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SUMMARY

The pui-pose of this thesis is to examine the income and socio-econom ic determinants of 

transport demand, using Dublin as a case study.

Chapter 1 sets the context by discussing the problem of excessive car use in urban areas 

and the increasing movement away from earlier policies that were primarily concerned 

with expanding road capacity towards a more integrated solution encompassing 

investment in public transport and measures such as improved cycle and bus lanes, 

parking restrictions and road pricing. In this context, the need for a better understanding 

of the income and socio-economic factors influencing the demand for urban transport is 

highlighted.

Chapter 2 discusses previous literature relevant to the analyses in this thesis. The 

discussion is grouped into the three broad areas that form the basis of the core chapters, 

namely car ownership and use (Chapter 5), public transport use (Chapter 6) and modal 

choice (Chapter 7). Chapter 3 motivates the use of Dublin as a case study by 

documenting the rapid economic and demographic changes that have occun'ed in Dublin 

over the last fifteen years and assesses the implications for patterns o f travel to work, 

school and college. Chapter 4 introduces the two m icro-data sets that are employed in this 

thesis, namely the 1987/1988, 1994/1995 and 1999/2000 Household Budget Surveys and 

the 1996 Census of Population. Issues such as sample sizes and the choice o f dependent 

and independent variables are discussed and broad relationships between the dependent 

and independent variables are presented. This chapter also describes the procedure 

whereby information from the 1994/1995 Household Budget Survey is used to 

supplement the data from the 1996 Census of Population, which is used in Chapter 7.

In Chapter 5, the factors influencing variations in household car ownership and use are 

examined. Using Household Budget Survey data from 1987/1988, 1994/1995 and



1999/2000, binary probit models of car ownership and Tobit models of car use, as 

proxied by petrol expenditures, are estimated for each individual year. In an attempt to 

identify changes in the relationships over the period 1987-2000, the models are also 

estim ated for the pooled sample. W here appropriate, adjustments are made to the models 

to account for heteroscedastic and/or non-normal errors. The results highlight the 

significance o f income and socio-economic characteristics in determ ining variations in 

household car ownership and use, with the income elasticities suggesting that car 

ownership has changed from being a luxury to a necessity over the period 1987-2000. In 

comparison, the demand for car use may be consistently classified as a necessity.

Chapter 6 extends the analysis in Chapter 5 to incorporate household decisions about bus 

and taxi use. Using per capita bus and taxi fare expenditures to proxy bus and taxi use, 

Tobit m odels are estimated for each individual year and for the pooled sample. Once 

again, adjustments to the models to account for heteroscedastic and/or non-norm al errors 

are considered. The results indicate clear differences in the effect of the income and 

socio-econom ic characteristics on bus and taxi use for households with differing levels of 

car ownership. In addition, the fact that household characteristics such as income and 

gender exert differing effects on bus and taxi use highlights the need to analyse public 

transport at more disaggregated levels.

Chapter 7 estimates multinomial logit models of the modal choice decisions of workers 

and students in an attempt to ascertain whether the factors influencing overall levels of 

transport use found in Chapters 5 and 6 are any different to those influencing travel for 

two specific purposes, i.e., the journeys to work and school/college. A new development 

is the extension of the analysis to incorporate the journey to school/college, a journey 

purpose overlooked in previous applications. In addition, the availability of data on 

distance and area of residence, which are not available for the analyses in Chapters 5 and 

6, enables the quantification of the influence of these important factors on modal choice.

Chapter 8 provides an overview of the thesis, summ arises the main findings, discusses 

policy im plications and presents issues for future research.

I V
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CHAPTER 1

INTRODUCTION

1.1 Setting the Context

Over the last twenty years, the demand for passenger transport worldwide has increased 

greatly. While car ownership and use have grown rapidly over this period, walking, 

cycling and using public transport have declined in popularity with the end result that 

passenger transport is increasingly dominated by the private car. For example, data for 

the UK indicate that while the number of journeys per person per year grew by 12.4 per 

cent between 1975 and 1998, the number of car journeys increased by 47.8 per cent in 

comparison to the number of journeys on foot, by bicycle and by public transport (bus 

and train) which declined by 11.4 per cent, 46.7 per cent and 27.6 per cent respectively 

[UK DETR (2001f)|. This shift towards the private car is increasingly regarded as 

unsustainable on economic, environmental and social grounds, and in particular for urban 

areas where the primary consequences of increasing car use, namely congestion, 

pollution, community severance, sprawl and peripheral development and inaccessibility 

due to car dependence, are particularly severe [see OECD (1995)].

There is therefore a perceived need to reverse or at the very least to halt this shift in 

favour of the private car. In the past, the dominant strategy was to “predict and provide”.
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i.e., to respond to the projected increase in travel demand by increasing capacity, 

principally on the road network [Madden (2001) and Hey and Sheldrake (1997)]. The 

failing of continued investment in infrastructure is that it often gives rise to latent demand 

so that the alleviation of congestion is considerably less than originally envisaged 

[Madden (2001)]. Recent thinking has moved away from the emphasis on increasing road 

capacity towards a variety of measures that seek to limit or redirect travel demand in the 

short- to medium-term and alternative more sustainable land-use strategies in the longer 

term [Madden (2001), Dublin Transportation Office (2000), Departm ent o f the 

Environment and Local Government (1999), Pucher and Lefevre (1997) and O ’Sullivan 

(1991)[. Investment in public transport and measures which seek to use existing 

infrastructure more efficiently such as improved cycle and bus lanes, parking restrictions, 

road pricing and tolling are all considered necessary if a shift away from the private car 

towards more sustainable methods of transport such as walking, cycling and public 

transport is to be achieved.

hi this context, a knowledge of the factors influencing the demand for transport is crucial. 

Button (1993) identifies a number of factors, namely income, price, price of alternatives 

and tastes and preferences', which influence the demand for transport. The contribution 

of income and socio-economic characteristics, which are outside o f the control o f the 

government or transport operators, are increasingly regarded as im portant determinants of 

transport demand [see Johansson-Stenm an (2002), Bergantino (1997) and W ebster and 

Ely (1980)[. Indeed, the OECD cites changes in the socio-economic characteristics o f the

' Button (1993) interprets tastes and preferences to include primarily the socio-econom ic characteristics o f  
the decision-m aker [see also Section 2.2].
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population such as increasing average incomes and car ownership rates, the reduction in 

average household size, the increased participation by women in the labour force, 

changing lifestyles and changing settlement structures as the primary causes of the shift 

towards the private car in urban transport [1995J. An understanding o f the income and 

socio-economic influences on transport demand is im portant for a num ber of reasons:

• Forecasting

With rapidly changing economic and demographic structures in many urban areas, a 

knowledge of the influence of income and socio-economic factors on the various 

components of transport demand (such as car ownership and use) is necessary for 

forecasting future levels of transport demand and for planning accordingly.

• Targeting

An understanding of the way in which income and socio-econom ic factors influence the 

demand for transport may assist in the identification of categories o f traveller that need to 

be targeted if a shift in modal split away from the private car towards walking, cycling 

and using public transport is to be achieved.

• Assessing

With the increasing popularity of measures that aim to redirect the demand for transport 

towards more sustainable modes, a detailed knowledge of the effects of incom e and 

socio-economic characteristics on transport demand is useful for assessing the 

distributional impacts of these measures (e.g. road pricing, tolling).

