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reviewed-against-aninternational- backgroundexperience

from a Nordic context

Abstract

This article surveys the state-of knewledgeresults of research carried out in the Nordic countries about
on the influence of various aspects of urban form and settlement patterns on travel behavior, based-in
particalar-on North-Eurepeanresearch-but-with-aand discusses these results in the view alse-teof
studies ef-carried out in other European, American, Australian and Asian eitiescountries. There is
quite overwhelming evidence that urban spatial structures matter to travel behavior. However,
whereas much of the research in America and parts of Europe has focused on the influences of local
neighborhood characteristics on travel, the Nordic research shows effects on travel behavior mainly
from urban form characteristics at a higher geographical scale: the overall population density within
continuous urban areas, and the locations of residences and workplaces relative to the city-level or
metropolitan center structure.

1. Introduction

This-This article surveys the results of research carried out in the Nordic countries on the influence
of various aspects of urban form and settlement patterns on travel behavior, and discusses these
results in the view of studles carried out in a wider international contexta*&ele—s&weys—t-he—st—a%e—ef

behaﬂef The focus of the artlcle is on the influence of urban 1and use (the geographical dlstrlbutlon
and density of the building stock and the urban functions therein) and settlement patterns on
transportation variables. The paper does not directly address impacts of transport infrastructure such

as road provision, public transport service level, and the availability of parking.

Depending on the policy context, different studies of relationships between land use and travel have
focused on different transport and travel parameters, such as trip frequency, trip distances, choices
of travel modes, or overall vehicle kilometers traveled. Reflecting a perspective of environmentally
sustainable mobility and greenhouse gas mitigation, the transport variables focused on in the present
article are overall traveling distances, traveling distances by mode, modal shares, and energy
consumption. Most of the studies reviewed are confined to travel, thus omitting freight. Some of the

studies of energv consumptlon still 1nc1ude energy used for transportatlon of both persons and




Several authors have summarized main findings from individual studies of associations between
urban form characteristics (e.g. Stead & Marshall, 2001; Cao et al., 2009; Ewing & Cervero, 2001
and 2010; Lefevre, 2010). In some cases, such summarizing has been carried out as so-called meta-
analyses, where the quantified effects of urban form variables on travel behavior variables in
different studies have been used as input data for statistical analyses of the average strengths of
these relationships across the individual studies (Ewing & Cervero, 2010). While illustrating the
overwhelming majority of studies showing an influence of urban form on travel, compared to the
few studies where no such influence has been found, such meta-analyses still have clear limitations.
For one thing, they do not distinguish between methodologically strong and weak studies, e.g. i
terms of %apphe%data qualrty Hellas%oand the 1nclus10n of relevant factors of 1nﬂuence
(Zegras 2010) - el

selee&en—Furthermore 1t is often not clear whether or not the effect of a partlcular urban form
characteristic (e.g. the design of the local street network) in a study included in the meta-analysis
has been controlled for other relevant urban form variables (e.g. the distance from the dwelling to

downtown) Fmal—ly—m—spﬁeoﬂ here i is also an overall domﬂffaneeof—stuées—f—rom—USA—m—Ewmg—&
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Amencan domrnance ofrn most
existing surveys of the status of knowledge. This Thls in itself JuStlfleS the purpose of the present article:
to provide an overview of the main urban form characteristics found to influenceirg travel behavior
mainly-within a Nerth)y-EurepeanNordic context, {yet-with-some-examples-also-from-stadies-of
AmmericanAustralan-and-Asian-eities)-based on a critical assessment of the methods, data sources

and theoretical underpinnings of the research results. Similarities and differences between the
findings of the Nordic studies and research carried out in other parts of the world will be discussed,
and possrble explanatrons of any drvergences wrll be suggested T—h&foeu&ofthwartrelewon%he

- {Formateret: Fremhaevning




2. Theoretical reasons why land use must be expected to influence travel

Theories of transport geography and transport economy consider the travel between different
destinations to be influenced on the one hand by the reasons people may have for going to a place,
and on the other hand by the costs and inconvenience involved when traveling to this location
(Jones, 1978). Urban form impacts prices of travel, which in turn influence consumption of travel
(Boarnet & Crane, 2001). By determining the distances between locations where different activities
may be carried out, and by facilitating different modes of travel, urban form characteristics make up
a set of conditions facilitating some kinds of travel behavior while discouraging other types of
travel behavior. Needless to say, the causes of travel behavior also include personal characteristics,
such as age, sex, affluence level, employment, as well as norms, values, lifestyles, acquaintances
and social obligations. The emerging transportation pattern (trip frequencies, choices of
destinations, modes of traveling and trip routes) is a result of people’s resources, needs and wishes,
modified by the constraints and opportunities given by urban form characteristics as well as other
structural conditions of society.

For the city as a whole, high population density implies shorter average distances between
residences, workplaces and service facilities than in a city with a dispersed pattern of development.
The gain in the form of travelling distances includes shorter trips from home to work and service
facilities, better opportunities for linking different trip purposes, and shorter trips when visiting
friends and relatives living in the same city. Furthermore, a high population density facilitates more
frequent public transport departures and shorter walking distances to bus stops and metro stations.
Because distances between activities are shorter in dense cities, a higher proportion of the
destinations will also be within walking or cycling distances. Furthermore, in dense urban areas,
streets are usually narrower and there is less space available for parking than in less densely
developed areas.

In spite of decentralizing trends, most European cities still have a higher concentration of
workplaces, retail, public agencies, cultural events and leisure facilities in the historical urban center
and its immediate surroundings than in the peripheral parts of the urban area (among others,
Newman and-& Kenworthy, 1999:94-95; Author, 2006). The inner and central parts of the
metropolitan area include the largest supply of work opportunities, the broadest range of
commodities in the shops, as well as the highest diversity of service facilities. For residents of the
inner and central parts of the city the distances to this concentration of facilities will be short. Inner-
city residents could thus be expected on average to make shorter daily trips than their outer-area
counterparts, with a higher proportion of destinations within acceptable walking or biking distance.
Local-scale urban design principles, such as street pattern, availability of sidewalks and bike paths
etc. and aesthetic neighborhood qualities, can influence the attractiveness of non-motorized travel
modes and can for some travel purposes also affect trip destinations. Such characteristics have been
at the core of the interest of American studies of the influence of the built environment on travel
behavior.

A central location of employment opportunities could also be expected to contribute to lower
energy consumption for transport. The accessibility by public transport is usually highest in the
central parts of the city. In addition, congestion and scarcity of parking space in downtown areas
may cause a number of potential car commuters to leave their car in the garage at home. Distinct



from this, suburban jobs are often poorly accessible by transit, while access by car is easy with less
congested roads and usually ample parking.

As can be seen, there are good theoretical reasons to assume urban transport to be influenced by
urban form characteristics. Doubts are still sometimes raised about the existence of any influences
of urban form on travel behavior (see, e.g., Breheny, 1994; Gordon & Richardson, 1997; Williams
et al., 2000; Headicar, 2003; Bruegmann, 2005). However, as will be shown in the following
sections, the evidence that urban spatial structures matter to travel behavior is quite overwhelming.
There may still be disagreement as to which urban form characteristics are the most influential ones.

There-mayhoweveralseo-be-eCounteracting mechanisms_may also be operating. For example, the
shorter distances between functions facilitated by dense cities or inner-city residential locations

could be utilized by opting for a wider range of workplaces, shops and residences and by increasing
the frequency of trips, rather than reducing the amount of travel (Crane, 1996). Similarly, the
money and time saved by living close to daily destinations could be spent on making longer leisure
trips, perhaps by airplane (Vilhelmson, 1990). In the literature on the effects of environmental
policy measures, such counteracting mechanisms are referred to as rebound effects (Ngrgaard,
2008; see also Holden, 2007 and Author, 2006b). It is important to be aware that the existence of
such (partly) compensatory mechanisms does not reduce the causal influence of urban form on
travel. Urban travel is influenced by a multitude of causes, among which some may reinforce each
other and others may counteract each other. The causal influences of urban form on individuals’
travel behavior thus exist independently of whether or not, e.g., any tendency among inner-city
residents of making a higher number of holiday trips by airplane is counteracted by heavier CO,
taxes on flights or is allowed to operate unrestricted (cf. Bhaskar, 1998; Author, 2004). Causality is
not the same as correlation and need not manifest itself as ‘event regularities’. At a city scale,
though, the causal influence of urban form characteristics on aggregate travel behavioral patterns
requires the causal mechanisms by which urban form influences travel behavior at the individual
level to be on average strong enough to outweigh any counteracting mechanisms. The emergence of
city-level causal relationships between urban form and travel thus presupposes a certain degree of
event regularities in the form of more or less strong correlations between urban form characteristics
and the travel behavior of the city’s inhabitants (Author, 2004).

