOD need to be small enough. The meta-analysis by Ewing and
Cervero (2010) indicated that a one percent decrease in the distance to transit increased
transit usage with 0.29 percent and walking with 0.15 percent, while VMT decreased
0.05 percent (Ewing, Cervero 2010). Cervero (2006) found that people living within a
half mile from the station were 4 times more likely to use transit than the ones living
from 0.5 to 3 miles from the station. For the people living further away the difference
was 6 times (Cervero 2006). The study by Guerra (2011) found that the evidence
supporting using the half-mile (800 meters) radius is quite weak. There does not seem to
be a significant difference in results between 400 meter, 800 meter or even 1200 meter
catchment areas when predicting the ridership figures of 1449 transit stations. (Guerra,
Cervero et al. 2011).
As mentioned in the introduction, 800 meters or a half mile radius around the station
seems to be the most commonly used catchment area distance in TOD literature. The

800 meters distance is meant to correspond to the distance most people are willing to
walk to a transit station. A fixed Euclidean distance is easy to use when making
approximations, but it has also been criticized. First, the distances depend on the street
grid and therefore the catchment area distance measured along the street grid does not
form a perfect circle (Canepa 2007). For example, a regular square grid will create a
diamond shaped catchment area. When estimating the likelihood to walk to transit, not
only the distance should be taken into account. Also the other design factors regarding
the quality of the walking environment and topography may impact willingness to walk
long distances (Canepa 2007). For example, walking in a hilly area is more tedious than
on flat land. Second, the acceptable distance very much depend on personal preferences,
the neighborhood structure, the options available for the transit users and the overall
transit accessibility within the region. Alshalalfah (2007) found that transit riders
walked longer distances for transit lines with high service frequency. The median
difference in length between access trips to bus or streetcar and metro was around 100
meters in Toronto. (Alshalalfah, Shalaby 2007). Canepa (2007) proposed that land use
density might increase the willingness to walk longer distances. Therefore a fixed
boundary for dense TOD as a planning policy, where high density development is not
constructed outside the fixed catchment area buffer, might become a self-fulfilling
prophecy. It is however difficult to determine the effect of other land use measures on
walking distance. (Canepa 2007).

2.1.5 Destination accessibility
TODs are parts of a larger network within a city or a region. Therefore it is important to
also consider how accessible locations outside the TOD are. The ability to travel is
studied through two concepts: mobility and accessibility. When viewing mobility, the
emphasis is on transportation and the ability of the individual to travel (Litman 2003).
Accessibility can be defined as the ability for an individual to reach different locations
to participate in activities there (Papa, Bertolini 2015). Handy (1997) defined
accessibility as the potential for interaction within a region. As the concentration of
activities within the area varies, reaching every location is not equally important or
„attractive‟. Activities usually involve human interaction, and therefore accessible
locations are often weighted with the population or job concentrations within that area.
Alternatively, the potential destinations can be services of some kind. Thus, the most
important distinction between accessibility and mobility is that accessibility can be
improved both through developing the transportation system and the land use.
Bertolini (1999) suggested that the accessibility and the land use features of a location
tend to be in balance and even seek balance. Good accessibility makes places attractive
for investments. Therefore, the land use density and diversity tend to increase in such
places. Owen, Anderson et al. (2012) studied the relationship between the relative
accessibility and mode choice. As would be expected, public transport usage was more
common in areas where the accessibility of public transport was more competitive.
Measuring destination accessibility can be achieved either by measuring mobility or
accessibility. The mobility based approach evaluates the available transportation
facilities and services. Possible indicators are; the number of public transport services,
public transport level of service and the number of end stations reachable. In addition
facilities such as bicycle and car parking and the distance to the closest highway onramp can be considered. (Reusser, Loukopoulos et al. 2008). Handy (1997) suggested
three principal types of accessibility measure. The first was defined as the sum of the
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potential destinations reachable within a time limit. The potential destinations are often
represented by the population or workplaces. The second accessibility measure is the
gravity based accessibility measure. Instead of a cutoff time limit, the potential
destinations are weighted based on the time it takes to reach them. The final
accessibility measure is based on the utility of reaching one destination versus the utility
of all other destinations. (Handy, Niemeier 1997). From a TOD perspective, usually the
accessibility offered by public transport is considered. (Papa, Bertolini 2015). Another
approach is to consider the relative accessibility as a ratio between the accessibility
offered by cars and the accessibility offered by public transport. (Owen, Anderson et al.
2012). This is perhaps the most relevant measure when considering TOD, as it in a
simple way describes the competitiveness of public transport in relation to car usage.

2.1.6 Self-selection
Several studies have concluded that at least a part of the benefits accredited to TODs
are, partly a consequence of self-selection (Næss 2009, Cao, Mokhtarian et al. 2009,
Cervero 2006). Self-selection is a process where people with attitudes already favoring
transit use are choosing to live in TODs. Therefore, the degree in which land use
features shape travel behavior overall, has been suggested to be smaller than past studies
have shown. (Cervero 2006). Even if self-selection has been used as an argument
against TOD, it could also be seen as a proof of concept. If land use would be
completely irrelevant to travel behavior, then people favoring public transport and
walking would choose to live also in car-oriented areas, despite available TODs.
Clearly, this would mean that the TOD concept would be a failure. (Næss 2009).
Cervero (2006) suggests, that the self-selection bias is greater in cities where public
transit quality overall is poor. In dense cities, with a proportionally high availability of
housing in neighborhoods with good public transport services, the self-selection bias is
smaller. (Cervero 2006). Self-selection can be controlled in studies by including
variables describing car ownership or attitudes towards travel. Næss (2009) suggested
that attitude-based indicators are more reliable. Using several indicators might lead to
the underestimation of the impact of the land use. Krizek (2003) tested the impact of
self-selection by comparing the travel behavior of the same households before and after
moving to a new location. The study found that the change in urban environment indeed
had an impact on travel behavior, especially VMT. However, there were no significant
impact on mode-split.

2.2 Previous TOD study methods
Several methods for evaluating land use from a TOD perspective have already been
developed. The evaluation methods cover different perspectives ranging from economic
impacts to land use. Some methods have a holistic approach trying to cover as many
aspects of the TOD as possible, while others focus on a more limited set of features
(Noland, Ozbay et al. 2014, Renne, Ewing 2013). These focused studies often
concentrate on a distinct set of features important for the TOD concept, e.g. accessibility
or walkability (van Nes, Stolk 2012, Schlossberg, Brown 2004). Also the research
methodologies vary from field surveys to the quantitative approaches such as various
Geographic Information System (GIS) analysis methods (Singh, Lukman et al. 2015,
Forsyth, Jacobson et al. 2010). A final distinction of GIS based TOD measurement
methods depends on the purpose of the measurement. Some methods evaluate potential
for new TOD while other evaluates the current transit friendliness. When studying TOD
potential, the focus is on the whole region while studies evaluating current TODs

usually uses the station vicinities as the study area (Meyers 2010, Singh, Lukman et al.
2015). Because of the limitations of this study, the GIS-based methods with a focus on
land use and transportation are next presented in more detail.

2.2.1 Areal unit of analysis
It is important to choose the right spatial scale for land use analysis. Hess (2001)
suggested that some of the differing results in assessing the impact of land use on travel
behavior could be caused by the modifiable areal unit problem (MAUP). This is
research bias caused by the usage of poorly fitting area divisions in the analysis.
Aggregated measures averages out differences of density within the boundaries.
Therefore census tract data can generate totally different results compared with data on
a block level when analysing population densities, because the density within a census
tract usually varies more than within a block (Hess, Moudon et al. 2001).
There are several approaches to addressing the areal unit issues that have been applied
in TOD research. Some of the areal units that have been applied are buffers around the
stations (Singh, Lukman et al. 2015, Reusser, Loukopoulos et al. 2008), grid tessellation
(Singh, Fard et al. 2014) or predefined statistical tracts. Kamruzzaman, Baker et al.
(2014) used a combination of statistical tracts and a buffer set on the centroid of the
statistical tract, depending on the indicators included. In a TOD context, the buffer zone
approach is intuitive as it can represent a walking or bicycling distance. The buffer can
be presented as an Euclidean distance or as a distance along the street network. Using
buffers has also been shown not to be very sensitive to scale in a TOD context, which
makes it a safe choice. (Guerra, Cervero et al. 2011).
The main advantage of statistical tracts is that the data usually is available aggregated to
these tracts and that there might be other research done on the same areal unit. The main
disadvantage is a greater risk for biased results because of the modifiable areal unit
problem. It is also possible that the scale, due to the size of the areas does not catch
enough detail for the analysis. In TOD analysis, the walking distance and the grain of
land use zones could offer some guidance to the areal scale (Hess, Moudon et al. 2001).
Grid tessellation consists of a grid with aggregated data, covering the study area. The
grid tessellation is free from the modifiable areal unit problem, but still the scale
matters. For example Singh, Fard et al. (2014) suggested using 300 x 300 meter cells
because of the typical size of TOD neighborhoods.