The increasing availability of m icro-data in recent years has enabled researchers to focus 

on the income and socio-economic determinants of transport demand. The primary
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advantage of cross-sectional micro-data over aggregate time-series data, for example, is 

the ability to incorporate a much wider variety of socio-economic characteristics, such as 

household size and composition, gender, age and level of education, as explanatory 

factors. The demand for transport at the cross-sectional level may be analysed on a 

num ber of different levels such as expenditure, modal split, journey purpose, num ber of 

trips etc. but the majority of studies concentrate on three areas: (i) car ownership and use, 

(ii) public transport use and (iii) modal choice for specific journeys, principally the 

journey to work. It is these three areas that form the core of the thesis in Chapters 5, 6 

and 7 respectively and recent approaches to analysing the demand for car ownership and 

use, public transport use and modal choice are discussed in Chapter 2.

Dublin' displays all the features of a rapidly growing urban area struggling with the 

economic, environmental and social consequences of excessive car use. Indeed, Dublin 

has experienced a more rapid descent into transport chaos than many other urban areas by 

virtue of spectacular rates of economic growth in the 1990s and the increase in travel 

demand that accompanied this rapid economic and demographic change. Over the period 

1986-2002, the population of Dublin has grown by 9.9 per cent while the numbers in 

employment have increased by 61.5 per cent, much of which was due to rapidly 

increasing rates of female participation in the labour force [see Tables 3.1 and 3.3]. As a 

consequence, the number o f peak hour trips in Dublin has increased by 64.5 per cent 

between 1991 and 1997 while the number of off-peak trips has increased by 67.3 per cent

" In addition, the larger sam ple s iz e s  that characterise m icro-data sets a llo w  for a richer econ om etr ic  
sp ec ifica tio n  and generally  in vo lve  less m ultico llin earity  am ong the explanatory variables [M cCarthy  
(1996)1.

T he term s “D u b lin ” or the “D ublin  area" throughout this thesis refer to four local authority regions o f  
D ublin  C ounty B orough. D un L aoghaire-R athdow n, Fingal and South D ublin  [see  F igure 3 .1 ].

4



over the same period, with car journeys accounting for over 70 per cent o f these trips and 

increasing continuously [Dublin Transportation Office (2000)]. Data for journeys to 

work, school and college confirm this shift towards the private car with the proportions 

driving their car to work increasing from 38.1 per cent in 1986 to 50.3 per cent in 2000 

with a consequent decline in the proportions cycling (from 8.5 per cent to 3.7 per cent) 

and using the bus to travel to work (from 20.5 per cent to 16.1 per cent) [see Table 3.10|. 

The trend towards the private car is also evident in the shift towards transporting children 

to school by car as the proportions of primary and secondary school students travelling to 

school as passengers in a car in Dun Laoghaire-Rathdown are now greater than the 

proportions walking, which has traditionally been the primary means o f transport to 

school [see Tables 3.17, 3.19, 3.21 and 3.23].

As in many other urban areas, responses to increasing levels of car use in Dublin have 

primarily focused on the implementation of major infrastructural projects, especially in 

light of generous EU funding and budget surpluses in the 1990s. The earlier attempts to 

tackle the transport problems in Dublin almost exclusively focused on the need for 

expanding capacity, principally on the road network in and around the city [see the 

Dublin Transportation Strategy o f 1972 and the Dublin Rail Rapid Transit Study of 

1975]. From 1980 onwards with the Transport Consultative Com m ission Report on 

Public Transport, there has been a growing recognition that short-term low cost measures 

to curb car use, such as bus lanes and parking restrictions, could also have a significant 

role to play in alleviating traffic congestion. Their importance has been further 

strengthened with delays in major infrastructural projects in the 1990s and early 2000s,
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such as the LUAS light rail project and the Port Tunnel. Both the D ublin  Transportation 

Office and the D epartm ent o f  Public Enterprise now explicitly re co m m en d  an integrated 

solution to the urban transport problem, encom passing a variety o f  measures such as 

investment in public transport, im proved cycle and bus lanes, park and ride facilities, 

parking restrictions in the city centre, road pricing and tolling [see D ublin  Transportation  

Office (2000) and Departm ent o f  Public Enterprise (1999)J. T he success o f  the Quality 

Bus Corridors (QBCs) introduced by Dublin Corporation highlight the significant change 

in behaviour that can be achieved when restrictions on car use and a corresponding  

im provem ent in the bus service are implemented.'*

1.2 Aims of the Thesis

In light o f  the growing interest in m easures aimed at limiting or redirecting  the dem and 

for transport towards more sustainable modes, this thesis is concerned  with assessing the 

income and socio-economic influences on transport dem and and exam in ing  the ex tent to 

which these influences changed over the period 1987-2000, using Dublin  as a case study. 

While Button (1993) identifies price in addition to incom e and tastes and preferences as 

important determinants o f  the dem and for transport, the nature o f  the data precludes an 

exam ination o f  the influence o f  price on transport dem and  in this thesis.

In addition to chapters reviewing previous literature, d iscussing travel patterns in Dublin  

and describing the micro-data sets that are em ployed in this thesis, the thesis com prises

Dublin Bus (2002) claim that there has been a 243 per cent increase in peak hour passengers on the 
Stiliorgan QBC and a 24 per cent, 44 per cent and 39 per cent increase in peak hour passengers on the 
Tallaght, Malahide and Rathfarnham QBCs respectively over the period 1995-1999. The much higher 
increase for the Stillorgan QBC reflects the substantial increase in bus capacity that accompanied the 
introduction o f the QBC on this route [Department o f  Public Enterprise (1999)].
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three core chapters. Chapter 5 examines the demand for car ownership and use at the 

household level in Dublin using data from the 1987/1988, 1994/1995 and 1999/2000 Irish 

Household Budget Surveys. The income and socio-economic influences on household car 

ownership and use are examined separately for each year using binary probit and Tobit 

econometric methodologies. The models are then estimated using pooled data from the 

three surveys to identify changes in the relationships between household car ownership 

and use and the socio-economic factors over the period 1987-2000. Chapter 6 extends the 

analysis in Chapter 5 to consider household decisions about public transport use, 

distinguishing separately bus use and taxi use, which in most studies are analysed jointly. 

In a new development, bus and taxi fare expenditures are used to proxy bus and taxi use 

and Tobit models are estimated. In addition, the variations in bus and taxi use are 

examined based on the car ownership status of the household, to identify if there are any 

significant differences in the effects o f the socio-economic variables depending on the car 

ownership status of the household. As in Chapter 5, changes over time in public transport 

use are analysed using the pooled data.

In Chapter 7, the transport decisions of Dublin individuals are analysed for specific 

journey purposes, namely, the journey to work and the journey to school/college. 

Combining micro-data from the 1996 Irish Census of Population with Household Budget 

Survey data for 1994/1995, the socio-economic influences on choice of mode of transport 

for the journeys to work and school/college are examined using the m ultinomial logit 

econometric methodology.
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This is the first time that m icro-data have been used to analyse the demand for transport 

in Ireland, whether car ownership and use, public transport use or modal choice decisions 

for specific journey puiposes. While previous research has exam ined transport 

expenditures [see Section 2.4], this is the first time that expenditure data have been used 

to proxy bus and taxi use separately. In addition, while most studies of modal choice 

concentrate on the journey to work [see Section 2.5], this thesis also examines the modal 

choice decisions of students using micro-data for the first time.

1.3 Structure of the Thesis

Chapter 2 discusses previous research related to the estimation of the demand for 

transport using micro-data. The studies are grouped into three areas, i.e., car ownership 

and use, public transport use and modal choice decisions. These groups broadly 

correspond to the subjects of Chapters 5, 6 and 7 respectively. Chapter 3 briefly outlines 

the economic and demographic changes that have occurred in the Dublin area over the 

last fifteen years and their implications for travel patterns to work, school and college. 

