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Abstract

Continuously increasing demand for travel 1s contributing to increasing congestion on
roads, especially within the urban settings. The cost of congestion 1s projected to nise 1f
lett unchallenged. Transport planners have hmited options to tackle this situaton.
While exploring the various impacts of teleworking, this thesis has mnvestgated irs
potential for travel demand management during the peak periods. By doing so, 1t sceks

to 1ncrease the range ot policy options to support transport policy objective(s).

Teleworking has been studied from various perspectives 1n the past: however, 1ts
impact on commute travel has not been modelled. This thesis has applied a policy-
analysis based methodology to the study of teleworking impacts. The methodology
required bespoke data to estimate an SP model of teleworking adoptin and frequency
for which a survey was carried out on car commuters to the city centre of Leeds. The
survey also explored the employees’ attitudes towards teleworking and its other

impacts. The result from these aspects ot the survey have been presented and analysed.

A bespoke demand model of teleworking adoption and frequency has also been
estimated from the collected data to predict the teleworking impacts. This model uses
telework as a policy measure and evaluates 1ts performance relative to three indicators:

reduction 1n work-based travel, levels ot overall car use and car use during the peak. ‘
Within an extended framework, the demand model has also been linked to a congestion

response tunction to analyse the system-wide impacts of teleworking.

The use of the methodology has shown that it 1s possible to model telework as a TDM
measure and use 1t to support transport policy objective(s). The results of the analysis
indicate teleworking impact on work-based travel, car use and system performance. The
extent of the impacts would depend on the nature of the telework policy, which needs
to be clear and well-communicated. Further, the employers also need to address the
issue of teleworkability through job redesigns. The study findings show the inadequacy
of current teleworking policy and legislation, highlight the need for making telework
formally available by the firms to the eligible employees and emphasise the regulator’s

role 1n this regard.

Key words: Telework, Modelling, Policy, Frequency, Cost, Attitudes, Impacts,
Methodology, TDM and Tele-interventions
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1 Introduction

The subject of traffic congestion on the road network, especially in urban areas, has
been of enduring interest to all the stakeholders within the road transportation syvstem

due to its multi-dimensional consequences. This thesis adds to an cxisting bodyv of

hiterature on the transport policy and planning options aimed at congestion reduction

and specifically concerns itself with the use of Information and Communication

Technologies (ICT), particularly its teleworking application affecting travel and location

behaviours of individuals and/or businesses which in turn affect the demand for travel

and traffic on roads.

1.1 The Problem

Although congestion 1s almost a daily experience of a road-user and needs no scientific
evidence for its existence, yet it would be beneficial to set an academic context to the
problem. In industrialised countries basic road infrastructure provision was completed
and surface accessibility was established decades ago. But in many cases this network
capacity 1s proving msuftticient and there are demands for new road projects. The single

most contributing factor 1s the use of car. This 1s especially the case 1n countries with a

relatively high density ot population and growing car ownership. The Netherlands,

Germany and the UK are only few examples of this in Europe. The combined ettect ot
these two factors 1s congestion, especlally within the urban areas. Congestion 1s not a
simple problem. It has many dimensions and comes with certain very well-documented
externalities resulting in economic and social disbenetfits and costs to the society. In the

long run 1t 1s endangering the sustainability of the urban areas. This 1s largely the gist of
the debate that started in the UK around the end of 1960s and start of 1970s and 1s stll

going on.

[n the beginning the solution was sought by providing more road capacity. Goodwin et
al (1989) give a good account of the evolution of the transport policy during the 1970s
and 80s and conclude that providing new road intrastructure and increased capacity has
proved counter-productive in the UK. It 1s likely to produce the same results in the
future as new capacity attracts more traffic which 1n most cases will otfset congestion
relief and reduce benefits. May (1990) tound that the problem 1s not with the solutions
but with the approach towards the solution and proposed a new integrated approach.
The new thinking gradually found 1ts way mto practice and policy interventions were
sought and tried in more than one area, with a particular emphasis on public transport

(PT). But such minatives did not prove very successtul in weaning people away from



cars (see e.g. May and Nash 1996 and many references therein). The more pronounced
effects of such initiatives were modal shifts among the competing PT modes because
people who use car tend to value time over moneyv and compared to PT users, car saves
time spent in travel. The value of this time has further increased with the advent of the
knowledge-based economy and due to the gains in individual productviry. When

congestion on roads adds to this time, it results in additional economic cost to the

individuals and the society.