3. Methods and sources of knowledge

Urban planners and urban geographers have for a long time presupposed that urban land use
influences transport and travel behavior. In particular, the oil embargos in 1973/74 and 1979/1980
triggered considerable interest in research into relationships between urban form and transportation
(Real Estate Research Corporation, 1974; Needham, 1977; Burchell & Listokin, 1982; Owens,
1986). Some of these studies were purely theoretical analyses. Several other early studies were
based on model simulations of hypothetical land use scenarios. They illustrated and synthesized
already existing assumptions about transportation consequences of alternative urban structures, but
could of course not be used to investigate whether the model’s assumptions about the influences
between its variables were correct. The first empirical studies into the land use — transport
relationship (among others, Keyes, 1976-and1982; Newman & Kenworthy, 1989) were
comparisons of transportation fuel usage at an aggregate level (typically between cities or
metropolitan areas). Later on, an increasing number of studies have been carried out at a
disaggregate level, with households or individuals as units of analysis. At first, few of these studies
took into account other factors of influence than the urban structural variables the studies were



focused on. Gradually, several empirical investigations have been carried out, incorporating urban
form variables as well as demographic and socio-economic factors in the analyses. Although most
studies carried out during the latest couple of decades have attempted to control for demographic
and socioeconomic variables, a number of authors still hold that the possibility that people base
their choice of residence partly on preference for a particular travel mode precludes any firm
conclusions about the influence of residential location on travel (see, e.g., Kitamura et al., 1997;
Boarnet & Crane, 2001; Krizek, 2003; Schwanen & Mokhtarian, 2004; Schreiner & Holz-Rau
2007; Cao, Mokhtarian & Handy, 2009). A growing number of recent studies have therefore
explicitly addressed this so-called ‘self-selection problem’, mestly-often by including variables
measuring residential preferences and/or transport attitudes_but also using other methodologies such
as instrumental variables, joint discrete choice models, structural equations models, and longitudinal
designs. However, statistical analyses, even with inclusion of the relevant socioeconomic and
attitudinal variables, cannot themselves establish that causality exists between urban form and
travel. In a few studies, the traditional quantitative travel survey approach has therefore been
combined with qualitative interviews in order to identify the more detailed mechanisms through
which urban structure affects travel behavior.

4. The Nordic studies reviewed <_ _ - -| Formateret: Skrifttype: (Standard)
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their research activity within this field. Among the 31 studies, fifteen have investigated Norwegian il

cases, ten have studied Danish cases, four have focused on Swedish contexts, one has investigated

Finnish settlements, and one study has compared cities in four Nordic countries (Norway, Denmark.

Sweden and Iceland). Table 1 shows, in chronological order, publication reference(s), study area

geographical scale, investigated urban form variables, and main methodological approach of each of

these studies. review-ofliterature-ontheinfluence-ofurbanformontravel—eFirst, evidence of

causality from qualitative research will first-be presented (section 5). Thereupon, the-statusof

knoewledge-abeutresults from research investigating the influence of different aspects of urban form

will be reviewed, starting with the neighborhood scale and moving upward in scale via the

city/metropolitan level to a regional scale. In section 6, neighborhood-scale density will thus be

addressed. followed by local street pattern (section 7), -inelading-impaets-efresidential location_at a

city/metropolitan scale (section 8), swwerkplaee-location_of workplaces and retail at a

city/metropolitan scale (section 9), urban-population density at different-sealesa city scale (section

10);neichberhood-desien, and the issue of centralization vs. decentralization at different

seographical-levelsa regional scale (section 11). In order to identify the most credible knowledge

claims in situations where there are divergent conclusions, emphasis will be laid on criteria such as

theoretical plausibility; consistency with qualitative research on rationales for transport behavior;

control for relevant non-urban-structural variables as well as for other urban structural variables

than the one focused on; non-inclusion of irrelevant control variables; and whether the self-selection {Formateret: Skrifttype: Tkke Fed,
/
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investigated

Larsen (1982 Danish urban Different settlement Regional Multivariate modeling based on empirical input from
settlements categories settlement national travel surveys
structure
Monsen Greater Oslo Workplace areas within | Workplace Project-specific travel survey among employees of four
1983 Norway the continuous urban location companies before and after relocation
area (pop. 0.9 mill.)
Synnes (1990 Trondheim Residential zones within | Residential Comparison of data from local travel survey including approx.
Norway the continuous urban location 300 individuals living in 15 different residential zones
area (pop. 160,000)
Hanssen Greater Oslo Workplace areas within | Workplace Project-specific travel survey among employees of different
1993 Norway the continuous urban location branches of a company before and after moving to new,
area (pop. 0.9 mill.) common site
Author (1993 The 97 largest Continuous urban areas | City-level Multivariate analysis based on fuel sales statistics at
cities in Sweden (pop. 10,000-1.4 density, municipal level and electricity consumption for rail transport
and 15 Swedish mill.), and commuting Regional
commuting regions (defined as settlement
regions areas within 35 km structure
direct distance from the
region center
Duun (1994) Bergen, Norway Residential areas within Residential Comparison of regional travel survey data for households
the continuous urban location living in different residential areas, with households with the
area (pop. 220,000) highest and lowest income levels excluded
Martamo All Finnish Municipalities Residential National census statistics on commuting trip lengths among
1995 municipalities location working residents of each municipality as well as employees
workplace of within each 500 by 500 m square of the entire area of
location Finland
regional
settlement
structure
Author, Rge & | Greater Oslo Residential areas within | Residential Multivariate analysis of data from project-specific
Larsen (1995 Norway the continuous urban location investigation among 321 households in 30 residential areas

area (pop. 0.9 mill.

neighborhood
density

|

o L )

Author & Greater Oslo, Workplace areas within Workplace Multivariate analysis of project-specific travel survey among
Sandberg Norway the continuous urban location 495 employees of 6 companies, and analysis of long-term
1996 area (pop. 0.9 mill. effects of previous relocations
Author, 22 cities in four Continuous urban areas | City-level Multivariate analysis based on data from oil companies
Sandberg & Nordic countries (pop. 8,000 — 1.4 mill.) density, about fuel sales in urban areas, and electricity consumption
Rge (1996 residential for rail transport
location
Hanssen & Greater Oslo Two shopping malls; Location of Comparison of shopping trips among approx. 1000
Fosli (1998 Norway one exurban and one in shopping customers at each of 2 shopping malls
a suburban local center
Svensson Linképing, Out-of-town shopping Location of Project-specific travel surveys among individuals (N = “I~ = ~ - Formateret: Mellemrum Efter: 0 pkt.,
1998 Sweden malls and stores within shopping approx.. 2000) before and after the establishment of three Linjeafstand: enkelt
the continuous urban out-of-town shopping malls
area (pop. 97,000)
Moller& | | Aalborg, Denmark | Workplace areas within | Workplace | Analysis of project-specific travel survey among employees of« . _ — {Formateret: Engelsk (USA)
Author,(2000) ( | thecontinuousurban | location | 4schools/public agencies, | RN
area (pop. 120,000) S ‘[ Formateret tabel
Hjorthol Oslo, Norway Different counties Residential Multivariate analysis of data subset from national travel " \[ Formateret: Engelsk (USA)
2000a within Oslo location survey (N=791
Metropolitan Area
(pop. 1.2 mill.)
Hjorthol Oslo, Norway Acentral area, a Residential Multivariate analysis of data subset from national travel
2000b suburban area and a location survey (N=1900), combined with focus group interviews in 3
railway town in the areas
Oslo region (pop. 1.2
mill.)
Hansen & Randers, Residential areas in the Residential Qualitative interviews and travel registration among 12
Masud (2001 Denmark city and surrounding location households in 4 residential areas
settlements (pop.
60,000)
Rge (2001) Oslo, Norway Residential areas within Residential Qualitative interviews of 15 individuals living in 3 areas, and
the core municipality location project-specific travel survey among 400 households in 30



Oslo) (pop. 0.6 mill.

residential areas

Hartoft Copenhagen Residential areas within Residential Project-specific travel surveys among residents of new
Nielsen Arhus and four the metropolitan location housing areas in each city. Bivariate analyses, but separate
2001a smaller Danish area/city and analyses for high- and low income respondents
cities surrounding
settlements
Hartoft- Greater Workplace areas within Workplace Comparison of data from project-specific travel survey
Nielsen Copenhagen and the continuous urban location among employees of office workplaces differently located
2001b the cities of areas (pop. 1.2 mill.
Arhus, Odense 240,000; 160,000 and
and Aalborg, 120,000, respectively)
Denmark
Strgmmen Trondheim Workplace areas within Workplace Comparison of data from project-specific travel survey
2001 Norway the continuous urban location among employees of 9 differently located workplaces
area (pop. 160,000)

Tillberg (2001 Gavle, Sweden Residential areas in the Residential Qualitative interviews and project-specific travel survey
city and surrounding location among 83 families with children in 3 residential areas
settlements (pop.

95,000)

Nielsen (2002 Aalborg, Denmark Residential areas within Residential Multivariate analysis of project-specific travel survey among
the city and location 1200 individuals in 23 residential areas, and qualitative
surrounding interviews of 16 households living at different locations.
settlements (pop.

160,000)
Author & Three previous Intra-county and inter- Regional Multivariate analysis of project-specific travel survey among
Johannsen Danish counties county comparisons settlement 969 individual living at different locations in the three
2003 structure countries

Author & Frederikshavn Residential areas within Residential Multivariate analysis of project-specific travel survey among

Jensen (2002 Denmark the city and location 628 individuals in 11 residential areas, and qualitative

2004) surrounding interviews of 6 households living at different locations
settlements (pop.

35,000)

Engebretsen The Norwegian Census units within the Residential Analysis of data from national and regional travel surveys of
2005 cities of Greater continuous urban areas location a total of 55,000 respondents living in different census units.

