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1 Introduction

There has been a long-standing interest in the nature of the re-
lationship between land use configuration and travel demand. 
The principal motivation is to evaluate the extent to which land 
use regulation can be used to bring about more sustainable 
patterns of travel behavior. As in many countries, regions, and 
cities around the world, land use planning policy in Scotland 
promotes intensification of the built environment in order to 
address problems of environmental and resource degradation 
(Williams 2004). Planning policy in Scotland (National Plan-
ning Framework 2004; Scottish Planning Policy 2010) is based 
on the premise that land use planning can be used to reduce 
the growth, or the level, of car traffic. This paper describes a 
study that aims to inform policymakers of the validity of this 
premise by providing fresh evidence of the causal relationship 
between urban form and the distance traveled by car in Scot-
tish cities.

The continued use of land-use planning policies to influ-
ence travel behavior has led to an increasing level of research 
into the nature of the relationship. Since the early work by 
Newman and Kenworthy (1989), who found an association 
with petroleum consumption and city density for 33 cities 
across the world, most studies have focused on one or more 
urban areas within a particular region or country, although 
there are a small number of more recent transnational stud-
ies of travel behavior and urban form such as Timmermans et 
al. (2003) and Souche (2010). Most subsequent studies have 
focused on single cities or countries, addressing much of the 

criticism of the early work by Newman and Kenworthy for 
its lack of control for other factors that are likely to affect the 
travel behavior of residents from different national or regional 
contexts—including government policy, incomes, and costs of 
transport (Gordon and Richardson 1989). While some subse-
quent studies found no significant associations between urban 
form and travel behavior (e.g., Boarnet and Sarmiento 1998), 
the majority of subsequent research based in the United States 
found that “neo-traditional” attributes of mixed use and higher 
densities arranged around a grid street pattern were associated 
with less distance traveled by car or fewer trips made by car 
(Cervero and Kockelman 1997; Cervero 2002; Ewing et al. 
2003; Khattak and Rodriguez 2005). 

A similar pattern of findings has been reported in Europe, 
where “neo-traditional” attributes are more commonplace. 
Findings from studies of a range of urban forms also suggest 
that higher residential density, closer to an urban center, and 
more mixed land uses are associated with a lower demand for 
travel by car (Stead 2001; Dieleman et al. 2002; Snellen et al. 
2002; Naess 2005).

However, association does not demonstrate causation be-
tween urban form and travel behavior (Handy et al. 2005). 
Longitudinal observations or experiments are particularly use-
ful in demonstrating the time order of changes in urban form 
and changes in travel behavior. However, longitudinal stud-
ies are rare because of the timescales over which urban forms 
and travel behavior change and difficulties in controlling for 
other factors over such a period of time. From analysis of a 
longitudinal aggregate dataset of travel and urban form in Lon-
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don, Williams (1997) found that “…three London Boroughs 
which had been intensified over a ten year period showed no 
reductions in car use. Travel patterns were so complex, due to 
lifestyle shifts such as cross-London commuting for work, and 
increased journeys for leisure, that no relationship could be 
found.”  There are a small number of quasi-longitudinal stud-
ies in the U.S. and China (Cervero and Day 2008; Handy et 
al. 2005) that have utilized current and retrospective recalled 
data. Similarly, in the U.K., Aditjandra et al. (2012) analyzed 
the relationships between neighborhood design and travel be-
havior for 219 households in 10 neighborhoods in northeast 
England. The study found that changes in socio-demographic 
characteristics explained much of the changes in car ownership. 
Changes in urban form influenced small changes in travel be-
havior directly and also indirectly through change in car own-
ership.

While there is limited evidence as to how changes in ur-
ban form are associated with changes in travel behavior (Krizek 
2003; Vandermissen et al. 2003; Aditjandra et al. 2012; Handy 
et al. 2005; Su 2010), such studies are rare and as such, no 
consistent body of evidence exists on those measures of urban 
form that are important in any particular national or regional 
context. Moreover, studies that have investigated travel related 
to specific activities do not consider that reductions in travel for 
one activity might be offset by increases for other activities (i.e., 
compensation) (Naess 2005). Although a body of evidence is 
emerging on the associations between urban form and travel 
behavior, fewer studies have determined how changing urban 
form relates to changes in travel behavior, which is often one 
aim of planning policy. As such there is little evidence as to 
whether changing urban form through planning policy will re-
late to the desired changes in travel behavior in any particular 
national or regional context.