2.2.2 Indicators and weighting
The included indicators and the weights applied to them are important aspects when
developing a framework for TOD analysis. Methods based on cluster analysis, do not
necessarily have a weighting step. However, here the included indicators are important
nonetheless. Many of the existing TOD assessment and categorisation methods follow
the 3 Ds, density, diversity and design (Cervero, Kockelman 1997). In the calculation of
employment density, Kamruzzaman, Baker et al. (2014) only included areas zoned as
workplace areas, all other types of land use were excluded. In a similar way only areas
designated as residential were considered when calculating the residential density. No
explanation in the paper was given of how vertically mixed areas (i.e. areas with mixed
use buildings) should be addressed. Singh, Lukman et al. (2015) used a combination of
four density measures. These were density of commercial services, the density of
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business establishments, job density and population density. In addition to the density
measures, two land use based diversity measures were included. The first diversity
measure was an entropy index while the second measures the proportion of nonresidential land use. The diversity measure used by Kamruzzaman, Baker et al. (2014)
was based on Simpson‟s diversity, which should render very similar results to an
entropy index (Eck, Koomen 2008). Reusser, Loukopoulos et al. (2008) included
population density and two types of job density in their method. The job densities were
calculated separately for the secondary and tertiary sector. In addition, a diversity
measure was calculated based on these.
Reusser, Loukopoulos et al. (2008) did not include any typical design indicators
describing the street grid. The indicator closest to a design indicator describes the length
of bike paths within a 2 kilometer radius. Singh, Lukman et al. (2015) also included a
bike and walking path measure. In addition, intersection density and impedance
pedestrian catchment area are included in the method. The latter measures the directness
of the street grid, by comparing a catchment area based on the street grid with an
Euclidean buffer with the same distance. Kamruzzaman, Baker et al. (2014) included
two design measures: intersection density and cul-de-sac density.
Perhaps because of the theoretical basis in Bertolini‟s (1999) node-place model, the
model by Reusser, Loukopoulos et al. (2008) uses a mobility approach for the node
indicators. For example frequency of service, the number of reachable stations, the
number of public transportation modes available were used as indicators. In addition to
a few indicators describing bicycle and car infrastructure were used. In essence these
indicators fill the role of destination accessibility. The destination accessibility
indicators in Singh, Lukman et al. (2015) were quite similar, with the addition of
passenger load factor for the the train services operating at the station. Kamruzzaman,
Baker et al. (2014) used the public transport accessibility level (PTAL) measure as a
transportation indicator. The PTAL indicator is based on public transport service
frequency, the available modes and the travel time to the transit stops. The PTAL
indicator thus combines distance to transit and destination accessibility into one
measure. Singh, Fard et al. (2014) did not include any transportation indicators when
calculating an index to TOD potential. Their aim was to locate neighborhoods with land
use suitable for a TOD but without considering transportation.
Singh, Lukman et al. (2015) and Singh, Fard et al. (2014) applied the multi criteria
analysis (MCA) method as a framework for analysis. The indicators were first
standardized on a scale from 0 to 1. These values correspond to the maximum and
minimum values respectively, found within the study area. In Reusser, Loukopoulos et
al. (2008) the metric indicators were log transformed and then rescaled from 0 to 1. No
weighting was used when calculating separate node and place indexes. In addition to
these composite indexes, a two step clustering was used to categorize the studied station
vicinities. Kamruzzaman, Baker et al. (2014) relied solely on clustering for TOD
classification. However, the results were validated with the help of survey data where
the respondents primary transportation mode was included.

2.3 Study area
The study area consists of the Helsinki Capital region with a population of
approximately 1.1 million. It forms the core of the larger Helsinki metropolitan region.
The area consists of four municipalities. Helsinki is the largest of the four, the capital

and largest municipality of Finland. Espoo consists of the suburban and rural areas in
the western part, while the suburban Vantaa is located to the north of Helsinki. The
region has in the past experienced relatively rapid population growth, which is predicted
to continue into the future (Söderström, Schulman et al. 2015). The population of the
metropolitan area is expected to grow to 2 million inhabitants until 2050. This means an
average growth of one percent per year. (MAL-neuvottelukunta 2015).

2.3.1 Past planning principles used in Helsinki metropolitan
region
In the times before motorised transportation Helsinki remained a relatively compact city
located on a peninsula surrounded by the Gulf of Finland. Helsinki grew quickly during
the 1800‟s, from about 3000 inhabitants in the year 1800 to 15000 in the year 1850 and
87000 in 1900. Helsinki had gained the status of capital city in the autonomous grand
duchy of Finland and was therefore an important city for administration.
However,Helsinki was also a university city, had a growing industry and an important
harbor all factors that may have contributed to the growth. In the early 1900‟s, the city
started expanding also outside the original grid plan. The inner city expanded north
along tramways and an industrial belt was formed around the inner city (Sundman
1982). From the 1880‟s onwards the inner city also grew upwards when older one or
two storey wooden houses were replaced with 4-7 storey apartment buildings forming
dense perimeter blocks. This process continued well into the 1970‟s.
In the neighboring municipalities small villages started emerging around the railway
stations. The Mainline railway (Finnish: Päärata) to Hämeenlinna was finished in 1862
followed by the Coastal railway (Finnish: Rantarata) in 1903. The first villages were
forming during the 1890‟s. (Sundman 1982). This coincides with the start of the
commuter train traffic, in 1886 (Herranen 1988). The neighborhoods of Oulunkylä,
Pukinmäki, Malmi, Tapanila, Puistola and Tikkurila on the mainline and Etelä-Haaga
(Huopalahti Station), Leppävaara and Kauniainen among others have emerged around
the railway stations. The railway villages were not solely residential, for example
Malmi, Pitäjänmäki and Tikkurila also had industries that took advantage of the
railway. Despite heavy infill development and urban renewal in some of these
neighborhoods, some traces, for example street grid and buildings from the early phases
remain.
The end of the Second World War meant a turning point for Helsinki in two ways. First,
Finland had lost the region of Karelia in the war with the Soviet Union and therefore
Helsinki had to accommodate a part of the evacuated population. This along with the
post war baby boom and urbanization lead to a very rapid population increase.The
second turning point was the municipal reform that was performed in 1946 which the
small municipalities of Huopalahti, Haaga, Oulunkylä and Kulosaari as well as a large
part of Helsinki rural municipality (later renamed Vantaa) was merged into Helsinki.
Helsinki now had room for a spatial expansion and after the reconstruction era in the
years after 1945, began an era of systematic suburbanisation through project
development.
The inner city typology of continuous street grid and perimeter blocks had been
abandoned already before the war. As a middle phase, some already zoned areas such as
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Lauttasaari were built with open blocks, but with a continuous street grid. The
prevailing planning ideals of the post war decades favored concentrated decentralization
through the formation of neighborhood units separate from each other and the inner
city. The function separation was also seen as important.
Even if single family homes was seen as an ideal, the big housing problem was to be
solved with apartment buildings that was seen as more efficient to build. (Hankonen
1994). The new suburbs were developed as isolated neighborhood units of roughly 5000
to 20000 inhabitants.
The first phase of neighborhood units in the 1950‟s and 1960‟s focused on the closeness
to nature. The buildings were placed freely, following the topography of the area. The
street grids in these areas tend to have plenty of cul-de-sacs and loops to separate local
and through traffic. As the prefabrication of concrete houses became more common
during the 1960‟s, this also changed the structure of the neighborhood units. The
prefabrication incentivised the construction of longer or taller buildings as this made
construction and especially the utilisation of cranes more efficient. (Hankonen 1994).
The following phase was the compact cities in the 1970‟s. The neighborhood unit as a
concept was not abandoned, but now the focus was to create a livelier city with more
human interaction outside the homes. (Hankonen 1994). The street network during this
era was based on a regular grid forming superblocks. Within the superblocks there were
combined paths for pedestrians and bicyclists and cul-de-sacs to access parking places.
The aim was to improve traffic safety by almost completely separating motorized and
nonmotorized transportation modes.
In the 1980‟s and the following decades the planning moved back towards the
traditional inner city structure with perimeter blocks and street networks shaped as a
true grid. The density still remained far below the pre-war inner city areas. Traffic
separation was partly abandoned, and instead traffic calming was used. At the same
time, mallification has concentrated the commercial services, which might have had an
impact on the mixedness and diversity of neighborhoods.

2.3.2 The development of a rapid transit system
The early suburbs and their neighborhood units were connected to the inner city with
the help of bus lines and an expanding highway system, but these measures slowly lead
to congestion problems on the arterials leading to the inner city, where the majority of
jobs was located. To cater for the suburban expansion a regional light rail system had
been proposed at several stages, between 1918 and 1955. Some of the plans included
tunnels in the central parts of Helsinki, which can be seen as a hint of what would come.
In 1963, the first plan for a metro system was presented. The idea was to construct a 86
kilometers long pre-metro system, compatible with the existing streetcar system and
then gradually change it into a metro with full grade separation. The biggest inspirations
for the system were Stockholm and Oslo where similar systems had been realised
earlier. The plans was criticized for having too many stations (108) and for having many
overlapping parts with the existing railways. The first sections were scheduled to open
in 1969, but the plans was postponed due to political disagreements. The planning of the
metro continued however, but with different planning principles. The so called SmithPolvinen transportation plan from 1968 made by engineering firms Wilbur Smith &
associates and Pentti Polvinen ky included proposals for a more limited metro network
of 63 kilometers. The downscaled system that actually was chosen for construction in
1969 was only 38 kilometers. It was also technically heavier, with the stations further
apart and infrastructure incompatible with the streetcar system. After a prolonged