Chapter 4 introduces the 1987/1988, 1994/1995 and 1999/2000 Household Budget 

Surveys, which are the datasets that are used in the analyses in Chapters 5 and 6 and the 

1996 Census of Population, which is the dataset used in Chapter 7. In Chapter 5, the car 

ownership and use decisions of Dublin households are examined, while in Chapter 6 the 

public transport use decisions of these households are analysed. In Chapter 7, the modal 

choice decisions of Dublin workers and students are studied. Chapter 8 concludes by 

summ arising the main findings, discussing policy recom m endations and presenting areas 

for future research.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

As discussed in Chapter 1, in urban areas across the industr iahsed  world, car ow nership 

and use have grown rapidly over the last few decades. In contrast, the proportions 

walking, cycling and using public transport have either fallen or rem ained  stable with the 

end result that urban travel has become increasingly dom inated by the private car. This 

shift towards the car is increasingly seen as unsustainable on econom ic, environm ental 

and social grounds. A growing interest in the role o f  m easures that seek to redirect 

transport dem and towards more sustainable modes rather than traditional “predict and 

provide” responses to the problem o f  excessive car use in urban areas necessitates a more 

thorough examination o f  the factors underlying the dem and for transport. The increasing 

availability o f  micro-data has enabled researchers to exam ine the influence o f  a range of 

factors such as income, price and socio-econom ic characteristics on the dem and  for 

transport, analyses that were not possible using aggregated cross-section or time-series 

data. The influence o f  incom e and socio-econom ic characteristics is especially important; 

the shift away from walking, cycling and public transport towards car use was m ainly the 

result o f  increasing average incomes and car ownership  rates, the reduction in average 

household size, the increased participation by w om en in the labour force, changing 

lifestyles and changing settlement structures in urban areas [OECD  (1995) |.
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In this thesis, the income and socio-economic factors influencing the demand for 

transport are analysed. In Chapters 5 and 6, household level data are used to analyse the 

determinants of a number of household transport decisions, namely car ownership, car 

use and public transport use. In Chapter 7, individual level data are employed to examine 

the socio-economic factors determining an individual’s choice of mode of transport for 

the journey to work and school/college. The purpose o f this chapter is to review previous 

literature relevant to the three issues examined in Chapters 5, 6 and 7, namely, car 

ownership and use, public transport use and modal choice respectively. Despite 

differences in data sources, time periods, econometric m ethodologies and dependent 

variables, a number of common results emerge. Section 2.2 briefly outlines basic 

principles in transport demand modelling. Section 2.3 discusses studies exam ining the 

issues of car ownership and use while Section 2.4 reviews previous research related to the 

demand for public transport. Section 2.5 examines studies concerned with estimating 

modal choice models, mainly for the journey to work. Section 2.6 summarises and 

concludes the chapter.

2.2 Transport Demand

This thesis concentrates on the m icroeconomic approach to transport demand modelling 

which attempts to explain transport behaviour at the individual or household level, using 

a wide range of variables as explanatory factors.^ As outlined in Button (1993), standard

’ P oliak  and H eertje (1 9 9 3 ) and D om en cich  and M cFadden (1 9 7 5 ) provide o v erv iew s o f  a lternatives to the 
m icroecon om ic  approach, nam ely, four-stage transport m od els concerned  w ith analysin g  trip generation, 
trip d istribution , m odal ch o ice  and route c h o ice  betw een  different zones at a particular point in tim e and the 
activ ity  based approach, w h ich  analyses travel behaviour in the w ider co n tex t o f  an in d iv id u a l’s or 
h o u seh o ld ’s daily , w eek ly  or m onth ly activ ity  patterns.
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economic theory postulates that the demand for any commodity is determined by four 

broad factors, i.e.,

D r = f ( Y , P r , P o , T )  (2.1)

where D,  represents the demand for transport*^, Y represents income, Pj  represents the 

price of the transport commodity desired, Pg represents the price of other transport goods 

and T  represents tastes and preferences. The price of transport includes not only the 

money costs of transport such as public transport fares, motor expenses and car parking 

charges but also time costs.^ Tastes and preferences are the final determinant of transport 

demand and encompass a wide variety of factors, principally the socio-economic 

characteristics of the individual, household or region in question. Due to the nature of 

the data (discussed in gi'eater detail in Chapter 4), this thesis concentrates on the income 

and socio-economic determinants of transport demand, as expressed in terms of car 

ownership and use, public transport use and modal choice for the journeys to work and 

school/college. As discussed in Chapter 1, an understanding of the income and socio

economic factors influencing individual and household transport behaviour is important 

for a number of reasons. The review of the literature therefore concentrates on previous 

studies analysing the demand for transport at individual or household level with specific 

emphasis on the impact of income and other socio-economic characteristics on these 

decisions.

 ̂ D j  may be expressed in either discrete or continuous form. Examples o f  discrete demand include the 
choice o f  number o f  cars to own or choice o f  mode o f transport to work w hile expenditure on transport is 
an exam ple o f  a continuous transport demand variable.
 ̂ See Button (1993) for a discussion o f  the concept o f  “generalised cost” which incorporates factors other 

than the sim ple monetary cost o f  a trip such as access time, waiting time, in-vehicle time etc.
* Button (1993, pp.48) states that “the econom ic meaning o f  “tastes ” is seldom  m ade clear, but in p ractice  
it seem s to em brace a ll influences on dem and not covered  by the previous h ea d in g s”. In addition to the 
socio-econom ic characteristics o f the decision-m aker, factors encom passing service quality (frequency, 
punctuality, comfort, route penetration etc.) are often included as explanatory factors, particularly in 
explaining modal choice decisions.
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2.3 Car Ownership and Use

2.3.1 Car Ownership

The microeconom ic approach to car ownership demand m odelling has its roots in studies 

based on aggregated data, which attempt to explain the general relationships between car 

ownership and variables such as population density and average incom es at regional or 

country level [see Button et al. (1993), Said (1992), Stanovnik (1990), M cCarthy (1977), 

Buxton and Rhys (1972) and Fairhurst (1965)]. However, the nature of the data limits the 

num ber and type of independent variables that can be considered. A particular problem 

associated with aggregated data is that if a variable varies more within a region than it 

does between regions, the true effect of the variable will be difficult to determine 

[Fairhurst (1965)].

The increasing availability of m icro-data in recent years has enabled researchers to 

overcome many of the problem s inherent in aggregated data. It has allowed the 

formulation of more accurate models of car ownership at an individual or household level 

employing a wider range o f socio-economic characteristics as independent variables [see 

Alperovich et al. (1999), Dargay and Vythoulkas (1999), M cCarthy (1996), Lave and 

Train (1979), Cragg and Uhler (1970) and Bennett (1967)]. The discrete nature o f the car 

ownership decision means that discrete choice econometric m ethodologies, such as 

binary and multinomial probit and logit, are often employed in m odelling demand. 

Alperovich et al. (1999), Stanovnik (1990) and Cragg and Uhler (1970) employ binary 

and multinomial logit, binary probit and multinomial logit m ethodologies respectively to 

the demand for car ownership while M cCarthy (1996) and Lave and Train (1979) use the
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multinomial logit m ethodology to model choice of car type. Bergantino (1997) and 

Blundell et al. (1993) examine budget shares allocated to private and public transport and 

total transport expenditures respectively while Bennett (1967) analyses expenditure on 

cars. More recendy, the demand for car ownership at the micro-level has also been 

analysed in the context o f other transport decisions such as car use and modal choice. 

Johansson-Stenm an (2002), Asensio et al. (2001), Kayser (2000), Bjom er (1999), 

Berkowitz et al. (1990), De Jong (1990) and M annering and W inston (1985) all model 

the joint decisions of car ownership and car use using a variety of econometric 

m ethodologies [see Section 2.3.2]. De Palma and Rochat (2000), Thobani (1984) and 

Train (1980) examine the jo in t decisions of car ownership and mode o f transport to work 

|see Section 2.5 for further discussion o f car ownership-modal choice studies].