Recognmition of the interaction between the fields of land use and transport led to
increasing the range of policy options to solve this problem and measures were
identified from other areas, particulatly from the land use discipline (see e.g. [H'1 1990,
KonSULT 2005). Some of the measures from this range, e.g. congestion pricing and
reduction 1n the parking space in city centres, have obvious implications for business
cost and might pose a risk to the economic viability of the city centres. There 1s also
some evidence of decentralising effects of pricing measures on population and
employment 1n inner urban areas (Grieving and Kemper 1999, SPRITE 2002).
Understandably, i1t 1s not easy to cover a problem which touches almost every
dimension of the transportation system in a short discussion judiciously. In this regard
the reader is referred to a very good debate 1n a research journal {Transport Reviews
vol. 22 (2-4) and 23(2)} that documented the problem very well. The majority of the
leading lights 1n the field, especially from the UK, took part in this debate.

The debate exposed the various dimensions of the problem of congestion, 1ssues and
limitations attached to the problematic dimensions and resulting future challenges to
the transport policy. The issues stem from a range of immequities: the mnequities by
purchasing power; between travel modes; of location; and by purpose. The debate
particularly emphasised the importance of constant travel time budgets, their
significance for transport policy and the mmplications of road pricing/congestion
charging mn general and towards equity in the transportation system in particular. It
rightly pointed to mmproving the system reliability and comfort, and improving
accessibility for non-car user classes among the transport policy objectives rather than a
sole focus on system efficiency. Another significant point of debate was to make

infrastructure investments driven by land use planning considerations, not vice-versa.

In the light of this debate, 1t was not very difficult to see why the different approaches
to the problem at different points in time may have failed to achieve the desired results.
The problem — the challenge to transport policy — 1t not getting bigger by the dav, 1s
sustained by a combination of factors like income led demand growth, constant travel
time budgets, humans’ deep-seated desire for physical mobility and our mmcomplete
understanding of it as every effort results in vet a new congestion equilibrium. Mackie

(2002) has provided a succinct description ot the problem




on the one side, income-led demand growth [in road traffic at about 2., per annum], on

the other side, social, political, economic, financial and environmental constraints. In
tne face of these, the system is sclerotic and sluggish.

Lyons (2003) sounded a note of urgency about the problem and the need to tackle it
when he said: ‘we face a crisis or at least some major problems is undeniable’. It is also
interesting to look at some of the costs of the problem. A recent report (Eddington
Transport Study, 2006) put the existing cost of congestion in England at £~-8 billion

!

per annum and concluded that 89% of the delay caused by congestion is in urban arcas

It projects the cost figure to rise to £22 billion by 2025 in England alone if congestion

was left unchecked and recommends a ‘sophisticated policy mix’.

1.2 Research Context

This study was undertaken within some very specific contexts. Urban sustainability,
particularly in a European perspective, defines its over-arching backdrop. Land Use and
Transport Interaction (LUTI) 1s the overall perspective both for the problem
investigation and search for a solution. The problem has been investigated from the
demand side of the road transportation system. Finally, the solution has been cxplored
and sought within the wider role of ICT’s 1n affecting travel demand and the potential
tfor a solution. The following sections explore these contexts a bit further to distl and

refine the nature of the problem.

1.2.1 Urban Sustainability

Sustainable cities need sustainable transport systems. A sustainable transport system has

been defined (EC, 2001, quoted in May, 2005) as one which:

Provides for basic access and development needs

Supports safety and human and ecosystem health

Promotes equity within and between successive generations

I[s atfordable, fair and etficient

Offers choice of transport mode

Supports a competitive economy and balanced regional development
Limits emissions and waste within the planet’s ability to absorb them
Uses resources at rates which permit renewal or substitution
Minimises impacts on the use of land and the generation of noise.