Further doubts also surround the ability of planning poli-
cies to create such changes to urban form (Stead and Hoppen-
brouwer 2004; Breheny 1997; Hull 2007; Senior et al. 2004). 
In this regard, Williams (1999) argues that, “…although the 
policies may have benefits in terms of sustainability, their ef-
fects may be so complex, and their potential to be implement-
ed so riddled with problems, that they are unlikely to produce 
the planned outcomes.”

This research was carried out as part of the wider City-
Form research program that investigated links between urban 
form and several aspects of sustainability including travel be-
havior (Jenks and Jones 2010). The aim of the study reported 
in this paper was to examine the effect of a change in urban 
form arising from a residential relocation on car use. This is 
one of only a handful of studies to adopt a quasi-longitudinal 
design and is the first to be carried out in a Scottish context. 

This design enabled an analysis of change in urban form and 
change in car use for all activities to be analyzed, thus providing 
new evidence as to whether changing urban forms can reduce 
car use and hence, the efficacy of Scottish planning policies. 

2 Research design

The study utilized a current and retrospective recall survey of 
households in Glasgow and Edinburgh, with a focus on those 
who had moved home in the preceding three years. Infor-
mation was collected on levels of car ownership and use and 
residential and employment locations, along with other so-
ciodemographic data. Attitudinal data were excluded from this 
analysis, as respondents might not reliably recall attitudes held 
some time before the date of the survey (Wall and Williams 
1970).

3 Case study neighborhoods

Glasgow and Edinburgh, which are Scotland’s two largest cit-
ies, are situated approximately 65 kilometers apart in the most 
populated part of Scotland. Each city has a suburban rail net-
work, extensive bus routes, and in the case of Glasgow, a small 
underground rail line. Within each city, three case study areas 
were selected: in Glasgow they were the Merchant City/Cal-
ton area, Pollokshields, and Darnley; in Edinburgh, they were 
Dalry, Restalrig, and Corstorphine. The areas were chosen to 
reflect the urban form typically found in the inner, middle, and 
outer areas of each city, respectively. Figure 1 shows the road 
network and location of each case study area within each city. 
 

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

Figure 1:  Case study areas in Edinburgh and Glasgow [© 2013 Crown Copyright/database right]. 
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Each area included at least 2,000 households, a mix of 
land uses, and households with a range of socioeconomic back-
grounds. Indications of the built form and car ownership of the 
case study areas are provided in Table 1. These areas represent a 
range of urban and suburban typologies found in Glasgow and 
Edinburgh (Frey et al. 2005). 

Three variables were selected to characterize urban form: 
(1) residential population density, (2) the ratio of employment 
to residential population, representing land use mix, and (3) 
the distance to the city center. Residential population and em-
ployment data were obtained from the 2001 census (General 
Register Office for Scotland 2001). The distance to the city 
center was taken as the Euclidian distance from the residence 
to the city center. If a respondent had relocated recently, then 
the urban form characteristics of his or her previous ward of 
residence were also collected and additionally, the size of the 
nearest urban area was recorded based on the eight categories 
described by Scottish Executive (2004), from “Large Urban 
Areas” (more than 125,000 people)  to “Very Remote Rural” 
(less than 3,000 people and with a drive time of more than 
60 minutes to a settlement of 10,000 or more). An additional 
category was created for those who had moved from London, 
while all those moving to the U.K. from overseas were excluded 
from the study. Although spatial dependency is recognized as 
an issue where samples are clustered (Bhat and Zhao 2002), 
it is important to recognize that the focus of this research is 

on the change in distance driven rather than current distance 
driven. While respondents were spatially clustered in six case 
study areas, their previous residential locations were not clus-
tered. Hence, spatial dependence between observations was 
not considered to be a problem with this particular data set.  

4 Travel survey 

A survey was undertaken in the six neighborhoods, which 
provided information about respondents’ travel behavior and 
available transport resources as well as household characteris-
tics. The questionnaire was 14 pages long, included a four-day 
travel diary, and was conducted using a mail-out mail-back 
format. 