Income is the most consistently important socio-economic factor found to have a positive 

relationship with car ownership, with the majority of the earlier studies reporting income 

elasticities that are in excess of unity [Blundell et al. (1993), Button et al. (1993), 

Stanovnik (1990), Thobani (1984), M cCarthy (1977), Buxton and Rhys (1972), Bennett 

(1967) and Fairhurst (1965)]. There is some evidence to show that the income elasticity 

o f car ownership demand has declined over time with more recent studies reporting 

income elasticities that classify the private car as a necessity rather than a luxury [see 

Johansson-Stenm an (2002), Dargay (2001) and Dargay and Vythoulkas (1999)].^ Dargay 

(2001) finds evidence for a “hysteresis” effect, with the incom e elasticity found to be 

higher for increasing income than for falling income. In other words, the acquisition of a

 ̂ In addition , B ergantino (1 9 9 7 ) reports an incom e elastic ity  o f  private transport o f  1.02 but the value o f  
this e lastic ity  is not sign ifican tly  greater than unity at the on e  per cen t level o f  sig n ifica n ce , lead ing to the 
co n c lu sio n  that private transport cannot be c la ss if ie d  as a luxury good.
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car is seen as a luxury but once acquired, the car becomes a necessity so that disposing of 

a car is more difficult. She cites this as a particular problem in attempting to reduce the 

car dependence of the population. Some studies also find that the relationship between 

income and car ownership is non-linear [Cragg and Uhler (1970) and Bennett (1967)], 

while others find that income elasticities of car ownership decline in magnitude as the 

number of cars per household increases fDargay (2001), Dargay and Vythoulkas (1999) 

and Train (1980)]. These results suggest that the effect of income on household car 

ownership is not constant, with the effect being more pronounced at lower levels of car 

ownership and income.

Other variables found to have a significant effect on car ownership include general 

household characteristics such as the number of adults, children and workers in the 

household and household location. Economies of scale associated with increasing 

household size are evident in the results of Alperovich et al. (1999), who find a non

linear relationship between the size of the household and the probability of car 

ownership, and Bergantino (1997) who reports a negative relationship between the 

number of adults in the household and the share of total expenditure allocated to 

transport.'*’ Johansson-Stenman (2002), Dargay and Vythoulkas (1999) and Bergantino 

(1997) find a positive relationship between the number of children in the household and 

the probability of car ownership, average car ownership levels and the share of 

expenditure on private transport respectively. The positive effect o f the number of 

children in the household on the probability of car ownership may reflect the fact that

68 per cent o f  total transport expenditure is allocated  to private transport in the data utilised  by 
B ergantino (1 9 9 7 ).
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households with children may have more diverse activity patterns than other household 

types. Asensio et al. (2001), De Palma and Rochat (2000), Alperovich et al. (1999), Bhat 

and Pulugurtha (1998) and Train (1980) find that the number of workers in the household 

positively affects the probability of car ownership. This reflects the fact that working 

households have more regular and rigid travelling needs than non-working households. 

Household location is often employed to proxy a number of different factors such as 

distance from the city centre, population density and the quality and quantity of public 

transport alternatives. The results consistently indicate that, in comparison with rural 

and/or suburban residents, urban dwellers are less likely to ow'n cars [see Johansson- 

Stenman (2002), Dargay and Vythoulkas (1999), Bhat and Pulugurtha (1998) and 

Bennett (1967)]." Asensio et al. (2001) and Alperovich et al. (1999) similarly find that 

as population size increases, the probability of car ownership falls while McCarthy 

(1977) and Buxton and Rhys (1972) find that car ownership rates decline as population 

density increases. Based on a sample of urban residents, Train (1980) finds that those 

living in the city centre are significantly less likely to own cars than those living in 

suburban areas.

12Head of household (HOH) characteristics such as gender, age, education and 

occupation are also commonly employed. The results for age of HOH often conflict. 

Johansson-Stenman (2002), Asensio et al. (2001), Dargay (2001), Alperovich et al. 

(1999) and Bennett (1967) find that car ownership probability, while increasing with age,

“  B ergantino (1 9 9 7 ) a lso  find that urban dw ellers spend less  on private transport.
W hile it m ay be argued that the term “head o f  h ou seh o ld ” has b eco m e less m eaningfu l over tim e, it is 

still taken as the unit o f  analysis in proxying such characteristics o f  the hou seho ld  as age, gender and 
educational level. See a lso  Section  4 .2 .3 .
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declines in magnitude once the HOH reaches 40 years, 35-55 years, 50 years, 45 years 

and retirement age respectively. On the other hand, Buxton and Rhys (1972) and Cragg 

and Uhler (1970) find that as the age of the HOH increases, the probability of car 

ownership declines.

2.3.2 Car Use

In contrast to the large number of studies analysing car ownership at both aggregated and 

disaggregated levels, a relatively small number of studies have examined the related issue 

of car use. Button et al. (1993), Hensher (1985) and Manncring (1983) examine car use 

independently of the car ownership decision, using mileage data. The latter two studies 

use household level data and differentiate households by number of cars owned, while the 

former study uses aggregated country-level data for a sample of low-income countries. 

Studies examining petrol expenditures include those by Asensio et al. (2001), Labeaga 

and Lopez (1997) and Archibald and Gillingham (1980) who utilise household micro

data, applying differing econometric methodologies such as OLS, IV and GMM 

estimation of an AIDS model and OLS respectively.'"^ A number of the above studies 

[Hensher (1985), Mannering (1983) and Archibald and Gillingham (1980)| analyse the 

car use decisions of multi-car households in an attempt to quantify vehicle substitution 

effects, i.e., to account for the fact that there is an endogenous relationship between the 

level of use of each household vehicle [Hensher (1985)].

Kayser (2000) and Schm alensee and Stoker (1999) also use petrol consum ption as a proxy for car use, 
but analyse consumption in terms o f gallons o f  petrol rather than expenditure.
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A com m on approach taken in many studies is to analyse the car use decision  

sim ultaneously with the car ownership decision. Bjomer (1999) and D e Jong (1990) use 

the Tobit Type II m ethodology to estimate the demand for car use conditional on the 

decision to own a car, w hile Berkowitz et al. (1990) and Mannering and W inston (1985) 

fo llow  the approach initially outlined by Dubin and McFadden (1984) and estimate joint 

discrete-continuous m odels o f vehicle holdings and use.'“* Johansson-Stenman (2002), 

A sensio  et al. (2001) and Kayser (2000) estimate Heckman sample selection m odels o f  

the joint demand for car ownership and car use.'^

Sim ilar independent variables to those used in explaining variations in car ownership 

levels are em ployed in determining the income and socio-econom ic influences on car use. 

A significant finding in many o f the studies is the low  positive incom e elasticity o f car 

use, resulting in the classification o f  car use as a necessity [see Johansson-Stenman  

(2002), A sensio et al. (2001), Kayser (2000), Bjomer (1999), Schm alensee and Stoker 

(1999), Labeaga and Lopez (1997), De Jong (1990) and Archibald and Gillingham  

(1980)]. The consistent classification o f car use demand as a necessity suggests that

B erkow itz et al. (1990) sim ultaneously  estim ate the dem and for vehicle holdings (num ber and type) and 
vehicle usage (d iscretionary  and non-discretionary  use). T here are therefore  three household  decisions 
under consideration: num ber and type o f  vehicle holdings, w ork use o f vehicles and non-w ork vehicle use. 
The th ree decisions are nested: each decision  is m ade sequentially  w ith reference to the utility  expected at 
subsequen t stages o f  the decision  process. M annering and W inston (1985) apply  the sam e m ethodology to a 
tw o stage decision: the num ber and type o f  cars to ow n at the first stage and how  m uch to use the car(s) at 
the second stage.