O O 0 O O O O O O

Congestion 1s criticised not only for its economic disbenefits but also for its harmtul
consequences for urban sustainability over the longer term. Urban areas all over the
wotld are experiencing the onslaught of various natural and commercial forces. This 1s
particularly the case in European cities which are custodians of diverse and rich

historical and cultural heritage. Their sustainability; under threat from various forces, 1s

in jeopardy.




I'here is ample evidence that European city transport systems are unsustainable, in

terms of their growing levels of congestion, pollution, fuel consumption und accidents,
the adverse effects on economy............ (May 2005)

Add to this the effects of dispersed land use patterns, sometimes 1nduced by [C] use
and demands for more network capacity and infrastructure provision; and the picture
gets more bleak. This situation highlights the need to studv transportation from a
perspective of demands it makes on society: demands in terms of social costs of land
use and sustainability. The challenge here is to minimise, or if possible then eliminate,

the long term social costs of congestton by reducing the demand for travel.

1.2.2 Land Use-Transport Interaction

[t has been established (see references below) that problems of travel demand like
congestion cannot be studied effectively within the field of transport only. It is the
interaction between the fields of land use and transport that generate the demand for
travel and form a correct perspective for analysis. The theory of interaction 1s based on
the notion of the ‘land use transport feedback cycle’ which 1s based on certain
distributional relationships. Driven by these relationships land use patterns determine
location of activities which in turn require spatial interaction. Transport systems cater
to this requirement providing accessibility and creating value for the society. Interaction

1s also evident from the fact that

both firms and households trade off accessibility for space or vice versa (Wegener and
Furst 1999).

They turther continue that

a fundamental assumption of all spatial economic theories is that locations with good
accessibility are more attractive and have a higher market value than peripheral
locations.

The argument about interaction, therefore, 1s simple yet potent: (travel) trip and
location (of activity) determine each other. This interactive relationship sets all the
ensuing dynamics of impacts and counter-impacts mn motion. Three types of impacts
are often mentioned. They are: from land use to transport; ot transport policies on
transport patterns; and from transport to land use (Ibid). The view about interaction
has also been endorsed by ISGLUTI (1988), DETR (1998) and Grieving and Kemper
(1999). These works provide evidence from literature and modelling studies about the
interaction and its impacts. These impacts are both beneficial and detrimental in their

nature and congestion and 1ts externalities fall 1n latter category.

1.2.3 The Demand Side Perspective and an Integrated Approach

In their work Goodwin et al (1989) concluded that a demand management approach
was likely to be more etfective and efficient in solving the transport problems than

catering to the supply issues. The 'New Realism' conference of 1991 acknowlcdged the
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impossibility of increasing the capacity of the road network to address both the torecast
tratfic levels, and the environmental problems associated with such tratfic. There was a
realisation (supported by the SACTRA report of 1994) that in congested areas increases
in road capacity were likely to induce more traffic than would otherwise be the casc.
Thus, the conclusion was that if supply could not be made to meet demand, then

demand would have to be changed to meet supply, hence, the need for demand

management.

In the UK context, this thinking culminated in, and was adopted by, Multu-Modal
Studies commissioned by the Department for Transport (DfT). These studies represent
a significant new approach to developing integrated transport strategies (DETR.
2000b), a topic well-documented in many studies (see e.g. May 1990, Goodwin et al
1989, May 1992, May & Roberts 1995, May et al 2000). An integrated approach attacks
the problem on a wider front and an integrated transport strategy 1s a set of policy
measures selected from different transport impacting areas to work 1n coordination and

to produce a better result than the mere sum of 1ts parts.

