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A B S T R A C T

Many studies on travel-induced residential self-selection assume that travel attitudes are strong enough to in-
fluence people's residential decisions. Using quantitative and qualitative methods, this article investigates the
impacts of preference for transit and other residential preferences on residential location choice. Employing
preference ranking, logistic regression and ANOVA tests on survey data from the Oslo metropolitan area, we find
that individuals with simultaneously high preference for transit and low preference for attributes related to
households with children are likely to reside in transit-friendly neighborhoods. Transit preference, while im-
portant in residential choice, is more so as second tier after other more important preferences related to life-
cycle/demographics are satisfied. Individuals who prefer transit but live in transit-poor zones tend to have
higher preference for private garden, a larger number of children, lower income, and are older. Variations in
access to transit and transit preference have significant influences on transit use. The results of qualitative
interviews are also consistent with these findings and substantiate the mechanism by which the built environ-
ment and travel preference affect residential and travel choices.

1. Introduction

Travel-induced residential self-selection (RSS) has become a subject
of heated debates within land-use and transport research during the
past two decades (van Wee and Handy, 2016). The widely held as-
sumption is that people tend to select their residential neighborhoods
based on their travel preference, in which case the preference would be
a source of bias in the relationship between the built environment (BE)
and travel behavior. As a result, travel preference has to be taken into
account in order to purge this bias from the independent effect of BE on
travel behavior. However, two issues need nuance about the idea of
travel-induced residential self-selection. First, preference is an integral
part of the demand for a good or service. For the most part, people
travel, say, by transit because of their preference to do so. Hence, it is
difficult to disband travel by transit from the preference to travel by
transit. Consequently, controlling for transit preference may under-
estimate true BE effects on travel behavior (Chatman, 2009; Næss,
2014). Second, not all who prefer transit could realize their desired
residential neighborhood. The ultimate location decision is an outcome

of tradeoffs between various competing criteria. So, how strong is the
influence of transit preference from a set of competing criteria in
neighborhood choice?

Using data collected in the Oslo metropolitan area in 2015, this
study aims to answer three interrelated research questions: (1) How
important is transit preference in residential location choice? (2) Which
factors cause transit-preferring people to live in areas with poor access
to transit? (3) How do transit preference and transit access jointly factor
into the difference in transit use? This study combines quantitative and
qualitative analysis to gain a better insight into the relationship be-
tween transit preferences, neighborhood choice and the resulting travel
behavior.

The Norwegian context provides an important supplement to the
mainstream of studies on RSS that are conducted in countries where
transit investment and use are less widespread than in Scandinavia. In
Norway, the use of land-use policies to counter the negative effects of
motorized travel has had relatively strong political backing and the
compact city has had a strong status as a planning ideal since the mid-
1980s. The Norwegian government adopted the central government policy
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guidelines for coordinated land use and transport planning in 1993, which
were amended in 2014 (Norway's Government, 2014). These guidelines
state that land use and transport systems should “promote the develop-
ment of compact cities and settlements, reduce the need for transport and
facilitate forms of transport that are climate-friendly and en-
vironmentally friendly” (Norway's Government, 2014:1). Oslo has pur-
sued a pronounced densification policy since the mid-1980s. As a result,
the population density within the continuous urban area increased by as
much as 37% over the period 1985–2016. The population density in-
crease has been especially high in the central parts of Oslo (Statistics
Norway, 2016; Municipality of Oslo, 2017). Oslo has a predominantly
monocentric urban structure and is strongly invested in controlling
sprawl. The city has an extensive transit service with wide spatial cov-
erage. By the year 2035, Oslo's population is projected to increase by
25% compared to 2017 and the city has an ambitious plan to capture the
resulting travel demand by transit and non-motorized means.

The paper is organized in six sections. The following section reviews
the literature and situates our study in the context. Next, data and
method are discussed, followed by the results section. Qualitative
analysis is presented in section five with concluding remarks as the final
section.

2. Literature review

Travel-induced residential self-selection refers to individuals' ten-
dency to select their residential location based on their preferred travel
patterns (Schwanen and Mokhtarian, 2004). When travel preferences
significantly influence residential location choice, preferences would be
correlated to both BE and travel behavior. The implication is that em-
pirical research about BE-effects on travel behavior would be biased if
travel-induced residential sorting were not considered (Schwanen and
Mokhtarian, 2005; Cao et al., 2009; Van Wee, 2009).

The self-selection bias refers to over- or under-estimation of BE-ef-
fects on travel behavior when RSS is not accounted for. A standard
practice for reducing self-selection bias has been to explicitly take those
preferences into account in empirical analysis (Kitamura et al., 1997;
Bagley and Mokhtarian, 2002; Shay and Khattak, 2005;Khattak and
Rodriguez, 2005; Handy et al., 2006; Frank et al., 2007; Circella et al.,
2008; Zhou and Kockelman, 2008; Næss, 2009; Cao et al., 2009; Targa
and Clifton, 2005; Cao and Cao, 2014; Stevens, 2017). Other scholars,
however, dispute that accounting for RSS would improve the accuracy
of BE-estimates (Chatman, 2009, 2014; Næss, 2009, 2014). Næss (2009,
2014) for example presents empirical as well as theoretical grounds
showing RSS does not significantly bias BE-effects. Instead, argues
Author, RSS should be seen as a mechanism through which BE-influ-
ences are translated into travel behavior. Controlling for RSS, goes the
argument, would exacerbate specification error rather than improve it
and would likely lead to underestimation of the true BE-effects.

Irrespective of whether travel preferences co-determine travel be-
havior alongside BE or just facilitate BE-effects on travel behavior, the
bottom line is that the preferences have a significant role in either di-
minishing or magnifying the BE-effects with important implications for
urban policy. New alternative developments such as investment in
public transport infrastructure and associated transit-oriented devel-
opment (TOD) are costly long-term commitments. The success of such
interventions depends, among others, on two conditions. First, do BE-
characteristics have a definitive causal influence on travel behavior?
And how large is the magnitude of the influence? Second, does the
supply of residential stock such as new TODs enable those preferring
transit to move in?

The first condition requires untangling travel-induced RSS from BE-
effects. The wealth of empirical research resoundingly concurs that the
BE has a significant and independent influence on travel behavior be-
yond RSS. In other words, regardless of people's set of preferences, the
urban structural setting they live in will have a significant influence in
their observed travel behavior. This is consistently shown by the

difference in travel behavior between residents who have similar pre-
ference but live in urban and suburban neighborhoods (Schwanen and
Mokhtarian, 2004; Næss, 2006; Cho and Rodríguez, 2014). Moreover,
Cao et al. (2009) presented an overview of empirical findings of 38
studies about RSS. Almost all the reviewed studies reported that while
RSS explains some of the variation in travel behavior, the BE has a
distinct influence on travel behavior. Studies in Northern European
cities found that the BE exerts a significant influence on travel behavior
(Næss, 2006; Elldér, 2014). Although the independent BE-effect is un-
disputed, the magnitude of RSS influence varies among studies. Gen-
erally, the influence of RSS on modal choice appears to be stronger in
the US than Europe (Bertaud and Richardson, 2004), likely due to
stronger patronage for transit systems in European cities.

The second condition relates to whether the BE allows for residents
preferring transit and/or non-motorized travel to reside in the neigh-
borhoods with matching BE characteristics. This issue has a supply and
demand side to it. The supply side relates to the availability of dwell-
ings with preferred attributes in transit neighborhoods (Boarnet, 2011).
The supply side does not necessarily imply shortage of building stock.
Transit hubs can be attractive for reasons other than transit accessi-
bility. For example, individuals who appreciate vibrant urban atmo-
sphere but do not prefer transit may crowd out transit-favoring in-
dividuals from TOD-neighborhoods (Cao and Chatman, 2016). The
demand side, on the other hand, relates to the constrained optimization
of a multi-criteria residential choice process where a tradeoff among the
selection criteria results in transit-favoring individuals living in mis-
matched neighborhoods. In Oslo, for example, housing prices in the
central city are much higher than in meso-urban or suburban parts of
the metropolitan area.

Travel preferences are important in determining the extent to which
transit systems are utilized. This is illustrated by the difference between
consonant and dissonant residents in the same neighborhood
(Schwanen and Mokhtarian, 2004; Næss, 2006). Residential dissonance
is defined as the mismatch or lack of congruence between BE char-
acteristics of individuals' residential neighborhood and their preference
towards such characteristics (Schwanen and Mokhtarian, 2004). Con-
sonant households indeed tend to travel differently than dissonant ones
(Schwanen and Mokhtarian, 2005; De Vos et al., 2012).

The discussion about preferences focuses largely on travel-related
self-selection bias. Such an understanding implicitly assumes that in-
dividuals can freely self-select to the locations fitting their preferred
travel pattern (Ettema and Nieuwenhuis, 2017). This assumption con-
sequently masks people who potentially would like to self-select but
could not do so for various reasons. This brings us to an important
question: to what extent can people self-select? Residential location
choice, similar to other transactions, is a constrained optimization in a
compensatory decision process involving tradeoffs among multitude
and at times conflicting decision criteria (Schwanen and Mokhtarian,
2004; Cao, 2008; De Vos et al., 2012). These decision criteria include,
but are not limited to, housing characteristics, demographics such as
family size and age, resource endowments, locational advantages such
as proximity to various destinations and transportation facilities. In-
dividuals vary in the priority of the decision criteria. Given their re-
source endowment, they choose residential location that generates a
satisfactory fulfillment of their preferences.

The selection process requires prioritizing since not all locational
preferences could be realized due to various constraints. Hence, the
actual residential location may end up being different from the optimal
or preferred location, creating a mismatch in certain preferred attri-
butes while the most pressing criteria are satisfied. Accordingly, people
preferring transit may end up living in either transit-rich neighborhoods
or car-oriented neighborhoods depending on the relative importance of
transit-related factors among their decision criteria. Ettema and
Nieuwenhuis (2017) also found RSS and BE to be marginally con-
founding as strong travel preferences weakly translate into residential
selection in the Netherlands.
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Addressing travel-related dissonance requires an understanding of
the relative importance of travel-related preferences in residential lo-
cation choice. We focus in this paper on a narrower form of travel
preferences, specifically transit preferences. The RSS discussion rests
mainly on the assumption that travel preferences are strong and of
relatively high priority capable of inducing people to self-select.
Previous research (Filion et al., 1999; Cao, 2008) indicates that travel
preferences are second tier in residential location choice. Cao (2015b),
using survey data from the Twin Cities, found housing affordability and
safety to be top priority. The level of patronage to transit and hence its
importance in location choice is expected to vary between locations
with different levels of transit access. Access to transit ranks third
among various reasons for choosing to live in a TOD in San Francisco
but its ranking is much lower in Los Angeles and San Diego (Lund,
2006). This is not surprising because San Francisco is more transit-
friendly than the latter two cities. Moreover, access to highway con-
sistently ranks lower than access to transit in the three cities, as it is
widely available.

The preference structure of dissonant residents and the character-
istics that constitute them into mismatched with respect to travel pre-
ferences is crucial both in framing new alternative developments and in
maximizing the responsiveness to it (Cao and Chatman, 2016; Chatman,
2014). The heterogeneous response to the BE (Chatman, 2014; Cao,
2015a; Lindelöw et al., 2017) and travel behavior (Schwanen and
Mokhtarian, 2005; De Vos et al., 2012) with respect to preferences
suggest that the effectiveness of alternative development would largely
depend on whether potential residents are matched or mismatched with
respect to their transit preference. Travel preferences being second tier
in residential choice means that many residents with high transit pre-
ference are likely to end up in neighborhoods with poor transit service.
The main question here is, thus, what causes these people to be dis-
sonant? Previous findings show income to be one of the main causes of
residential dissonance as low-income households may not afford their
preferred residential location (Cao, 2015b; Næss, 2006). Other demo-
graphic factors are also important sources of dissonance. As Schwanen
and Mokhtarian (2004) found, single suburban dwellers and large
households in the city are likely to be dissonant.

The debates on RSS generally and the extent of bias it impacts spe-
cifically are hotly pursued in North American studies with many em-
pirical studies reporting RSS as a significant confounding factor. On the
other hand, self-selection bias is downplayed and land use-travel con-
nection is stronger in many European studies (Ettema and Nieuwenhuis,
2017; Gim, 2012; Lindelöw et al., 2017; Næss, 2014). Part of the in-
congruence in empirical findings may emanate from the disparities in
urban physical structures and their transport systems. European cities
can be characterized as compact with strong city centers and better pa-
tronage to transit service compared to their North American counterparts
(Bertaud and Richardson, 2004).For example, population density within
the continuous urban area of Oslo (including suburban municipalities)
was 37 persons per hectare in 2016, which is considerably higher than
the 2005 figures for US cities such as San Francisco, Denver and Wa-
shington, with 19, 15 and 13 persons per hectare, respectively
(Kenworthy and Inbakaran, 2011). In 2014, residents of the continuous
urban area of Oslo made one third of their trips on foot or by bike, one
fifth by mass transit and 47% by car. Measured in person kilometers
(excluding air travel), non-motorized modes accounted for 7%, transit for
21% and car for 72% (PROSAM, 2015).