testing and construction phase the first 10,7 km long metro section connecting the
eastern suburbs with the city centre finally opened in 1982, 13 years after the initially
planned starting date. (Iltanen 2001).
The paradigm shifts and the delays in the construction of the metro, but possibly also
the separated nature of transportation and city planning of that period, lead to an
incompatibility of the metro system and the city structure (Figure 1). The neighborhood
units along the metro corridor are located quite far away from the stations and some
neighborhood units which were planned to have a metro connection were left without.
The suburban sections of the current metro line were built next to motorways, which
decreased the exploitable land next to the stations. For these reasons the metro was
planned with a feeder bus system, which lead to some station surroundings being
dominated by bus terminals. This further decreased the potential for densification
around the stations. The metro line was gradually expanded during the following years.
In the late 1980‟s, the northern branch section to Mellunmäki, with 3 stations was built
followed by the Ruoholahti extension in the west in the early 1990‟s. In the late 1990‟s,
the southern branch to Vuosaari, also with three stations, was finished. Unlike the
neighborhoods along the earlier metro section, many of these new stations were built
simultaneously with the surrounding neighborhood.
The commuter train traffic was electrified between 1969-1972. Now the traffic could be
operated with new electric multiple units. (Herranen 1988). In 1975 the Martinlaaksobranch with six new stations was opened between Huopalahti and Martinlaakso. This
was the first dedicated section for commuter trains in Helsinki. The corridor had
initially been planned as a metro section, but the alignment was changed and an old
disused planning reservation for a railway was used instead. Unlike the first metro
section, here the construction of the surrounding neighborhoods and the railway
infrastructure coincided. Another difference is that there is less feeder traffic for the
stations. (Iltanen 2001). Between 1972 and 2004, additional tracks were gradually built
along the Main line and the Coastal line. There are now four tracks between Pasila and
Leppävaara as well as Pasila and Kerava. These tracks enable the separation of local
commuter train traffic stopping at most if not all stations, from the long distance traffic
and regional services stopping only at the main stations. This has enabled to run the
commuter trains in frequencies close to those of the metro system.
After a relatively long period of few investments in the rapid transit infrastructure, in
the late 2000‟s two major extensions moved to the construction phase. The Ring Line
forms a loop by connecting the Martinlaakso-branch with the Main line via the airport.
The area is currently mainly unbuilt, but TODs are planned along the sections that are
not within the airport noise zone. The line opened in July 2015. The West Metro has
been planned since the first metro visions. It will extend the metro line to the western
municipality of Espoo and replace the bus line sections currently running on a highway.
The first section, between Ruoholahti and Matinkylä is due to open in 2016 and the
second phase between Matinkylä and Kivenlahti in 2020. The land along the West
Metro corridor is mostly built, apart from the Finnoo area. The problems regarding bad
integration with the city structure of the initial metro section may be avoided in the
West Metro as the whole line is built underground. This enables the placement of
stations at the local centres.
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Figure 1. The core public transit system of Helsinki. The Western metro extensions
(Länsimetro) scheduled to open 2016 and 2020 are included.

2.3.3 Mobility, urban form, and planning in Helsinki region
Travel surveys in the Helsinki metropolitan region are conducted roughly every four
years by HSL. The surveys are primarily used as a basis for the strategic transportation
planning. The reports presenting the results of the survey are making some general
remarks about the impact of land use on mobility patterns, but these are quite weak as
the results are aggregated mainly on a municipal level. The municipality of Helsinki,
where the dense inner city is a separate area, is the exception. The most important
findings regarding travel behavior and land use is that the mode split tends to be car
dominated in the outskirts of the region and more transit oriented in the center. The
differences in proportion of active transport are quite small. (HSL 2010).
Helsinki Metropolitan region was studied at several occasions within the Urban Zone
research program conducted 2007 - 2014 by the Finnish Environment Institute
(Ristimäki, Kalenoja et al. 2011, Helminen, Kosonen et al. 2014, Ristimäki, Tiitu et al.
2013) and in the studies comparing Helsinki and Stockholm metropolitan areas
(Söderström, Schulman et al. 2015, Söderström, Schulman et al. 2014). The studies
used a top down division into pedestrian-, transit- and car-oriented zones based on
functional criteria. The criteria concerned land use, distance to the core of the region or
local centres and quality of public transport. A 250*250 meter square grid tessellation
was used as an areal unit and the zones were formed by joining the squares based on a
set of criteria. The created zones were further divided based on location and the
functional role within the region. The travel habits within the 42 created zones were

then studied. The study found significant differences between the different zones. In the
most central parts of the region almost half of the trips were made with active transport
and only 18 percent by car. In the most car dependent areas, the proportion of car trips
was 76 percent. The study also found that differences between the proportion of active
transport in similar areas, but with completely different locations within the region,
were quite small. For example areas defined as walking oriented had high proportions
of active transport (46-54 percent) regardless of if being the dense inner city of Helsinki
or a rural village. However, the difference in the mode split between car and public
transport was highly dependent on the location. Public transport trips in the walkingoriented zone for instance varied from 36 in the inner city to just 2 percent in small rural
cities. The study established profiles on the different zones based on land use intensity
indicators such as population density and floor area ratio (Ristimäki, Kalenoja et al.
2011). The calculated values at least to some degree confirms the assumed connection
between high land use intensity and high public transit usage.
Salonen, Broberg et al. (2014) studied the residents travel habits in the suburban
Kuninkaankolmio area from a mobility and sustainability perspective. Three
transportation modes (car, public transport and non-motorized travel) were considered.
The residents chose the fastest mode option slightly more often than a slower but in
most cases the more sustainable mode. Especially on shopping trips directed to
shopping malls car usage was prevalent. This was explained with the long distance to
the malls from the study area and slow public transport connections. On trips to the
inner city public transport was the dominating mode, again confirming the results of
HSL (2010). Helsinki has also been compared with five other European metropolitan
areas by Bertolini and Papa (2015). The urban structure of Helsinki was characterized as
a set of corridors, unlike the other cities who either had a “strong core structure” (Rome
and Munich) or were “networked city regions” (Amsterdam, Zurich and Naples).

2.3.4 Current planning strategies and goals
The strategic land use and transportation planning in Helsinki region is fragmented to
several planning entities and several plans with varying scope. The regional plans and
the master plans have both strategic and juridical meaning. The regional plans are the
responsibility of the regions under which the municipalities cooperate, while the
individual municipalities in most cases are responsible for the master planning
(Kanninen, Akkila 2015). In addition there is the MAL-cooperation (MAL comes from
the Finnish words for land use, housing and transportation). These plans are made by
Helsinki Region Transport authority (HSL), the organisation also responsible for
planning and organizing public transport in the member municipalities, in cooperation
with the municipalities, the region and the state. The MAL-plans consists of the
Helsinki metropolitan region transport plan and the Helsinki metropolitan region land
use plan (HSL 2015, MAL-neuvottelukunta 2015). The Helsinki metropolitan region
land use plan covers the whole metropolitan region, is very recent and has been planned
in cooperation between the different planning organisations. Therefore, it perhaps in the
most complete way represents the present intent of how the city structure of the region
is going to be developed in the future.
From a transportation and land use standpoint the key aim with the Helsinki
metropolitan region land use plan is to achieve good accessibility with sustainable
sustainable transportation, and to decrease the need to travel. The focus is on increasing
accessibility, not mobility. The main tools for achieving the aims are a set of criteria
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very similar to the TOD concept. There is an emphasis on the densification of existing
neighborhoods, especially station vicinities or other places with good public transit.
Both housing and workplaces are to be concentrated in accessible places. A 1.5kilometer buffer around public transport hubs is defined as a focus area for housing and
services. Also the walkability of neighborhoods is mentioned. Here the success criteria
are based on the proportion of housing that is built in the walking oriented zones
defined in the Urban Zone research program. (MAL-neuvottelukunta 2015, Helminen,
Kosonen et al. 2014). The land use zones depicted in (Figure 2) follows the criteria that
were put in place. The primary development areas indeed coincide with already built up
areas and usually with rail based transportation.
The current master plan proposal for the city of Helsinki is in many regards similar to
the Helsinki metropolitan area land use plan (Figure 3). However, it covers only a part
of the region and is more detailed when characterizing the future land use and
transportation. The main land use types are defined and FAR thresholds are defined for
different types of housing areas. The main focus is on infill development, and the
expansion of the inner city through the conversion of highways to boulevards. (City of
Helsinki 2015).

Figure 2. Translated version of the Helsinki metropolitan region land use plan map.
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Figure 3. Proposed master plan for city of Helsinki.

3 Methodology
There are two core aims of this study. The first aim is to quantify the relationship
between land use features and travel behavior when controlling for some of the
respondents background indicators. As mentioned before, studies on land use features
and their effect on travel behavior in the Nordic countries has been concentrating on a
municipal level or on a detailed case study level (Næss 2012). To some degree, this is
also true for Helsinki as the previous section demonstrates. The Urban Zone research
program included neighborhood level analysis, but it did not study the relationship
between different land use features and travel behavior (Helminen, Kosonen et al.
2014). The first aim will be accomplished by defining a logistic regression model. In
other words, land use measures are used to model the mode split.
The second aim is to measure the relative transit-orientedness of the Helsinki Capital
region, with a special focus on the metro and railway station vicinities. Unlike previous
TOD measurement studies, the measurement method is based on a logistic regression
model. Previous measurement methods have not been based on modelled mode split
outcomes. Instead composite measures or clustering has been used. (Kamruzzaman,
Baker et al. 2014, Reusser, Loukopoulos et al. 2008, Singh, Lukman et al. 2015).
The methodology section consists of three parts. First, the datasets will be presented.
Then the derived land use indicators are described in more detail. Lastly there is a brief
explanation on logistic regression and the model fit values used.

3.1 Data
In the following parts the data sources are presented. However, missing and rejected
data are presented in part 3.2.6.