Kitamura et al (1997) contend that land use and lifestyle, along with transportation
supply, determine travel demand and are inter-connected, mutually atfecting each other
in an evolutionary process. ICT are a major influence on today’s lifestyles. From a
transport user’s perspective, these lifestyles are associated with demand for increasing
mobility which intensifies the demand for transportation even more. Theretfore, 1t 1s not
very difficult to foresee how a nexus of changing lifestyles, mcreasing desire for
mobility, and land use under the influence of ICT i1s setting the agenda for transport
policy. In this background, it 1s only surprising that on demand side of the system, the

effort 1s lagging behind 1n exploring the impacts of ICTs for transport policy.

1.2.4 1ICT’s Relevance and Potential

ICT are relevant because of their ubiquity and omnipresence, and because of their
potential to afford remote- or teleaccess to a broad range of human activites.
Teleaccess to suitable activittes removes any temporal, spatial and organisational
restrictions, thus, making co-presence redundant and effectively reduces the need to
travel (to make a trip), at least for a range of conventional purposes. Salomon (1998)
and Cohen et al (2002) have highlighted the knowledge gaps 1n our understanding ot
ICT’s impact on society and urban space in general while Mokhtarian (1998) has
focused on the gaps in understanding their impact on transport. More recently POE1
(Prediction Of impacts of the e-Economy on Transport) project literature review

(Rahman et al, 2006) concluded that there 1s little evidence on the impact of ICT on

passenger and freight transport.




In view of the limitations of conventional transport policy 1n arresting the problem of
congestion (1.1) and ICT’s relevance and potential, 1t 1s evident that there 15 a need to
broaden the research hotizon in search for solutions. \s this research has a stated focus
on urban sustainability (1.2.1), therefore, the primary focus In investigation and
discussions 1s on urban areas. The investigations from this perspective would also be

helpful in advancing our general understanding of the impacts of ICT on LUTI,

another context of the study, and reduce the knowledge gaps.

Thus, the research challenge is to investigate whether ICT can help the transport
planner to redeem this situation from the demand side. Transport planners have been
using various policy instruments with varying degrees of effectiveness. So far policy
measures pertaining to land use, infrastructure, management, information, and pricing
elements have been developed and used (KonSULT 2005). The information measures
among these do make use of ICT but only in a marginal way. The need is to make their
intervention direct, more specific and extract instrument(s) that could be emploved to
suppress the demand for travel. In their work on “Optimal strategies for luropean

cittes”, May et al (2000) had also pointed to the need when they wrote:

it would be interesting to test land use policies and the effects of more recent measuires
such as telecommunications.

1.3 Summary

The description of the problem m the first section points to the limited options
available to transport planners. Recognition of congestion 1s a fundamental step towards
finding a solution. The received wisdom 1s that any effort in search of a solution should
combine the relevant and tested pieces of guidance which are: LUTI 1s the better
framework for the study of the problem; the problem should be addressed from the
demand side of the system equation; and an imntegrated transport strategy has better
chances to succeed where the preceding approaches have failed. The principal aim of
any strategy directed at congestion alleviation should be to reduce car use through
relevant measures or increase the price of its use. However, car use 1s assoclated with

increased gains 1n economic productivity.

Viewed 1n this backdrop, the broad problem 1s two-fold: to relieve urban areas from
congestion and i1ts externalities by reducing car use and to minimise the potential
economic disbenefits of such a policy. The ICT applications to organised work
arrangements like teleworking (which 1s becoming increasingly sophisticated enabled by
advances 1n technology) seemingly fit well as a prescription. The existing arsenal of
policy options 1s currently lacking in this. Thus, the research should address this gap

and the limitations of transport policy by mnvestigating the potential of ICT-enabled

teleaccess to activities requiring travel, particularly during the peak.



1.4 The Research Objective

The discussions in the previous sections and an initial literature review (Chapter 2) have

led to the conclusions that:

O  Itis a limitation of transport policy that urban transport problems are not being
ettectively solved and the search for solutions to this situation continues in
ditterent fields:

O  ICT and transport interaction is one such field where there is necd to advance
current understanding, especially relative to ICT’s contribution to transport
Interaction and specitically to travel demand management; and

O  Teleworking as one of the examples of this interaction has a growing following 1n

the UK and 1ts full impact has not been investigated for 1ts implications for
transport policy.