This paper includes a qualitative analysis on the rationales behind
individual's choices as a way of giving further credence to the statistical
analysis. According to Singleton and Straits (2010), four criteria ought
to be met for a valid causal inference between two phenomena: sta-
tistical association, non-spuriousness, time precedence and causal me-
chanisms. Depending on data availability and method of analysis, the
first three criteria can be handled fairly well using statistical methods.
Addressing causal mechanisms however is outside the realm of statis-
tical methodology and requires a qualitative research design. Although

statistical analyses can reveal patterns and relationships that might be a
result of causal influences, they cannot themselves establish the ex-
istence of causality. The latter (establishing causality) requires a qua-
litative research – either in the actual study or in previous research on
which the theories informing the study are based.

With notable exceptions (Næss, 2009, 2014; Chatman, 2014), many
empirical studies were built under the assumption that travel attitudes
drive RSS with little focus on whether and how the assumption holds. A
sound theoretical foundation is an indispensable precedent of statistical
analysis on causality. Without an elaborate understanding of the me-
chanisms of causal flows, model specification is likely to be inaccurate
if not misleading (Næss, 2015). Methodological plurality is, hence, a
clear advantage as qualitative methods can help fill the gaps left by
quantitative techniques by clarifying the mechanism underlying beha-
vioral changes (Clifton and Handy, 2003; Røe, 2000).

3. Methods

3.1. Data and variables

The data utilized in this study came from a self-administered nine-
page survey collected in the Oslo metropolitan area in 2015. The study
was tailored to examine built environment impacts on travel behavior
of the general population as well as recent movers. We drew 15,000
individuals using a combination of purposive and stratified random
sampling. To ensure a sufficient coverage of the recent movers, we
identified about 3000 newly built dwellings based on information
provided by building companies and realtors. After identifying in-
dividual addresses with the help of real estate developers and the online
mapping and address service www.finn.no, 2500 individuals were se-
lected randomly from these addresses. The remaining 12,500 units were
randomly drawn from a geographically stratified sampling frame.
Distance belts from the city center (as the crow flies) were used as
stratification criteria, which led to five strata, 0–5 km; 5–10 km;
10–15 km; 15–20 km and 20–30 km. From each distance belt, 2500
individuals (one individual from each residential unit) were randomly
selected. The numbers of respondents within varying distances from the
city center are shown in Table 1.4

We sent an invitation letter with information about the survey and a
guide on how to respond to each individual in the sample. The survey
had a two-week deadline with no follow up or reminders afterwards. In
total, we received 1992 acceptably completed questionnaires, yielding
a response rate of 13.3%. Some respondents moved away from the case
region and were subsequently excluded leaving us with a final sample
size of 1904 respondents. This is acceptable for a survey of this length,
since the response rate for surveys administered to the general popu-
lation have declined substantially over the last 20–30 years (Amundsen
and Lie, 2013). Response rates are now typically 10–20% (Hjorthol
et al., 2014). Furthermore, the response rate is within the mainstream
for studies on this topic.5

We recruited participants for the qualitative interviews among
questionnaire respondents who had stated their willingness to be in-
terviewed. When selecting interviewees, we were keen to include in-
dividuals from different residential locations (central city, close to
second-order centers and non-central location) and varying population
groups in terms of household composition, employment and education.
Altogether, 17 interviews were carried out, six from the central city,
three from locations close to second-order centers, and eight from non-
central location of the metropolitan region. The interviews, each lasting

4 The respondents are fairly equally distributed among the strata of distance belts.
Although the central areas (within 15 km from the city center) get a little higher re-
presentation in terms of number of respondents, this is justifiable as higher residential
densities characterize the central areas.

5 As an example, the response rate is similar to a much-cited American study (Kitamura
et al., 1997) which had a net response rate of 11%.
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for 1–1.5 h, were audio-recorded and transcribed. The topics addressed
in the interviews were chosen based on theoretical considerations and
experience from our previous projects on residential location and travel
(Næss, 2005, 2013).

Table 2 illustrates the characteristics of the sample. On average,
gender distribution among the respondents is similar to that of the
population mean. Respondents and interviewees tend to live in a larger
household than the population. The respondents and interviewees also
have higher education than is typical for the county populations. To-
gether, these circumstances contribute to household income levels
considerably higher among the respondents and interviewees than
among the inhabitants of the two counties that encompass the Oslo
metropolitan area. Moreover, there is a higher proportion of pensioners
among the respondents and interviewees than in the general popula-
tion, reflected in higher age and lower proportion of workforce parti-
cipants in our samples. However, since this study does not aim to de-
scribe univariate distributions of certain variables but to examine the
conditional relationships among them, the overrepresentation of cer-
tain groups of people in the sample is not expected to substantially
affect the results (Babbie, 2007; Crano et al., 2015).

Besides socio-demographic and travel related variables, the survey
also collected residential preference indicators. Respondents were
asked to indicate the importance of 19 items relating to housing and
neighborhood characteristics when they were looking for a place to live
(or if they were to move to a new dwelling). Each item was measured on
a four-point scale from “not at all important” (1) to “highly important”
(4). Among the 19 indicators, two are related to transit: proximity to
train/metro and proximity to bus/streetcar. They are the travel pre-
ference variables of interest in this study. Table 1A in the Appendix
illustrates the measurements of residential preferences and socio-de-
mographic attributes and their descriptive statistics.

3.2. Defining consonant and dissonant residents

To answer the three questions presented in the introduction section,
we need to define consonant and dissonant residents. Schwanen and
Mokhtarian (2004), the seminal work on the dissonance between actual
and preferred residential neighborhood, proposed five measures of
dissonance. The first measure is based on a 2 × 2 classification on
neighborhood type and residential preference (the pro-high density
factor). A resident is dissonant if she prefers high (or low)-density de-
velopment but lives in a suburban (or urban) neighborhood and she is
consonant if her preference is congruent with her choice. To overcome
the crudeness of dichotomous indicators, the second index uses con-
tinuous variables to measure gradual change in the level of residential
dissonance. The third and fourth measures are constructed by inter-
acting the first and second indices with an indicator of neighborhood
attachment. The fifth measure is also a 2 × 2 classification based on
neighborhood type and the residential preference factor. But it is more
conservative than the first measure as they used the more extreme
values to define dissonance (using one standard deviation away from its
mean as the threshold, instead of the mean used in the first measure).
Thereafter, several scholars proposed several other measures (confer
(Cao, 2015a) for a summary). Although a 2 × 2 classification was used
more often than other measures, there is no consensus on how to define
consonant and dissonant residents in the literature.

This study proposes an alternative definition of consonant and dis-
sonant residents based on transit supply and transit preference. In
particular, residential areas are categorized as three zones based on the
level of transit access. Using the transit map for Oslo, we found that
residential locations within 7 km from the city center of Oslo are highly
accessible by either one or more high-frequency transit modes at a
distance of less than half a kilometer from residences and hence are
termed as transit-rich zones. Outside the 7-km buffer from the city
center of Oslo, residents within a kilometer of a second-order center and
those residing within half a kilometer of a local center have high transit
access and therefore are also defined as living in transit-rich zones.
Conversely, transit-poor zones consist of residential areas that si-
multaneously are farther than 15 km from the city center, at least
2.5 km away from a second order center and farther than 1 km from a
local center. Other areas are regarded as zones with mediocre access to
transit.

Table 1
Distribution of survey respondents and interviewees at different distance belts from the
city center.

Residential distance from the city
center

Number of respondents in each distance belt

Survey respondents Interviewees

0–5 km 414 6
5–10 km 326 2
10–15 km 360 5
15–20 km 251 2
20–30 km 317 1
Over 30 km 200 1
Missing 36
Total 1904 17

Note: The outermost strata (strata 5) in the sampling stage had a maximum distance of
30 km from the city center. The last group in Table 1, however, extends farther than
30 km from the city center. The discrepancy is primarily a result of how distance was
measured during stratification and after the data were collected. During stratification, the
distance from the city center to the concentric distance belts was measured as the crow
flies. For the final sample, the distance was measured along the road network.

Table 2
Comparison of socioeconomic and demographic characteristics of survey respondents and interviewees with their population.

Survey respondents
(N = 1992)

Interviewees
(N = 17)

Inhabitants in Oslo and Akershus counties

Average number of persons per household 2.29 2.76 1.94
Average number of children aged 0–6 years per household 0.23 0.70 0.15
Average number of children aged 7–17 years per household 0.35 0.35 0.13
Average age of respondents/interviewees (all aged 16 or more) 49.3 46.4 45.5
Gender (proportion female) 50.6% 58.8% 50.3%
Proportion of workforce participants among respondents/interviewees 68% 70.6% 81%
Average annual household income (1000 NOK) 1018 1013 812
Proportion with education at master level or higher 40% 41.2% 16%

Note: The counties of Oslo and Akershus include the Oslo metro area.

Table 3
Definition of consonant and dissonant residents.

Transit preference Access to transit

Rich Mediocre Poor

High Transit rich consonant Transit poor dissonant
Medium
Low Transit rich dissonant Transit poor consonant
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A composite transit preference indicator (score) was computed by
combining the two transit preference items (proximity to train/metro
and proximity to bus/streetcar), using a factor analysis in Stata. The
resulting transit preference score is then grouped into three equal ca-
tegories with the first category representing low transit preference
while the third category representing high transit preference.

Using the two indicators, we create a 3 × 3 cross-tabulation and
define consonant and dissonant residents as shown in Table 3. In a
2 × 2 classification, it is ambiguous to classify a resident with either of
the two indicators close to its mean value. For example, if the transit
preference score of a resident is slightly higher than the mean score, she
is not substantially different from one of her neighbors whose transit
preference score is slightly lower than the mean score. However, by
definition, the two residents would be grouped into different categories:
one is consonant and the other is dissonant. The 3 × 3 classification
effectively addresses the issue.

As shown in Table 3, we identified four types of residents based on
their preference outlook and the transit access provided by their re-
sidential zone. Among the residents with high transit preference, those
residing in transit-rich zones are defined as transit-rich consonants
(TRC) whereas those living in transit-poor zones are defined transit-
poor dissonants (TPD). Similarly, for the residents with low transit
preferences, those residing in transit-rich zones are defined as transit-
rich dissonants (TRD) while those in transit-poor zones are defined as
transit-poor consonants (TPC).

Table 4 presents a summary statistics of transit behavior for the
four-abovementioned categories of residents. Transit behavior is mea-
sured as monthly6 transit trips denominated by trip purpose. Com-
muting tips by transit refer to monthly commuting trips by bus, tram or
metro. Commuting trips by train are reported separately. Non-work
trips by transit are the sum total of transit trips by all four transit modes
(tram, bus, metro and train) to seven non-work destinations (grocery
stores, personal service such as bank and barber shops, entertainment
and cultural facility, civic facility, restaurants and cafés, fitness facility
as well as accompanying someone e.g. a child).

4. Quantitative results

4.1. How important is transit preference in the choice of transit zones?

Several previous studies have documented the existence of hetero-
geneous response to transit access depending on individual preferences
(De Vos et al., 2012; Cao, 2015a; Kamruzzaman et al., 2016). First, we
examine the preference outlook of residents in transit-rich zones (TRZ)
and transit-poor zones (TPZ) to understand how important transit
preference is in the choice of transit-rich zones. Table 5 illustrates the
ranking of mean preference scores of transit-rich zones and transit-poor
zones.

Individuals in transit-rich zones highly value proximity to transit
facility and proximity to shops, whereas, for residents in transit-poor
zones, non-transport related attributes rank in the top three, with pre-
ference for bus/streetcar at the fourth place. On the other hand, al-
though the ranking of the top three preferences are different between
the two zone types, six out of the seven highly preferred characteristics
are common to both types of zones. This highlights the importance of
these characteristics in residential location choice.

To identify characteristics that may stand out in the preference
scale, we calculated, following (Cao, 2015b), the proportion of in-
dividuals who rated the characteristics as highly important. For transit-
rich zone residents, proximity to bus/streetcar and proximity to train/
metro stand out as highly important with 46% and 43% of the residents
respectively while private garden and good school/kindergarten are
least preferred with 62 and 63% of transit-rich zone residents rating
them as not at all important respectively. For residents in transit-poor
zones, proximity to green areas stand out with 44% ranking it as
“highly important”.

One objective of the preference ranking is to see if there is a distinct
pattern in the preferences between residents in transit-rich zones and
transit-poor zones. According to the last column in Table 5, the two
types of zones differ significantly in thirteen preferences but the dif-
ference in terms of preference for private garden is more prominent.
Preference for good school/kindergarten and proximity to transit also
differ sizably. Overall, individuals with high transit preference seem to
self-select into transit-rich zones while the residential choice of those in
transit-poor zones appear to be motivated by residential characteristics
related to demographics and life-style.

So far, we have looked at preference categorizations without regard
for whether the residents' transit preferences match or mismatch their
zone characteristics. As such, it is less informative in understanding
what distinguishes transit-rich consonant from transit-poor dissonant
residents. Table 6 presents ranking of residential preference for dif-
ferent areas depending on whether respondents' residential area char-
acteristics match or mismatch with their transit preference.