Oslo, Bergen and op. 0.9 mill., 220,000

Trondheim, and 4 160,000, and 20,000-

smaller cities 40,000, respectively)
Holden & Oslo, Norway Residential areas within Residential Multivariate analysis of project-specific travel survey among
Norland the continuous urban location 941 individuals in 8 residential areas
2004 area (pop. 0.9 mill. neighborhood

density

Author (2005 Copenhagen Residential areas within | Residential Qualitative interviews of 17 households living at different

2006a, 2006b. Metropolitan the metropolitan area location, locations, multivariate analysis of project-specific travel

2009 and Area, Denmark pop. 1.8 mill. neighborhood survey among 1932 individuals in 29 residential areas, and

2011) density, street analysis of travel diary investigation among 273 of those.

pattern
regional
settlement
structure

Tenngy & Oslo, Norway Workplace areas within | Workplace Project-specific travel survey among employees of different

Lowry (2008 the core municipality location companies before and after moving to new, common site
(Oslo) (pop. 0.6 mill.)

Westford Stockholm Neighborhoods in the Street pattern Multivariate analysis of data from project-specific travel Tk ~[ Formateret: Mellemrum Efter: 0 pkt.,

2010 Sweden suburb of Taby with survey among 449 residents in four neighborhoods about N Linjeafstand: enkelt

different street
patterns

their children’s trips to school

Engebretsen
Hanssen &

Strand (2010

Norwegian cities
within different
size categories
aggregate data)

Residents living at
different locations
within cities and

surrounding areas

Residential
location
location of
shopping
neighborhood
density

Analysis of data from national and regional travel surveys of <<

shopping trips among 17,500 respondents living at different
locations

Author, Silva
& Pinho
2011

Greater
Copenhagen
Denmark

compared to
Greater Oporto,

Residential areas within
the continuous urban

area (pop. 1.2 mill.

Residential
location
neighborhood
density

Multivariate analysis of project-specific travel survey among
1116 individuals in 18 residential areas in Greater

Copenhagen.

N
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2-5.Causality and transport rationales

In order to substantiate that residential location is a (contributory) cause of differences in travel
behavior, the basic mechanisms by which residential location influences travel behavior must be
identified. Examples showing the rationales on which people base their frequency of participation
in out-of-home activities, the locations of these activities, the modes of travel used to reach these
locations, and the routes followed make up important links in the mechanisms by which urban
structures influence travel behavior. Transport rationales are here understood as the backgrounds,
motivations and justifications that agents draw on when they make transport-relevant decisions
about their participation in activities, location of these activities, modes of transportation and the
routes followed (see-Author & Jensen, 2005, p. 165). The concept, which includes instrumental,
safety-based, comfort-based, aesthetic as well as affective dimensions, has some overlap with the
notion of ‘mobility view’ coined by Beckmann (2001). Combined with the spatial configuration of
residences, employment and other facilities in a city or metropolitan area, the transport rationales
produce some characteristic relationships between residential location and travel found in a number
of different urban contexts—<{(see-belovw.

Internationally, relatively few studies have Only-afew-studieshave-included qualitative interviews
in order to identify such rationales, reflecting a general dominance of quantitative research within
the field of land use and transport studies. However, among the few qualitative investigations of
transport rationales, a high proportion has been carried out in a Nordic context (Rge, 2001; Tillberg
2001; Nielsen, 2002; Author & Jensen, 2002, 2004 and 2005; Author, 2005, 2006a;: Neass;2009a;
see-also-Ness-&Jensen;2005). These studies have been carried out in very-different urban
contexts: the metropohtan areas of Oslo in Norway and Copenhagen in- DenmarkDenmark-(with

S S a), the medium-sized towns
of Aalborg (Denmark) and Gavle (Sweden) and and—H&ngz—hea—m—Ghma—éwﬁ-h—#mﬂ—heﬂ
inhabitants-of which2-million-in-the-continnousurban-areathe small town of Frederikshavn in
Denmarky. Nevertheless, the rationales identified in the twe-different urban regions are highly
stmHarconsistent.

Based on interviews with 15 individuals living in three different locations in Oslo (the inner city, a
suburb along an urban rail line, and a low-density area with poor public transport access), Rge
(2001) characterizes the mobility lifestyle of most of his interviewees as ‘late-modern’ and spatially
flexible. Typical for this mobility lifestyle is that proximity is of minor importance when choosing
where to live, work and carry out leisure activities. The social networks are also spread over a large
area, sometimes including exurban areas. Some of his interviewees still have less mobility resources
and their mobility lifestyle (characterized by Rge as ‘high-modern’) is therefore less flexible, based
to a high extent on public transportation. However, for both mobility lifestyle groups, residential
location has a bearing on travel behavior. For the highly flexible individuals, residential location in
the inner city with many facilities in the proximity of the dwelling allows choice between a large
number of services in the vicinity of the dwelling as well as elsewhere in the urban region, whereas
people belonging to the same mobility lifestyle group and living at the outskirts of the city need to
travel long distances in order to meet their preferences. For inner-city residents with less flexible
mobility lifestyles, availability of a wide range and number of facilities within a relatively short
distance from the dwelling allows high opportunities for choice despite these interviewees’

Formateret: Automatisk nummerering
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relatively confined geographical radius of action. Members of the low-mobility lifestyle group
living in the suburbs are, however, experiencing several spatial constraints and a low degree of
freedom of choice, especially if the area is poorly served by public transportation. (Rge, 2001, p.

221.)

In her study of activity participation and travel behavior among families with children in the
Swedish city of Gévle and its surroundings, Tillberg (2001) found that chauffeuring to children’s
organized leisure activities often dominated the household’s time schedule after work. The rural
children were engaged in urban-based activities to the same extent as the children living close to the
city center. Although the rural parents had often motivated their move to a peripheral settlement by
the assumed favorable conditions for children’s play in such areas, rural children often spent less

time than the inner-city children in their home milieu, due to their extensive and time-consuming
travel to organized leisure activities.

Based on interviews among households in Aalborg, Nielsen (2002) finds that the location of
especially jobs and leisure activities is usually chosen within the entire urban area (as distinct from
within the local neighborhood). The same is partly also true for social contacts, although people
who have recently moved to the city (and thus have not yet developed a wide social network) and
parents of children may to a higher extent maintain social contacts within the local neighborhood.
Grocery shopping is an example of an activity more often taking place locally (if possible), yet
many people may prefer to do shopping in a larger store on the way home from work. For the
activities where locations are chosen within a wider area, mean trip distances among the residents of
a neighborhood depend on where the chosen facilities are on average located. Due to the
concentration of jobs, stores and leisure opportunities in certain districts, the interviewees’ amount
of daily-life travel was to a high extent influenced by the distance from the dwelling to the city
center and a second-order center.

All the above-mentioned studies highlight the fact that people do not necessarily use the closest
ones among available facilities. The implications of this to the relationships between residential

location and travel are elaborated on in the studies by Author and Jensen in Copenhagen
Metropolitan Area and the small town of Frederikshavn and its surroundings (Author & Jensen,
2002, 2004 and 2005; Author, 2005, 2006a). Fherationalesidentified-amonsthe Copenhagen-and
Hanezhou-interview hd nisms-by-which-urban veture-inflaences-thei avelare

5

Both among the Copenhagen and the Hangzheu-Frederikshavn interviewees, leisure-aetivity

struetural situation—dDistance decay’ in the form of reduced activity participation when living far - { Formateret: Skrfttype: Kursiv

away from relevant facilities is-was not very pronounced among the interviewees. For workforce
participation, there is-was hardly any tendency at all among the Copenhagen-andHangzhou
interviewees (nor among the survey respondents-ef-the-twe-studies) of reduced participation when
living far away from employment concentrations, and hardly any tendency among suburbanites of
more frequent home-based ‘teleworking’ than among their inner-city counterparts. There was still a
tendency among suburban women of confining their choices on the labor market to a smaller
geographical area than that of their male counterparts. Fhere-was-also-hardly-any-tendeney-among




The modest occurrence of ‘distance decay 1mphes that long distances to Workplaces and other
facilities are only to a very limited extent compensated through reduced employment or
participation in leisure activities.

between a w1sh to minimize traveling dlstances and/or travel time, and a wish for choosing the best
and most suitable facility. What is considered the best facility does not only involve a judgment of
where the instrumental purpose of the activities can best be met, but can also include how well the
facilities match one’s cultural, aesthetic and symbolic preferences, how suitable they are as meeting
points for social contacts, or simply variety-seeking.

A high emphasis on minimizing the friction of distance implies-means that less-than-ideal facilities
are accepted if facilities of the desired quality are not available within a low threshold for
acceptable travelling distance. On the other hand, a high emphasis on choosing the best facility
implies-means that relatively long travelling distances are accepted if necessary to access a facility
of the sought-for quality. Circumstances contributing to a high priority attached to the rationale of
choosing the best facility, compared to distance minimizing include: specialized job skills,
specialized leisure interests and ‘exclusive’ cultural taste, much time available, high mobility
resources, many facilities available in the local area of the dwelling, and short distance from the
local facilities to the closest competing concentration of facilities.

For most travel purposes, the Copenhagen arnd-Hanszheou-Metropolitan Area interviewees
emphasized the possibility to choose among facilities rather than proximity. This means that their
amount of travel was influenced to a higher extent by the location of the residence in relation to
concentrations of facilities, rather than the distance to the closest single facility within a category”.
In particular, this was the case for workplaces and places of higher education, but also for cultural
and entertainment facilities, specialized stores and, to some extent, also grocery stores. As a result
of this, combined with the actual spatial configuration of workplaces, service and leisure facilities,
the amount of (ear)-travel was in particular influenced by the location of the dwelling relative to the
main center of each metropolitan area, and only to a lesser extent by its location relative to lower-
order centers. For leisure activities, the “atmosphere” and the aesthetic qualities at the destination
also played a role, contributing to strengthen the attraction of the central parts of Copenhagen-and
Hangzheuthe city.