3.1.1 Population register
The population data used includes the number of permanent residents of every building
in the Capital region and the coordinates as coordinate value representing the location.
The data was extracted in January 2015. According to the documentation there is no
missing data and the data can be considered reliable (SeutuCD‟14 Tietokuvaukset).
There are 93702 data points adding up to a total population of 1100163. However, there
were a few outlier data points placed outside the study area. These might account for
people without a permanent address. Because the number of persons in these data points
were relatively small (27 388 persons) and on the other hand difficult to distribute to a
geographic location, this data was left out when calculating the indicators.

3.1.2 Building register
The building data contains information about every building in the capital region. Only
the locations were used in this study. The dataset is from January 2015. (SeutuCD‟14
Tietokuvaukset).
29

3.1.3 Business register
The job data used in this thesis are derived from the Business register collected by
Statistics Finland. The data is from 2012. The register includes every establishment of
every private enterprise and public institution. The total number of jobs within the study
area is 584025. There are four main shortcomings and inconsistencies with the job
dataset when regarding the use in a land use study. The number of jobs for each service
location are estimates, often only averages based on the organization‟s total workforce
and the amount of locations. Also some data points are slightly in the wrong location.
This is true especially for entities spread out within the same neighborhood. Sometimes
all jobs are assigned to one data point, despite there being several buildings relatively
far from each other. Labor hire companies or other companies where most of the
personnel does not have a fixed working location are not represented well. The workers
of these companies might be assigned to the company headquarters which can give
misleading results. Lastly, the categorizations of workplaces are done based on the
industry branch only. It does not necessarily take into account if the location is a service
open for customers and thus being a more complementarity land use or a closed facility
only available for employees.

3.1.4 MetropAccess accessibility matrix
The dataset was produced by the Department of Geosciences and Geography in the
university of Helsinki. The matrix contains travel time and distance for walking, public
transport and car travel within the Capital region. The region is divided into a grid of
13230 cells with the dimensions 250 meters by 250 meters. HSL public transport
timetable data for the 8th of April 2013 at 12 am was used in the public transport
calculations. The travel time and distance traveled for each mode were calculated from
each cell to each cell with a door to door approach. For public transport, the journey
time was divided into phases. Walking time to the boarding stop, waiting time, time in
the public transport vehicle and walking time from the alighting stop to the destination
are phases included in all public transport trips. In trip chains with transfers, also
waiting time and possible walking time were included in the calculations. As the
starting time point of the journeys was fixed, the waiting time at home was included in
trips that did not start instantly. Walking and driving times were calculated based on the
Digiroad transportation infrastructure database. (Toivonen, Salonen et al. 2014).

3.1.5 Travel survey data
The travel surveys have been collected by the Helsinki Region Transport Authority
(HSL) mainly to support the work with the regional transportation system plans. The
datasets used in this thesis are from 2007, 2008 and 2012. The data has been collected
through both mail and phone surveys. The dataset consists of travel diaries, with every
row representing one trip. Some background information is given about the person
making the trip, for example home location, workplace location, yearly income, car
ownership. For each trip the travel modes and the type of origin and destination are
defined. The origin and destination locations are given on varying accuracy levels
depending on how well the address was identified. The 2008 and 2012 datasets also
contain boarding and alighting stations for each train and metro trip segment.

3.2 Indicators
To make the measurement of land-use as accurate as possible, all the land-use indicators
except for public transport competitiveness, are calculated separately for each building.
Earlier analyses of this kind have used cell grids as the areal unit for the indicators
(Singh, Fard et al. 2014). In this study, a cell grid is used only for the accessibility
measures. In a cell grid, the indicator values are aggregated for each cell averaged for
the whole area. As the grid is fixed, this method might lose some details of the urban
structure, especially in locations where the measured feature varies on short distances.
With relatively isolated neighborhoods separated by green space, the urban structure of
the Helsinki Capital region has a lot of edges between built and unbuilt areas. These are
hard to catch in a consistent manner with grid tessellation. If a grid cell is overlapping
both built and unbuilt areas, it will, correctly indicate that some of the buildings are
close to a border. However in a case where the grid cells are aligned with the border, the
information of the location along a border will be lost. With the buildings as a basis for
measurement, the difference between a location at the edge of a neighborhood and in
the middle of a neighborhood becomes apparent.
Five land use indicators, describing job density, population density, land use diversity,
service availability and public transport competitiveness, are included into this study.
The density and diversity measures are calculated on four buffer sizes; 200, 400, 800
and 1600 meters. The approach with several buffer sizes was chosen, so that the
modeling would reveal at which scale of measurement is the most appropriate. A
similar scaling system has been used before by Reilly & Landis (2002). The buffer
distances were chosen based on typical walking distances extracted from the travel
survey data (Figure 4). The 200-meter buffer corresponds to about 18 percent of all trips
where the only mode used was walking. The similar figures for 400 meters, 800 meters
and 1600 meters are 44 percent, 74 percent and 94 percent respectively.

Figure 4. The length distribution of walking only trips in Helsinki Capital region.
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3.2.1 Density
The density measures are based on the population and job datasets. The density
indicators are calculated as the number of population or jobs within a fixed euclidean
buffer distance from a building. The calculation is made on four buffer sizes; 200, 400,
800 and 1600 meters. As the density measures are calculated separately for population
and jobs, this creates eight separate density indicators.

3.2.2 Diversity and service availability
Two types of diversity indicators are calculated in this thesis. The first is a diversity
index and the second a service availability indicator. As with the density measures, also
the diversity measure is calculated on four buffer scales; 200 meters, 400 meters, 800
meters and 1600 meters. The distance to service indicator on the other hand, is based on
the distance between the building centroids and the points representing services.
The diversity indicators are based on the population and job datasets. Three different
main functions was identified from the two datasets: housing represented solely by the
population dataset, services separated from the job dataset based on the industry
categorisation and other workplaces, the jobs that didn‟t fit in the service category.
The diversity index measures the balance of these three land use categories with
Simpson‟s diversity. The service jobs and other jobs are balanced based on the average
ratio between jobs in said categories and inhabitants in the region in a similar way that
Kockelman (1996) suggested. The ratios are 5.5 for service jobs and 2.9 for other jobs.
The diversity index is calculated as follows:
𝜆𝑟 =

(𝑗𝑜𝑏𝑠 𝑠𝑒𝑟𝑣𝑖𝑐𝑒 ∗𝑐 𝑠𝑒𝑟𝑣𝑖𝑐𝑒 )2 +(𝑗𝑜𝑏𝑠 𝑜𝑡 ℎ 𝑒𝑟 ∗𝑐 𝑜𝑡 ℎ 𝑒𝑟 )2 +(𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 )2
(𝑗𝑜𝑏𝑠 𝑠𝑒𝑟𝑣𝑖𝑐𝑒 ∗𝑐 𝑠𝑒𝑟𝑣𝑖𝑐𝑒 +𝑗𝑜𝑏𝑠 𝑜𝑡 ℎ 𝑒𝑟 ∗𝑐 𝑜𝑡 ℎ 𝑒𝑟 +𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 )2

| 𝑟 ∈ { 200, 400, 800,1600 }

(1)
With the correction coefficients:
𝑐𝑠𝑒𝑟𝑣𝑖𝑐𝑒 =

𝑐𝑜𝑡ℎ𝑒𝑟 =

𝑡𝑜𝑡𝑎𝑙 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑠𝑡𝑢𝑑𝑦 𝑎𝑟𝑒𝑎
𝑠𝑒𝑟𝑣𝑖𝑐𝑒 𝑗𝑜𝑏𝑠 𝑖𝑛 𝑠𝑡𝑢𝑑𝑦 𝑎𝑟𝑒𝑎

𝑡𝑜𝑡𝑎𝑙 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑠𝑡𝑢𝑑𝑦 𝑎𝑟𝑒𝑎
𝑡𝑜𝑡𝑎𝑙 𝑗𝑜𝑏𝑠 𝑖𝑛 𝑠𝑡𝑢𝑑𝑦 𝑎𝑟𝑒𝑎 −𝑠𝑒𝑟𝑣𝑖𝑐𝑒 𝑗𝑜𝑏𝑠 𝑖𝑛 𝑠𝑡𝑢𝑑𝑦 𝑎𝑟𝑒𝑎

(2)

(3)

The results were standardized on a scale from 0 to 1, where 1 indicates perfect balance
between the three land use categories:
𝜆 −𝑚𝑖𝑛 (𝜆 𝑟 )

𝛬𝑟 = 1 − 𝑚𝑎𝑥 𝑟(𝜆

𝑟 )−𝑚𝑖𝑛 (𝜆 𝑟 )

(4)

Through the diversity index it is possible to determine whether the land use in an area is
dominated by one land use or if the land uses are balanced. From a TOD standpoint this

offers some indication of if internal trips within the area are likely and of how likely it is
that there are activities spread out through the day.
The service availability measure is based on the distance between the point of interest,
i.e. the building and the services in ten different categories. The service category was
further divided into the ten separate services based on Statistics Finland‟s Standard
Industrial Classification TOL2008 (Table 1). (Statistics Finland 2015). This division
was selected, as it emphasises services which potentially have high land use
complementarity with both residents and workers in the area over the low
complementarity between different categories of non-service workplaces. In other
words, the residents are likely to use services close by, but unlikely to work close to
their home, as suggested by Hess (2001). Also workers might use services close by, but
it is quite unusual to have reasons to visit other workplaces. Even if this would be the
case, it is unlikely that the workplaces are located close to each other.
The division of services is arbitrary when considering how some of the services are
grouped together. A bank does not offer the same service as a postal office or pharmacy.
The various included service categories should therefore be seen more as indicators of
variety. The diversity measures also builds on the assumption that the inhabitants uses
the services that are close. Certainly accessibility is a part of the decision process when
choosing services, but other factors like quality, price or personal preference might
weigh in. Also some services cannot be chosen as freely. This is often the case with
public services, especially day care services. The indicators are next presented in more
detail.
For each building, ten distance measures are calculated, one for each service category.
However, due to limits in processing power during the calculation, only distances below
5000 meters are included. Distances over 5000 meters are also assigned a score of 5000
meters. Thus the range of the measures of this category is 0 meters to 5000 meters.
From these ten distance measures average and maximum values were calculated for
each building. These measures tries to describe how accessible the services are. They do
not however take actual travel distance or travel time into account.
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Table 1. Service branch categories used when defining different services for the distance
to service indicator. These branches are also defined as the service sector when
calculating the land use diversity indicator.