One research question of this paper is what factors keep people with
strong transit preference away from living in transit-rich zones.
Residents with high transit preference but residing in transit-poor zones
are termed as transit-poor dissonant (TPD). Those whose high transit
preferences matched with their residential characteristics are called
transit-rich consonant (TRC). As shown in Table 6, TPD-residents' pre-
ference for private garden differs from that of TRC-residents by a large
margin. TPD-residents also have significantly higher preferences for
good school/kindergarten and scenic value (nice view).

To evaluate the relative importance of residential preference vari-
ables, a logistic regression on the likelihood of choosing transit-rich
zones is modeled. The logit model captures the partial effect of a given
transit preference after controlling for other residential preferences,
demographics and socio-economic attributes. The dependent variable is
coded as ‘1’ for residents in transit-rich zones and ‘0’ for residents in
transit-poor zones. The independent variables in the model comprise of
the 19 residential preference variables, education level (measured in
five ordinal categories), gross annual personal income (measured in
nine ordinal categories), availability of a driver's license (a dummy

Table 4
Summary statistics of monthly transit trips by trip purpose.

Resident type Commuting trips by transit Non-work trips by transit Commuting trips by train

Mean Std. dev. N Mean Std. dev. N Mean Std. dev. N

TRC 9.76 8.08 187 9.64 12.28 245 5.31 7.82 124
TRD 4.79 6.71 107 4.51 4.94 126 1.08 2.90 13
TPD 7.10 8.39 99 6.33 12.77 142 2.54 5.91 352
TPC 2.49 5.82 207 1.78 4.22 237 0.76 3.21 173

6 Respondents were asked to report the number of transit trips to a given destination by
selecting one of six pre-defined alternatives (Not at all, Less than 1 day a month, 1–3 days
a month, One day a week, 2–3 days a week and ≥4 days a week). The results are then
harmonized into number of trips per month.
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variable), respondents' age, household size, and number of children.
Consistent with the mainstream of the literature, we treat ordinal scales
as interval scales in the multivariate models. So all independent vari-
ables but driver's license enter the logit model as continuous variables.
The variables insignificant at the 0.05 level were dropped to obtain a
parsimonious model. Table 7 depicts significant variables in the final
model.

Preferences related to transit proximity and those that are of dis-
tance minimizing nature (proximity to workplace and proximity to
shops) increase the likelihood of residing in transit-rich zones.

Individuals with high transit preferences do tend to self-select to transit-
rich zones. Transit-rich zones also attract residents that have high
preference for attributes not related to transport. Higher preferences for
architecture and familiar neighborhood increase the probability of re-
siding in transit-rich zones. Among the preference indicators with po-
sitive effects, proximity to shops has the highest (in terms of elasticity)
influence on the probability of choosing transit-rich zones. Transit
preference (preference for train/metro) and preference for familiar
neighborhood also have considerable influence on the likelihood re-
sidential choice in transit-rich zones. The effects of the latter three

Table 5
Residential preferences of residents living in transit-rich zones and transit-poor zones.

Residential preferences Preference scores for transit-rich zone (TRZ)
residents. obs. 625

Preference scores for transit-poor zone (TPZ)
residents. obs. 558

Difference in preference scores between
TRZ and TPZ (rank)

Mean (rank) Std. dev. Mean (rank) Std. dev.

Proximity to bus/streetcar 3.253 (1) 0.844 2.875 (4) 1.011 0.378 (4)⁎⁎

Proximity to train/metro 3.074 (2) 1.007 2.616 (9) 1.084 0.457 (3)⁎⁎

Proximity to shops 3.045 (3) 0.867 2.817 (6) 0.922 0.228 (9)⁎⁎

Proximity to green areas 2.974 (4) 0.875 3.181 (1) 0.894 −0.207 (10)⁎⁎

No social problems 2.738 (5) 1.023 2.977 (2) 0.978 −0.239 (7)⁎⁎

Opportunities for physical exercise 2.704 (6) 1.010 2.891 (3) 0.913 −0.187 (11)⁎⁎

Low housing costs 2.643 (7) 0.950 2.728 (7) 0.935 −0.084 (14)
Good property management 2.586 (8) 1.016 2.572 (12) 0.992 0.014 (19)
Nice view 2.557 (9) 0.944 2.853 (5) 0.920 −0.296 (5)⁎⁎

Proximity to workplace 2.523 (10) 1.070 2.392 (14) 1.005 0.131 (13)⁎

Favorable investment object 2.491 (11) 1.035 2.529 (13) 1.011 −0.037 (18)
Proximity to relatives and friends 2.446 (12) 0.999 2.595 (11) 0.978 −0.149 (12)⁎⁎

Undisturbed location 2.379 (13) 0.910 2.655 (8) 0.905 −0.276 (6)⁎⁎

Familiar neighborhood 2.302 (14) 0.990 2.223 (17) 0.993 0.080 (15)
Architecture 2.200 (15) 0.962 2.125 (19) 0.956 0.075 (17)
Distance to major road/rail line 2.054 (17) 1.035 2.292 (15) 0.988 −0.238 (8)⁎⁎

Easy access to shopping mall 2.054 (16) 0.954 2.131 (18) 0.954 −0.076 (16)
Good school/kindergarten 1.795 (18) 1.134 2.253 (16) 1.245 −0.457 (2)⁎⁎

Private garden 1.663 (19) 0.969 2.606 (10) 1.154 −0.942 (1)⁎⁎

Note: Residential preference was measured on a four point scale ranging from 1 = ‘not at all important’ to 4 = ‘extremely important’.
Figures in bold show the four highest ranking residential preferences.

⁎ One-way ANOVA, preference scores significantly different at 0.05 significance level.
⁎⁎ One-way ANOVA, TRZ and TPZ preference scores significantly different at 0.01 significance level.

Table 6
Residential preferences of dissonant and consonant residents by residential area type.

Residential preference TRC (N 254) TRD (N 134) TPD (N 149) TPC (N 250) Difference in preferences

Mean (rank) Mean (rank) Mean (rank) Mean (rank) TRC-TRD TRC-TPD TRD-TPD TPD-TPC

Private garden 1.602 (17) 1.806 (15) 2.584 (11) 2.704 (5) −0.204 (11)⁎ −0.982 (1)⁎⁎ −0.898 (1)⁎⁎ −0.120 (12)
Good school/kindergarten 1.787 (16) 1.761 (16) 2.322 (16) 2.264 (13) 0.026 (17) −0.535 (2)⁎⁎ −0.503 (2)⁎⁎ 0.058 (14)
Nice view 2.602 (9) 2.530 (4) 2.946 (5) 2.796 (4) 0.073 (16) −0.344 (3)⁎⁎ −0.266 (9)⁎ 0.150 (11)
Distance to major road/rail line 2.169 (15) 1.873 (14) 2.456 (14) 2.18 (14) 0.296 (8)⁎⁎ −0.287 (4)⁎⁎ −0.307 (7)⁎⁎ 0.276 (8)⁎⁎

Proximity to relatives and friends 2.614 (8) 2.239 (11) 2.879 (7) 2.412 (11) 0.375 (7)⁎⁎ −0.265 (5)⁎ −0.174 (10)⁎⁎ 0.467 (4)⁎⁎

Undisturbed location 2.437 (11) 2.358 (7) 2.685 (9) 2.683 (6) 0.079 (15) −0.248 (6)⁎ −0.325 (6)⁎⁎ 0.002 (17)
No social problems 2.831 (5) 2.590 (2) 3.067 (3) 2.892 (2) 0.241 (10)⁎ −0.236 (7)⁎ −0.302 (8)⁎⁎ 0.175 (10)
Low housing costs 2.909 (3) 2.388 (5) 3.067 (4) 2.516 (7) 0.521 (3)⁎⁎ −0.158 (8) −0.128 (13) 0.551 (3)⁎⁎

Proximity to green areas 3.055 (2) 2.761 (1) 3.195 (2) 3.156 (1) 0.294 (9)⁎⁎ −0.140 (9) −0.395 (4)⁎⁎ 0.039 (16)
Easy access to shopping mall 2.425 (12) 1.560 (17) 2.523 (13) 1.904 (17) 0.865 (1)⁎⁎ −0.098 (10) −0.344 (5)⁎⁎ 0.620 (2)⁎⁎

Proximity to workplace 2.689 (7) 2.291 (10) 2.611 (10) 2.296 (12) 0.398 (6)⁎⁎ 0.078 (11) −0.005 (17) 0.315 (5)⁎⁎

Proximity to shops 3.394 (1) 2.575 (3) 3.336 (1) 2.476 (9) 0.819 (2)⁎⁎ 0.058 (12) 0.099 (15) 0.860 (1)⁎⁎

Architecture 2.362 (13) 2.172 (13) 2.309 (17) 2.004 (16) 0.191 (12) 0.054 (13) 0.168 (11) 0.305 (6)⁎⁎

Favorable investment object 2.531 (10) 2.351 (8) 2.577 (12) 2.496 (8) 0.181 (13) −0.046 (14) −0.145 (12) 0.081 (13)
Opportunities for physical exercise 2.890 (4) 2.381 (6) 2.926 (6) 2.876 (3) 0.509 (4)⁎⁎ −0.036 (15) −0.495 (3)⁎⁎ 0.050 (15)
Good property management 2.760 (6) 2.336 (9) 2.738 (8) 2.46 (10) 0.424 (5)⁎⁎ 0.022 (16) −0.124 (14) 0.278 (7)⁎⁎

Familiar neighborhood 2.354 (14) 2.194 (12) 2.369 (15) 2.164 (15) 0.160 (14) −0.015 (17) 0.030 (16) 0.205 (9)

Note: TRC – Transit-rich consonant: Residents with high transit preference and residing in transit-rich zones.
TRD – Transit-rich dissonant: Transit-rich zone residents with low transit preference.
TPD – Transit-poor dissonant: Residents with high preference for transit but residing in transit-poor zones.
TPC – Transit-poor consonant: Residents with low preference for transit and residing in transit-poor zones.
Figures in bold show the four highest ranking residential preferences.

⁎ ANOVA with Bonferroni post hoc test, preference scores significantly different at 0.05 significance level.
⁎⁎ ANOVA with Bonferroni post hoc test, preference scores significantly different at 0.01 significance level.
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variables are equivalent in size. Therefore, preferences for transit have
considerable influences on the choice of transit-rich zones.

Among the preferences with negative effects, preference for private
garden commands the strongest influence in the model for residential
choice in transit-rich zones. Individuals with simultaneously high pre-
ferences for private garden and transit are likely to reside in areas that
are mismatched with respect to their transit preference. Other pre-
ferences that are closely associated with low-density developments such
as nice view, distance to major roads/rail line and easy access to
shopping mall reduce the likelihood of residing in transit-rich zones.
Preferences for physical exercise opportunities and proximity to family
and friends also reduce the probability of choosing transit-rich zones.

Socio-demographic factors such as age and household size have
significant and negative associations with residing in transit-rich zones.
Possession of a driver's license also reduces the likelihood of residing in
transit-rich zones. On the other hand, people with higher education
have a higher likelihood of residing in transit-rich zones.

4.2. Why do transit-favoring residents live in transit-poor zones?

To understand factors that cause people with strong preferences for
transit to reside in mismatched neighborhoods, we developed a binary
logistic regression of residential location choice of residents who prefer
transit on demographics, socio-economic attributes and 17 residential
preference variables (not including preferences for train/metro and
bus/streetcar). The demographic and socio-economic attributes include
gross annual personal income, respondents' age, household size, chil-
dren aged 7–17 in the household and possession of a driver's license.
The dependent variable assumes the value ‘1’ if a resident with high
transit preference lives in transit-poor zones and ‘0’ otherwise.
Variables that are significant at the 0.05 level are retained in the final
model (Table 8).

The results show that a few socio-demographics and preference for
private garden have significant influences on the probability of transit-
favoring individuals residing in transit-poor zones. Low-income and
older people are more likely to be mismatched. Presence of children in a
household also increases the likelihood of residential mismatch. The
significance of low income is consistent with Cao (2008). In terms of
elasticity, preference for private garden is the strongest source of re-
sidential mismatch for individuals with high transit preference. Because
preference for private garden is correlated with household size and is

closely associated with family with children, life cycle attributes appear
to be significant contributors of the residential mismatch. This is similar
to findings by Schwanen and Mokhtarian (2004) that large households
and families in the city are likely to be mismatched. Furthermore, low-
income individuals appear to be bid out of transit-rich zones, which
tend to be associated with higher housing prices.

4.3. How does transit use differ between consonant and dissonant residents?

In this section, we compare transit behavior of consonant and dis-
sonant residents in areas with different levels of transit access using one
way ANOVA with post hoc tests. The acronyms TRC, TRD, TPD and TPC
refer to transit-rich consonant, transit-rich dissonant, transit-poor dis-
sonant and transit-poor consonant as above.

Results of one-way ANOVA are presented in Table 9. TRC-TRD, for
example, shows the difference between transit-rich consonant and
transit-rich dissonant residents. A positive difference means that con-
sonant residents travel more frequently than dissonant residents do.