The Gepen%mgem&d—l%&n%he&mterwewees choices of travel modes are-were influenced by two

includes concerns related to the time consumption, economic costs and accessibility benefits of
travelling by different modes. The second group includes concerns related to physically,
psychologically and socially positive or negative aspects associated with travelling by a particular
mode. Several of the rationales are-were hinted at indirectly through a criterion of trip distance as an
important condition through which more basic rationales such as time saving or limitation of
physical efforts influence modal choices. Since long trips will be very time-consuming as well as
physically exhausting if they are made by non-motorized modes (in particular by foot), rationales of
time-saving and limitation of physical efforts logically imply that travel modes depend on trip

distances. Living close to relevant trip destinations thus contributes not only to shorter travelling
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distances, but also implies a higher propensity of using non-motorized modes. For similar reasons,
walking distance to public transport stops influences on people’s propensity of using these modes.

The emphasis attached by the interviewees on the mode choice rationales appears to be influenced
by a number of individual and contextual conditions, including the interviewees’ mobility
resources, social obligations, time-geographical constraints, and the purpose of the trip.

The rationales identified for youte choice in the Copenhagen study imply that the interviewees are - { Formateret: Skrfttype: Ikke Fed

N R e e e e e T e Ty I PO e Y

not apt to make long detours from the shortest route to daily-life destinations. These rationales thus
support, in line with the so-called activity-based approach to transport research (Jones, 1990), the
assumption that daily-life travel is mainly an activity derived from the need or wish to carry out
other, stationary activities.

6. Neighborhood-scale density <~ - — | Formateret: Automatisk nummerering
+ Niveau: 1 + Nummereringstypografi:

. . . . . 1,2,3,..+Begynd med: 1 +
Internationally-reeent-years, most studies of relatlopshlgs between urban density and travel have - Justering: Venstre + Justeret: 0,63 cm

focused on the neighborhood scale instead-ofthecityas-awhele(see, e.g.. Handy & Clifton, 2001 \_ | + Indrykning: 1,27 cm, Hold sammen
Chatman, 2005: Rajamani et al., 2003; Handy et al., 2005; Boarnet & Crane, 2001). For example, +_( med nzeste, Hold linjer sammen

the density component of ‘the three D’s’ (density, design and diversity) coined by Cervero and {Formateret{ Hold sammen med
Knockelman (1997) as key urban form characteristics influencing travel referred mainly — implicitly naeste, Hold linjer sammen

or explicitly — to the local urban neighborhood or district. In the Nordic countries, local-scale
density has not to the same extent been at the center of interest. Local areca density has still been
included in several studies together with variables indicating the location of dwellings, jobs or
stores (Table 2).

In a study of residential areas in Oslo, Author, Larsen & Rge (1995) found an influence of high
local area density in terms of a higher proportion of travel by public transport. Local-area density
did not, however, show any effect on overall traveling distances. In Copenhagen Metropolitan Area,
Author (2011) found a slight tendency of increased traveling distance by car when living in a low-
density local area, yet no identifiable effect was found on neither modal split nor overall travel
distance. In another study in Greater Oslo, no effect of local-area density was found (Holden &
Norland, 2004). The same applies to study in the small Danish town of Frederikshavn (Author &
Jensen, 2004). It should be noted that in all these studies, clear correlations were found between
local-area density and most travel behavior variables when controlling for only demographic and
socioeconomic variables but not for the location of the dwelling relative to the city center. Once the
latter variable was included in the analysis, the effects of local-area density vanished or were
substantially weakened.

In a comparison of six workplaces in Greater Oslo, Author & Sandberg (1996) found a clear effect
of local-area density on the modal split of journeys to work, with higher shares of car commuting
and lower shares of travel by transit among employees of workplaces located in high-density areas.
This effect persisted also when controlling for the location of the workplace relative to the city
center. The population density in the areas around shopping malls has also been found to influence
the amount of car travel for shopping trips, measured in vehicle kilometers as well as in the modal
split between car and other modes (Hansen & Fosli, 1998; Engebretsen, Hanssen & Strand, 2010).

This mainly reflects very high levels of car driving to exurban shopping malls.
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The relatively modest influences of the density of residential nelghborhoods found in the above-

mentioned studles squares well Wlth the findings in i

%e&where only small elasticities were found between vehicle miles traveled and i&%ﬁ'
population and-jeb-densities. Compared to Ewing and Cervero’s meta-analysis, the Nordic studies

do, however, show stronger effects of the density in the local areas around workplaces and stores.
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Table 2: Nordic studies investigating the influence of neighborhood-scale density on travel behavior<- - -

Qfeference | Main influential _ _ | Main categoriesof _| Addressing | Car | Mainorgument |
urban form variables control variables the “self- owner-
(any standardized selection ship as
regression problem’? control
coefficientsyin | _____ | ______| varighle? | ________|
parenthesis)
Author, Rge & Density of dwellings Demographics and No Yes High density of dwellings in the residential
Larsen (1995 in the residential area | socioeconomics, and area contributes to a high proportion of
=0.179*** also distance to the travel by public transport
Proportion of travel city center and level
by public transport, of public transit
service
Author & Density in the local Demographics and Not Yes Workplace location in high-density areas of
Sandberg area of the workplace | socioeconomics relevant Oslo contributes to lower share of car
1996 -0.282%** commuting and higher share of commuting
Proportion of car by public transport.
commuting)
Hanssen & Density in the local None Not No Location of a shopping mall in a relatively
Fosli (1998 area of the shopping relevant dense suburban center in the outskirts of
center Greater Oslo contributes to lower share of
car trips and less vehicle km by car per
customer than location in a low-density
exurban part of the urban region.
Author & Demographics Partly Yes No separate effect found of local-area density
Jensen (2002, socioeconomics, when controlling for the distance to the city
2004) transport attitudes center
and leisure interests
Holden & Demographics No Yes No separate effect found of local-area density
Norland socioeconomics, when controlling for the distance to the city
2004 environmental center
attitudes, transit
period card, location
of the residential
area
Engebretsen Population density in None Not No Lower amount of car travel for shopping trips
Hanssen & the local area around relevant to shopping malls in or close to Norwegian
Strand (2010 shopping centers cities above 50,000 inhabitants with a high
population density in the local area of the
center
Author (2011 Population and job Demographics Yes Included Living in a low-density local area contributes
2005, 2006a density in the local socioeconomics, aswellas | tolonger traveling distance by car on
2006b, 2009 area of the residence residential not weekdays
0.093 preferences, included®

Travel distance by
car on weekdays

distances to city
center, second-order
center and to urban
rail station

7. Local street pattern

Compared to a considerable focus on neighborhood-scale street pattern in American studies, the

impact of street design on travel modes or distances has only been addressed in a very few Nordic

- -

Py —

- -

- — =

studies (Table 3). In one of these few studies the relationship between the local-level street structure

on traveling distance by car disappeared as soon as control was made for the location of the

residence relative to the metropolitan center (Author, 2011). In another study, Westford (2010)

found somewhat lower propensity for children living in a single-family home area with grid street

pattern and mixed traffic to walk to school, and a corresponding tendency of more frequent

chauffeuring by car, than in three adjacent neighborhoods with separate roads for motorized and
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non-motorized traffic. This tendency of higher shares of car travel in neighborhoods with grid-

shaped street pattern is the opposite of what has been concluded in several American studies.

Table 3: Nordic studies investigating the influence of neighborhood-scale street pattern on travel

behavior
Reference Main influential Main categories of Addressing Car Main argument
urban form variables control variables the “self- owner-
(any standardized selection ship as
regression problem’? control
coefficients® in variable?
parenthesis)
Westford Local street Demographics No No Lower propensity for children to walk to
2010 pattern*** socioeconomics school in a single-family home area with grid
Traveling by foot to street pattern and mixed traffic than in three
school adjacent neighborhoods with separate roads
for motorized and non-motorized traffic
Author (2011 Local street pattern Demographics Yes No No effect found of local street pattern (grid
-0.004; socioeconomics, structure or other street pattern) on travel
Travel distance by residential behavior variables once control is made for
car on weekdays preferences, distance distance to the city center and demographic
to city center socioeconomic and attitudinal variables
1:8.Residential location at a city/metropolitan scaleloeation-and-travel-behavior

The aspect of urban form that has attracted the greatest amount of research on its impacts of travel

behavior in the Nordic countries is the location -density-and-design-of residential areas. In this

section the attention will be directed toward the location of dwellings at a city/metropolitan scale in
relation to the city center and other major concentrations of employment and regional service. This

Formateret: Automatisk nummerering
+ Niveau: 1 + Nummereringstypografi:
1,2,3,..+Begynd med: 1 +
Justering: Venstre + Justeret: 0,63 cm
+ Indrykning: 1,27 cm

aspect has been addressed in 19 of the 31 Nordic studies included in the review (Table 4).




found-nanumberof studiesincountries-other than USA-Investigations in a number of Evropeans
and-alse-seme-Astan-and-AmericanNordic cities and metropolitan areas have shown that those
living in the outer parts travel considerably longer by motorized means of transportation, compared
to the res1dents of inner and central parts of the town. The same main pattern has been found in