The survey was carried out in June 2006. Respondents 
were asked a series of questions related to their current cir-
cumstance and their previous circumstances at the end of 
2002, thus enabling any changes that had taken place in this 
three-and-a-half-year period to be recorded, as per Handy et 
al. (2005). This period was deemed to strike an appropriate 
balance between the need to identify a sufficiently large num-
ber of home-movers and the ability of respondents to provide 
reliable recalled data. Data were obtained from the Registers 
of Scotland for all property sales that had taken place from 
2003 to 2006. All addresses highlighted as having been sold 
in the three-year period were selected for possible inclusion in 
the sample. Addresses that appeared commercial in nature or 
incomplete were removed. A further set of residential addresses 
obtained from the Ordnance Survey (2008) were added to this 
list. A total of 2,495 addresses were selected, of which approxi-
mately two-thirds were addresses for which a sale had taken 
place in the previous three years. In accordance with Dillman 
(2007), contact was first made with households using a pre-
notice letter that was timed to arrive approximately one week 
before receipt of the questionnaire. This letter introduced the 
household to the study and explained its purpose. A follow-up 
letter was sent to households that had not responded within a 
two-week period. A total of 452 letters were returned as “ad-
dress unknown.” In total, 281 completed questionnaires were 
returned, which represents a response rate of 13.7 percent. This 
was in line with expectations given the burden of completing 
the questionnaire, particularly the four-day travel diary, and 
is within the range achieved in similar studies such as the 11 
percent response achieved by Kitamura et al. (1997) and 16 
percent by Xing et al. (2010).

Respondents were asked to compare their current car 
use as a driver or passenger with their car use at the end of 
2002. Permissible responses were (a) a lot less, (b) a little less, 
(c) about the same, (d) a little more, and (e) a lot more. Simi-

larly, respondents were asked to provide details of their current 
household income and to compare this with their income at 
the end of 2002. For each respondent, the survey also collected 
details of current and previous (end of 2002) residential loca-
tion, car availability, possession of driving license, employment 
status, workplace location and parking availability, and mode 
of transport used for commuting to work.

5 Analysis

To determine whether a statistically significant association 
between changes in urban form and in self-reported distance 
driven existed, and to control for the effects of socioeconomic 
variables, an ordinal regression model was developed. A nega-
tive-log-log link function was found to relate to the best model 
fit. Reported change in driving, measured on a Likert scale 
from “a lot less” to “a lot more,” was entered as the dependent 
variable. Explanatory variables, as described in Tables 2 and 3, 
were entered into the model and refined using a backwards re-
moval method. Missing data were excluded on a list-wise basis.

Change was calculated as current value minus the previous val-
ue, with a negative value relating to a lower current level than  
than the previous level.

Additionally, a variable was created to reflect the current 
residential city of either Glasgow or Edinburgh. This variable 
was not found to be significant either as a main effects term 
or by interacting all other variables with it and was hence re-
moved. The output shown in Table 4 presents the final ordinal 
regression model specification that was found to have the great-
est explanatory power (pseudo R square values).

6 Results

Of the urban form variables, the change in ward population 
density and previous urban rural classification had no statisti-
cally significant effect on change in distance driven, all else be-
ing equal. The change in distance to the urban center had a sta-
tistically significant effect (p-value of 10 percent). An increase in 
distance to the nearest urban center of 2.059 km (the standard 
deviation of the change in distance to urban center for those 
who had moved home) was associated with a 0.177 increased 
ordered log odds of being in a higher category of change in car 
use (beta value multiplied by s.d.). That is, increased distance 
to the urban center was related to a slightly higher likelihood of 
reporting an increase in car use. The change in jobs to popula-
tion ratio of the ward also had a statistically significant effect, 
with an increase in the number of jobs compared to the popu-
lation being associated with a reduction in car use. Specifically, 
for every increase of 2.95 (standard deviation for movers) in 
the jobs to population ratio, there was an increased ordered 
log odds of 0.274 of being in a lower category of change in 
car use. That is, an increased number of jobs compared to the 
resident population was associated with reporting a reduction 
in car use.

Of the socio-demographic variables, the change in house-
hold income was statistically significant at the 10 percent level. 
Those with no change in household income had a statistically 
significant, 0.643 increased ordered log odds of being in a 
lower level of change in car use compared to households with 
an increased income. Change in work status was not statisti-

Glasgow Edinburgh

Inner Middle Outer Inner Middle Outer

Calton Pollok-
shields

Darnley Dalry Restalrig Corstor-
phine

Area (ha) 3694 9863 6456 2958 4107 17227

Gross density 
(residents/ha)

34.7 33.1 8.2 92.3 37.9 18.3

% of area covered 
by residential 
buildings 

14 14 2 14 14 10

% of area covered 
by residential 
gardens

1 40 8 11 31 34

% of area covered 
by green space

29 16 77 24 24 38

% of residents 
without access to 
a car

37 15 19 34 26 9

Street layout 
(classified by eye)