Individuals with high transit preference and residing in transit-rich
zones travel more often by transit to work and non-work activities
compared to the dissonant counterparts in the same area type. They
also make significantly more trips by transit compared to transit-poor
dissonant and transit-poor consonant residents. These are consistent
with many previous findings (Næss, 2009, Cao, 2015a). Transit-rich
dissonants have higher frequencies of commuting and non-work trips
by transit compared to transit-poor consonant. This can be interpreted
as an effect on travel behavior mainly due to differences in BE-attri-
butes. By contrast, transit-poor dissonants travel consistently more by
transit (mainly bus) for work and non-work purposes than transit-poor
consonants. The differences in poor-transit zones reflect the influence of
transit preferences.

A separate variable for train proximity was also calculated. Since
the distribution and reach of train service is different from that of bus,
tram and metro services, we calculated areas accessible by train sepa-
rately. Train-rich zones are defined as residential locations within 1 km
pedestrian distance (distance measured on the shortest pedestrian
route) from a train station. Residential locations that are more than
1 km away from a train station are defined as train-poor zones.
Combining train proximity with preference for train, four consonance/
dissonance types were derived: train-rich consonant and dissonant as
well as train-poor consonant and dissonant.

Residents with high train preference but different train proximities
(TRC-TPD) differ significantly in their commuting trips by train, which
highlights the role of BE on travel behavior. Individuals residing in
train-poor zones but differ in their preference for train also differ sig-
nificantly in their commuting trips by train. Train-poor dissonant re-
sidents commute by train more frequently than train-poor consonants,
which reflects the effect of train preference on train use. Therefore, the
difference between TRC and TPC results from both the built environ-
ment and train preference.

Table 7
Binary logit model of residential choice in transit-rich zones.

Coefficients Robust std.
dev.

P-value Elasticity

Nice view −0.2936 0.0879 0.001 −0.3974
Proximity to relatives and

friends
−0.1736 0.0830 0.036 −0.2119

Proximity to workplace 0.2087 0.0855 0.015 0.2340
Proximity to train/metro 0.2956 0.0889 0.001 0.3642
Proximity to bus/streetcar 0.2410 0.1029 0.019 0.3247
Private garden −0.7557 0.0777 0.000 −0.9319
Architecture 0.2759 0.0865 0.001 0.2771
Familiar neighborhood 0.3444 0.0857 0.000 0.3603
Proximity to shops 0.2794 0.1131 0.013 0.3696
Easy access to shopping mall −0.2596 0.0951 0.006 −0.2584
Distance to major road/rail

line
−0.1769 0.0839 0.035 −0.1921

Opportunities for physical
exercise

−0.2291 0.0864 0.008 −0.3134

Respondent's age −0.0208 0.0056 0.000 −0.4851
Household size −0.3344 0.0689 0.000 −0.4102
Education 0.4562 0.0645 0.000 0.7609
Driver's license −0.9078 0.2811 0.001 −0.3888
Constant 1.0792 0.5634 0.055
Number of observations 1081
Nagelkerke R2 0.426

Table 8
Residential choice of mismatched individuals with high transit preference.

Coefficients Robust std.
dev.

P-value Elasticity

Personal gross annual income −0.1473 0.0495 0.003 −0.5946
Children aged 7–17 in the

household
0.3488 0.1562 0.026 0.0754

Age 0.0151 0.0066 0.021 0.5809
Preference for private garden 0.5097 0.0911 0.000 0.7442
Constant −3.0289 0.4563 0.000
Number of observations 537
Nagelkerke R2 0.138
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5. Qualitative results

The qualitative interview materials shed light on the complex me-
chanisms of residential location choice. Most interviewees whose
neighborhoods offer proximity to facilities and good opportunities for
travel by transit appreciate these characteristics, but this does not ne-
cessarily imply that they chose their residential neighborhood to realize
a particular travel preference.

The interviewees' choices of residential locations are based on the
same main considerations as their choices of locations for out-of-home
activities (Næss et al., 2017). In both cases, two main groups of ratio-
nales are traded off against each other: choosing the best facility and
minimizing the friction of distance. As a rationale for residential loca-
tion, minimizing the friction of distance speaks in favor of choosing a
location from which daily destinations such as workplace, places of
education, stores, cultural facilities, restaurants and outdoor recreation
opportunities can be easily accessed. The ‘best facility’ rationale is
about the quality of the dwelling and its immediate neighborhood, in
terms of characteristics such as dwelling type, private garden, view,
absence of noise, etc., but also its price. Together with choice of
workplace location, the choice of residential location is the facility type
where most interviewees place the strongest emphasis on the ‘best fa-
cility’ rationale, compared to the ‘minimizing the friction of distance’
rationale. In particular, this applies to families with children. Most in-
terviewees thus accept to spend considerable time and money on tra-
veling to their regular trip destinations in order to be able to live in a
preferred dwelling and neighborhood type. The ‘minimizing the friction
of distance’ rationale is still important, especially among interviewees
with a lifestyle including a high number of out-of-home activities. The
distance that the interviewees want to minimize is, however, not only
the distance to workplaces, stores, cultural facilities etc. For some in-
terviewees, proximity to areas for outdoor recreation (ID17833) or the
dwelling of an ex-husband with shared custody of children (ID52271) is
more important than having as short distance to the workplace, shop-
ping opportunities, culture and entertainment facilities etc. The ma-
jority of interviewees still emphasize the latter kind of destinations
when they talk about the accessibility conditions of their residential
location.

Moreover, the distance minimizing criterion is for most inter-
viewees an issue of proximity (with an emphasis on having access to
facilities within walking distance) just as much as facilitating easy ac-
cess by transit. For interviewees living in the central parts of Oslo,
travel mode choice rationales of convenience and frustration-aversion
promote the use of travel modes other than the private car, since
driving speeds are usually lower and parking conditions more difficult
in these areas. These rationales can thus induce central city dwellers to
choose non-motorized modes for short trips and public transport for
trips beyond acceptable walking or biking distance. However, our

material shows only a few examples of interviewees who emphasize
high transit accessibility as an important reason for choosing their re-
sidential location.

Oslo's central city area is the part of the metropolitan area where
transport-motivated residential self-selection is the most prevalent. For
four of the six interviewees living in these districts, transport-related
attitudes, including a preference for travel by transit, was an important
and in some cases dominant reason for choice of residence. For ex-
ample, the interviewee ID10078 chose to move to a public transport
node at the edge of Oslo's central city area mainly because it offers easy
access to different parts of the city by transit, but also because she could
reach many daily-life destinations on foot or by her moped. Her chosen
place of residence thus facilitated a lifestyle without a car. Similarly,
ID10749 and her husband chose their centrally located residence to
have facilities close by and to have good access to transit. They could
thereby postpone car ownership for as long as possible. Another ex-
ample is ID50711, who recently moved to an apartment on a previous
industrial site, 4 km north of the city center. High accessibility by
transit, particularly to her workplace, was the family's main criterion
when selecting the new residence. Proximity to the husband's work-
place and to shopping opportunities were other important criteria. This
reflects a wish to pursue a lifestyle based on transit and non-motorized
modes for daily-life travel. On the other hand, this interviewee also said
that they preferred living near the forest (which is only 1.5 km from
their dwelling) rather than living in the innermost areas. Their previous
dwelling was located somewhat closer to the city center than their
present dwelling, near another public transport node. Their choice of
new residence could thus be seen as reflecting a wish to continue a
travel behavioral lifestyle they had already become accustomed to.

In other cases, being able to reach daily destination within walking
distance seems more important than transit accessibility per se, al-
though the locations with the highest accessibility on foot are often also
those with the best transit provision. One such example is an elderly
couple (ID50136), who had recently moved from a single-family house
in an outer suburb to a new apartment building next to Oslo's main
railroad station. For them, close proximity to most facilities for daily
activities and reduced dependence on car travel were the main reasons
for moving.

Two other central city interviewees chose their place of residence
mainly for other reasons than transport concerns and thus do not ex-
emplify transport-related residential self-selection. ID12137 moved
from an inner suburb to a neighborhood closer to the city center some
years ago. She prefers to walk or go by transit and had only a 200 m
walk to her job from her previous dwelling. After moving to the central
city neighborhood, her commuting distance has increased to 8 km and
she sometimes commutes by car (although most of her commutes are on
foot or by transit). Her reason for living in this area is not primarily
destination accessibility, but its strong social environment and

Table 9
Comparison of travel behavior between dissonant and consonant residents in different transit zones.

Difference between types of residents Commuting trips by transit Non-work trips by transit Commuting trips by train⁎

Difference Difference (%) Difference Difference (%) Difference Difference (%)

TRC-TRD 4.97 (0.000) 104% 5.14 (0.000) 114% # –
TRC-TPD 2.66 (0.018) 37% 3.31 (0.006) 52% 2.77 (0.000) 109%
TPD-TRD 2.31 (0.130) 48% 1.82 (0.699) 40% # –
TRC-TPC 7.27 (0.000) 292% 7.87 (0.000) 443% 4.56 (0.000) 602%
TRD-TPC 2.30 (0.044) 92% 2.73 (0.055) 154% # –
TPD-TPC 4.46 (0.000) 185% 4.55 (0.000) 256% 1.78 (0.005) 235%

Note: Numbers in parentheses indicate p-value.
The column ‘difference (%)’ shows the magnitude, in percent, of the difference in travel behavior between a pair of resident types. It is computed as the difference in number of trips
divided by the number of trips in the second resident type [e.g. for the first raw in the table, this is calculated as (TRC-TRD)/TRD).

# Not enough observations (only 13) for TRD to warrant a meaningful comparison.
⁎ For train commutes, the last two columns, the acronyms TRC, TRD, TPD and TPC refer to train-rich consonant, train-rich dissonant, train-poor consonant and train-poor dissonant.
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cohesion, her affection for the area, in which she grew up, and proxi-
mity to many of her old friends. Another central city resident, ID11404,
was about to move to a single-family house in a suburb when we in-
terviewed him. He said that although his preferred modes of travel were
walking, biking and streetcar, their move would likely result in more
car travel, which he depicted as an undesirable side effect. The family's
main reason for moving was that they want a dwelling with a garden
where children could play unattended. This interview also illustrates
how the choice of residential neighborhood can be a compromise be-
tween the preferences of two spouses. While the interviewee would, if
he were to decide alone, prefer to live in the central city, his wife would
prefer to live in the outskirts of the metropolitan area where you could
get a bigger house and a bigger garden at a lower price.

Neighborhoods close to second-order centers are generally self-
contained in terms of various non-work facilities, but not for work-
places. All three interviewees living in such neighborhoods appreciate
the good accessibility to local facilities near their dwelling. However,
transport-related selection criteria were not at the forefront when they
chose their places of residences. Instead, social or lifecycle changes and
aesthetic attributes were prominent.

In the least central parts of the metropolitan area, residential self-
selection as a manifestation of travel attitudes seems to be weak. For six
out of the eight interviewees, the main residential selection criteria
reflect socio-demographic or economic circumstances and lifestyle as-
pects other than travel, including preference for single-family house
with a garden, a wish for living close to large natural areas for outdoor
recreation, and the lower housing prices in the outer suburbs. For ex-
ample, ID16030 and his family moved to their present dwelling pri-
marily to have more space, since they had then just got twins, in ad-
dition to their by then two-year old daughter. They also wanted the new
dwelling to be a single-family house, and with a bigger plot than they
had before. Another suburban interviewee, ID51437, says that he dis-
likes driving, particularly at peak periods, but still he moved to a
neighborhood where he would have to travel by car to and from his
workplace some days every week to pick up his children at kinder-
garten/school. At their previous dwelling, he did not need to drive to
reach his daily activities. Only one non-centrally residing interviewee
appear to have self-selected her residence partially due to her pre-
ference to travel by transit. For ID52375, a young woman without a
driver's license, it was important to find an affordable dwelling with
acceptable transit accessibility, preferably within her familiar part of
the metropolitan area.

Overall, there is little evidence for transport related residential self-
selection among the interviewees outside the central urban districts. It
appears to be present in the neighborhoods with high transit accessi-
bility. In this sense, it seems to be a unidirectional phenomenon in that
individuals self-select towards areas with high access to transit and not
away from it. This can indicate that residents in the suburban areas
might tolerate their transport options as a bundled good (with other
attributes they may prefer) rather than have a specific travel preference
towards it.

6. Conclusion

Using Oslo as a case, this study answers the three research questions
raised in the introduction section. It is unique because it investigates
more thoroughly than earlier studies the relative importance of travel-
related residential preferences compared to other residential choice
criteria, as well as the relative importance of the built environment and
travel attitudes, respectively, to transit use. It is also innovative because
it illuminates the role of travel-related attitudes for residential choice
not only through statistical analyses but also through in-depth quali-
tative interviews. Furthermore, the Norwegian context provides an
important supplement to the mainstream of studies on RSS from
countries where transit is less prevalent than in Scandinavia.

Our analysis shows that preferences related to demographics appear

to have a stronger influence on residential choice while transit pre-
ferences, while important in residential choice, are more so as second
tier. Furthermore, the significant positive influences of non-transport
related preferences in transit neighborhood choice contributes to higher
likelihood of residential dissonance with respect to transit preference.
Specifically preference for private garden is the strongest among the
preferences reducing the probability of residing in transit-rich zones.
Transit preference and distance minimizing preferences such as proxi-
mity to shops and proximity to workplace increase the likelihood of
residing in transit-rich zones. Non-transport preferences such as fa-
miliar neighborhood and preference for architecture also contribute to
a higher likelihood of residing in transit-rich zones, which indicates the
attractiveness of transit-rich zones for other amenities besides transit.