Texa%éZhe&@eKoekehnan—zé)OS%Greater Copenhagen (Hartoft Nrelsen 2001a Author 2006a and
b, 2009, 2011), Greater Oslo (Author, Rge & Larsen 1995; Rge 2001), Helsinki (EahtiMartamo,
19954), Arhus (Hartoft-Nielsen, ibid.), Bergen (Duun, 1994), Trondheim (Synnes, 1990), Givle and
its surroundings (Tillberg, 2001), four medium-sized Danish provincial cities (Hartoft-Nielsen,
ibid.), and Frederikshavn (Author & Jensen, 2002 and 2004 )+ Hanezhou-MNess:2009b-and 2010}
and-Santiage-de-Chile(Zegras;2010). In some of these studies, the influences of residential location

on trips with different purposes have been analyzed separately. A large proportion of the differential
between suburbanites and inner-city dwellers in traveling distances has been found to be
attributable to differences in commuting distances (Hartoft-Nielsen, 2001a; Author, 2006¢, 2007b

and 2009b). However, residential location close to the concentration of facilities in the inner city
has also been found to contribute to shorter non-work trips (Krizelk;-2003:+-Author, 2006c).

arba—n—ferm—eharaeteﬁsﬁes—mln his studles in Copenhagen Metropohtan Area eﬂ—&wehﬂg—d-lsta-nees
by-ear;-Author (2006a, 42011) found the impacts of metropolitan-scale urban structural variables, in
particular the distance from the dwelling to the city center, to be considerably more influential than
nerghborhood -scale charactenstrcs Someloeakseal&varrable&eftenmenﬂoned&n%heh&era&ur&as

the resrdence to the closest second and thrrd order centers mﬁoemfe&densrtywere however,
found to influence travel distances by-earas—weH-astheand modal shares to some extent. In
Aalborg, Nielsen (2002) found the distance to the city center to be the main urban form variable

influencing traveling distances, but proximity to a second-order center at the southern fringe of the
city also contributed to some reduction in the distance traveled. Similar results svere-have been
found also in Greater Oslo, where, apart from the effect of living close to the city center, proximity
to service facilities contributed to a certain decrease in weekly traveling distances and-highloeal
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area-density-to-a-hicher share- of publie- transpert-(Author, Rge & Larsen, 1995; Rge, 2001: Holden
& Norland, 2004).

As mentioned in section 3, self-selection of residents into geographical locations matching their
traveling preferences has been mentioned as a source of error precluding researchers from drawing
flrm conclusmns about 1nﬂuences of re51dentlal locatlon on travel l—n—pamea-lar—t-his—has—been—a

dhee&fse—ln 2009 the ‘self- selectlon problem was thus the sub_]ect of a special issue of the journal
Transport Reviews. In one of the artlcles of thlS spec1al issue, Gae—et—a—]—@@@%—rewewed@%—sﬂ&d—res

‘ Author (2009ab) takes a dlfferent view on the issues of
self-selection than conventlonally construed in the literature. According to Author, the fact that
people to some extent ‘self-select’ into areas matching their transport attitudes (and car ownership)
is in itself a demonstration of the importance of urban structure to travel behavior. If there were no
such influence, people who prefer to travel by non-motorized modes might as well settle in the
peripheral part of the metropolitan area, far away from public transport stops and the concentration
of workplaces and service facilities found in the central and inner city. Anyway, empirical evidence
from Copenhagen Metropolitan Area shows a considerable influence of residential location (in
particular the distance from the dwelling to downtown) on traveling distances by car also after
controlling for residential self-selection. (Author, 2009ab).

3 mMany studles —in the
Nordlc countries as well as mternatlonally of resldentlal locatlon and travel include car ownership
as a control variable, and some also control for attitudes to car travel. However, car ownership and
transport attitudes are themselves subjects to influence from residential location: by providing
oneself with a car (or possibly a second car), long distances to trip destinations can be compensated
through higher travel speeds, and more time will be available for other everyday activities
(Hagerstrand, 1970).

If the purpose of the analysis is to identify and estimate the magnitude of the influence of residential
location on travel, the inclusion of control variables that are related to the location of the dwelling
with two-way causality leads to an underestimation of the effect of residential location (unless the
indirect effects of residential location via these variables are simultaneously taken into
consideration). As demonstrated by Author (2009b), the influence of residential location on car
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ownership among Copenhagen Metropolitan Area respondents was considerable and probably at
least as strong as the influence of car ownership on residential location. Information from
qualitative interviews with persons who had moved from one residential address to another address
within the metropolitan area underpinned this statistical relationship. Moreover, questionnaire
survey analyses of movers showed a tendency of somewhat increased car ownership as a result of
moving to a more peripheral part of Copenhagen Metropolitan Area. Outer-area respondents also
felt much more dependent on car travel to reach daily destmatlons than their i inner- 01ty counterparts
(1b1d ).

; Quahtdtlve interviews carried out by Nielsen
(2002) in Aalborg and bV Rge (2002) in Oslo also illustrate the mechanisms through which moving
from an inner-city to a suburban housing estate may induce people to acquire a (second) car. Clear
effects of residential location on car ownership were also found in a study of the little Danish town
of Frederikshavn (Author & Jensen, 2002 and 2004).

Similarly, attitudes to car travel can influence residential location but may also be influenced by the
location of the dwelling. In much of the literature on self-selection, the latter influence has been
ignored. However, inner-city residents traveling mainly by public or non-motorized modes while
being exposed to nuisances from traffic originating mostly in the suburbs are likely to develop less
car-friendly attitudes than suburbanites who feel the car as a necessity in order to reach their daily
activities Bagley-&Meokhtarian;2002:-(Author, 2009ab) — a point also enphasized by Bagley &
Mokhtarian (2002).

Given the at least equally strong effects of residential location on car ownership and attitudes as the
opposite influences found in his studies, Author (2009abk) recommended that only socioeconomic
and demographic variables and transport-related residential preferences should be included as
control variables, while car ownership and attitudes to car travel should both be excluded. Based on
such a set of control variables, he found traveling distances by car among residents of the most
peripheral parts of Copenhagen Metropolitan Area to be on average nearly four times as long as
among residents living close to the city center. A very similar center-periphery gradient was also
found in a previous study of Copenhagen Metropolitan Area including only income as control
variable (Hartoft-Nielsen, 2001a).

Table 4: Nordic studies investigating the influence of residential location at a city/metropolitan
scale on travel behavior

Reference Main influential Main categories of Addressing Car Main argument
urban form variables control variables the ‘self- owner-
(any standardized selection ship as
regression problem’? control
coefficients in variable?
parenthesis)
Synnes (1990 Distance to city None No No Longer commuting distances and total
center traveling distance among persons living far
away from the city center of Trondheim
Duun (1994) Distance to city Some control for No No Longer mean traveling distance among
center income, otherwise households living far away from the city
none center of Bergen
Lahti (1995) Distance to city None No No Longer mean commuting distance among
center workforce participants living far away from
the city center of Helsinki
Author, Rge & Distance to city Demographics and No Yes Longer weekly motorized traveling distances
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Larsen (1995)

center (0.472***)

Mean distance to
local service facilities

socioeconomics, and
also local area

density and level of

and also higher energy use) among residents
living far away from the city center of Oslo.

Also somewhat longer motorized traveling

0.158** public transit service distances the further away the dwelling is
Motorized travel located from local service facilities
distance
Martamo Distance to the city No Not No Inhabitants of the outer parts of Helsinki
1995 center relevant metropolitan areas and the other largest
Finnish urban regions have longer commuting
distances than inhabitants of areas closer to
the city centers.
Author, The degree of Population size, Not Yes For towns with similar population size and
Sandberg & concentration of the composition of relevant overall population density, energy use for
Rge (1996, urban population trades, income, other transportation tends to be lower, the shorter
towards the city socioeconomics, is the average distance from dwellings to
center (0.363* exurban commuting downtown
Energy use for and overall
transport population density
Hjorthol The part of the region | Demographics and No Yes Longer commuting distances among
2000a) in which the dwelling | socioeconomics residents of the outer parts of the Oslo
is located *** region than in the inner-city of Oslo
Hjorthol The part of the region | Demographics and No Yes Higher share of car trips among residents of
2000b) in which the dwelling | socioeconomics the outer parts of the Oslo region than in the
is located *** inner-city of Oslo
Tillberg (2001) The part of the None No No Longer weekly total traveling distances and
municipality in which travel distances by car among residents of
the dwelling is outer parts of Gavle than among inner-city
located residents, and by residents of a rural village
than in a small peripheral urban settlement
Hansen & Distance to the city Not relevant No No For daily-life routine trips, families with
Masud (2001 center children in the outer parts of the municipality
of Randers tend to travel longer distances
especially by car, than their inner-city
counterparts. For non-routine leisure trips
no clear difference is found.
Hartoft Distance to the city Separate bivariate No Yes Living far away from the main city center of
center analyses for Copenhagen is associated with longer overall
respondent groups traveling distances as well as by car, shorter
according to income, traveling distances by non-motorized modes
gender, driver’s longer commuting distances, higher share of
license holding and car travel and lower non-motorized share.
car ownership Living peripherally is also associated
somewhat longer weekend travel. Similar
effects in the Danish provincial city of Arhus,
and (albeit weaker) in the 4 medium-sized
provincial cities.
Rge (2001 Distance to city Demographics and No Yes Longer traveling distances, more frequent car
center (0.254*%) socioeconomics. But trips and less frequent non-motorized trips
Distance to private also controlling for among residents of outer suburbs than in
service facilities commuting distance, Oslo’s inner city. Living far away from city
0.170)* which is hardly center and, to some extent, private service,
relevant. contributes to longer overall travel distances.
Nielsen (2002 Distance to city Demographics and No Included® Longer total traveling distances, as well as by
center (0.202***) socioeconomics, plus aswellas | carand by public transport, among residents
Distance to second- leisure interests and not living far away from the main city center of
order suburban place of adolescence included Aalborg as well as from the suburban second-
center (0.097***) order center. Residential location also
influences car ownership
Author & Distance to city Demographics Partly Yes Living close to the city center of
Jensen (2002, center (0.240***) socioeconomics Frederikshavn contributes to shorter overall
2004) transport attitudes traveling distances, higher share of non-
and leisure interests motorized travel and lower share of travel by
car. Residential location also influences car
ownership
Engebretsen Distance to city None No No Overall weekly traveling distance as well as
2005 center the proportion traveled by car increases with