3.2.3 Public transport competitiveness
The public transport competitiveness indicator is based on the ratio between
accessibility by public transport and accessibility by driving, corrected by accessibility
of walking. The initial accessibility indicator tries to describe the number of activities
reachable within 30 minutes of travel. Population and job data are used as proxies for
activities. The accessibility values are calculated in three steps. First the population and
jobs within each 250 meter * 250 meter cell are calculated. Then for the cell of interest
the cells reachable within 30 minutes of travel are selected with the help of the
traveltime table. The sums of the accessible jobs and population in the selected cells are
then assigned to the cell of interest. These steps are repeated for every cell and the
different modes included: public transport, cars and walking. As a result three
accessibility measures are calculated for every 250*250 meter cell:
- jobs and population accessible within 30 minutes of public transport,
- jobs and population accessible within 30 minutes of driving,
- and jobs and population accessible within 30 minutes of walking.
When calculating the public transport competitiveness value, first a relative accessibility
measure is calculated by subtracting the destinations accessible by walking from the
original public transport and driving accessibility indicators. This is done to decrease
the bias towards dense areas, as suggested by Gent and Symonds (2005). Finally the
ratio between the relative public transport accessibility and the relative driving
accessibility is calculated, as suggested by Owen et al. (2012). The cell values are then
assigned to every point of measurement, i.e. every building within the cell. Unlike the
other land use indicators in this study, the public transport competitiveness values are
therefore not uniquely calculated for every building. Some of the produced ratio values

were deemed to be produced by errors or missing data in the original calculation of the
accessibility dataset. These errors were caused by car accessibility being very low or
zero. All ratios over 1 were removed from the following stages.

3.2.4 Background indicators
The HSL travel survey includes data about trips and the respondents background
information. The trip data used in this thesis are limited to the end and starting points of
the trips and the mode used. To account for factors that are not land-use related but
impacting travel habits in other ways, some indicators describing the respondents are
included in the regression model (Table 2). The changes made to adapt the indicators
for the multivariate methods are presented next. Gender is changed to a binary scale 1
for female and 0 for male, instead of the categorical numbering where 1 stands for
female and 2 for male. The driver‟s license variable was changed to a binary value
instead of a categorical scale. Basically the “cannot tell” answers were changed to “no
driver‟s license”. The housing type variable was dummified to three binary variables
indicating apartment building, row house and single family home.

3.2.5 Trip indicators
There are four binary mode indicators: public transport trip, car trip, walking only trip
and bicycling only trip. As the modes have different roles they are treated differently
when taking multimodality into account. Walking is typically part of both car and
public transport trips and therefore walking trips are defined as trips with only walking.
The indicators for public transport, bicycling and driving are based solely on if the
mode in question has been used on that trip. These trips can therefore be multimodal,
giving a positive indication for several modes. Typically, these are trips where the
access trip to public transport has been made by car or bicycle.

3.2.6 Missing and rejected data
After the data preprocessing and indicator calculation the data is combined based on
geographical proximity. The land use indicators are all assigned to the point dataset
representing building centroids, that form the basis for the calculation of several of the
included indicators. The point set representing trip ends with the assigned travel mode
and control indicators are not a perfect match to the building centroids. Some trips are
not starting or ending in buildings, or perhaps the differences are caused by differences
in the address database, used in when assigning coordinates to the travel survey data,
and the coordinates of the building dataset. To overcome the difference in location, the
values for the land use indicators of the closest building centroid were chosen for each
trip start and end. A maximum tolerance of 200 meters was applied, leading to trips
starts or ends located further away to be rejected.
End or starting points of trips where the street address had remained unknown and
therefore assigned to a coordinate on a borough or municipality level, were also
rejected. Including this data could have lead to biases in the model with trips assigned to
the wrong geographical location, often the centroids of municipalities or parishes, and
therefore also combined with the wrong values describing the land use. Missing data,
mainly missing income data in the travel survey dataset were omitted using listwise
deletion. Listwise deletion was chosen, as the sample size is large enough. In addition,
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the listwise deletion should not cause biases, as the missing data are of predictor
variables, and there not being any reason to assume that the absence of the data is
depending on the predicted variable (Allison 2009). In total, about 25.4 percent or
21243 rows of data were deleted because of missing data.

Table 2. Summary data of the indicators included in the modelling stage.

3.3 Framework for logistic regression
If an individual is making rational choices, she tends to make choices that maximise her
utility or convenience based on her preferences and constrained by the available
resources. (McFadden 1974). Utility can not be directly measured and the factors
contributing to utility can be hard to detect. For example preferences of individuals are
difficult to survey on a city-wide level. Even if not as accurate as asking individuals
directly, a common approach is to model the revealed behavior based on other factors
that are easier to measure and collect. Such factors are the individuals socio-economic
background, the characteristics of the available mode, the characteristics of the trip and
the land-use features.
Logistic regression is a statistical method that can be used when there are several
independent variables and the dependent variable is discrete. In other words, logistic
regression is used to model cases where one wants to predict the probability of discrete
choice (Hair, Black et al. 2005). Logistic regression is commonly used to predict mode
choice in general, but there also several studies using the method when linking land-use
features and mode choice for example (Næss 2009, Reilly, Landis 2002, Chatman 2003,
Cervero 2002).
In this study logistic regression is used to predict mode choice based on the land use at
trip starts and ends whilst controlling for the socio-economic background. Logistic
regression is chosen over multinomial regression, because this allows multimodal trips
to be included in the mode categories. The alternative would have been to omit the data
or creating separate categories, with small samples, for each combination of
multimodality. The aim of this study is not to predict the mode split as accurately as
possible for example in a distinct part of a city. The focus is solely on the impact of the
land use features on mode choice.
In logistic regression, the linear combinations of the variables are fitted on the s-shaped
logistic curve ranging from 0 to 1 using the maximum likelihood method (Hair, Black et
al. 2005). The curve represents the probability of that the event is true. The coefficients
for the variables and the intercept are determined through the model fitting.
𝐿𝑜𝑔𝑖𝑡𝑖 = 𝑙𝑛(

𝑃𝑖
1− 𝑃𝑖

) = 𝑏0 + 𝑏1 𝑋1 + ⋯ + 𝑏𝑛 𝑋𝑛

(5)

Where 𝑃𝑖 is the probability to choose mode i, 𝑏0 is the intercept, 𝑏𝑛 is the regression
coefficient to be estimated and 𝑋𝑛 the predictor of n. A safe assumption is that every
mode coexist at every combination of the land use features, even if the proportion of the
used modes changes. Therefore there is not a certain point in the modelled relationship
where all trips are made by car or by walking. It is also expected that the data used will
explain only a part of the factors that impact mode choice. For these reasons it is
expected that the model will fit poorly as there will be plenty of misclassification errors
as is usual in similar studies.
To avoid overfitting the model, the dataset is divided into two samples. The first sample
consists of 25 percent of the observations or a total of 15571 and is used as a training
dataset while the second with 75 percent of the observations or a total of 46707 and is
used for testing. Five models are calculated for each of the four modes. The base set of
models is based solely on variables describing the background of the respondent. It will
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act as a reference point when comparing the models. The second set of models includes
land use indicators in addition to the background indicators. The models are set apart by
the scale of measurement of the land use indicators included. As mentioned in the
earlier sections the scales are based on the Euclidean buffers of 200 meters, 400 meters,
800 meters and 1600 meters.
The model selection for each mode is done based on Akaike information criterion
(AIC). AIC is a measure based on that estimates the information lost by the model
compared to the full reality. The measure relates the number of estimated parameters to
the maximum likelihood value of the model. AIC is calculated with the formula:
𝐴𝐼𝐶 = −2𝑙𝑙ℎ + 2𝐾

(6)

Where 𝑙𝑙ℎ is the value of the likelihood function and 𝐾 is the number of included
parameters.The AIC value in itself does not give any information, instead the AIC
scores from different models should be compared. The model with the smallest AIC
score is the one with least information loss. (Burnham, Anderson 2004). In addition
McFadden pseudo R2 values are presented.
𝜌² = 1 − 𝑙𝑙ℎ/𝑙𝑙ℎ𝑁𝑢𝑙𝑙

(7)

Where 𝑙𝑙ℎ is the value of the likelihood function and 𝑙𝑙ℎ𝑁𝑢𝑙𝑙is the value of the
likelihood value of the null model. (Domencich, McFadden 1975).

4 Results and analysis
Because of the large number of models produced in this study during the model
development phase, only the chosen models and the base models will be presented and
analyzed in detail. The other model summaries can be found in appendices A, B, C and
D. All combined land use and background models scored a better AIC score than the
base models, indicating that the land use has some impact on the choice of each mode.
Based on the Akaike information criteria the best models were 1600-meter model for
cars, 400-meter model for public transport, 200-meter model for walking and 200-meter
model for bicycling. As the smaller grained models seemed to describe the mode choice
the best, the 200-meter models and the base models for each mode was chosen as a
basis for the analysis stage and are presented in detail.
The variable estimates are in logit form. A positive estimate suggests that an increase in
the variable will increase the odds of choosing the mode predicted in the model, while
the opposite is true for a negative estimate. The greater the estimate is, the greater the
change in odds for each unit increase. However, the impact of the variable is not
comparable among the estimates for metric variables, as the ranges of variables are
different.