What causes individuals with high transit preference to reside in
transit-poor zones? We found that demographic/life-cycle attributes
and related neighborhood preferences are the strongest sources of dis-
sonance. Households with children aged 7–17, older people, and in-
dividuals with high preference for private garden have a higher like-
lihood of residing in neighborhoods mismatched with their high transit
preference. In addition, low-income individuals are more likely to be
mismatched.

Consistent with previous findings, comparison between consonant
and dissonant residents with respect to transit proximity shows that
both transit preference and access to transit influence transit use.
Transit consonant residents have higher commuting and non-work trip
frequencies by transit compared to transit dissonant counterparts. In
transit-poor zones, transit-poor dissonants travel consistently more
often by transit (mainly bus) for work and non-work purposes than
transit-poor consonants.

Material from our qualitative interviews show that people tend to
self-select into transit neighborhoods because of their transit pre-
ferences. Such residential self-selection particularly occurs in central
city areas where transit infrastructure is widely available. Our findings
from the qualitative analysis also corroborate the findings from quan-
titative results above. Although people tend to self-select, demographics
play an important role in influencing who gets to self-select. Empty
nesters and childless households are likely to be better positioned to
self-select than families with children. In addition to tastes and pre-
ferences as to what constitutes appropriate environment to raise a child,
other entry barriers may also play a role. Central city districts have
higher land-values. As the value of land gets expensive, substitution of
capital for land increases, which again creates pressure on open land-
scape. This creates barrier at least in two ways: one, households with
needs for greater floor space are likely to be bid out due to high land
value. Second, the urban structure of densely built up area with less
accessible open landscape, crowds out families with children. Such a
barrier appears to induce a mechanism by which households with
children that have a greater land per capita requirement tend to live
outside the central urban districts with high transit access while
households with lower requirement of floor space and outdoor areas
tend to reside in central-city areas. Although there is definitely pull
factor (a positive attitude) towards proximity to facilities and access to
public transport, the push factors relating to affordability and outdoor
spaciousness outweigh when it comes to certain groups in the life cycle.

Since this study demonstrates clearly that built environment char-
acteristics influence the usage of transit independently of travel atti-
tudes, a main policy implication is to locate a high share of future re-
sidential development in transit-rich neighborhoods if the aim is to
increase transit ridership. To enable a higher number of those with
transit preferences to live in transit-friendly neighborhoods, it is also
important to remove some of the barriers presently causing transit-fa-
voring individuals to reside in areas not matching these preferences.
Among the causes of residential choice of mismatched individuals with
high transit preference identified in Table 8, provision of private gar-
dens is usually incompatible with transit-oriented development, since
the space requirement of private gardens counteracts the density
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required to obtain a high passenger base for transit. The number of
children is also a variable beyond the influence of public policy.
However, offering safe playgrounds can partly meet the needs for a
private garden of a household with children. More importantly, pro-
viding more housing options for low- and medium-income households
at transit-rich locations is a possibility worth considering. Although
provision of affordable housing at such locations might need some sort
of subsidies due to the normally high land values in these areas, the
public expenses thus incurred should be judged against the potential

savings in terms of less congestion, a reduced need for expensive road
construction, and a generally lower level of social segregation.
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Appendix A

Table 1A
Summary statistics of residential preference and sociodemographic variables.

Variable name Observations Mean Std. dev. Min Max

1 Nice view 1183 2.697 0.944 1 4
2 Proximity to green areas 1183 3.072 0.889 1 4
3 Low housing costs 1183 2.683 0.943 1 4
4 Undisturbed location 1182 2.509 0.918 1 4
5 Proximity to relatives and friends 1183 2.516 0.991 1 4
6 Proximity to workplace 1183 2.462 1.041 1 4
7 Proximity to train/metro 1183 2.858 1.068 1 4
8 Proximity to bus/streetcar 1183 3.074 0.945 1 4
9 Private garden 1182 2.108 1.160 1 4
10 Architecture 1183 2.165 0.960 1 4
11 Familiar neighborhood 1182 2.265 0.992 1 4
12 Good school/kindergarten 1183 2.011 1.209 1 4
13 No social problems 1183 2.850 1.007 1 4
14 Favorable investment object 1183 2.509 1.023 1 4
15 Proximity to shops 1183 2.937 0.900 1 4
16 Easy access to shopping mall 1183 2.090 1.013 1 4
17 Distance to major road/rail line 1183 2.167 0.961 1 4
18 Opportunities for physical exercise 1183 2.792 0.970 1 4
19 Good property management 1183 2.579 1.004 1 4
20 Respondent's age 1096 47.911 16.893 16 88
21 Gross personal annual income 1012 5.481 2.270 1 9
22 Education level 1106 3.809 1.311 1 5
23 Household size 1099 2.275 1.297 1 7
24 Children aged 7–17 1107 0.354 0.727 0 4
25 Driver's license 1100 0.872 0.334 0 1

Note: With the exception of driver's license, which is a dummy variable, all variables in Table 1A enter the model as continuous variables.
Residential preferences: The first 19 variables in the list in Table 1A are residential preference variables and were measured on a four-point scale ranging from ‘1’ = ‘not at all important’
to ‘4’ = ‘highly important’.
Respondent's age is self-reported and is measured in number of years.

Gross personal annual income is a self-reported categorical variable measured in nine categories:

1. Below 100,000 kr
2. 100,000–199,999 kr
3. 200,000–299,999 kr
4. 300,000–399,999 kr
5. 400,000–499,999 kr
6. 500,000–599,999 kr
7. 600,000–699,999 kr
8. 700,000–799,999 kr
9. 800,000 kr or more

Education level shows the highest completed level of education and it is measured in five categories:

1. Elementary school
2. High school or professional secondary school
3. Education as skilled worker or craftsman
4. University college education, bachelor
5. University education, masters or higher

F. Wolday et al.



Household size is a count variable and measured as the number of individuals in the household.
Children aged 7–17 is a count variable showing the number of children in the household between seven and seventeen years.
Driver's license is a dummy variable indicating whether the respondent possesses a driver's license or not.
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Abstract: This article focuses on the effect of built-environment factors 
on travel behavior in the context of small cities. Urban size and spa-
tial context are central to travel behavior analysis because of the spatio-
temporal nature of transportation. Different urban structural attributes 
exert travel behavioral influences at different spatial scales (local vs. re-
gional) and urban sizes. Due to this inherent geographic dimension in 
travel studies, findings from larger urban areas may not be transferable 
to small cities. Despite this, however, small cities remain scantily repre-
sented in the literature. Using multivariate analysis on survey data from 
three small cities in Norway, this paper finds that the built-environment 
effects on travel behavior are highly influenced by regional characteris-
tics and the city’s center structure (poly-centered vs. single centered). 
Residential proximity to the city center leads to reduced car driving 
distance through its distance-minimizing effect to concentrations of fa-
cilities for local travel. At the regional scale, proximity to the city center 
influences car driving distance via the higher likelihood among centrally 
located commuters of choosing transit as their commute mode. 
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1 Background

A sizable share of the Norwegian as well as the European1 population live in small cities. The latest fig-
ures from Statistics Norway, the national statistics office, show that about 23 percent2 of the Norwegian 
population reside in small cities (with inhabitants ranging between 5000 and 30,000). Understanding 
the dynamics of travel behavior at this geographic scale is important in setting realistic sustainability 
oriented transportation and environmental goals and consequently designing appropriate policies to 
achieve them. 

Due to the inherent urban structural differences induced by differences in urban size (small vs large 
cities) and geographic scale of analysis (local vs regional contexts), findings from larger urban areas may 
not be transferable to small cities. Yet, with very few exceptions (Næss & Jensen, 2004) small cities have 
conspicuously been overlooked in travel studies. Much of what we know about the relationship between 
built environment and travel behavior comes from larger metropolitan areas. 

Various studies (Bhat & Guo, 2007; Hong, Shen, & Zhang, 2014; Kwan, 2012; Kwan & Weber, 
2008) show that the geographic scale of analysis plays an important role for the significance and validity 
of empirical assertions on causality between built environment and travel behavior. Hence, knowledge 
based on a skewed focus towards larger metropolitan areas may lack external validity and thus offer little 
practical guidance for small-city planners. This article will complement the existing literature by inves-
tigating whether, and in which way, the distribution of residential locations in small cities influences 
travel behavior. Besides urban form characteristics, the article assesses the effect of demographic and 
socio-economic characteristics on travel behavior. 

Most travel, at least most of the non-ad-hoc, recurring travel, starts from home and ultimately ends 
at home. Once households decide where to reside, travel scheduling decisions such as where to travel, 
how often, which route to take and which mode of travel to adopt etc. are made with a constant point 
of reference in mind, which is their place of residence (Ellegård & Vilhelmson, 2004). Consequently, 
understanding how the spatial distribution of dwellings relates to people’s travel behavior is an impor-
tant concern for urban planners. Studies in many cities and urban areas show that residential distance 
from the city center and the spatial configuration around these residences offer a consistent and strong 
explanation of the variations in travel behavior above and beyond the issue of residential self-selection 
(Cao, Mokhtarian, & Handy, 2009; Cho & Rodríguez, 2014; Ettema & Nieuwenhuis, 2017; Næss, 
2009; Næss, Strand, Wolday, & Stefansdottir, 2017; Zegras, 2010).

Longer travel distances, lower non-motorized and transit mode shares, as well as higher car use are 
all strongly associated with residential distance from city centers. These associations make up the core 
argument for compact urban development as a gateway for sustainable travel. Attesting to this, planning 
authorities employ land-use strategies as preferred policy tools in reducing car driving and the overall 
quantity of travel, promote health-enhancing travel habits as well as to curb urban encroachment on 
nature and agricultural land. Norwegian national planning guidelines, for example, have among their 
main goals to reduce land-use-induced transport demand and promote environmentally friendly modes 
of travel. The guidelines state that land development patterns and provision of transportation facilities 
should promote compact urban development and environmentally friendly means of conveyance. Cen-
tral locations should be exhaustively utilized through densification before expansive land development 
could be considered (Norway's Government, 2014). This legal provision allows at the same time for 
local adaptability. Understanding travel behavioral responses in cities with differing sizes and regional 
contexts is therefore an important contribution in devising policies to achieve the intended outcomes.

1Eurostat news release, 51/2012, March 30, 2012
2Statistics Norway, population in urban settlements, 2015
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The distribution of dwellings in the urban space and the regional urban structure within which it 
is embedded induces people to adopt certain ways of travel. This again depends on the economic and 
socio-demographic attributes of the traveler, access to alternative means of transport and individual 
preferences and attitudes. The availability of destinations, the breadth of alternative means of transport 
and diversity of facilities may in turn be conditional on the size and density of a given urban area (city). 
To draw meaningful conclusions from the complex web of interrelationships, understanding the ap-
propriate variables to be measured, the geographic scale of analysis and its regional context is therefore 
vital (Crane & Guo, 2012). This article will utilize survey data from three small cities with comparable 
population sizes but varying urban structures and hierarchical position at a regional scale. 

The article is organized under seven sub-themes. The next section outlines the research problem 
and the derived research questions. Section 3 looks into the theoretical framework in some detail, fol-
lowed by data description in Section 4. Section 5 focuses on the analytical model. Results and discussion 
appear in Section 6, followed by concluding remarks at the end. 

2 Problem statement and research questions

The tendency of built environment characteristics to be triggered as causal factors at varying spatial scales 
is an important dimension in the nexus between built environment and travel behavior (Bhat & Guo, 
2007; Milakis, Cervero, & van Wee, 2015). This is partly because size and regional hierarchy of cities 
have significant behavioral implications on travel decisions. Variation in city size is expected to influence 
people’s travel behavior by varying the size of the concentrations of activities of interest as well as the 
range of activities present. As such, the size of a given city partly determines how different facilities are 
related in terms of origins and destinations of travel and the modes people use to access them. 

One important representation of how facilities are related from travel behavioral perspective is 
residential distance from the city center. As mentioned in the previous section, residential location is, 
presumably, the most frequently investigated facility in travel studies, because it is where daily life is 
planned, travel scheduled, family life organized and not least it is the origin and ultimate destination of 
most of daily travel activities. Likewise, the city center, by providing the highest concentration of facili-
ties in the urban space, establishes itself, presumably, as a highly attractive destination. The distance of 
residences from the city center, by bringing together the two important aspects of travel activity (the 
origin and destination), becomes an important construct in understanding the effect of built environ-
ment on travel behavior.

 Residential distance from the city center has been an important and consistently robust represen-
tation of the influence of built environment on travel behavior in metropolitan areas (Cao, Næss, & 
Wolday, 2017; Ewing & Cervero, 2010; Næss, 2006, 2011; Næss et al., 2017; Zegras, 2010; Zhou & 
Kockelman, 2008). In two meta-analyses comparing built environment elasticities, Reid Ewing and 
Cervero (2010) and Stevens (2017) found residential distance to downtown to be the variable with the 
strongest influence (in terms of effect size) on driving distance. Investigating whether the same also holds 
for smaller cities with varying urban hierarchies will be an important contribution to the transferability 
of findings across city sizes and hence broader understanding of the built environment-travel behavior 
relationship. 