increasing distance from the dwelling to the
city centers of Oslo, Bergen and Trondheim,
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respectively
Holden & Distance to city Demographics No Yes Higher energy use for everyday transport the
Norland center (0.213*%*) socioeconomics, further away the respondents live from the
2004 Distance to closest environmental main city center of Oslo, and to some extent
local center (0.100*) attitudes, transit also the further they live from the closest
(Energy use for period card, local local center
everyday transport) area density
Author (2005, Distance to city Demographics, Yes Included’ Living far away from the main city center of
2006a, 2006b, center (0.145***) socioeconomics, aswellas | Copenhagen contributes to longer overall
2009 and Distance to closest transport attitudes, not traveling distances as well as by car and by
2011) second-order center environmental included public transport, shorter traveling distances
0.055 attitudes, residential by non-motorized modes, longer commuting
Distance to closest preferences, local distances, higher shares of car travel and
urban rail station area density lower non-motorized share. Living
0.046 peripherally also contributes to somewhat
Total travel distance longer weekend travel. Residential location
on weekdays also influences car ownership
Engebretsen Distance to city None No No Higher share of non-motorized shopping trips
Hanssen & center among those residents of Norwegian cities
Strand (2010) Modal split for above 50,000 inhabitants who live close to
shopping trips) the centers of their respective cities
Author, Silva & | Distance to the main Demographics, No No Among residents of the continuous urban
Pinho (2011) city center (0.127**) socioeconomics, area of Copenhagen, living far away from the
Distance to the distance to closest city center contributes to longer overall
closest main regional second-order center travel distances, higher share of car travel,
retail center (0.079* and lower share of non-motorized travel.
Travel distances are also increased if living far
from closest main regional retail center and
the share of car travel if living far from the
closest second-order center

In Ewing & Cervero’s (2010) meta-analysis, average -elasticities for associations between built

environmental characteristics and aspects of travel behavior found in the various studies were
calculated as the ratio of the percentage change in one variable associated with the percentage
change in another variable. In the present review, strengths of relationships have been indicated
(where available) by standardized regression coefficients, but we have not calculated averages

across studies. HoweversSince the relationships between residential location and travel are not

- {Formateret: Skrifttype: Ikke Kursiv

necessarily linear (this depends, among others, on how widely the investigated area has been
demarcated), elasticities for relationships between residential location and travel may be different in
different parts of a city or a metropolitan area. Generally, the change in a travel behavior variable
resulting from a given change in the distance to the city center will be smaller if the distance to the
city center is at the outset long than if the first location is in the inner parts of the city. Moreover,
the change in traveling distance resulting from a one-km increase in the distance between the city
center and the dwelling is smaller in big cities than in small towns, where built environment
characteristics may change from inner-city to rural over a few kilometers. On the other hand, the
total differential between center and periphery in traveling distances tends to be larger in the larger
than in smaller cities, since the centers of the former are attracting labor and visitors from a larger
hinterland (cf. Christaller, 1933/1966). In a Danish context, Hartoft-Nielsen (2001a) thus found
traveling distances by car among residents on the metropolitan fringe to be on average four times as
long as among inner-city dwellers in the Copenhagen region, three times as long in the-three-other
larser Danish-eitiesArhus, and two and a half times as long in four medium-sized and-smatier
Panishprovincial towns. i i ¢ i iste s-of :
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Based on experlence from ﬁw%four method -wise comparable Nordlc Nordic studies-fnainby-in

sion), Figure 1 shows how the
average da11y travehng dlstance by motorlzed modes of travel has been found to vary with the
distance from the dwelling to the city center. In the figure, the effects of residential location have
been controlled for socioeconomic and demographic variables (and in the metropolitan area of

| Copenhagen and-Hangzhou-also for transport-related residential preferences), but not for car
ownership or attitudes to car travel.
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Figure 1: Relationships between residential location and traveling distance by motorized modes
| found in five-four urban regions. Sources: Nielsen, 2002, pp. 238 and 260 (Aalborg); and data files
from studies published in Author, 2009b (Copenhagen Metropolitan Area); Author, Rge & Larsen,

| 1995 (Greater Oslo); Neess;204H0-and-2007a-(HanszhouMetropolitan-Area)—and Author & Jensen,
2004 (Frederikshavn).
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2-9.Location of workplaces and retail at a city/metropolitan scaleWerkplace loeation-and < -~ — | Formateret: Automatisk nummerering

1 bel . + Niveau: 1 + Nummereringstypografi:
1,2,3, .. + Begynd med: 1 +

. . . . . Justering: Venstre + Justeret: 0,63 cm
Compared to the large body of literature on residential location and travel, considerably fewer + Indrykning: 1,27 cm

among the Nordic studles have addressed the 1mpacts ef—weﬂepl—&eeof workplace location on travel
behavior (Table 5) , £ 3 : .

In-tine-with-this;several-studieshavefoundCommon to these studies is, however, the finding that

lower proportions of the employees commute by car eommuters-and higher shares ef-employees
travelingtravel by public transit, bicycle or by foot en-theirjournrey-to_workplaces located in the

inner-city than to suburban jobsites (Monsen, 1983; Newman-&Kenworthy 1989 Cervero&
Eandis;1992:-Hanssen, 1993; EahtiMartamo, 19954; Author & Sandberg, 1996; Hartoft-Nielsen,

2001b; Strgmmen, 2001; Sehwanren-etal200Yanes2005+-Author, 2007b-Asuieraetal52009).
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In particular, a strong center-periphery gradient has been found for office workplaces. In a study of
52 offices in Copenhagen Metropolitan Area, Hartoft Nielsen (2001b) found that the proportion of
employees commuting by car tended to increase from 40-45 % at downtown workplaces to 80 %
when the distance between the workplace and downtown was 30 km. In addition, a clear effect of
proximity to urban rail stations could be seen. Among the inner-city workplaces located closest to
main urban rail stations, the proportions of car commuters were only10-25 %. In the outer areas,
proximity to a junction urban rail station typically reduced the proportion of car commuters from
75-85 % to 40-60 %. Similar differences between center and periphery have been found in Helsinki
in Finland (Martamo, 1995) and in Oslo and Trondheim in Norway (Monsen, 1983. Author &
Sandberg, 1996; Strgmmen, 2001). In Oslo, a clear separate effect of the level of public transit
services and parking availability at the workplace has been demonstrated in a study of workplaces
relocating to a new site at similar distance from the city center as the old locations (Tenngy &
Lowry, 2008). In Danish provincial cities, a center-periphery gradient for the modal split has also
been found, yet with a smaller difference between city center and suburb in the share of car

commuters than in Copenhagen Metropolitan Area (Hartoft-Nielsen, 2001b; Mgller & Author,
2000).

Some planners have believed that the higher proportion of car trips to suburban jobs would be
compensated by shorter commuting distances, since suburban workplaces might recruit a high
proportion of their employees from nearby residential neighborhoods. However, in the Nordic
studies, there is little evidence of any such overall tendency. For office workplaces, average
commuting trips instead appear to increase slightly the more peripherally the jobs are located
(Hartoft-Nielsen, 2001b; Strgmmen, 2001).

Horothertypes-ofworkplacesthan-officesthe pietureis-mere nuaneed—While office workplaces

are often highly specialized, less specialized workplaces (e.g. within retail, primary education,
kindergartens and health care) are-may more often be able to recruit employees locally. Among
residents of Copenhagen Metropolitan Area with shorter education than the median, commuting
distances thus tend to increase the closer to the city center the workplace is located, whereas an
opposite tendency can be seen among those with education above the median. In total for all types
of workplaces, the longest mean commuting distances were found among employees located some
10-25 km from the city center, with shorter journeys to work among those working more centrally

as well as those working in the outermost parts of Copenhagen Metropolitan Area (Author, 2007b).

This pattern cannot, however, be taken as a general rule. In Helsinki, Martamo (1995) has found a

nearly opposite pattern, with the longest commutes to centrally located jobs and to jobs in outer- __— { Formateret: Engelsk (USA)

suburban employment centers at the main roads, with shorter journeys among employees of
workplaces in the inner suburbs. Yet, similar to Copenhagen, commuting distances tended to drop

when the distance from the jobsite to the city center of Helsinki increased beyond some 20-25 km.