4.1 Car usage mode choice model
This model predicts the probability that a trip is made in a personal car or taxi either as
driver or passenger (Table 3). All estimates in the base model are acting in the expected
directions. The car availability and ownership indicators naturally all have a strong
relation to car usage. Each estimate for different degrees of not always having access to
a car as well as absence of a car in the household are all associated with less driving at
the 0.05 significance level. Having two or more cars in the household on the other hand
increases the odds of driving. Variables not significant at the 0.05 probability level in
addition to household income, are the metric age of respondent variable and the age is
over 65 dummy indicator, family size and household income. Household income and
family size are significant in the land use model. All land use indicators are significant
at the 0.05 probability level. All indicators are directed in the direction expected based
on TOD theory and previous studies. Both population and job density have negative
associations on driving. The same is true for diversity and public transport
competitiveness. Long distances to services increase car usage, as expected.
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Table 3. Results of the base model and chosen land use model for car usage.

4.2 Public transport mode choice model
Every variable is significant at the 0.05 probability level in the base model for public
transport usage (Table 4). Both an increased family size, all age indicators and having
two or more cars indicates less transit usage. It is perhaps unexpected that being under
18 is also linked to less transit usage. This can be at least partly be explained through
the proximity to home of many travel destinations that minors can reach independently,
e.g. schools. When combining the effects of each age dependant variable, the model can
perhaps be interpreted as that the highest public transport usage is among young adults.
Not having access to cars, higher household income and being female is linked to higher
transit usage. In the land use model, job density, average distance to service and public
transport competitiveness are significant at the 0.05 probability level. A longer average
distance to service is linked to an increase in transit usage. The estimates for both types
of land use density are suggested to increase public transport usage, but population
density is not deemed significant. The same is the case for land use diversity.

Table 4. Results of the base model and chosen land use model for public transit.

41

4.3 Walking mode choice model
Not having access to a car and absence of a car in the household also increase the
chance of walking, while having two or more cars has the opposite effect (Table 5).
Indicators that are not significant on the 0.05 probability level are age, being under 18,
having access to a car sometimes and household income. In the land use model, all land
use indicators are impacting in the expected direction and significant at the 0.05
probability level. Both types of density and the diversity index increases the odds of
walking while a larger distance to services and better public transport competitiveness
decreases the odds.

Table 5. Results of the base model and chosen land use model for walking.

4.4 Bicycling mode choice model
Due to the fact that bicycling is the least occurring travel mode of the four in Helsinki,
are the sample of bicycling trips also the smallest (Table 6). Despite a smaller effective
sample still several of the variables are significant. The dummy indicators for car
availability and ownership are all significant and acting in the expected direction. Also
gender is significant suggesting that more cycling trips are made by men. The
household income indicator suggests that a higher income is related to more bicycling.
The indicator is significant on the 0.05 probability level after the introduction of the
land use indicators. Land use diversity doesn‟t seem to have any impact on bicycling.
However the other land use indicators are significant on the 0.05 probability level. A
higher land use density and better public transport competitiveness seems to decrease
the probability of bicycling. This stands in contrast to the fact that service availability
seems to be important for bicycling.
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Table 6. Results of the base model and chosen land use model for bicycling.

4.5 Effects of individual land use indicators
In this section the indicators are studied in more detail. The overall impacts of the
individual indicators are assessed over the whole range of values occurring in the study
area (Figure 5). The elasticity coefficients in Table 7 enables the comparison to other
studies as suggested by Ewing & Cervero (2010). Elasticity is here interpreted as a ratio
between the percent increase of a land use indicator to the corresponding percent
increase of the dependent mode indicator. For example, an elasticity of one indicates
that the increase of a land use will lead to a similar increase in the market share of the
mode. The elasticity for indicator i is calculated as:
𝐸𝑖 = ((1 − 𝑃𝑖 ) ∗ 𝛽𝑖 ∗ 𝑋𝑖 ),

(8)

where 𝑃𝑖 is the mean predicted probability, 𝛽𝑖 the regression coefficient and 𝑋𝑖 the mean
of the predictor i. (Dunne 1984). The mean and mode values for the other indicators
were used when calculating the elasticities and the impact over the range plot (Table 8).

4.5.1 Density
Both included measures of density had a clear impact on mode choice in the models.
Both types of density seem to decrease car usage and bicycling while the impact on
walking is the opposite. One perhaps surprising finding is that only job density has a
significant impact on public transport usage. The population density elasticity translates
into a difference of only 2.6 percentage points of increase in public transport usage over
the whole range of population density in the study area while the same value for job
density is 22.7 percentage points.

Table 7. Elasticities of mode choice with respect to land use features.

4.5.2 Diversity and service availability
The diversity measure has a significant positive impact on walking and a negative on
both car usage and public transport mode choice on the 200 meter scale, even if the
impact over the whole scale is small. Based on the model, a change from a single land
use category present to a perfect balance between the three categories, will increase the
market share of walking by 7 percentage points. Simultaneously, the car usage would
decrease with 8 percentage points. The distance based service availability measure had a
bigger impact on mode choice than the diversity measure when considering the range of
measurement. The models suggested a difference of over 20 percentage units for both
walking and car usage, when the average distance to service changes from 0 to 4500
meters. For public transport and bicycling the changes in market share are smaller. For
bicycling it is the land use measure that has the greatest impact over the range of values.
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Figure 5. The impact of individual land use measures on the predicted mode share of the
mode. All other indicators are set at the average value or mode for dummy indicators.
The indicators are as follows; jobs200: jobs within 200 meters, nsimpsons200:
Simpson’s diversity, avgdist: average distance to service, totpopaltion200: population
within 200 meters and pt_car_ratio_relative: public transit competitiveness.

Table 8. The constants used when calculating the impacts of individual land use
features. The values are means for metric variables and modes for binary variables.

4.5.3 Public transport competitiveness
The public transport competitiveness indicator has a great impact on public transport
usage. Based on the model, a person starting or ending a trip in a zone with the highest
competitiveness have an almost 30.9 percentage points greater probability of choosing
public transport than in a zone with the lowest score, when all other variables are equal.
The other modes have a negative association with the indicator. However, it is worth
pointing out that walking access trips are not included in the walking mode, but that a
majority of public transit access trips are made by foot. Therefore the results regarding
the negative impact on walking can be misleading.
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Figure 6. Jobs within 200 meter buffer.

Figure 7. Population within 200 meters.
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Figure 8. Simpson’s diversity calculated on the balance of inhabitants, jobs in the
service sector and other jobs within a 200 meter buffer.

Figure 9. Average distance to service.
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Figure 10. Public transport competitiveness calculated as the relative accessibility ratio
between public transport and driving. The results were calculated for 250x250 meter
squares.

4.6 The applied model
The success of a TOD from a transportation standpoint is based on the outcomes in
travel behavior (Renne 2009a). The travel behavior can easily be measured as the
mode split. However, as the socio-economic status to a great degree impacts travel
behavior, it is difficult to assess the success of the planning choices made in a TOD
solely based on measured mode splits. For example poor neighborhoods usually
experience high public transport ridership despite not having land use supporting public
transport use. Therefore a mode split measure, where only the land use indicators will
have an impact, was calculated. The Land Use based Mode Split (called here LUMS for
short) is thus a measure of how well the land use supports the use of sustainable
transportation. The mode splits of all four modes were calculated, but as the focus is on
measuring TOD success, the mode split of car usage (LUMSc) was deemed as the most
appropriate indicator. A low LUMSc score indicates a transit-oriented land use, while a
high LUMSc indicates that an area is car-oriented (Figure 11). The land use based mode
split measure is used as an analysis tool in the following section and should not be
interpreted as an actual mode split prediction.
To calculate the LUMS-measures, first the background indicators in the validation
sample were replaced with constants. The constants assigned are averages of metric
indicators and the modes of dummy indicators, the same as shown in table asd. The

modelled person is 44.8 years old, female, with a family size of 2.5. She owns a car and
is the primary user of it. The land use mode was then applied on the validation sample
with replaced background indicators.
In addition to the LUMS-measure, an impact measure (IM) is calculated:
𝐼𝑀 = (1 − 𝑀𝑆𝑐 ) ∗ (𝑝𝑜𝑝800 + 𝑗𝑜𝑏𝑠800 )

(9)