The primary question this paper tries to address is whether car driving distance vary significantly 
with variation in residential distance from the city center in a small-city context. This main question is 
addressed by three follow-up questions. Firstly, how does the relationship between car driving distance 
and residential distance from the city center manifest itself after accounting for differences in demo-
graphics, socio-economic attributes and residential preferences? Questions pertaining to the effect of 
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socio-economic and demographic attributes on travel behavior while controlling for residential distance 
from the city center are also addressed here. Secondly, how does the relationship between car driving 
distance and neighborhood built environment factors look like after accounting for residential distance 
from the city center, and differences in socio-economic and demographic attributes? Thirdly, how im-
portant are neighborhood and city-scale built environment factors in influencing total driving distance 
in the context of regional influence?

3 Theoretical framework 

This section explores characteristics that may influence travel behavior in the context of a small city and 
the theoretical underpinning for those claims. But first, a brief theoretical argument as to why size mat-
ters and hence the focus on small cities is in order.

As put forth in Christaller’s central place theory (1966), the establishment of firms in a given loca-
tion depends on the minimum threshold of potential customers, on the one hand, and the maximum 
range its customers are willing to travel to acquire the goods and services it provides, on the other. Put 
differently, population size and its geographic distribution is crucial for the constellation of a variety of 
facilities at a given location. High density implies a threshold (critical mass) being met within a narrower 
range, which again means a large concentration of facilities in a small area. Although the significance of 
density is undisputed, it is, however, not a sufficient condition for a wide-ranging diversity to take root, 
and that is where size comes in. Some occupations require a large customer base and hence a wide catch-
ment area. In such cases, densification may not contribute much unless the size satisfies the minimum 
threshold required. Population density can therefore be seen as an enabler - an enabler that creates condi-
tions for destinations of interest (such as shops and other facilities) to establish themselves.

In small cities, the diversity of facilities, and therefore the number of potential destinations, will 
be limited by the low population size of these cities. For small-city dwellers, the significance of the city 
center as a major trip generator will also likely depend (in part) on city size. As a result, small-city dwell-
ers may, for a variety of facilities, depend on locations other than those in the city where they reside. In 
this case, the relevance of the center of a small city can be expected to be weakened somewhat. Whether 
neighboring, higher-order destinations can be viable alternative options will, however, depend on the 
position of the small city in question in a regional hierarchy of cities and its proximity to the nearest 
higher-order city.

An attempt to explain the causal nature of the relationship between urban form and travel behavior 
is a challenging task, given the diversity of reasons people may have for traveling. The multidimensional 
nature of urban form characteristics, the moderating effect of individual and household characteristics 
as well as spatial scale of analysis (Bhat & Guo, 2007; Boarnet & Crane, 2001a; Ewing et al., 2014) 
are other additional factors that add to the complexity. Fortunately, a lot of progress has been made in 
not only describing but also in explaining travel behavior (and the role of the built environment) over 
the last two decades. Boarnet and Crane (2001b), Handy, Cao, and Mokhtarian (2005), Næss (2006, 
2013), Røe (2000) and Næss (2015) are a few among several influential studies that have documented 
the theoretical grounds as to how and why built environment has causal influence on travel behavior. 

On the empirical front, residential distance from the city center has been found to exert a consistent 
positive influence on the extent of car use (Næss, 2011; Zegras, 2010; Zhang, Hong, Nasri, & Shen, 
2012) while high local density has been found to promote non-motorized travel. Jobs located at high-
density destinations generate a large proportion of commutes by transit (Næss, 2012). Similarly, Cer-
vero and Kockelman (1997) found that mixed development, density and pro-walking design elements 
discourage car use and promote non-motorized travel. Still, the influence of density on travel behavior is 
to some degree conditional on size of the area studied (Næss, 2011; Zhang et al., 2012). 
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Progress in behavioral and empirical modeling in travel research during the last decades has shed 
light and amended issues that were major sources of inconsistencies in many empirical studies. Two of 
the most prominent sources of inconsistency across studies are issues related to geographic scale and resi-
dential self-selection. The problem related to geographic scale is primarily an empirical problem and has 
two sources. The first relates to the aggregation of geographic data and is known as the modifiable areal 
unit problem (MAUP). Aggregation of spatial data can often make empirical results sensitive to the way 
spatial boundaries or zones are defined (as the basis for aggregation) resulting in inconsistent parameter 
estimates (Hong et al., 2014). 

The second scale-related problem is associated with the spatial uncertainty about the actual geo-
graphic areas that exert causal influences (Kwan, 2012). This is distinct from MAUP and is known as 
uncertain geographic context problem (UGCoP). Arbitrarily delimiting a certain location in a continu-
ous urban settlement and analyzing it independent of the wider urban context it is part of, presents 
certain challenges. Neighborhood-scale studies usually give a higher relative weight to built environment 
factors around residence and less attention to relevant attributes associated with important destinations 
further away from place of residence such as work commutes (Crane & Guo, 2012). Considering that 
individuals in contemporary high-mobility and specialized societies tend to choose among facilities 
within a wider acceptable travel distance rather than choosing the closest single facility of a category 
(Næss, 2011, 2013) , neglecting geographic scale related issues could lead to serious inconsistencies in 
research findings. 

The availability of agent-based disaggregate data with high geographic resolution solves empirical 
challenges associated with MAUP (Fotheringham, 1989). Likewise, UGCoP is mainly addressed by 
adopting empirical models where neighborhood as well as city-scale variables are integrated in to the 
same analysis. Considering accessible destinations by mode as well as city-scale variables such as resi-
dential distance from the city center has the potential to avoid biases resulting from not including a sig-
nificant part of the agent’s activity space. This paper employs disaggregate neighborhood and city-scale 
variables. Population density is measured for 250mx250m grid cells containing the residence. Moreover, 
residential distance from the city center is measured along the road network for each residential unit 
(respondent) using Arc Map. 

The second problem that has been the subject of intense debate during the last decade is residential 
Self-selection (RSS). The discussion on the magnitude of causal influence between built environment 
and travel behavior has been revolving around the issue of RSS. RSS refers to the assumption that in-
dividuals choose their residential location based on their travel preferences. A strong tendency for RSS 
means that travel attitude confounds the relationship between built environment and travel behavior 
and therefore has to be controlled for in empirical analyses, as do many studies (Cao & Cao, 2014; 
Circella, Mokhtarian, & Handy, 2008; Frank, Saelens, Powell, & Chapman, 2007; Handy, Cao, & 
Mokhtarian, 2006; Kitamura, Mokhtarian, & Laidet, 1997). The working assumption in controlling 
for RSS has been that the effect of built environment on travel behavior will be biased upwards if RSS 
is not accounted for.

However, recent theoretical and empirical studies indicate that controlling for RSS can also lead 
to underestimation of the true built environment effects (Cao & Chatman, 2016; Chatman, 2009, 
2014; Næss, 2009). Furthermore, some recent studies question the magnitude and significance of the 
influence of travel attitudes on residential location decisions. Næss (2009, 2014), for example, presents 
empirical as well as theoretical grounds showing that RSS does not significantly bias the effect of built 
environment on travel behavior. Ettema and Nieuwenhuis (2017), on their part, found RSS and built 
environment to be marginally confounding as strong travel preferences translate only weakly into resi-
dential selection. Also, studies that looked into the relative priority of various factors in residential loca-
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tion choice found travel preference to be second-tier as a selection criteria in residential location choice 
(Cao, 2008; Filion, Bunting, & Warriner, 1999; Wolday, Cao, & Næss, 2018).

A sound theory is antecedent to sound empirical models (Kendall & Stuart, 1961). Although con-
trolling for RSS has been standard practice in land-use and travel behavior studies during the last couple 
of decades, this paper assumes the role of RSS in discounting the influence of built environment on car 
driving distance in the context of a small city to be marginal at best. Because of the smaller geographic 
size, the average distance to facilities within the small-city limits is relatively short and the diversity of 
transit services or hindrances to car use is limited. Nonetheless, residential preferences may represent 
individual heterogeneities that are correlated with built environment characteristics, which can have im-
plications for car driving distance (confounding effect). Therefore, this paper will address whatever little 
effect self-selection might have, by explicitly specifying residential preferences in its analytical model and 
thereby empirically sorting out potential confounding effects. 

Despite the immense research focus on the built environment-travel behavior relationship and ad-
vances in modeling it during the last decade, external validity considerations seem to have received lim-
ited attention. To my knowledge, the few studies that set out to address external validity such as Ewing 
et al. (2014) limit themselves to harmonizing types of built environment variables and the measurement 
methods employed. Differences in city size across study areas and how that influences the relationship 
between built environment and travel behavior are rarely addressed.3 The few studies (Sun, He, Zhang, 
& Wang, 2016; Zhang et al., 2012) that have addressed this, show that the effectiveness of many built 
environment attributes in reducing driving distance is conditional on city size. 

This study intends to fill the void in the literature by employing disaggregate data obtained from 
three Norwegian small cities and considering the local as well as the regional structural contexts in which 
the cities are embedded.

4 Data description

The scope of the study is limited to small cities with populations in their continuous built-up area rang-
ing between 10 000 and 20 000 inhabitants (Table 1). The data was collected using a web survey from 
three small cities: Kongsvinger, Jessheim and Drøbak in the municipalities of Kongsvinger, Ullensaker 
and Frogn, respectively. In larger cities, the continuously built-up area often outstretches the adminis-
trative areas and include more than one jurisdiction. In small cities however, the continuous built-up 
area is often smaller than the administrative zone to which it belongs. The three cities discussed here 
are administrative centers of their respective municipalities and the built-up areas do not outstretch the 
municipal borders.

Table 1: Aggregate description of survey areas

Settlement areas 

(cities)

Number of residents Area (km2) Density (residents/

km2)

Share of municipal 

population

Drøbak 13405 5.52 2428.4 86 %

Jessheim 16595 6.84 2426.2 51 %

Kongsvinger 11969 7.87 1520.8 67 %
Source: Statistics Norway, population in urban settlements, 2015.

The three cities are comparable in terms of population size. Kongsvinger, on the other hand, stands 
out with a lower population density. 

3The study by Ewing et al. (2014) does control for likelihood of intraregional clustering of households using hierarchical linear 
models but does not analyze further the patterns and potential travel behavioral effects of the clustering.
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Drøbak and Jessheim are located at a comparable distance from Oslo, at respectively 39 and 45 
kilometers away from the city center of Oslo along the road network at opposite ends of the Oslo met-
ropolitan area. Both cities are connected to Oslo with well-functioning road networks. The two cities 
do differ, though, in terms of railway infrastructure linking them to Oslo. Jessheim is integrated into the 
rail network with scheduled train departures to Oslo every half hour while Drøbak is not integrated into 
the rail network. Compared to Drøbak and Jessheim, Kongsvinger is located further away from Oslo, at 
a distance of 96 kilometers along the road network. Kongsvinger is integrated into the rail network and 
has an hourly scheduled train departure to Oslo.

4.1 Center structure and regional context of the cities 

The three small cities represent three different urban structural conditions both locally (city center struc-
tures) as well as in their role in the urban hierarchy in the wider regional context. Jessheim and Drøbak 
are closer to Oslo than Kongsvinger and hence more integrated in the Oslo metropolitan labor market. 

Built environment variables are classified into three categories depending on the geographic scale 
considered. One, neighborhood scale refers to built environment attributes within the vicinity of the 
residence. Neighborhood scale refers here to an area within about a kilometer of a residence. Population 
density is the only neighborhood variable included in this paper. Population density is calculated for a 
250m x 250m grid containing the residence. Two, local scale refers to built environment variables that 
are within the bounds of the particular small city. Local scale variables in this article primarily include 
job density (which is calculated for an area within 2 km of the residence), residential distance from the 
city center and city center structure (polycentric vs monocentric). The local scale also includes neighbor-
hood-scale variables. Three, regional scale refers to variables reflecting regional spatial interactions as a 
result of a city’s level in the urban hierarchy in a regional context. Centrality and distance to the nearest 
higher-order city are two regional variables considered in this paper.

The centrality variable is defined using commuter flow patterns (Aguilera & Mignot, 2004). Com-
muter flows between the case cities and the adjacent urban areas characterizes the small cities as either 
regional centers or satellites. Kongsvinger, with its secluded location away from regional influences of 
other major cities, has a smaller proportion of its resident labor force out-commuting. In 2015, 71% 
percent of the resident labor force in Kongsvinger municipality were locally employed whereas the 
corresponding figures for the municipalities containing Drøbak and Jessheim are about 37 and 49 per-
cent, respectively.4 On the basis of commuter flow data and proximity to a higher-order urban area, 
Kongsvinger is defined as regional center while Drøbak and Jessheim are defined as satellites. Table A2 
in the appendix summarizes commuter flow pattern for the sample. 