K ayser (2000) m otivates the use o f  the H eckm an sam ple selection  m ethodology  on the basis that 
households m ay have a positive dem and fo r petrol but report no consum ption  because they  do not ow n a 
car. H ow ever, both A sensio et al. (2001) and Johansson-S tenm an (2002) favour an independent approach 
to estim ating  the dem and for car ow nersh ip  and use due to the insign ificance o f  the M ill’s ratio , w hich is an 
ind ica to r o f  selection. In add ition , A sensio  et al. (2001) notes the d ifficu lty  in decid ing  on exclusion 
restric tions, i.e., variables that affect the p robability  o f car ow nersh ip  but do not affect the level o f  car use. 
See also  Sections 5.2 and 5.4.2 fo r fu rther d iscussion  o f the appropriate  econom etric  m ethodology to use in 
m odelling  car use.
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income is a more important factor in determining variations in car ownership than in car 

use. Archibald and Gillingham (1980) show that the income elasticity of car use is larger 

for households that own two or more cars while Asensio et al. (2001) and Hensher (1985) 

find that income elasticities of car use decline as the number of household cars increases. 

Kayser (2000) also finds evidence for a non-linear effect indicating that car use increases 

with increasing income but at a decreasing rate.

The number of adults in the household is often included to proxy the number of potential 

drivers in the household, which is included as an independent variable by Schmalensee 

and Stoker (1999) in addition to household size. The effect of children is generally found 

to be positive |Bjorner (1999)|. In common with the effect on car ownership, this may 

indicate the diversity of activities undertaken by households of this type as well as the 

fact that young children are unlikely to travel unescorted. Additional significant socio

economic characteristics include the number/presence of workers in the household [see 

Asensio et al. (2001), Kayser (2000), Bjorner (1999), Berkowitz et al. (1990), Mannering 

and Winston (1985) and Archibald and Gillingham (1980)] and the location of the 

household [see Johansson-Stenman (2002), Asensio et al. (2001), Bjorner (1999), 

Schmalensee and Stoker (1999), Berkowitz et al. (1990), Mannering and Winston (1985), 

Mannering (1983) and Archibald and Gillingham (1980)'*^]. In common with the effect of 

location on car ownership, residents of urban areas are found to use their cars 

significantly less than suburban or rural residents, reflecting perhaps the shorter distances

A ll o f  these studies inclu de dum m y variab les for urban vs. rural resid en ce  w ith Johansson-Stenm an  
(2 0 0 2 ), A sen sio  e t  al. (2 0 0 1 ) and Bjorner (1 9 9 9 ) including a num ber o f  dum m y variab les ind icating large 
c ities , interm ediate c ities  and rural resid en ce. K ayser (2 0 0 0 ) a lso  inclu des a dum m y variable ind icating  
w hether public transport is availab le  for the journey  to work and finds that rural resid en ce  and availab ility  
o f  public transport s ig n ifican tly  increase and decrease car use resp ectively .
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for work and other joiirney purposes, car parking restrictions and tiie increased 

availability and feasibility of alternatives such as walking, cycling and public transport.

Johansson-Stenman (2002), Kayser (2000), Bjomer (1999), De Jong (1990), Mannering 

(1983) and Archibald and Gillingham (1980) all report that a female HOH exerts a 

significant negative effect on household car use. These results support the contention of 

Mannering (1983) that women choose frequencies and types of activities that require less 

vehicular travel than men. Once again, the effect of the age of the HOH is conflicting. 

Asensio et al. (2001), Bjorner (1999), De Jong (1990), Hensher (1985), Mannering 

(1983) and Archibald and Gillingham (1980) find that the age of the HOH has a 

consistently negative effect on car use, a finding that is in contrast to the positive, but 

declining effect of the age of the HOH on car ownership found in many of the car 

ownership studies. On the other hand. Puller and Greening (1999) and Mannering (1983) 

report a linear positive effect and Johansson-Stenman (2002), Schmalensee and Stoker 

(1999) and Kayser (2000) find evidence for a non-linear effect of age on car use, an 

effect that is positive but at a decreasing rate. Finally, Archibald and Gillingham (1980) 

find that households with more than one car consume significantly more petrol although 

they do note that petrol consumption per car is lower for multi-car households than it is 

for one-car households.

2.4 Public Transport Use*^

hi common with the earlier approaches to car ownership modelling, much of the 

emphasis in public transport demand modelling has been on models using aggregated 

By public transport w e m ean bus, train, tram, taxi etc.
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data, usually time-series. For example, FitzRoy and Smith (1998, 1994) explain the

growth in public transport trips in Freiburg and Zurich respectively as functions of

income, population, public transport fares and various service aspects of the public

transport system such as route coverage. At the micro-level, the demand for public

transport is most often analysed in the context o f modal choice [see Section 2.5], while

comparatively little research has been undertaken using expenditure on transport as a

proxy for (public) transport demand. Exceptions are Bergantino (1997), M elenberg and

Van Soest (1996), Blundell et al. (1993), Hagemann (1981) and Bennett (1967), who all

use household-level expenditure data. W hile Bergantino (1997) and Blundell et al. (1993)

examine the budget shares allocated to private and public transport and total transport

respectively, M elenberg and Van Soest (1996) and Hagemann (1981) estimate Tobit

models of expenditure on holiday travel and Bennett (1967) estimates Tobit models of

expenditure on cars. Johansson-Stenm an (2002) similarly analyses the demand for public

transport in Sweden using the annual number of public transport trips per person as the

18dependent variable by estimating Cragg and Heckman sample selection models.

The effect of income on public transport demand is generally found to be positive, but 

less than unity. Bergantino (1997) finds that the income elasticity of public transport 

(0.99) is slightly less than that for private transport (1.02) and concludes therefore that 

public transport may be classified as a necessity. In common with the effect of income on 

car ownership, which was found to differ over income levels [see Dargay and Vythoulkas

Johansson-Stenman (2002) motivates the use o f  the Cragg and Heckman sam ple selection methodologies 
by arguing that different variables may affect the probability o f  travelling by public transport and the 
number o f  trips, once the decision to use public transport has been taken. The Cragg m ethodology assumes 
that the two decisions are independent whereas the Heckman sam ple selection m ethodology assumes that 
the two decisions are related [see Section 6.4.1 for further discussion o f these issues].
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(1999)], Bergantino (1997) finds that the elasticity o f  total transport expenditure is not 

constant over different incom e levels, declining from a luxury to a necessity as income 

increases. In other words, as the income o f  the poor increases, the expenditure that they 

allocate to transport increases more than proportionately. Conversely, Blundell et al. 

(1993) report an incom e elasticity of total transport in excess of  unity which is increasing 

over incom e levels, reflecting perhaps differences in the types o f  transport goods 

consum ed by those o f  differing incomes, i.e., private m otoring by those on high incomes 

and public transport by those on low incomes. D espite initial expectations that public 

transport would be an inferior good, FitzRoy and Smith (1994, 1998), in their time-series 

analyses o f  public transport trips in Zurich and Freiburg, report positive but inelastic 

income elasticities of  0.48 and 0.40 respectively. W ebster and Bly (1980) summarise a 

num ber o f  cross-sectional studies using U K  micro-data, which find that, for a given level 

o f  car ownership'*^, a higher level o f  income leads to greater, but proportionately less, 

public transport use and expenditure, particularly for non-w ork  journeys. In contrast to all 

o f  the above, Johansson-Stenm an (2002) finds that the incom e o f  the individual exerts a 

negative effect on both the probability and num ber o f  public transport trips. However, the 

latter effect is insignificant and the former only marginally  so.