In this context the main objective of this research is to investigate the potential of

telework 1n the UK to address some of the limitations of transport policy and it has

been broken down into the following study tasks:

O 1-—"To make an assessment of potential of telework for addressing the limitations
of transport policy by looking at its impacts;

O 2 —"TTo explore responses to telework availability and assess their impacts on
transport and allied fields;

O 3 —'To define a framework that could capture these impacts and to employ it for
analysis of the impacts; '

O 4 —Tonvestigate how the responses to telework availability, particularly
teleworking adoption and frequency, can be mfluenced through policy
Intervention;

O 5 —To test how sensitive the responses of teleworking adoption and frequency
are to changes 1n the policy;

O 6 —To use the framework defined 1n (3) to model the result of the investigation
in (5) for assessing the potential of telework as an instrument of transport policy;

o 7 —"To develop estimates of teleworking impacts on travel demand and
congestion time 1n a given transport system; and

o 8 —To identify policy changes which might increase the take-up and hence
benetits ot teleworking.

1.5 Methodology and Thesis Structure

These objectives will be researched by:

o  making an assessment of the dynamics of the impacts of ICT in general and of
telework 1n particular on the travel and land use behaviour; defining a conceptual
framework for telework adoption and assessment of 1ts impact (Chapter 2);

o explornng how employee and employer uptake ot teleworking might be modelled,
looking mnto the relevant policy modelling paradigms and discussing how
teleworking might be represented within each of them (Chapter 3);

o developing a framework for impact forecasting that 1s responsive to tests of

changes 1n policy options (Chapter 4);



O designing a stated preference (SP) experiment on behavioural responses to
congestion including adoption of teleworking (Chapter 5);

O  carrylng out a survey to obtain data on stated and revealed preferences (RP) of
respondents’ choices (Chapter 6);

©  analysing some non-SP data to draw conclusions about the characteristics and
attitudes of teleworkers and estimating the teleworking impacts (Chapter 7):

O  estimating a model of behavioural choices that could predict teleworking
adoption levels and frequencies (Chapter 8);

O  calibrating the framework developed in chapter 4 with the results from chapters 7

and 8 to develop estimates of the system-wide impacts of teleworking policy(s)
on travel demand and congestion times (Chapter 9); and

O  exploring current policy planning context regarding teleworking to pave the way
for discussions of the study finding.

Finer details of the individual elements of the research methodology will be presented
along the way 1n the relevant chapters of this thesis. However, Chapter 4 will also be
used to scope the study after exploring the research topic and main methodology n
chapters two and three. Finally, Chapter 11 will be used to draw/consolidate study
conclusions and to make some recommendations. Thus, as an output of this study 1t
may be possible to combine ICT related policy mnstruments with measures from other

areas into a package of integrated transport strategy in pursuit of urban sustainability.



2 ICT, Teleworking and Transportation

2.1 Introduction

While mtroducing this research project, the previous chapter described the specitfic
research contexts for this study (1.2) and briefly discussed ICT’s relevance and potenual
(1.2.4) mn search for a solution to the problem under study. This chapter explores the
same context 1 detail and reviews the literature on the topic. It has two parts. The first
part (until section 2.5) develops an understanding of ICT 1n a broader sense and after
reviewing the relationships between ICT and transport, 1t focuses on ICT enabled tele-
interventions to perform activities currently requuring travel. The later part ot the
chapter zeros 1n on teleworking as an exponent of the interaction between ICT and the
fields of transport and land use. At this stage the review looks 1n greater depth and into
the potential of teleworking to support transport policy objectives by looking at 1its
adoption context, its motivations, its advantages and disadvantages, and its post-
adoption responses and their impacts. It also highlights the empirical evidence on

teleworking estimates and impacts.