Apart from the regional structural disparities, the three cities also differ in the way the city centers 
are structured. Drøbak city has two competing centers. The city market (Torget) close to the harbor is 
traditionally considered as the main city center. The second center, AMFI-Drøbak, is a recent develop-
ment with shopping centers and other service-rendering facilities at the outskirt of the city. Both centers 
have a significant number of facilities but the largest shopping facilities are located at AMFI-Drøbak. 
The two centers are about 3 kilometers apart. Jessheim and Kongsvinger, on the other hand, have mono-
centric urban structures with most of the commercial and other service facilities concentrated in the city 
center. 

The contrast in center structures is reflected by the distribution of facilities in the three cities as 
shown by Figure 1. The vertical axis shows the cumulative accessibility to facilities while the horizontal 
axis represents residential distance (in kilometer) from the city center. 

4Statistics Norway, register based employment data, 4th quarter, 2015.
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Figure 1: Distribution of accessibility to facilities5 in the cityscapes

4.2 The survey

The survey was conducted using a self-administered web-questionnaire. The sampling frame was resi-
dential units in the continuous built-up area of the three cities. An adult between the age of 18 and 75 
was randomly selected from each residential unit resulting in a sample of 4591, 5609 and 5074 potential 
respondents for Kongsvinger, Jessheim and Drøbak respectively. Response rates for travel surveys nowa-
days often range between 10 and 20 percent (Hjorthol, Engebretsen, & Uteng, 2014; Næss, 2016). To 
mitigate the continuously declining response rates in Norway and elsewhere (Amundsen & Lie, 2013), 
I included in my gross sample more than 90 percent of the residential units within the continuous built-
up area in each of the three cities.

An invitation letter was sent to each potential respondent in December 2015 with information on 
the purpose of the survey, how to access and complete the survey and contact information. The survey 
did not use follow-ups in the form of reminders.6 The response rates were 11.1%, 11.0%, and 16.6% for 
Kongsvinger, Jessheim and Drøbak, respectively. Although the response rates were low, they are within 
the mainstream and hence typical for surveys administered to the general population. The net sample 
reflects the population characteristics with minimum skewness, as reported in Table 2.

Sample demographic characteristics such as household size, average number of children per house-
hold, average number of dependents 17 years of age and below, average age of respondents, and gender 
proportions conform well to their population counterparts in all three cities. On the socio-economic 
factors, respondents with college education or above seem to be overrepresented. I believe, however, 
that the disparity is lower than what appears in Table 2 for the following two reasons. The values are 
calculated slightly differently between the sample and the population. The proportion of respondents 
with college education in the sample shows the share of college educated individuals in the age bracket 
of 18 to 75 years. For the municipalities, it is calculated for the population subgroup 16 years or older. 
Besides, a higher proportion of individuals with college education live in the cities, raising the city aver-
age compared to the municipality average. Average household income is also slightly skewed towards 
higher income individuals, but the difference between the sample and population average is likely to be 
lower than reported above due to the above two reasons. The employed share of the labor force in the 
sample mirrors the population average fairly well.

5Accessibility to facilities is calculated based on gravity model. The facilities comprise of grocery stores, medical facilities (medi-
cal clinics, dental clinics and pharmacies), restaurants and cafés, facilities for errands other than grocery stores, and fitness 
centers.
6To incentivize participation, respondents who completed the survey were eligible for a gift card lottery worth 6,000 NOK 
(approx. USD 750).
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Table 2: Comparison of key indicators between survey data and the population from which the sample was drawn

Kongsvinger 

(N=507)

Munici-

pality of 

Kongsvinger

Jessheim 

(N=616)

Municipality 

of Ullensa-

ker (includes 

Jessheim)

Drøbak 

(N=843)

Municipality 

of Frogn 

(Includes 

Drøbak)

Average household size 2.13 2.05 2.51 2.34 2.50 2.27

Average number of chil-
dren per household

0.46 0.40 0.65 0.59 0.60 0.51

Proportion of children 
aged 0-17

22.0 % 18.9 % 25.8 % 24.8 % 24.2 % 22.0 %

Average respondent age 
(18<=age<=75yrs)*

52.0 47.3 48.7 43.7 52.0 47.0

Gender (Share of 
female)*

46.8 % 51.3 % 51.0 % 49.4 % 53.3 % 51.4 %

Education level (Share of 
college level education)

54.2 % 21.6 % 59.2 % 25.9 % 66.5 % 35.0 %

Proportion employed 66.3 % 56.7 % 74.5 % 68.8 % 72.2 % 66.8 %

Average household 
income (1,000 NOK)

756 508 854 571 893 583

*Gender (Proportion of female) is calculated for the sampling frame, i.e., section of the population>=18 years old

5 Analytical model 

The empirical model employed is a multivariate analysis involving multiple linear regression and a lo-
gistic regression. First, car driving distance 7 is regressed linearly on the list of independent variables to 
investigate the influences of neighborhood, local and regional built environment attributes on car driv-
ing distance. Regional influence is modeled by introducing a centrality variable and interacting it with 
residential location. Second, a binary logistic regression of commuting modes is employed to explore the 
causal pathways through which residential location influences local and regional car driving distance. 
The independent variables include built environment attributes (residential distance from the city cen-
ter, job density and population density), demographics (gender, household size, respondent’s age and 
number of children below 18 years), socioeconomic variables (employment status, education level and 
income) as well as five residential preference factors (discussed in detail in Section 5.1). An exhaustive 
list of variables is presented in Appendix 1. 

The models are estimated stepwise. To begin with, car driving distance is modeled as a function of 
a single independent variable, the residential distance from the city center. Additional variable groups of 
demographic, socioeconomic and other built environment characteristics are then added sequentially 
into the model. Control variables related to residential preference are also included by the end of the 
recursive estimation process. At each step, estimates that are significant at a 10% level are retained. At the 
final stage of the estimation, only estimates that are significant at 5% level are reported.

Metric values such as car driving distance and residential distance from the city center are trans-
formed into logarithmic form. Strictly positive values have conditional distributions that often are posi-
tively skewed (heteroskedastic). A log transformation mitigates this problem. Log transformation also 
tends to make ordinary least square regression estimates less sensitive to outlying or extreme values 
(Wooldridge, 2014).

7Car driving distance, as used here, refers to total distance traveled by car with the respondent as a driver. The concept of car 
refers to automobiles primarily used for personal transport. Ordinary cars, Light pick-up trucks, and other small vehicles used 
for personal mobility fall in to this category.
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A city’s place in a center hierarchy, positions a city in the context of regional socio-cultural and 
economic life. As such, regional physical attributes are likely to influence individuals’ travel decisions. 
To reflect the effect of regional conditions on car driving distance, two regional variables are defined, 
namely the centrality variable as well as an interaction term between centrality and residential distance 
from the city center. The centrality variable, a dichotomous variable, is defined based on whether a city 
is a satellite or a regional center (see Section 4.1). The centrality dummy assumes the value “1” for the 
regional center and “0” otherwise. The rationale for the interaction between the centrality dummy and 
residential distance from the small-city center, is to test how regional context influences the effect of 
residential location on driving distance.

5.1 Factor analysis

To account for individual heterogeneities due to residential preference, factor variables are extracted 
from a wide-ranging battery of 4-scale Likert items. In the survey, respondents were asked to indicate 
the importance of 21 housing and neighborhood characteristics when they were looking for a place to 
live (or if they were to move to a new dwelling) on a four-point scale from “not at all important” (1) to 
“highly important” (4).

Likert item-based measures of stated preferences are known to be highly correlated as many of those 
items measure similar underlying factors. Replacing the preference items with components generated 
through factor analysis does not only eliminate a potential serial correlation but also compresses the 
items to the essential underlying factors. Using component factor analysis, the residential preference 
items are compressed to five factors in two steps. In step one, an exploratory factor analysis on the whole 
set of 21 preferences generated seven factors. Then, preferences that load on the first five factors were 
retained using a scree plot.8 In step two, the same process was repeated again on the retained preference 
items 9 generating the results reported in Table 3.

8Due to low loading, four items (low housing cost, proximity to family and friends, architectural quality and familiar neighbor-
hood) were dropped
9Further two preference items, namely proximity to train station and proximity to bus stop were dropped in step two due to 
conceptual interpretability.
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Table 3:  Factor analysis of residential preferences and their loading patterns

 Shopping Family Amenities Investment Exercise

Eigenvalue 2,543 1,716 1,600 1,597 1,469

Proximity to other shopping facilities 0,819

Proximity to grocery stores 0,790

Easy access to shopping mall 0,750

Proximity to the city center 0,718

Good school/kindergarten 0,760

Private garden 0,649 0,494

Proximity to workplace 0,594

Good property management 0,322 -0,461 0,451 0,330

Undisturbed location 0,702

Nice view 0,613

Distance to major road/rail line 0,414 0,315

Favorable investment object 0,729

No social problems 0,716

Opportunities for physical exercise 0,826

Proximity to green areas   0,390  0,735

Notes: 1. Extraction Method: Principal Component Analysis. Variance maximizing rotation (Varimax) was used with Kaiser 
Normalization. Extraction was based on eigenvalue greater than “1”. Factor loadings smaller than 0.30 were suppressed. 2. 
Total variance explained is 59.5%

6 Results and discussion

6.1 How important is regional hierarchy in influencing car driving distance?

One of the research questions this paper intended to address is how the regional context influences 
driving distance and whether the effect of residential location on driving distance varies depending on 
regional context. To address these questions, a multivariate regression of car driving distance is modeled 
on built-environment, socio-economic, demographic, residential preference and regional variables. Data 
from the three small cities are pooled together for this analysis. Table 4 presents model results.

A city’s regional context (centrality) has a bearing on car driving distance. Controlling for the other 
investigated variables, residents of a city that is a regional center (Kongsvinger) drive about 35% shorter 
distance than those in the satellite cities (Jessheim and Drøbak) do. 

Among the local built environment variables, only residential location is significant. Living far 
away from the city center is associated with longer car driving distances. Due to the interaction term 
between centrality and residential location, the net effect of residential location has two components: the 
independent effect and the interaction effect. The interaction effect, which shows how the effect of resi-
dential location varies depending on whether a small city is a satellite or not, is weakly significant. The 
net effect (sum of the independent effect of residential location and the effect of the interaction term) 
of residential location is therefore more than twice as high in Kongsvinger as in Jessheim and Drøbak. 
For Kongsvinger, the effect is in line with the literature (Boarnet, Nesamani, & Smith, 2003; Ewing 
& Cervero, 2010; Næss, 2005; Pushkar, Hollingworth, & Miller, 2000; Stevens, 2017; Zegras, 2010) 
whereas it is significantly lower for the satellites. 
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Table 4:  City-scale and regional effects on car driving distance 

 Coefficients Robust std. err. P-value

Log of residential distance from the city center (km) 0.1051 .0471 0.026

Gender (male ) 0.5355 .0644 0.000

Household income per adult (1000 NOK) 0.0008 .0002 0.000

Employment 0.4453 .0780 0.000

Investment factor 0.0891 .0329 0.007

Centrality -0.3513 .0934 0.000

Centrality X residential location10 0.1763 .0957 0.066

Constant 3.6849 .0968 0.000

R-squared 0.1387

Number of observations 1356   
Note: The results are based on pooled data from the three small-cities.

Neighborhood built environment attributes (job density and population density) show no effect 
on car driving distance. This is as expected and conforms to previous findings (Ewing & Cervero, 2010; 
Kockelman, 1997). Among the socio-demographics, gender and employment status exert significant 
influence, with men driving 54% longer than women and the employed 45% longer than those who 
are not workforce participants. Income is also statistically significant but smaller in effect size, but this is 
partly because I have also controlled for employment. 

6.2 How significant is regional context and city center structure in the relationship between 
residential location and car driving distance? 

City center structures and regional context are relevant spatial structures influencing travel decisions. As 
suggested by the centrality variable and the interaction term between centrality and residential location 
(Section 6.1), the regional location of a small city has significant implication for the relationship be-
tween built environment and car driving distance. To highlight the effect of varying regional context on 
the relationship between built environment (neighborhood and city-scale variables) and travel behavior, 
a separate model is developed for each city.

6.2.1. Kongsvinger city

Regressing the log of car driving distance on residential distance from the city center and recursively con-
trolling for demographic, socio-economic, neighborhood built environment attributes and residential 
preferences yields only four significant variables among which residential distance from the city center is 
the only built environment variable. Table 5 presents summary of the results. 

Residential distance from the city center has an elasticity of 0.26, which is within the mainstream of 
the literature. Residents who live closer to the city center of Kongsvinger, overall, tend to have fewer total 
kilometers driven. Built environment attributes at the neighborhood scale, on the other hand, show 
no influence on car driving distance, which is also in accordance with the mainstream in the literature 
(Kockelman, 1997; Næss, 2012).

10Interaction term between the centrality dummy and the log of residential distance from the city center.
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Among the demographic and socio-economic variables, only gender and employment were found 
to be influential. The literature conforms widely in that men drive longer distances on average (Hjor-
thol, 2003, 2008; Zegras, 2010). Similarly, employees, due to their daily commutes, are expected to 
drive longer distances than those who are not workforce participants. The other two important socio-
economic attributes included in the analysis are income and education. Both are insignificant.11  Income 
remains insignificant when employment and education are not controlled for.