Additional socio-economic characteristics found to be significant in explain ing cross- 

sectional variations in public transport use include the num ber o f  adults, workers and 

children in the household. De Palm a and Rochat (2000) find that increasing household

It is important to control for car ownership in examining the effect o f  incom e on public transport demand 
as incom e, in addition to the direct effect on public transport demand, has an indirect effect through its 
effect on car ownership. The two effects often conflict making it difficult to determine the true effect o f  
income on public transport demand [see Webster and Bly (1980) and Jones and Tanner (1979)].

21



size reduces public transport demand (for the journey to work in households with cars) 

while Johansson-Stenm an (2002) and Bergantino (1997) find negative effects of children 

on the probability of travelling by public transport and public transport expenditure 

respectively. As with the car ownership and use studies, household location is often 

included not only to proxy distance but also to proxy public transport availability [see 

Johansson-Stenm an (2002), Berkowitz et al. (1990) and Bergantino (1997)]. Finally, 

HOH characteristics such as the age of the HOH are found to have negative effects on 

public transport demand by Berkowitz et al. (1990) but positive effects by De Palma and 

Rochat (2000) and Bergantino (1997). However, Johansson-Stenm an (2002) finds that 

while age has an initially negative effect on the probability of m aking public transport 

trips, this decreases at a decreasing rate. He also finds that once a person has decided to 

use public transport, the annual number of public transport trips is positively, albeit at a 

decreasing rate, associated with age.

2.5 Modal Choice

Modal choice studies examine the choice between a num ber of competing modes of 

transport for a specific journey purpose. Exam ining transport behaviour for specific 

journey purposes enables researchers to determine if the factors influencing the demand 

for transport differ in their effect depending on journey purpose. For example, there is 

much evidence to show that price elasticities o f public transport demand are lower for 

journeys to work than for leisure or shopping journeys [see Button (1993) and 

M cGillivray (1972)]. The majority of studies discussed in this section concentrate on the 

journey to work because the data are more readily available and easier to collect as the
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journey is generally fixed by route, time and mode for the m ajority of workers 

[Domencich and McFadden (1975)]. In addition, while the journey to work only 

accounted for just over 15 per cent of total journeys per person in the UK in 2000 [see 

Table 7.1], for certain modes it is the major journey purpose (e.g. 50 per cent of rail 

journeys in the UK are work journeys [Pooley and Turnbull (2000)]). Domencich and 

M cFadden (1975), in addition to examining mode o f transport to work, also analyse 

choice of mode of transport for shopping trips, while M cGillivray (1972) examines 

choice of mode of transport for a number of journey purposes including trips for work, 

for personal business, to visit friends and relations, shopping and other recreational 

purposes.

In m odelling the choice of mode o f transport, discrete choice econometric methodologies 

are commonly chosen due to the nature o f the decision under analysis. Lave (1970), De 

Donnea (1971), Domencich and McFadden (1975) and M adan and Groenhaut (1987) use 

binary logit and probit models to examine choice of car versus public transport for the 

journey to work.^** A number of studies expand the range o f alternatives by using 

m ultinomial logit or nested logit models to examine the choice between a number of 

alternative modes of transport [see Ben-Akiva and Lerman (1975) for an application of 

the multinomial logit methodology and De Palma and Rochat (2000), Thobani (1984) and 

Train (1980) for applications using the nested multinomial logit methodology]. The 

nested multinomial econometric methodology is used in recognition o f the fact that car 

ownership and modal choice are related decisions. De Palma and Rochat (2000) argue

M cG illivray  (1 9 7 2 ) uses d iscrim inate analysis to exam in e m odal sp lit betw een  car and public transport 
for a num ber o f  d ifferent journey purposes, nam ely, work, personal bu siness, v isitin g  friends and relations, 
sh opp in g  and other recreational purposes.
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that the car ow nership decision should be endogenous to the model structure. The nested

multinomial methodology, in the context o f  modal choice, therefore assumes that two

decisions are m ade simultaneously, namely, whether or not to own a car, and conditional

21on this choice, whether or not to use the car to travel to work.

The majority of  the modal choice studies concentrate on the im pact o f  alternative-specific 

attributes on modal choice decisions. For example, D e Palm a and R ochat (2000) include 

alternative-specific variables relating to comfort, availability, travel time and cost in the 

second binary stage (car vs. public transport) o f  their nested  m ultinom ial logit model of  

choice of mode o f  transport to work, conditional on car ow nership  status. All o f  the 

above studies include income and a variety o f  other socio-econom ic characteristics as 

independent variables. However, the effect o f  incom e on modal choice is not consistent 

across the studies. Thobani (1984) and Train (1980) find that incom e is significant in 

explaining car ow nership status but insignificant in explaining modal choice although the 

latter result may be due to the fact that incom e is also interacted with alternative-specific 

characteristics, such as cost, leading to possible multicollinearity  problems. De Palm a and 

Rochat (2000) and McGillivray (1972) also find an insignificant incom e effect on modal 

choice for the journey  to work, while M adan and G roenhaut (1987) find that incom e is 

significant in explaining modal choice with income elasticities of car and public transport 

choice o f  0.09 and -0 .1 6  respectively. The low positive incom e elasticities reported by 

M adan and Groenhaut (1987), a long with the insignificance o f  incom e in the other

The use o f  the nested multinomial logit econom etric m ethodology requires the existence o f  alternative 
specific characteristics that do not vary across the units o f  observation (e.g. individuals or households), 
such as fuel costs in the context o f  car use or journey time in the context o f  modal choice [see Greene 
(2000) and Ben-Akiva and Lerman (1975)]. Section 7.4 discusses the issue o f  the appropriate econometric 
m ethodology to use in modelling modal choice using Irish Census o f  Population data.
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studies, may suggest that income is more important in determining variations in car 

ownership than in explaining differences in mode of transport for the journey to work.

As with the studies of car ownership and use and public transport use discussed in 

Sections 2.3 and 2.4, the number of adults, workers, drivers and children in the household 

are commonly employed as independent variables in explaining modal choice. De Palma 

and Rochat (2000) find a significant negative effect of household size on the probability 

of taking public transport to work, reflecting perhaps the returns to scale involved in 

household members travelling to work by car. Both Madan and Groenhaut (1987) and 

Ben-Akiva and Lerman (1975) include the number of cars per licensed driver as 

independent variables in an attempt to capture the effect of competition for the household 

car(s) on modal choice behaviour and find significant positive effects of the number of 

cars per licensed driver on the probability of taking the car to work. Madan and 

Groenhaut (1987) find that the number of cars per licensed driver is the most significant 

factor in explaining modal choice with the highest elasticity values of 0.15 and -0 .27  for 

the choice of car and public transport respectively. Location variables are found to be 

significant by Berkowitz et al. (1990) who find that those living in big cities are more 

likely to take public transport to work. They explain this as being due to the parking and 

driving inconveniences associated with a big city. The effect of age on the probability of 

taking public transport to work is found to be positive by De Palma and Rochat (2000) 

and Lave (1970) but negative by Berkowitz et al. (1990). Berkowitz et al. (1990) explain 

this result by arguing that younger people have lower opportunity costs of time than older

25



people, therefore, even though they own a car, they may be more likely to choose a 

slower alternative to work.