In Copenhagen Metropolitan Area, the differences in commuting distances among different
educational groups also translate into corresponding differences between employees with high and

low education in the ways in which workplace location affects modal split. The proportion of car
commuters among respondents with a low education was thus lowest and the proportion of
walk/bike commuters highest at workplaces located between 15 and 28 km from downtown

Copenhagen. Among respondents with a high education, the lowest share of car commuters and the
highest share of non-motorized commuting were found at workplaces located less than 6 km from

downtown (Author, 2007b), s1m11ar to the distribution found in Hartoft- Nllsens 52001b) study of

employees at offlce workplaces
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Table 5: Nordic studies investigating the influence of workplace location at a city/metropolitan

scale on travel behavior

Reference Main influential Main categories of Addressing Car Main argument «— — —
urban form variables control variables the “self- owner-
(any standardized selection ship as
regression problem’? control
coefficients' in variable?
parenthesis)
Monsen Distance to the city None Not No Relocation of workplaces from inner districts - — -
1983 center relevant to the outskirts of Greater Oslo has resulted
in increased shares of car travel and
somewhat longer commuting distances
Hanssen Distance to the city None Not No Relocation of branches of an insurance «-— -
1993 center relevant company from inner districts of Oslo to a
common site at a suburban local center has
resulted in increased shares of car travel
Martamo Distance to the city No Not No Employees of workplaces located in the - —
1995 center relevant central parts of Helsinki metropolitan area
have longer commuting distances than
employees working in the inner suburbs.
Employees of outer-suburban employment
centers along the main roads have
commuting distances as among inner-city
employees. Less clear patterns in the other
Finnish urban regions
Author & Distance to the city Demographics and Not Yes Workplace location close to the city center of «-——
Sandberg center (0.252***) socioeconomics relevant Oslo contributes to lower share of car
1996 commuting, higher share of commuting by
public transport and to lower energy use for
commuting.
Mgller & Distance to city A few socioeconomic | Not No Higher likelihood of commuting by car if the - — -
Author (2000 center*** variables relevant workplace is located far away from the city
center of Aalborg
Hartoft- Distance to city None Not No Higher proportion of commuting trips by car, - _
Nielsen center (0.59*** for relevant lower proportion of commutes by transit, b
2001b Copenhagen longer traveling distances by car and longer
Metropolitan Area overall traveling distances among employees
of workplaces located far away from the city
center of Copenhagen. Similar, but weaker
effects in the Danish provincial cities of
Arhus, Odense, Aalborg and Vejle.
Strgmmen Location accordingto | Demographic and Not No Lower proportion of car commuting and «-—- -
2001 the Dutch ABC socioeconomic relevant higher proportion of commuting by public
criteria transport to workplaces located in A-areas
(close to the city center of Trondheim, where
accessibility by public transit is high and
availability of parking is low).
Tenngy & Parking availability No Not No Reduced proportions of car commuting «-——
Lowry (2008, and public transit relevant among employees of four research institutes
accessibility in Oslo relocating to a site with higher
accessibility by public transit and lower
limited parking availability. (Average distance
to city center remained almost the same.
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For several categories of businesses, the trips generated by visitors are dominant, compared to the
employees’ journeys to work. This applies to, for example, shops, schools and other types of public
and private service. The Nordic studies of transport impacts of the location of service facilities have
concentrated on the location of shopping malls (Table 6). In all these studies (two Norwegian and
one Swedish), out-of-town location of shopping malls has been found to contribute to higher shares
of car trips and more vehicle kilometers by car (Svensson, 1998; Hanssen & Fosli, 1998:
Engebretsen et al., 2010). According to the former of these studies, the distance traveled by car for
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shopping in Link6ping, Sweden increased by 50% due to the establishment of three out-of-town
shopping malls.

Table 6: Nordic studies investigating the influence of the location of shopping malls at a
city/metropolitan scale on travel behavior

Reference Main influential Main categories of Addressing Car Main argument
urban form variables control variables the “self- owner-
(any standardized selection ship as
regression problem’? control
coefficients™ in variable?
parenthesis)
Hanssen & Distance to local None No No Location of a shopping mall close to a
Fosli (1998 center suburban center in the outskirts of Greater
Oslo contributes to lower share of car trips
and less vehicle km by car per customer than
exurban location far away from any such
center.
Svensson Exurban vs. intra- Before-and-after No No As a result of the establishment of three out-
1998 urban location study of-town shopping malls in Linkdping, the
distance traveled by car for shopping in
Linkodping increased by 50%
Engebretsen Distance to city None Not No Higher share of public transit and non-
Hanssen & center relevant motorized shopping trips, and lower share of
Strand (2010 car trips, among customers of shopping malls
in or around Norwegian cities above 50,000
inhabitants if the malls are located close to
the centers of the respective cities

3:10. Population density at a city scaleDensity

Inspired by Newman & Kenworthy’s (1989) study of urban density and gasoline consumption in 32
cities worldwide, investigations into the relationships between city-scale urban density and energy
use for transportation in Nordic cities were carried out in the first half of the 1990s (Table 7). When
discussing the influence of travel from population density at a city-wide scale, it is important that
the area within which density is demarcated is measured in an appropriate way. The relevant area is
the urbanized land (including built-up areas, infrastructure as well as parks and other smaller intra-
urban open areas). Such demarcations were used in the Nordic studies as well as in Newman &
Kenworthy’s earlier investigation. In the most comprehensive of the Nordic studies, 22 cities in

Norway, Denmark, Sweden and Iceland were investigated, with energy data based on fuel sales and

electricity use for public transit services. In line with theoretical expectations (cf. section 2), aMueh
e ; .
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relationship between urban population density and energy use for transport was

study-of 22 Nordieeities;-where-(Author, Sandberg and-& Rge, 1996),- Thisrelationship-was-still

present when controlling for a number of other urban form and socio-economic variables (including
population size and income level). A separate-similar study of 97 Swedish cities and towns also

showed clearly higher levels of energy use for transport in low-density than in high-density cities,

also after controlling for other key factors of influence (Author, 1993).

Table 7: Nordic studies investigating the influence of population density at a city scale on energy

use for transportation

T
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Reference Main influential Main categories of Addressing Car Main argument «-—- -
urban form variables control variables the “self- owner-
(any standardized selection ship as
regression problem’? control
coefficients™ in variable?
parenthesis)
Author (1993) Population density Population size, Not No Among Swedish municipalities including a .« — —
within demarcations income level relevant town of at least 10,000 inhabitants, high
of continuous proportions living in mean population density within the
urbanized land the main town of the demarcations of the urbanized areas
0.70*** municipality and in contributes to lower energy use for
(Energy use for rural areas transportation.
transport)
Author, Population density Population size, Not Yes Among 22 Nordic cities, high population «—— -
Sandberg & within demarcations composition of relevant density within the demarcations of the
Rge (1996) of continuous trades, income, other urbanized areas contributes to lower energy

urbanized land
0.370***
Energy use for
transport

socioeconomics,
exurban commuting,
and degree of
concentration of the
urban population
towards the city
center

use for transgortation
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8:11. Centralization vs. decentralization at different-geegraphicallevelsa regional scale

At shown in section 85, at the level of individual cities or metropolitan areas there is strong
evidence that residential location close to downtown contributes to reduce the amount of travel in
general and travel by car in particular. Some professionals maintain that this will also be the case at
the level of larger regions (for instance a county or a province), from a line of argument that there
will be a lot of crisscrossing transport between the different local communities in regions with a
decentralized population pattern. However, evidence from the Nordic countries (Table 8) suggests
that centralization at a wider regional scale may not entail the same benefits as centralization within
a metropolitan area or a city, seen from a perspective of reducing the energy use and emissions from

transport.

WIH the earher abeve—mentloned study of Copenhagen Metropohtan Area (cf section
85), a slight tendency of reduced travel distances could be observed among residents of the very
most peripheral parts, i.e. more than 45 km away from the city center (Author, 2006a). In a study of
three Danish provinces, Author & Johannsen (2003) found that the amount of motorized travel
tended to increase at a steady pace with i 1ncreasmg distance from home to the center of the closest
main townéi v : v
largest-towns, up to a distance of some 15 to 25 kilometers. Beyond that dlstance travehng
distances began to decline again, reaching levels in the most peripheral locations only slightly
above the levels found among the residents living closest to the center of one of the county’s main
towns.

A study of commuting distances in Finnish municipalities points in the same direction. Here, people
living in rural and peripheral municipalities were found to usually have shorter commuting
distances than those whe-livinge in the suburbs of the largest cities (Martamo, 1995). Similarly, an
investigation of transport energy use in Swedish regions found that the energy use tended to
increase the more the regional population was concentrated around the largest town of the region.
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Contrary to expectations, a high degree of urbanization, meaning that the proportion of the regional
population living in rural areas and small settlements is small, tended to increase the use of energy

for transport. On the other hand, a high population density within the cities contributed (as might be
expected) to reduced energy use. (Author, 1993).

The above-mentioned studies of traveling distances at regional or provincial level clearly point at

‘distance decay’ in the attractiveness of a large center. Beyond the range of influence of the largest
centers, most people are likely to orient themselves to a higher extent to smaller, more local centers,
even if the job opportunities and selection of service facilities are narrower than in the big city.