Deformed 
compact 

grid

Grid Dispersed 
cul-de-sacs

Compact 
grid and 

cul-de-sac

Grid Compact 
grid

Variable Name Response Categories %

Change in accommoda-
tion type

No change 
From house to flat
From flat to house

74
18
8

Change in driving license 
status

No change
Gained license

95
5

Change in employment 
status

No change 
Currently working but not previously working
Currently not working but previously working

84
9

7.3

Change in income mea-
sured at the household level

Less or a lot less
No change
More or a lot more

20
21
58

Previous utban rural class 
(all current locations are 
Large Urban areas)

Large Urban Areas Pop> 125,000
Other Urban Areas Pop 10,000 to 125,000  
Accessible Small Town Pop 3,000 to 10,000
Remote Small Town Pop 3,000 to 10,000
Accessible Rural
Remote Rural
Greater London

85
8
2
0
2
1
2

Variable Mean Maximum Median Minimum Standard 
Deviation

Count

Change in ward den-
sity (residents/ha)

0.6392 128.60 0.00 -97.53 29.09 250

Change in distance to 
center (kilometers)

-0.712 8.729 0.00 -107.275 7.304 250

Change in jobs: pop 
ratio 

0.350 11.74 0.00 -11.65 2.33 250

Change in distance to 
work (kilometers)

-2.46 92.22 0.00 -79.66 16.46 209

Change in car 
ownership (cars per 

household)

-0.0639 1 0 -3 0.64 266

Table 2:  Frequency table of continuous and count data.

Table 3:  Frequency table of categorical data.

Table 1:  Comparison of case study areas (Jenks and Jones 2010).
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B
Sig.  

(p-value)
95% Confidence Interval

Lower Bound Upper Bound

Threshold

Drive a lot less -.992 .347 -3.061 1.077

Drive a little less -.449 .671 -2.517 1.619

Drive about the same 1.328 .212 -.757 3.413

Drive a little more 2.286 .034 .171 4.401

Location

Reduction in income -.319 .270 -.886 .248

No change in income -.643 .019** -1.180 -.107

Increase in income 0a . . .

  Age 16 – 24 -.747 .126 -1.705 .211

  Age 25 – 34 .044 .894 -.610 .699

  Age 35 – 44 -.230 .510 -.912 .453

  Age 45 – 54 -.696 .060* -1.421 .029

  Age 55 – 64 -.525 .205 -1.336 .286

  Age 65 + 0a . . .

No change in work status .609 .306 -.556 1.774

Gained employment 1.143 .108 -.252 2.538

Lost employment 0a . . .

Gained driving license 2.536 .000*** 1.575 3.497

No change in license 0a . . .

No change in accom type -.265 .439 -.937 .407

Change from house to flat -.410 .395 -1.354 .535

Change from flat to house 0a . . .

Change in distance to work .013 .086* -.002 .027

Change in ward density -.002 .581 -.010 .006

Change in distance to urban center 0.086 .100* -0.016 .188

Change in jobs:pop ratio -.093 .073* -.194 .009

Change in car ownership .341 .081* -.042 .723

Previously Large Urban area -.213 .763 -1.596 1.170

Previously Other Urban area -.793 .388 -2.595 1.009

Previously Accessible Small Town 1.182 .253 -.843 3.207

Previously Accessible Rural -.217 .852 -2.503 2.069

Previously Remote Rural -.566 .679 -3.245 2.113

Previously Greater London 0a . . .

N 183

- 2 Log-likelihood Intercept Only 509.478

- 2 Log-likelihood Final 415.468

Pseudo R Square (Cox and Snell) .402

Adjusted Pseudo R Square (McFadden) .177
a denotes reference category
* p-value < 0.1 approaching significance
** p-value < 0.05 significant
*** p-value < 0.01 highly significant

cally significant. As expected, having gained a driving license 
was statistically significantly associated with a large increase in 
probability of having increased car use (ordered log odds of 
2.536) compared to those who had no change in license status. 
No clear pattern emerges as to how age affects the change in car 
use. The change in distance traveled to the place of work was 
statistically significant; an increase of 16.45 km in the distance 
to the place of work (one standard deviation) was related to a 
0.213 increase in the ordered log odds of having a higher level 
of change in car use. That is, increased distance to work was as-
sociated with an increase in car use, all else being equal.

Change in car ownership was statistically significant, with 
increased car ownership relating to an increase in car use. For 
every increase of one car, there was an increase of 0.341 ordered 
log odds of being in a higher category of change in car use.

Removal of “change in distance traveled to work” did not 
affect the coefficients of other explanatory variables, suggesting 
that change in distance to work is not collinear with change in 
urban form variables. That is, change in urban form is indepen-
dent of change in distance to work.