2.6 Summary

In this chapter, previous research examining the incom e and socio-economic 

determinants of a number of different transport decisions at the cross-sectional level was 

reviewed. While differences in data sources, time periods, econometric m ethodologies 

and dependent variables make conclusions more difficult, some consistent results do 

emerge. The review highlights the significance of income and socio-economic 

characteristics in determining household and individual transport behaviour. There is 

broad agreement that while car ownership may be considered a luxury (although there is 

some evidence to show that this positive income effect is declining over time), car use 

and public transport use may be considered necessities. Additional socio-economic 

characteristics such as household size, location and the gender and age of the HOH are 

also found to be particularly significant with the effects o f some variables such as the age 

of the HOH found to have opposing effects on car ownership on the one hand and car and 

public transport use on the other. The next chapter introduces the subject of the 

subsequent econometric analyses, namely, the Dublin area. The changing economic and 

demogiaphic profile of the Dublin area since 1986 is briefly described and the 

implications for patterns of travel to work, school and college are explored.
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CHAPTER 3

ECONOMIC AND DEMOGRPAHIC PROFILE OF THE 

DUBLIN AREA AND IMPLICATIONS FOR TRANSPORT:

1986-2000

3.1 Introduction

Chapter 2 review ed the literature related to the estimation o f  the dem and for transport, 

paying particular attention to studies using m icro-data to exam ine the influence of income 

and socio-econom ic factors on this dem and. As d iscussed in Chapter 1, a knowledge of 

the incom e and socio-econom ic factors influencing the dem and  for urban transport is 

becom ing more im portant in the context o f  the increasing popularity  o f  m easures which 

seek to re-direct the dem and for transport towards more sustainable m odes such as 

walking, cycling and public transport. In com m on with m any other urban areas, Dublin 

has experienced all o f  the negative consequences o f  car dependence such as congestion, 

pollution, com m unity  severance, sprawl and peripheral developm ent and inaccessibility 

due to car dependence. In addition, Dublin has experienced rapid rates o f  economic and 

demographic change over the last fifteen years and this has had m ajor implications for 

travel in the Dublin area.
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The puipose of this chapter is to briefly outline the changes that have occurred in the 

economic and demographic structure o f the Dublin area since 1986 and to assess the 

implications for transport in the Dublin area.^^ Section 3.2 briefly outlines the trends in 

the economic and demographic factors that the OECD regards as the main causes behind 

the shift towards the private car in urban areas. Section 3.3 details the major implications 

that this changing economic and demographic structure has had for patterns o f travel to 

work, school and college in the Dublin area over the period 1986-2000. Section 3.4 

summarises and concludes the chapter.

3.2 Economic and Demographic Cliange

Over the last fifteen years, and in particular the last ten years, the Dublin area has 

changed dramatically in economic and demographic terms.

3.2.1 Population

As is evident from Table 3.1, the population o f the Dublin area rose by 9.9 per cent

between 1986 and 2002, with the majority of the increase occurring in the period 1996-

2002. This figure masks considerable differences in the extent of population change 

within the Dublin area. W hile the population of Dublin County Borough (the inner city 

area) fell between 1986 and 2002, the population o f Dublin County (encompassing the 

local authority regions o f Dun Laoghaire-Rathdown, Fingal and South Dublin) increased 

consistently over the period 1986-2002 with the more suburban counties of Fingal and 

South Dublin recording the highest levels of population growth (41.7 per cent and 20.2

The pubhshed data from the Census o f  Population (COP) and the Quarterly National Household Survey 
(Q NH S), which are both administered by the Central Statistics O ffice (CSO), are the primary data sources 
for this chapter. All data sources are referenced after the tables presented at the end o f  this chapter.
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per cent respectively). With tiie exception of Dun Laogiiaire-Rathdown, all three areas 

experienced the largest rates of population growth since 1996 with the much larger rates 

of growth in Fingal and South Dublin confirming the trend towards a dispersal o f the 

population towards outlying areas of the Dublin area. W hile this thesis does not deal with 

the travel patterns of the entire Greater Dublin Area , which encompasses the 

neighbouring counties of Kildare, Meath and W icklow, an exam ination of Table 3.1 

confirms the shift in the distribution of the population o f the Greater Dublin Area towards 

outlying areas, in particular over the period 1996-2002.

3.2.2 Employment

By far the most significant change in the Dublin area over the period 1986-2002 has been 

the spectacular increase in the numbers in employment. This has been driven by a 

number of factors including the increase in the size of the population (see Table 3.1) and 

a favourable demographic profile. From Table 3.2 it is evident that the proportion o f the 

Dublin population that are of prime working age (25-64 years) has increased by 31.7 per 

cent over the period 1986-2001. However, the m ost important factor has been the sharp 

increase in the num ber o f females entering the workforce. Table 3.3 indicates that while 

the numbers of males in employment in the Dublin area grew by 42.8 per cent over the 

period 1986-2002, the numbers of fem ales in em ployment grew by 91.5 per cent over the 

same period. In both cases, the m ajority o f the increase has taken place since 1996.

Data limitations preclude the examination o f  the travel patterns o f  the entire Greater Dublin Area [see 
Section 4.2.1).
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3.2.3 Education

Table 3.2 indicates that the proportion of the population aged 24 years and younger has 

been consistently falling over the period 1986-2001, with much larger decreases in the 

proportion of the population aged 14 years and younger. This has had implications for the 

numbers in education as presented in Table 3.4. The numbers of primary schoolchildren 

have fallen by 16.1 per cent over the period 1986-1996 and the num ber of secondary 

schoolchildren has increased marginally by 1.2 per cent. W hile data for the period 1996- 

2002 are not available, the data presented in Table 3.2 for the age structure of the 

population would indicate that the decline in the numbers in prim ary school has now been 

replicated for secondary school students. In contrast, the num ber o f students entering 

third level education has increased dramatically, increasing by 85.1 per cent between 

1986 and 1996. The figures in Table 3.2 would suggest, however, that this trend has not 

been maintained at the same level since 1996.

3.2.4 Household Size

As the num ber of households in the Dublin area has increased over the period 1986 to 

1998, so the average size of these households has fallen accordingly [see Table 3.5]. The 

faster decrease in the average size o f households reflects the fact that the population has 

been growing at a slower rate than that of household formation. W hile the population of 

the Dublin area increased by 9.9 per cent over the period 1986 to 2002, the number of 

households increased by 29.1 per cent over the period 1986 to 1998.
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3.2.5 Income

Along with the increase in female participation in the workforce, the m ost significant 

change in the economic and demographic structure of Dublin over the last fifteen years, 

and over the last ten years in particular, has been the spectacular rates of economic 

growth. Data on disposable incomes per person confirm that the population of Dublin has 

become richer over the period 1991 to 1999 with an increase of 59.6 per cent in per capita 

disposable incomes over the period. In common with many of the other trends analysed 

in this chapter, much of that increase occurred in the latter half of the 1990s.

3.2.6 Car Ownership

Fuelled by the increase in incomes, the rate of car ownership has significantly increased 

in the Dublin area over the period 1986-2000, with the num ber of private cars nearly 

doubling over the period. The average rate of car ownership per household has 

subsequently increased by 49.3 over the same period to the point where the average 

num ber of private cars per household is one. In contrast to the trends in the other 

variables, the major changes in car ownership occurred before 1996, reflecting the low 

bases from which the subsequent growth occurred. W hile the rate of car ownership in 

Ireland is still considerably below that of other European countries, the number of private 

cars per 1,000 inhabitants has been increasing steadily towards the EU average o f 460 in 

1999 [see Table 3.7 and Table 3.3.1.2 in European Com m ission (2002)]. It is also 

significant that the rate o f growth in the num ber of cars per 1,000 inhabitants in Dublin 

consistently exceeds that for the state as a whole.
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3.3 Implications for Transport

3.3.1 General Transport Situation

All of the above factors have combined to increase substantially the demand for travel in 

the Dublin area in recent years and in particular over the 1990s, when the changes in the 

economic and demographic factors were most pronounced. The Dublin Transportation 

Office estimate that, over the period 1991 to 1997, the num ber of peak and off-peak trips 

in Dublin increased by 64.5 and 67.3 per cent respectively [2000]. In common with 

trends across all urban areas in the industrialised world, the majority of these trips are 

undertaken by car. They estimate that car journeys account for over 70 per cent of these 

trips and that this proportion is continuing to increase over time [Dublin Transportation 

Office (2000)). While the numbers travelling by bus and train have been increasing since 

1986, the increases are small in comparison to the growth in car ownership over the 

period [see Table 3.8]. Data on travel patterns to work, school and college, which are 

presented in Sections 3.3.2, 3.3.3 and 3.3.4 respectively, confirm  the trend towards the 

private car for the ever increasing num ber of trips that are undertaken in the Dublin area.