2.2 Developing a Perspective on ICT

The thesis focuses on ICT’s potential to support transport policy objectives. But 1CT
are not a2 panacea. Sometimes they are also part of the problem. The rapid advancement
of ICT, their applications and diffusion into the society at very micro level are
instrumental in not only changing the old ways of doing things but also creating
demand for emerging lifestyles and work practices. ICT-based applications are finding
their way into a rapidly increasing range of human activities and their penetration 1n
many realms of professional and personal activity 1s simply untailing. This makes [CT
an influential and major player in any debate about the future. Therefore, it appeats

useful to develop a perspective on [CT 1in this section.

The frequent use of the term ICT may be confusing without a formal definition. It 1s
also beneficial to have one for reference. One source (Cohen et al 2002) which also
refers to some other sources for the same purpose, detines ICT as

A family of electronic technologies and services used to process, store and disseminate

information, facilitating the performance of information-related human activities,
provided by, and serving the institutional and business sectors as well as the public-at-

large.
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2.2.1 Nature of ICT Impacts

Cohen et al (2002) report a wide agreement among scientists that ICT will have
Important implications for soctety at large and for the citv 1n particular. The diffusion
process 1s still going on as ICT are mainly characterised by verv dvnamic technolouical
changes and decreasing costs causing rapid penetration and adopton. There 1s littde
doubt about the increasing pervasiveness of the impact of ICT on economies and
regions, and on their ability to alter spatial relationships in the wav economies function
(Grimes 2000). Use of ICT underpins the nature of business activities in the modern
day economy and 1s spawning the phenomenon of locational dispersal ot business, both
short- and long-distance, e.g. establishment of call centres in low cost remotc towns or

outsourcing the ancﬂlary product and services from countries with low labour costs.

[t may have been a bit premature to declare the ‘death of distance’ but it is almost
certain that future location patterns especially work related ones would be determined
to a greater degree by the impact of ICT in socioeconomic spheres of lifc. This is
already bemng aided by the (gradual) globalisation of world and national economics and
increase 1n data transmission speed and features. These factors combined are creating
major change in the location of work (Huws et al 1999) making the workforce
increasingly mobile and allowing workers (and/or their employers) dynamically to
select among a variety of work locations to suit their needs (Mokhtarian and Bagley
2000). Understanding more about these possibilities and how they are constrained or

dictated by the changing nature of work,

will be important to monitoring and forecasting changes in commuting and work-related
travel pattern, as well as changes in land use in urban and rural areas (Ibid).

Further, the combined mmpact of ICT and Transport i1s moditying spatial relationships,
redefining the urban space (Shen 1998), increasing spatial scale and favouring increased
specialisation (Hall 1999). These developments have obvious consequences for the
accessibility concept 1n 1ts traditional sense (discussed 1n the next chapter). Given the
strong assoclation between people’s socloeconomic status and their level of access to
advanced ICT, this 1s important. This nexus means that not only location but also social
factors mcluding access to ICT define the urban space. Thus, traditional measures of
accessibility 1n conceptually understanding the socio-spatial impacts of these
technologies seem to have become msufficient and there 1s a need to modify them 1n
such a way that they take into account likely socio-spatial consequences of ICTs (Shen

1998). However, arguably the role of transport technology to access activities requiring

co-presence 1s likely to remain paramount.
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2.2.2 Can ICT Offer Solutions to the Problem?

The previous section has highlighted the importance of IC1 impact as a future
determinant of location choice and its link with land use and transport. Thus, there 1s a
need to explore this impact for its beneficial contribution towards the solutions to the
problems of urban space and, within the remit of this thesis, to the urban transport
problems. In this context, the conclusions drawn by the leading researchers i the

transport field are mmportant. Proposing to incorporate the travel impact of ICT,
Mokhtarian (1998) concludes that

the potential reductions in travel due to telecommunication are of an order of magnitude

comparable to the estimated impacts of other TDM strategies. A bundle of such TDM
measures that includes telecommuting may collectively have some impact on congestion.