7 Discussion and conclusions

While change in car use was explained to a large extent by 
change in car ownership, a number of urban form variables 
were also statistically significant predictors of change in car use 
for those who had moved home in the previous three years. For 
such households, increased distance to the nearest urban center 
and a reduction in the number of jobs in the ward compared 
to the population (a proxy for land-use mix) both related to a 
reported increase in car use; however, the magnitude of the ef-
fects was small compared to car ownership. Having one less car 
had the similar effect on reported change in car use as having 
three more jobs in the ward per person, or moving more than 
4 km closer to a city center. These results are similar to those 
presented by Stead (2001), who found through cross-sectional 
analyses that socio-demographic variables, including car own-
ership, explained between 19 and 24 percent of distance trav-
eled, while urban form explained only 3 percent. It may be the 
case, however, that urban form also influences car ownership, 
and thus the total impact (direct and indirect) of urban form 
on car use may be greater.

These findings give some support to Scottish Planning 
Policy, which suggests that by intensifying urban areas, average 
household distance driven can be reduced. It is important to 
recognize, though, that the result of changing the built form 
of urban areas in Scotland may not be comparable to the re-
sult of relocation to a different urban form in Scotland pre-
sented here, as a relocation creates an instantaneous change in 

urban form, whereas intensification, by its nature, is a more 
gradual process. However, if the effects were similar, very large 
changes to Scottish urban areas would be required to reduce 
car use by any significant magnitude. Also, it is important to 
recognize that while intensification might lead to a reduction 
in the average distance driven, intensification would also mean 
more people in a given area. Hence, unless the reduction was 
substantial, there would be a greater distance driven per unit 
area as a result of intensification, with the associated problems 
of congestion and poor air quality that intensification policies 
were supposed to reduce. The magnitude of any reduction in 
distance driven cannot be determined through the analysis 
presented in this paper, as it is self reported on a Likert scale; 
however, the percentage change in distance driven would need 
to be greater than the percentage change in population density 
for a reduction in distance driven per unit area. Echenique et 
al. (2012) estimated that a doubling of density would relate 
to a 10 percent reduction in vehicle miles traveled (VMT) for 
three case study areas in the southeast of England. Ewing and 
Cevero (2001; 2010) found a 5 percent reduction in VMT as a 
result of doubling density in the U.S. Unless the magnitude of 
the effect of intensification was far greater in Glasgow and Ed-
inburgh, intensification would therefore not reduce distances 
driven in the two cities. Although the average distance driven 
per person would be slightly less, this driving would be intensi-
fied into the city.

Urban forms may require longer time scales to be changed, 
and the effect on distance driven may be relatively small. Given 
the greater effect of car ownership on distance driven, policies 
aimed at reducing car ownership may encourage a more imme-
diate and significant reduction in car use than can be achieved 
through intensification.

Moreover, whether such intensification can be brought 
about in urban Scotland remains unclear. The study popula-
tion showed a general preference for low-density areas, with 
preference for lower-density neighborhoods being stronger for 
households that already live in suburban areas (Jenks and Jones 
2010). Clearly, policy aimed at intensifying Glasgow and Edin-
burgh needs to consider such residential preferences. Given the 
choice, it appears most people would choose suburban living; 
however, the choices available to householders are constrained 
by household resources and by property markets. It is possible 
that over longer periods of time, policy could manipulate the 
choice set available to householders by limiting the construc-
tion of more suburban forms and encouraging more compact 
urban development, thus pushing suburban lifestyles out of the 
economic reach of more households, despite their preference 
for suburban living. 

Glasgow has experienced a dramatic loss of population 
Table 4:  Change in urban form and distance driven parameter estimates.
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over the last four decades, although the population has more 
recently stabilized and is predicted to increase by a relatively 
modest 1.4 percent by 2033 compared to 2008 levels, whereas 
Edinburgh is predicted to have 16.8 percent more residents 
in 2033 than in 2008 (General Register Office for Scotland 
2010). In cities with a lack of housing supply and high housing 
costs, it is likely that new high-density developments would be 
economically viable, as the alternatives available to households 
with a particular budget is more limited. In cities that have suf-
fered dramatic population loss, with vacant high-density hous-
ing such as Glasgow, it is questionable whether intensification 
is achievable against a backdrop of preferences for suburban liv-
ing and a relatively affordable stock of such housing. As such, 
this research calls into question the effectiveness of intensifica-
tion as a policy tool to reduce car use in urban Scotland.
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