Table 8: Nordic studies investigating the influence of centralization vs. decentralization at a

regional scale on travel behavior and energy use for transportation

Reference Main influential Main categories of Addressing Car Main argument
urban form variables control variables the ‘self- owner-
(any standardized selection ship as
regression problem’? control
coefficients™ in variable?
parenthesis)
Larsen et al. Location of the Unclear, but probably | No No Energy use for transport in Denmark
1982 dwellings relative to none increases with increasing distance from the
centers at different dwelling to the closest main city or town
levels in a center center, with the lowest energy use in the
hierarchy centers of the largest cities. On the other
hand, energy use for transport is generally
higher in the most urbanized regions of the
country
Author (1993 Degree of Population density No No At the regional level, decentralized
concentration of the within cities and concentration appears to be the most energy
regional population urban settlements, efficient pattern, i.e. a settlement structure
to the biggest city income level where a moderate part of the regional
-0.60* population is concentrated to the biggest
Energy use for town, while each town and settlement has a
transport) high population density.
Martamo Distance from None No No Commuting distances in Finland tend to
1995 dwelling to the increase with increasing distance from home
center of the closest to the closest main city center up to a
larger city ‘turning point’, beyond which further
increase of the distance to the city center
contributes to reduce the mean commuting
distances. These ‘turning points’ are further
away from the city centers, the larger the city
is. In the most remote rural regions
commuting distances are on average short.
Author & Distance from Income, age, No Included Increasing distance from the dwelling to the
Johannsen dwelling to the household " aswell | center of the closest larger town in the
2003 center of the closest composition and size as not counties of North Jutland, Ringkjgbing and
larger town (0.115* - vehicle ownership included Vejle up to 15-20 km contributes to increase
0.163*** the amount of motorized travel, but when
the distance to the center of the closest town
increases beyond this level, the amount of
motorized travel tends to decrease.
Author Distance from Demographics, Partly Included When the distance from the dwelling to the
2006a dwelling to the main socioeconomics, aswellas | city center of Copenhagen exceeds 40-45 km
metropolitan city transport attitudes, not mean traveling distances decrease slightly.
center environmental included

attitudes, residential

preferences, local
area density
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rationales for location of activities. choice of transport modes and route choice identified in

qualitative research make up important links in the mechanisms by which urban structures influence
travel behavior. Mest-efthese rationates-eithercontribute aetively to-strensthen-the relationship

of inhabitants in modern cities to emphasize (within some threshold distances) the possibility of
choosing among facilities rather than proximity means that the amount of travel is influenced to a
higher extent by the location of the residence in relation to concentrations of facilities, rather than
the distance to the closest single facility within a category. Daily traveling distances therefore tend

to be more mere-influenced by the distance from the dwelling to the city’s main concentration of
facilities (usually dewntownthe inner city) than by its distance to local centers. The transport

rationales identified in the Nordic studies are hardly unique to the Scandinavian context. In a
subsequent study of residential location and travel in Hangzhou, China, very similar transport
rationales as those of the Copenhagen interviewees have been found (Author, 2009b). This

similarity across widely differing contexts suggests that there may be a high degree of generality of
the basic mechanisms through which urban form influences travel behavior.

The conclusions from the Nordic studies add to the quite overwhelming international evidence that
urban spatial structures matter to travel behavior and are in line with what could be expected from

theoretical insights within fields such as transportation geography (Tobler, 1970; Jones, 1978; Fox,
1995), time-geography (Hégerstrand, 1970) and central place theory (Christaller, 1933/1966: Berry
& Garrison, 1958). However, whereas much of the research in America and parts of Europe has
focused on the influences of local neighborhood characteristics on travel, the Nordic research shows
effects on travel behavior mainly from urban form characteristics at a higher geographical scale: the
overall population density within continuous urban areas, and the locations of residences and
workplaces relative to the city-level or metropolitan center structure. These relationships also exist
when taking into account self-selection based on transport-related residential preferences and when
controlling for car ownership. Many inner-city residents walk, cycle or go by public transport to
their daily destinations even if they have got a car at their disposal, and this reduced car usage is
only to a small extent, if at all, compensated through weekend driving. This illustrates the point
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made by Kaufmann (2002) that potentials for movement (motility, according to Kaufmann’s
vocabulary) are not automatically realized as actual movement (observable travel). However, as
shown in some of the Nordic studies, car ownership is itself influenced by residential location, and
including car ownership as a control variable may therefore be inappropriate. Although many
studies — internationally as well as in the Nordic countries — have treated car ownership as an
exogenous control variable and thus ignored the influence of residential location on car ownership,
the two-way influence characterizing this relationship is increasingly being acknowledged in the
international research (Giuliano & Narrayan, 2003 Schreiner & Holz-Rau, 2007, Vance & Hedel,
2008; Zegras, 2010; Aditjandra et al., 2010).

Similar strong influences of residential location relative to the city center on traveling distances
(totally or by car) as those found in the Nordic studies have also been identified in an number of
other cities around the world, including Paris (Mogridge 1985, Fouchier 1998), London (Mogridge,
ibid.), New York and Melbourne (Newman and Kenworthy 1989), San Francisco (Schipper et al.
1994), Austin, Texas (Zhou & Kockelman, 2008) , Athens (Milakis, Vlastos and Barbopoulos),
Hangzhou (Author, 2009b and 2010) and Santiago de Chile (Zegras, 2010). These cities are all
more or less monocentric. In cities with a more polycentric structure, the influence of the distance to
the city center itself may be weaker. For example, in a study of Greater Oporto, Portugal, most

travel behavior variables were found to be more closely related to the closest main regional retail
center than to the main city center” (Author, Silva & Pinho, 2011).

The influences of workplace location on commuting patterns found in the Nordic studies also
resemble the relationships found in a number of international studies. Cities where lower
proportions of car commuters and higher shares of employees traveling by public transit, bicycle or
by foot have been found at inner-city than at suburban jobsites include the San Fransisco Bay area
(Cervero & Landis, 1992); London and other large British cities (Dasgupta, 1994); the Dutch
Randstadt area (Schwanen et al., 2001); Atlanta and Boston (Yang, 2005); and Paris (Aguilera et
al., 2009). Several studies in cities in other parts of the world also support the conclusion from the
Nordic studies that job decentralization from inner to outer parts of cities and metropolitan areas
usually does not contribute to reducing average commuting distances (Cervero & Landis, 1992;
Yang, 2005; Aguilera et al., 2009). Admittedly, according to some studies employment

decentralization has reduced commuting times (Gordon et al., 1991; Cervero & Landis, 1992; _ - { Formateret: Skrfttype: Kursiv

Giuliano & Small, 1993). This has, however, mostly to do with the generally higher shares of fast

modes of travel and higher driving speeds in the suburbs than in the inner city.

The influence of the population density for the city as a whole on energy use for transportation
found in the Nordic studies squares well with the results of Newman & Kenworthy’s (1989) much-
cited study as well as earlier studies such as Keyes’ (1976) comparison of fuel consumption in 49
American metropolitan areas in the 1970s and more recent analyses, including an expansion of
Newman & Kenworthy’s sample to 84 cities (Kenworthy, 2003 Lefévre, 2010). The Nordic finding
that local-area density shows much weaker relationships with travel behavior is also in line with
international experience. For example, in Ewing and Cervero’s (2010) meta-analysis, only small
elasticities were found between vehicle miles traveled and, respectively, population and job
densities. Moreover, in many of the international studies where the impact of local-area density has
been assessed, no control has been made for the location of the neighborhood relative to the city
center (e.g. van Acker et al., 2007). This should, however, not lead us to conclude that a high local
area density contributes only marginally to reduce car traffic and emissions from transport. Local
area densities add up to the overall density of the city, and a high neighborhood-scale density
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strengthens the population base for local service facilities and thus increases the likelihood that such
destinations can be found within walking distance.

Interestingly, none of the Nordic studies appear to have investigated the influence of degree of
mixed land uses in the local neighborhood (the Diversity component of ‘the three D’s’ emphasized
by Cervero and Knockelman, 1997). This omission may — at least partly — be based on an implicit
assumption that people living in a neighborhood will neither necessarily be employed at the
workplaces in the same neighborhood (i.e. that the local jobs-housing balance may not be very
important) nor primarily use the local shopping and leisure facilities, cf. the transport rationales
discussed in section 5. Studies in other European cities (e.g. Milakis et al., 2008) suggest that the
local jobs-housing balance may exert some influence on mean trip lengths by car as well as the
share of public transport (the latter probably because jobs in a residential neighborhood increase the

population base for a higher level of public transport services). Fhis-appears-to-be-trae-acrosseity

The Nordic studies addressing possible influences of neighborhood-scale street pattern and travel

behavior have either found no such relationship whatsoever or relationships opposite to those found
in American studies (e.g. Cervero, 2003; Frank, 2003). This gives rise to suspicion that the
relationships between street pattern and travel found in some American studies might perhaps
reflect the location of the residential areas rather than the shape of the local street network. In
Ewing and Cervero’s (2010) meta-analysis, street intersection density and street connectivity were
found to be almost as influential as distance to downtown or employment concentrations on the
number of vehicle kilometers traveled. However, based on the transport rationales discussed in
section 5, it is difficult to justify why local-area street design would exert any strong influence on
overall traveling distances by car. Instead, the location of the residence relative to main
concentrations of facilities (in particular employment) could be expected to exert far stronger
influence on traveling distances in general and car travel in particular.

The Nordic studies suggest that while at an intra-metropolitan scale a centralized pattern of
development will require the least amount of energy for transportation, decentralized concentration
may be the most energy-efficient settlement pattern at a wider regional scale. According to Brotchie
(1984), a decentralized settlement structure will be the most energy efficient and least transport-
requiring one if the level of physical mobility in the society is low. In such a situation, the distance
decay will be high, with rationales of distance minimizing outweighing those of choosing the best
facility. In a high-mobile society, however, the deterrent of distance will be low, with rationales of
choosing the best facility generally dominating over distance minimizing (within some threshold of
acceptable travel time). If a peripheral settlement is to function in a self-contained way in a high-
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mobility society, it must be located outside the catchment area of competing centers. Thus, Banister
(1992) found that traveling distances were shortest and the proportion of walking highest in the
most urbanized of six investigated parishes in the generally densely populated Southern England
while the most rural parish was distinguished by long trips and a high proportion of car driving. If
residential development in peripheral rural areas and villages in a high-mobile society is to be
compatible with modest average amounts of travel, the distances to the closest cities (and in
particular major metropolitan centers) must therefore most likely be quite long, and longer the

stronger is the attraction of the main center (Breheny, 1992).
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