Table 5:  Multiple regression analysis of total car driving distance for the city of Kongsvinger

 Coefficients Robust std. err. P-value

Log of residential distance from the city center (km) 0.2645 0.0801 0.001

Gender (male ) 0.6622 0.1233 0.000

Employment 0.3878 0.1232 0.002

Investment factor 0.1277 0.0618 0.040

Constant 3.7588 0.1271 0.000

R-squared 0.1284

Number of observations 361   
  
Note: 1. Dependent variable: Log of car driving distance (km). 2. Job density (number of jobs in a 2 kilometer radius from the 
residence) is dropped due to high correlation with residential distance from the city center (r=0.91). Another important reason 
for its exclusion also relates to micronumerosity. Central urban locations capture the same jobs reducing the variability between 
observations for that particular variable. 

The effect of residential distance from the city center on car driving distance is robust even after 
controlling for transit commutes (Table 8). This result is an indication that people residing closer to 
the city center have shorter car driving distance not only because of their tendency to utilize transit 
but also primarily due to the distance-minimizing effect of the built environment. As a regional center, 
Kongsvinger employs a substantial proportion of the resident workforce locally, about 72% for the 
sample and a comparable 71 per cent for the population in the municipality. This helps reduce regional 
commuting pattern and overall commuting distances. Lower regional commuting pattern, in turn, is 
likely to boost the effect of local built environment factors such as residential distance from the city 
center. 

From the residential preference variables, the investment factor is positively associated with driving 
distance. The result is not counterintuitive as the investment factor may represent consumerism-orient-
ed attitude that might manifest itself as higher levels of driving.

6.2.2 Drøbak city

The regression model for Drøbak, besides the built environment variables specified in Section 5, in-
cludes residential distance to the second center, AMFI-Drøbak. Model results are presented in Table 6. 

11Theoretically, income may influence travel behavior directly by easing capability constraints and in ways that are more 
complex such as inducing individuals to adopt a certain lifestyle, which then can have a trickle-down effect on travel behav-
ior. Despite the strong underlying arguments, income has no effect on driving distance at a 5% significance level even when 
employment and education are controlled for. Nonetheless, the findings fit well into the narrative of the small city as being 
secluded from immediate regional influences. The high affluence (average income) among the populace means there is less 
variability in access to mobility resources.
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None of the built environment variables, including residential distance from both centers, have signifi-
cant influence on car driving distance. 

In the literature, residential distance from the city center is established as the built environment 
variable with strongest influence on car driving distance. The most recent comprehensive reviews put 
the weighted elasticities of the variable at 0.34 (Stevens, 2017) and 0.22 (Ewing & Cervero, 2010). 
The likely explanation for the dissociation in Drøbak of residential distance from both centers and total 
driving distance is the result of at least two main mechanisms. First, the dispersal of facilities away from 
the city center weakens the city center as a hub of local travel. Second, regional influence. Drøbak is at 
the outer edge of the Oslo metropolitan region. As a result, a large proportion of its resident labor force 
commutes to Oslo. The longer commuting distance hence dwarfs (as a share of total travel distance) 
whatever gains the local environment may be able to induce in terms of short driving distances and 
non-motorized travel.

Table 6: Multiple regression analysis of total car driving distance for the city of Drøbak

 Coefficients Robust std. err. P-value

Gender (male) .6382545 .0973776 0.000

Household income per adult (1000 NOK) .0008127 .0002657 0.002

Employment .3693339 .1221669 0.003

Investment factor .1282386 .0477896 0.007

Family factor .1095918 .050912 0.032

Constant 3.726962 .1464115 0.000

R-squared 0.1394

Number of observations 595   

Men and the employed have significantly longer total driving distances. Total driving distance for 
men is 64% longer than for women. Correspondingly, the employed have 37% longer driving distance 
than the unemployed. The effect of gender and employment on car driving distance is as expected and 
conforms with the literature. Employed individuals tend to travel longer due to daily commutes than 
those that are not. In addition to gender and employment status, higher levels of income also tend to 
lead to higher driving distances. Among the residential preference factors, the investment factor and 
family factor are significant with expected signs. 

6.2.3. Jessheim 

As with the other two cities, multivariate regression with the same model specification and recursive 
estimation method was repeated for the city of Jessheim. Results are reported in Table 7. 

Among the built environment variables, residential distance from the city center has the expected 
sign and is significantly associated with total car driving distance. Population density also appears to 
have a positive association with car driving distance, indicating that more densely populated areas initi-
ate higher car driving distance. The sign reversal is an anomaly, nonetheless, opposite to what is widely 
documented in the literature. One plausible explanation for this could be the non-continuous clusters of 
residential development around the city of Jessheim. Moreover, individuals often have to drive through 
the central part of Jessheim to connect to the highway passing through Jessheim.
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Table 7: Multiple regression analysis of total car driving distance for the city of Jessheim

 Coefficients Robust std. err. P-value

Log of residential distance from the city center (km) 0.1696 0.0807 0.036

Gender (male ) 0.2972 0.1103 0.007

Household income per adult (NOK 1000) .0016 0.0003 0.000

Employment 0.4919 0.1435 0.001

Population density 0.0013 .0006 0.040

Constant 3.1544 .1954 0.000

R-squared 0.1688

Number of observations 437   

From the socio-economic and demographic characteristics, gender, employment and income are 
significant with associated semi-elasticities of 0.30, 0.49 and 0.0016 respectively. Controlling for the 
other investigated variables, men have 30% longer driving distances than women and the employed 
49% percent longer than the unemployed, while increasing annual gross income by NOK 10 000 
leads to an increase in driving distance by about 16%. Employment obviously has the highest impact 
on car driving distance due to the tendency for skilled workers to commute to Oslo similar to what is 
observed in the city of Drøbak. None of the residential preference indicators is significant in the model 
for Jessheim. 

There are at least three ways by which local-scale built environment attributes can influence total 
car driving distance. One, by influencing the extent of active travel; two, by influencing the number 
of local and regional transit commutes; and three, by contributing to shorter trip distances (car driving 
distance) in the local action space. The following section addresses the likely pathways through which 
residential distance from the city center influences total driving distance. The relationship between a 
small-city’s built environment and active travel is discussed in detail in another article (Wolday, 2018, 
under review) and will therefore not be addressed here.

6.3 How resilient is the effect of local built environment on total driving distance in the face  
 of regional influence?

The effect of residential distance from the city center on car driving distance is both positive and 
significant in the cities of Jessheim and Kongsvinger (Tables 5 & 7). This, however, does not tell whether 
the relationship characterizes regional influence, influence due to local-scale structural conditions or 
both. Is the influence of residential location on driving distance due to the local city center being an at-
tractive destination or is it regional pull factors outside the local city’s domain that are more influential? 
To sort out the local from the regional effects, a transit dummy is introduced to the significant estimates 
in Tables 5, 6 and 7. The transit dummy is a dichotomous variable representing commuting by transit 
three or more days a week. Table 8 summarizes results that are significant at 5% level.

Commuting by transit three or more days a week turned out to have highly significant effect on 
car driving distance in all three cities but the effect size is greater in Jessheim and Drøbak. Commuting 
by transit reduces driving distance on average by the extent of 49%, 65% and 71% for Kongsvinger, 
Jessheim and Drøbak, respectively, ceteris paribus. 

More importantly, the introduction of the transit dummy causes residential location from the 
city center to be insignificant in the city of Jessheim. In Kongsvinger on the other hand, the effect of 
residential location remains unchanged despite controlling for transit commutes. In the case of Drøbak, 
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residential location was insignificant prior to controlling for commuting by transit (Table 6). 
Looking at the relationship between residential location, regional context and transit commutes, 

the influence of residential location on car driving distance can be deduced to be indirect. Residential 
location influences commute mode choice for regional transport with residential distance from the city 
center acting as proxy for access to transit, more specifically distance to the transit station.

Table 8: The resilience of residential distance from the city center when commuting by transit is accounted for

Kongsvinger Jessheim Drøbak

Coefficients P-value Coefficients P-value Coefficients P-value

Log of residential distance from 
the city center (km)

0.2828 0.008 insig insig.

Gender (male ) 0.6894 0.000 0.4160 0.000 0.5853 0.000

Household income per adult 
(NOK 1000)

insig. 0.0016 0.000 0.0010 0.000

Employment Insig. 0.8793 0.001 Insig.

Commuting by transit -0.6643 0.000 -1.0521 0.000 -1.2400 0.000

Constant 3.1977 0.000 3.2339 0.000 4.3795 0.000

R-squared 0.1061  0.2521 0.2901

Number of observations 254  347  469  

Note: The commuting by transit variable was added to the significant estimates reported in Tables 5, 6, & 7 above. In the city 
of Drøbak, employment is insignificant as a result of controlling for income. 

Higher income appears to induce longer driving distances in Jessheim and Drøbak whereas it is 
insignificant in Kongsvinger. This is likely related to regional influences, that is, higher concentration of 
specialized jobs in Oslo leading for skilled and well remunerated workers to tend to commute to Oslo. 
Conversely, less skilled, low-earning workers are likely to take up local jobs, as longer commutes may not 
be fully compensated. The effect of employment is also stronger in Jessheim and Drøbak mainly due to 
the longer average commuting distances in both cities. 

To back the claim that reduction in car driving distance in Jessheim is due to centrally located 
commuters choosing to commute by train  instead of a car, a logistic regression provides a more direct 
measure of association between train commute and residential location. Table 9 presents results from a 
logistic model of commuting by train at least three times a week for commuting distances exceeding 20 
kilometers on the usual independent variables specified in the linear regression models above. 

Table 9: Likelihood of commuting by train at least 3 days a week among Jessheim respondents

 Coefficient Robust std. err. Elasticity P-value

Log of residential distance from the city center -0.6462 .2265 -0.2649 0.004

Constant -0.0352 .1913 0.852

Nagelkerke R2 0.051

Number of observations 227   

Note: the independent variables in the models include demographics (age, household size, responsibility for transporting chil-
dren), socio-economic (education, income, employment), built environment (residential distance from the city center, popula-
tion density, job density) and residential preference factors (shopping, amenities, investment, family and exercise). Summary 
statistics for the variables related to the model are reported in Table A3 under the appendix.
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Although the model has lower coefficient of determination (Nagelkerke R2), the model as a whole 
is significant. Only one variable is significant in the model. Residential distance from the city center is 
negatively and significantly associated with the likelihood of commuting by train. As residential distance 
from the city center increases from 1 km to 3 km, the probability of commuting by train declines by 
0.17. A further increase in residential location from the city center from 1 km to 5 km would corre-
spondingly decrease the probability of commuting by train by 0.24. 

7 Conclusion

This article discusses the association between built environment characteristics and car driving distance 
in a small city context. It started out with the question about whether residential distance from the city 
center influences car driving distance and whether there is a local or regional dimension to that associa-
tion. 

Survey data from three small cities, namely Kongsvinger, Jessheim and Drøbak, were analyzed. The 
results underscore that regional context is an important denominator on how and to what extent the 
influence of the distribution of settlement locations is reflected on travel behavior in a small city context. 
In a city such as Kongsvinger, where regional pull-factors from a nearby higher-order city is weaker, 
proximity to the city center significantly reduces total car driving distance. In cities with proximity to a 
higher-order city, the influence of distance from the city center on driving distance is weaker and likely 
mediated by transit commutes. 

Among the demographic and socio-economic characteristics, gender has a consistently strong in-
fluence on car driving distance whereas income and employment are strongest where regional charac-
teristics are influential.

The contribution of any practice-oriented planning research is ultimately measured by how infor-
mative it is for the planning practice on the ground. This article tried to shed light on two issues with 
policy implications: Which policy options are likely to reduce car driving distance originating from 
small cities? Can densification be a viable guiding principle for urban spatial development in small cities? 

Reducing car driving distance originating from a small city may require a combination of policy 
options geared at the local city-scale travel and regional travel. For local travel, reducing the average dis-
tance from the city center would reduce car driving distance. At the regional scale, efficient transit with 
high average accessibility (with a station at the center of the city) would also reduce car driving distance. 

On the issue of densification in small cities, this paper answers the question only partially. The 
analysis at a local scale shows that proximity to the city center in a monocentrically structured city re-
duces travel distance by car as well as increases the likelihood of commuting by transit. Hence, densifica-
tion in and close to the city center can contribute to reducing car driving distance. However, due to the 
small geographic size, the sustainability potential of small cities lies in fostering travel by active modes. 
Consequently, the effect of relevant local built environment factors such as accessibility to and dispersal 
of facilities as well as design features such as street network on active travel have to be explored to give a 
more nuanced answer.

Small cities are often cash strapped because they lack economies of scale associated with admin-
istrative costs while at the same time having a limited taxable population and business base. In such 
conditions, the push to adopt expansionary spatial development may be more appealing as opposed to 
densifying at city centers. The question that begs answering is therefore, do small municipalities (cities) 
have the economic incentive to densify? Future study on the economic viability of densification can help 
clarify on the incentives to utilize central-city locations for development. 

12Residential distance from the city center is also strongly negatively associated with commuting by transit (bus and train). I 
chose to run the model with one mode, train commutes, because the train station is located at the city center. Moreover, train 
is used primarily for regional commutes.
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