May et al (2000) at a turning point in their long standing work on integrated and
optimal transport strategies note that there is a need to test a wider range of policy
measures in this regard. They go on to suggest the need for testing policy measurcs in
ICT along with awareness campaigns and land use policies. Golob and Regan (2001),
noting the relevance of ICT, especially internet based information provisions, to

transport planning and policy making conclude that

travel behaviour researchers ignore the impact of IT, particularly the impact of the
Internet, at their peril. The effects of future IT on travel behaviour is currently unknown,
but we can be sure it will be substantial. Not since the introduction of the automobile
age has transportation been faced with technological impacts of this scale. ........As
populations increase, particularly populations within metropolitan areas, we will also

increasingly rely on IT to avoid congestion on transportation networks and at activity
sites.

Finally, Lyons (2003) puts ICT at the top of the list of opportunities in his SWO'T
(Strengths, Weaknesses, Opportunities and Threats) analysis of British transport. These
testtmonies fortify the confidence that the teleaccess atforded by the advent, rapid
advancement and ditfusion of ICT offers a potentially interesting avenue 1n search for

policy options to broaden the decision makets’ choice.

2.3 ICT and Transportation Relationships

Research into the field began by studying the impact of telecommunications on
transportation during the 1960s. But the trickle did not turn into a stream until the mud
1980s. The most focused, consistent and cited studies 1n this field are by Ilan Salomon
and later on, by Patricia I.. Mokhtarian. The former while concurring with some earher
literature identified the principal impacts of telecommunication on transportation in the
form of substitution, complementarity and enhancement (Salomon 1986). Mokhtarian
(1990) drawing on his work has pointed to slightly different relationships. Her list
includes substitution, enhancement, operational efficiency and indirect long-term

impacts. The last in the list refers to telecommunication impacts on land use.
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2.3.1 Types and Nature of Relationships

Relationships between ICT and transportation are mainly characterised by the purposc
of ICT’s use. Depending upon context and circumstances, Mokhtarian’s four main
types can more specifically be categorised as travel substitution, travel enhancement
and generation, efficiency in resource use, and medium to long-term consequences for
land use and transport. It is also possible to studv these relattonships from the demand
and supply sides of transportation management. While etficiency in resource use helps
in managing the supply of resources to the transportation system, the other three
relattonships deal with demand management. In the literature a wide support for, and
commentary on the nature of, these relationships are available (see c¢.g. NCMT 1984,

Salomon 1986, Mokhtarian, 1990 & 2003, Marvin 1994, and Lyons and Ury, 2005).

2.3.2 Supply Management based Relationship

Employing ICT for efficient use and management of the resources of the entire
transportation system by all the stakeholders 1s perhaps the most comprehensive of the
relattonships and yields system wide benefits. The ICT-enabled telematics increase the
operational efficiency and productivity of transport resources and network through

Intelligent Transportation Systems (I'TS) which have been defined as:

an umbrella term for a range of technologies including processing, control
communication and electronics, that are applied to a transportation system. It also
includes an advanced approach to traffic management (Road traffic-technology, 2000).

The range of technologies mncludes communications, control, electronics and computer
hardware and software (Sussman, 2005). These telematics help manage, improve and
enhance the service provision and transport quality, e.g. through provision of real time
information about the conditions of the networks, availability of services, updated
timetables, routing and scheduling to the system users which enable people to make
smart travel choices. The I'TS program 1s a worldwide initiative to add intformation and
communications technology to transport infrastructure and vehicles. It aims to manage
factors that are typically at odds with each other such as vehicles, loads, and routes to
improve safety and reduce vehicle wear, transportation times and fuel costs!. In UK
context, MSI (2001) has divided ITS’ impacts on transportation system into five

Segments:

O  tratfic management;
O  payment systems;

—— i ——— - - —— — e— Ml ——

I Ref: http://en.wikipedia.org/wiki/Intelligent_transportation_system
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O  freight and fleet management;

road safety and incident management; and _
O information and in-car navigation and guidance systems.