Where 𝑀𝑆𝑐 is the predicted land use based mode-split of cars, 𝑝𝑜𝑝800 is the population
within 800 meters of station and 𝑗𝑜𝑏𝑠800 jobs within 800 meters of station. This
measure is the product of the predicted mode split of modes alternative to car usage and
the size of the TOD. Through this measure it is easier to compare the impact that the
TOD is making in promoting sustainable transportation (Figure 12). Even if a TOD
would function at its fullest potential and therefore have a low mode split for car usage,
it would not be very useful if used by only a handful of people. In addition to the
LUMS-measure, the measured and predicted mode splits will be presented, for the TOD
zones.
In the following section the Helsinki vicinities of current and future stations are
examined and evaluated in more detail. This is done with the help of the models
produced. The TODs are here for sake of simplicity defined as a 800 meter Euclidean
radius zone around train and metro stations. The future stations on the metro extension
currently under construction and the Ring Line that was finished summer 2015, are also
included. They are included despite that the data used in this study was collected before
the opening of these new stations. Bear in mind that also the public transport
competitiveness data, that greatly impacts the mode split predictions, are based on
timetables from a time before the opening of new stations. Overlapping TOD zones
were divided equally at the midpoint. The surrounding parishes are used as reference
zones representing non-TOD areas.
While the main focus in this section is on the mode split of car usage versus the mode
split of the alternatives, some of the distinguishing features of the other three modes as
separate will be presented here. There seems to be a trend where TODs are divided into
a walking and a bicycling zone. The impact of the public transport competitiveness
indicator is the dividing factor. The public transit zone is centered around the stations
and other public transport hubs. The areas where walking is dominant are typically
surrounding the public transport zone, in areas that are dense but less accessible. It is
simply a model feature caused by the dominance of public transport trip ends in the
vicinity of public transport hubs. Most public transport access trips are made by foot
and therefore this distinction between walking zones and public transport zones are not
useful in most cases.
The area covered by the 800-meter radiuses contains about 340 000 jobs and 450 000
inhabitants, 58 percent and 41 percent of the total respectively. The different rail
corridors on average do not, apart from the Ring Line and the inner city stations, seem
to differ in performance based on the LUMS-measures. The average values for car
usage range between 52 and 56 percentage units. However, the average composition of
the TODs differ more. The eastern metro corridor has good public transport
competitiveness (Figure 10), higher population densities (Figure 7) but low job densities
(Figure 6). The Vantaankoski line has slightly higher population densities, while the
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public transport competitiveness on average is worse. The Mainline railroad, the Coastal
railroad and the western Metro extension have lower population densities and higher job
densities. The Ring railroad is mostly unpopulated, but has the highest average job
densities outside the inner city.

Figure 11. Visualisation of the applied LUMSc measure.

4.6.1 Inner city and city centre
The inner city neighborhoods are the most transit- and walking-oriented areas in
Helsinki. The LUMSc-measure is below 50 percent in almost all built areas and as low
as 15 percent in the city centre and around the densely built Sörnäinen metro station.
The 800 meter euclidean buffers representing convenient walking distances around train
and metro stations do not cover the whole inner city. Therefore, some of the most
transit-oriented areas in the study area have only tram and bus services. Most of the
built up areas in the inner city predate the stations. Ruoholahti built in the 1990‟s and
Pasila constructed in the 1970‟s and 1980‟s are exceptions. These are inner city
extensions that were purposely built with transit integration in mind and could therefore
be considered TODs. Both of these will be densified in the next decades through the
redevelopment of former brownfield areas. Also Kalasatama is a brownfield
development with its own metro station. Construction of these areas are underway, and
therefore the newly constructed areas are, for the most part, not included in the model.

4.6.2 TODs
The LUMSc score in the areas considered TODs are for the most part within the 50
percent - 60 percent range or lower. On the edges are typically higher LUMSc values, as
usually these areas have fewer jobs and inhabitants (Figure 6 & 7). The TODs in
Helsinki are however not a homogenous group. There are differences in role and
composition as well in performance from a transit-orientedness perspective. Some of
the TODs are performing particularly well when measured by the LUMSc-measure. For
example Herttoniemi, Leppävaara and Vuosaari have large portions of the population
and jobs in areas where the predicted mode split is below 50 and even below 40 percent.
Common for these areas is that all have been recently redeveloped, with large portions
built in the 90‟s and 00‟s. Leppävaara‟s redevelopment started with the construction of
the dedicated commuter train tracks while Vuosaari was constructed in a similar manner
along a metro extension. Herttoniemi is a combination of a relatively low density
1950‟s suburb and newer brownfield redevelopment. Common for all three is that they
were planned and constructed in the 90‟s and 00‟s when more emphasis was put on
densification than in the preceding decades (Söderström, Schulman et al. 2014). While
it is usual for Helsinki TODs to have a higher rate of jobs compared with population
than the surrounding areas, some station areas are predominantly workplace areas. For
example Valimo has over 5 times and Ilmala over 6 times as many workplaces than
inhabitants. Similar areas along the metro extension are Keilaniemi and Otaniemi. The
measured mode split for car usage for Keilaniemi and Valimo was 10 percentage points
higher than in the land use based prediction. For both, but especially Keilaniemi a part
of this was explained by background indicators as the full model gave a prediction
closer to the measured. Either way Valimo seems to fail, despite seemingly great
potential. A visual examination of the contours produced from the LUMSc prediction
offers some insight: the transit-oriented parts are not at all centered at the train station
but at a busy bus route south of the station. The Valimo area does fit some of the typical
TAD characteristics (Renne 2009). For example the areas surrounding the station are
dominated by industrial land uses, partly forming a barrier on the way to the station.
Also the station vicinity lacks in commercial services that would support the usage of
the commuter trains (Figure 9). As a campus area, Otaniemi is also an exception but in
the other direction. Car usage is rarer than predicted much because of socio-economic
reasons. This assumption is based on the fact that the full model prediction gave a result
closer to the measured.
Opposite to the TODs that are dominated by jobs are the residential, sleepy suburb
TODs with a low rate of jobs, typically one job per five inhabitants or less. Many of
these, for example the already mentioned Vuosaari is performing quite well based on
the LUMSc measure. Other examples are all the stations on the northern branch of the
metro, Kontula, Myllypuro and Mellunkylä. These have very similar composition and
outcomes, about 10000 inhabitants within the 800-meter buffer and around 1000-2000
jobs. All of the three are centered around small shopping areas, but with a large portion
of the immediate vicinity of the station taken up by major roads. The area around
Mellunmäki Station was built densely in the 1990‟s, as a TOD infill. Therefore,
Mellunmäki is performing slightly better based on the impact measure, despite having
the least jobs of the three. Kontula and Myllypuro are both from the 1960‟s when a
spread out neighborhood structure was favored.
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Figure 12. Stations by functional categorisation. The stations are scaled based on the
Impact measure. The impact measure is also displayed after the station name.

4.6.3 TADs
The TAD category includes station vicinities that are underdeveloped and lacks basic
services that would support the usage of sustainable transportation. Some of the already
mentioned workplace dominated TODs (e.g. Valimo), could belong to this category
based on TOD definition, but for these the relatively high density compensates for the
lack of diversity in a model context (Figure 8). The station vicinities on the Coastal line
are generally less developed than in the other corridors and some of them can be
considered TADs. These Coastal line stations have fewer stopping trains as it lacks the
commuter train dedicated tracks. Koivuhovi and Mankki are the least transit-oriented
stations. Both lack density and neither has commercial services. Therefore they are not
performing better than the surrounding land uses from a TOD perspective. The TADs
LUMSc scores are generally over 55 percentage points but reaches as high as 75 at
some locations. A few stations areas of the Ring rail line and western metro are reserved
for new TODs. The construction of Kivistö and Leinelä on the Ring Line has already
started while the infrastructure works for Finnoo are under way.

4.7 TOD in future development
The densification of existing city structure and sustainable transportation are in focus on
the two scales of strategic planning that are presented in this study. The Helsinki master
plan proposal gives functional criteria in the form of floor-area-ratio (FAR)
requirements for residential areas. The FAR criteria can be evaluated through the model

produced in this study (Figure 13). This is achieved by converting the the population
density indicator to an equivalent minimum parcel FAR used in the master plan. The
assumed occupancy rate is 40 square meters per inhabitant (Lankinen, Lönnqvist ). The
Helsinki master plan has the four stated FAR thresholds for residential areas (A1-A4)
and inner city area (C2). The low density A4 areas are below 0.4 FAR on parcels with at
least 70 percent of the area covered in parcels. The A3 areas have a threshold of 0.4 -1.2
FAR for parcels. A2 areas have a threshold of 1.0 - 2.0, while the A1 and C2 areas are
required to have FAR over 1.8. The required parcel coverage for A1-A3 and C2 areas is
60 percent. The LUMSc scores were based on the assumption of no jobs and therefore
no land use diversity. The A4 areas scored a LUMSc of 0.6 or higher which is on the
edge between current TODs and TADs. A3 areas is estimated to have a LUMSc score of
0.6 - 0.5 which is the prevailing scores of current Helsinki TODs. The A2, A1 and C2
areas are on par with inner city LUMSc scores, as would be expected as the C2
designation is called “inner city”. Based on this brief calculation the Helsinki Master
plan proposal indeed is introducing land use that promotes sustainable transportation.

Figure 13. The impact of FAR on the LUMSc indicator. The FAR of housing within 200
meter radius was calculated by assuming 40 square meters of space per inhabitant. In
addition job density and the diversity index was set to zero.

5 Discussion
5.1 This study in relation to previous findings
This part of the discussion compares the results with previous studies and reflects on the
differences in results. It has been suggested that population density have a greater
impact on public transport usage than job density. The average elasticities derived by
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Ewing & Cervero (2010) were 0.01 for job density and 0.07 for population density
calculated over 6 respectively 10 studies. The corresponding values in this study are
0.08 for job density and 0.02 for population density. It is also worth noting that the
results for population density were insignificant. In contrast Leck (2006) found that both
density types were significantly associated with increased public transport usage. The
density elasticities for walking are reversed in a similar fashion to public transport while
elasticities for car usage are of greater magnitude than the averages in Ewing & Cervero
(2010).
The data offers no clear reason why the results in Helsinki differ from results in
previous studies. One part of the explanation might be the limited capacity offered for
car based trips in high density areas, especially the inner city. For example the street
network there does not support an increase in car traffic. In fact, the traffic volumes in
the inner city have barely changed since the 1970‟s (City of Helsinki 2014). The
availability of commuter parking has also been restricted through planning ordinances
in the inner city and Pitäjänmäki (City of Helsinki 2013). Conversely, the areas with the
highest concentrations of jobs coincide with the most important public transport hub,
the Central railway station and several bus terminals, in the central business district.
These areas are also the most accessible with public transport. The City of Helsinki has
through its policies restricted the growth in car traffic while at the same time catered for
a relatively competitive public transport system in the inner city. It is worth noting that
reversed nature of the relationship between the two types of density and public transport
usage is not unique to Helsinki, but in line with two of the studies included in Ewing &
Cervero (2010).
The elasticities of land use diversity for walking and car usage are very similar to the
results in Ewing & Cervero (2010). However, for public transport the negative elasticity
of -0.10 is very different from the positive average elasticity of similar magnitude in
Ewing & Cervero (2010). Also Leck (2006) suggested that public transport usage is
positively connected to land use diversity. This result follows the same trend as with
population density. Elasticities for car usage with respect to distance to service
measures in previous studies has ranged from -0.16 to -0.98 (Ewing, Cervero 2010). In
this context the -0.13 elasticity in this study is quite low. The difference can be at least
partly explained with differing indicators. Perhaps the diversity measure used in this
study does not take land use complementarity into account well enough. On the other
hand the service availability measure was operating in the expected direction for every
mode, but was not significant for public transport.

Diversity is perhaps the most difficult of the land use features included in this study to
measure in a satisfactory manner. The mechanism in which diversity impacts travel
behavior is fairly clear, but it is difficult to quantify. The results are very much
dependent on the measure and the scale of measurement. For example Simpson‟s
diversity measure used in this study was significant for walking on the 200-meter and
1600-meter scales. However only on the 200-meter scale was the effect in the expected
direction. On the 1600-meter scale the impact is reversed, suggesting more diversity
decreases the odds of walking. Put in the context of walking and especially the
willingness to walk long distances but also the theory behind why land use diversity
matters, it is safe to say that a 1600 meter radius scale is too large. Walking trips are
typically short and a diverse neighborhood increases the chances that the trip destination

is within walking distance. On a too large scale separated neighboring land uses of
different types are easily misinterpreted as true diversity.

5.2 Comparison to previous findings in Helsinki
There are several differences between the land use zones produced by the LUMSc
measure (Figure 11) and the zonal division that was the basis for the Urban Zone
research program (Helminen, Kosonen et al. 2014). Obviously, the divisions are
produced in a completely different manner. The Urban Zone project used a top-down
approach, first defining the zones based on a set of criteria based on distance and public
transport service levels and then analysing the mobility patterns within these zones. The
LUMSc measure however, was produced from the bottom up. The area division was,
through the model, based on the travel behavior and the corresponding land use
features.
The local centres selected in the Urban Zone study (Figure 14) are to no surprise largely
the same as the areas that scored a low LUMSc score (indicating transit-orientedness).
The exception to this is Tapiola that is included as a local centre in the Urban Zone
project. Measured by the impact measure (IM), Tapiola would not have been classed as
a local centre based on this study. Several other station vicinities scored a better IM
score, most notably Valimo and Kannelmäki. Largely, the difference is caused by
emphasis on service activities in the Urban Zone study. Tapiola do have strong service
base, but it lacks population density and that causes a low IM score.
Also the public transport zones and intensive public transport zones are largely different
to the results of the LUMSc score. The zone structure is indeed closer to the zones that
could be defined based on the public transport competitiveness score (Figure 10). The
difference shows that the land use features does not consistently follow the offered
public transport accessibility. There are several areas that are offered a better service
level than what the land use would suggest. This is the case especially along highways,
where development often has been limited.
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Figure 14. The zone division used in the Urban Zone project (Helminen, Kosonen et al.
2014).
The results suggesting that density and public transport competitiveness are negatively
associated with bicycling while service availability is positively associated, leads to
make the assumption that bicycling is the most popular in suburban fringe areas.
Broberg et al. (2013) made similar findings in a study on children‟s travel habits in
Helsinki. For the service availability, the results are intuitive: if services are far away, it
is quite likely that the everyday trips are long and therefore making bicycling an
unpractical choice. The reasons why high land use densities and public transport
competitiveness is associated to a lower mode split for bicycling are more difficult to
explain. Perhaps a part of the difference can be explained with the excellent public
transport and relatively bad bicycling infrastructure in the inner city in contrast with less
competitive public transport services in the circumferential, thus giving bicycling an
advantage in the suburban parts of the city.

5.3 Comments on the current plans for Helsinki
However, it is worth noting that the development in the master plan to a great deal is
dependent on an expanding light rail network, instead of an intensified utilisation of
existing heavy rail station. This is one obvious limitation of the concentration of new
development along the planned highway conversions. The new boulevards are in many
cases located relatively far from heavy rail stations. Another factor limiting the
development in the station vicinities is that some of the workplace areas is planned to
remain segregated from other land uses. This will limit the development in for example
Valimo and Siilitie stations.
The evaluation includes only the variations in proposed population density as this is
extractable from the plan proposal. Other land use features are harder to predict as they

depend on the location and amount of workplaces and services. The success of the
master plan from a TOD perspective will, to a great deal, depend on the distribution of
jobs and the diversity of the land use. Also the public transport competitiveness measure
is likely to change over time. The improvement of public transport is likely to increase
the public transport accessibility while turning some of the highways to urban
boulevards and the increased congestion in a growing region will decrease the car based
accessibility. This also demonstrates a paradigm shift from mobility-centered planning
towards the planning of accessibility. The results suggests that Helsinki Master plan
proposal is a step towards sustainable transportation. It is also a manifestation in the
change of thought from a mobility based towards accessibility based transportation
planning.
The Helsinki region land use plan is not as progressive. For example a 1.5-kilometer
buffer around stations as a primary development area seems somewhat over the
recommended buffers used in literature or based on the walking distance distribution
and is hard to defend from a walkability standpoint. The buffer policy may well be
motivated if there is an increase in for example bicycling.

5.4 Limitations of study
There are a few obvious flaws and limitations with the produced model and the LUMSc
measure. Several possible land use features and background indicators were not
included in the model. Naess (2009) suggested that the best controls for self-selection
are indicators describing the attitude towards transportation of the person. However, this
flaw was partly compensated with the car ownership and car availability indicators. In
addition some known or derivable variables, e.g. trip distances and travel times, were
omitted from the model. These would certainly have explained the choice between
motorized and nonmotorized modes. However, if there are differences in travel
distances depending on how transit-oriented a neighborhood is, then these variations
would be reflected in the mode-choice. For example, a larger proportion walking trips
would indicate a lower average trip length. The question that remains unanswered,
however, is if the trip lengths of the motorized modes are depending on the land use
features. This would require an analysis where the trip lengths are set as dependent
variables.
Another obvious flaw is the absence of design indicators, such as intersection density or
cul-de-sac density. Inclusion of such indicators was not possible without a time
consuming preprocessing of the street grid data and therefore omitted for now.
Walkability is also perhaps the most controversial of the land use features included in
the TOD definition. It is obviously important, but it is still very difficult to measure
objectively, when considering the importance of the quality of the walking environment
(Ewing, Handy 2009). Another question that remained unanswered was the impact of
availability of parking on mode choice. Building age could have been used as proxy for
parking requirements, as these have varied through the decades. However, there is a risk
that building age could correlate with other variables impacting mode choice through
other mechanisms. There are no datasets available that would describe availability and
pricing of parking for the whole region.

61

6 Conclusions
This study increases the understanding about the debated question of to what degree
land use shapes travel behavior. The study area is located in a part of the world where
few, if any, similar studies have been made. The results of this study can therefore be
seen as a confirmation of that the TOD concept applied in a Nordic city can be expected
to promote sustainable travel behavior. Indeed, concepts similar to TOD have been
applied in the Nordic countries for a long time and will be in the foreseeable future.
The results in this study are mostly in line with results from earlier studies with similar
focus. The results show a positive relationship between land use density and sustainable
transportation. The same is true for land use diversity and public transit
competitiveness. However, the differences between the impacts on public transit and
walking are perhaps surprising. Increased population density and service availability
are, based on the model, not increasing public transport usage significantly, while they
indeed have an impact on walking and car usage. Bicycling is seldom, if ever, included
as an individual mode in similar studies. Therefore, the results in this study are hard to
compare. Bicycling is however, clearly affected in a different way by land use. It
remains unclear if these impacts are explained well by the included indicators or if the
true causes are more related to the available bicycling infrastructure.
Because of the limitations of this study, there are still gaps in the knowledge concerning
land use and travel behavior connection. Especially walkability is a topic that needs
attention. The surprising results for bicycling concerning the low mode split in the city
center is also a clear indication of that there is a need to study the effects of the built
environment on bicycling too. There is, however, room for improvement also when
considering the measurement of land use diversity. The approach in this study was to
emphasise the complementarity of land uses. However, it is possible to refine these
methods to better understand the impacts of land use diversity.
This study in many ways confirms the previous assumptions on that land use shapes
travel behavior. The increased understanding and the quantified impacts can perhaps be
applied when setting up new planning policies. Ultimately, in a refined state, the
methodology developed in this study could perhaps be applied as a simulation tool for
future developments. The firmer integration of land use features in transportation
forecasting could bring in savings when the transportation infrastructure could be better
adapted to the intended land use structure.
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Appendix 1 The outputs of 400, 800 and 1600 meter radius car usage models
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