O

This relationship essentially operates on the supply side of the system and the range of
ICT applications encompassed by 1t makes it a reallv vast field of study with far-
reaching multidimensional impacts on the transportation svstem, especially in capacity
building. Significance and potential for developments in ITS field was so evident that a
dedicated scientific Journal of Intelligent Transportation Systems was launched in 1993, 1.ater
on government transport departments, academic and research institutions set up
dedicated departments and websites? to explore, exploit and promote its potential
impacts and benefits. As this research takes the demand management perspective to the

problem, this supply-side relationship has been excluded from further discussion on the

topic.

2.3.3 Demand Management based Relationships

T'he rest of the relationships, 1.e. travel substitution, travel enhancement and generation,
and 1indirect effects on land use and transport, can be comfortably categorised as
demand side relationships. All of them relate to and affect travel and travel behaviour
and have significant consequences for transport demand management (TDM) and are
explored 1n more detail in next sections. The nature of these relationships indicates a
definite and substantial impact on land use and transport which has both positive and

negative consequences. However, the magnitude of these consequences 1s less clear.

Also, sometimes there might be impacts from two different relationships, or from the
same relationship in different circumstances, operating in oppostte directions. This 1s
what has been referred to as a ‘notion of counteracting forces’ (Mokhtarian 1998) 1n the
literature. Four counteracting forces have been identified. These forces originate from,
and can be related back to, the concepts of constant travel ttime budgets, time space for
activities, increased spatial dispersion of activites and induced demand (due to
increased interaction of ICT and transport in various forms). These concepts underlie
most of the identified relationships between transportation and ICT and their role 1s

important 11 the determination of the net impact ot ICT-transport relationships.

2 Some very useful sites with good quality material are: www.its.washington.edu/, www.its.dot.gov, wwn. its-
uk.org.uk/about.html
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2.3.3.1 Indirect Consequences for Land use and Travel

Ot all the relationships between ICT and transport, [C1’s impact on land use 13
relatively much less clear. It may be so because this impact 1s mediated by land usc
patterns. 1CT%s mmpact upon urban space by reducing the importance of physical
accessibility to certain types of jobs/activities and it is possible that through medium to
long-term adjustment processes, this may result in consequences for sustainable land
use patterns. The workers with jobs requiring low physical accessibility might move to
less congested, low density areas for quality of life reasons which may result in

decentralisation, urban or suburban sprawl and reverse migration to rural areas.

Wiriting on rural areas’ potential under the mfluence of ICT, Grimes (2000) notes that
teleworking has mainly evolved as an urban or suburban form of decentralisation and
despite all the speculation there is little evidence to support the view that 1t 1s most
likely to be found 1n rural areas. In support of his conclusions, he refers to the findings
of the 1996 report of the Rural Development Commission of the UK. Gillespie ct al
(1995) 1n a review of the geography of teleworking have also shared similar views by

suggesting that

although teleworking is often perceived to be a rural-based phenomenon, in fact it is a
predominantly urban and suburban phenomenon, and is likely to remain so.

This observation was made 1n view of the low accessibility to reliable and high speed
ICT netwotks 1n the rural areas more than a decade ago. However, 1t may still not be
easy for a large majority of highly skilled protessionals, who often rely more on their

personal networking skills in urban areas, to sustain economic activity 1n remote areas.

Neither Grimes nor Gillespie et al base their conclusion on detailed analysis and, while
scenarios of large scale reverse migration to rural areas under significant teleworking

arrangements seem 1nflated, the longer term land use responses remain unclear.

2.3.3.2 Travel Enhancement and Generation

Another ICT-Transport relationship atfecting transport demand 1s its role in the
enhancement of travel experience through in-cabin entertainment system and facilities
for external plug-ins. Use of ICT also complements travel by enhancing the travel
expetience and keeping passengers especially travelling by public transport engaged or

busy in different activities during the travel. In this regard a recent study by Lyons et al
(2007) tound that

over a fifth of rail passengers considered having electronic devices (PDA, laptop,
mobile phone, personal stereo etc) with them made the time on the train a lot better.

Understanding the significance and use of (travel) time 1s fundamental 1n this regard

and Lyons and Uzrry (2005) point to the need to understand to
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what extent ICT used on the move will influence the pool of social practices. Yet ugain
the call for emp<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>