3.3.2 Travel to Work~^

Tables 3.9 and 3.10 illustrate the travel patterns of the total working population resident 

in the Dublin area expressed in terms of distance travelled to work and mode of transport 

to work respectively. Over the period 1986-2000, the numbers of employed people 

resident in the Dublin area increased by 55.5 per cent. From Table 3.9 it is evident that

T he CO P asks respondents to state their d istan ce  travelled to w ork to the nearest m ile  w ith the co llected  
data then presented in nine categories: 0, 1 , 2 ,  3, 4 , 5 -9 , 10-14 , 15 and over  and not stated. T he data in the 
tables at the end o f  the chapter further aggregates these  data into f iv e  categories: on e  m ile  or less (O-i-l), tw o  
to four m iles (2+3-I-4), f iv e  to nine m iles (5 -9 ), ten m iles or greater (1 0 -1 4  -i- 15 and over) and not stated.
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the proportions travelling four miles or less and ten miles or greater increased over this 

period, with the proportion travelling five to nine miles declining. The increase in the 

proportion travelling one mile or less to work may be accounted for by an increase in the 

numbers working from home although it is impossible to identify such workers from the 

data. Despite the increase in the share of workers travelling ten miles or more to work, 

the majority of commuters travel relatively short distances to work, with 59.1 per cent of 

the working population in 2000 travelling four miles or less to work com pared with 35.3 

per cent travelling distances greater than five miles.

In terms of mode of transport, the data in Table 3.10 illustrate that the largest increase in 

modal share occurred for the car driver category. W hile the numbers in employment 

increased by 55.5 per cent since 1986, the numbers driving to work more than doubled. 

This dramatic increase in the numbers driving cars to work has resulted in a situation 

where over 50 per cent of workers in the Dublin area now drive to work. In contrast, the 

proportions walking, cycling, using public transport and travelling as a passenger in a car 

either fell, remained stable or increased very slightly. The proportion o f workers walking 

to work has remained relatively stable over the period 1986-2000, a trend that is mirrored 

by UK data which reports that there was little change in the proportions walking to work 

over the period 1991-1999 [UK DETR (2001c)]. Cycling, using the bus and travelling as 

a passenger in a car all declined in terms of modal share with cycling performing 

particularly poorly. In a period of increasing numbers at work, the absolute numbers 

cycling to work also declined. The private car rem ains the most popular mode of
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transport to work in the Dublin area (50.3 per cent), followed by travelling by bus (16.1 

per cent) and walking (12.1 per cent).

It is important to realise that mode of transport is dependent to a large extent on the 

distance that the individual must travel to work. Table 3.11 illustrates these differences 

for 1986 and 1996.^^ W hile walking to work is the third most popular m ethod of transport 

to work in 1996, for distances of one mile or less, 47.2 per cent o f workers walk to work. 

For distances greater than two miles, the private car remains the most popular m ethod of 

transport to work, with nearly 46 per cent o f workers in 1996 travelling between two and 

four miles to work using their own cars. Exam ining the changes over time, it is evident 

that cycling as a mode of transport to work has declined in share across all distances. 

Using the bus to travel to work has also declined in share for all distances except one 

mile or less. The car passenger category has increased share at the shorter distances but 

decreased share at distances greater than five miles while the train has increased share 

over all distances o f nine miles or less. The car driver category has increased share over 

all distances, which is all the more significant given that this increase has occurred from a 

high base in comparison with that for the train. However, the m ost significant finding is 

that the increase in the proportions driving to work occurred for all distances with nearly 

20 per cent of those travelling distances of one mile or less driving their cars to work in 

1996. This striking finding may be accounted for by people who need a car for work 

purposes, by those with access to free parking at work or by those who transport children 

to school or their way to work.

The 2000 QNHS module on Travel to Work does not cross-reference distance and mode o f  transport for 
the Dublin area.
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The above trends mask considerable differences across different areas o f  Dublin in the 

travel patterns o f  workers. Tables 3.12 and 3.13 illustrate the distances and modes of 

transport to work for each o f  the four local authority regions o f  D ublin  over the period 

1986-1996. In terms o f  distance travelled to place o f  em ploym ent, a com m on trend across 

all four areas is an increase in the proportion o f  workers w ho are travelling distances in 

excess o f  ten miles to work. The proportion travelling five to nine miles remained stable 

in Dublin County  Borough and has declined slightly in the other three areas. The 

proportion travelling four miles or less increased in all areas with the exception o f  Dublin 

County Borough. The experience o f  Dublin County Borough is therefore different to the 

rest o f  the Dublin area with a clear increase in the average distance travelled to work. It 

must be rem em bered though that in 1996 the majority o f  the Dublin County  Borough 

working population still travelled four miles or less to work (58.7 per cent), in contrast to 

the rest o f  the Dublin working population, in particular Fingal, in which 64.7 per cent o f  

the population in 1996 travelled five or more miles to work. These differences may be 

due to the location o f  em ploym ent with the percentage share o f  em ploym ent located in 

central areas o f  Dublin decreasing from 70.3 per cent in 1987 to 61.5 per cent in 1999 

and the percentage share o f  em ploym ent located in suburban areas consequently 

increasing from 29.7 per cent in 1987 to 38.4 per cent in 1999 [Morgenroth (2001)].

The figures for modal share also reveal some similarities between the travel behaviour of  

workers in each o f  the four regions. In all cases the proportion  o f  the population  cycling 

to work declined substantially and in all areas, despite an increase in the num bers at 

work, declined in absolute num bers also. The proportion o f  the population driving to

35



work and taking the train to work increased in all areas. However, som e differences exist 

between the various areas in their modal choice patterns. Firstly, while bus use (in terms 

o f  both modal share and absolute numbers) has declined in Dublin County Borough and 

Dun Laoghaire-Rathdow n over time, it increased slightly in Fingal and South Dublin. 

Secondly, while the majority o f  workers in all areas drive their cars to work, the 

proportions doing so in each o f  the regions differs substantially. The proportions range 

from 56.6 per cent o f  all com m uters in Dun Laoghaire-Rathdown in 1996 to 34.6 per cent 

in Dublin County  Borough, with Fingal experiencing the largest increase in share over 

the period 1986-1996. This may be illustrated by the fact that in 1986 the proportions 

driving to work in Dun Laoghaire-Rathdown, Fingal and South Dublin were broadly 

similar at approximately 49 per cent, yet by 1996 the proportions range from 51.0 per 

cent in South Dublin to 56.6 per cent in Dun Laoghaire-Rathdow n. W alking is a 

significant mode o f  transport in Dublin County Borough (in third place behind car and 

bus) yet is a lesser used mode in the other three areas. This  is m ost obviously  related to 

the shorter average distances to work in Dublin County Borough in comparison with the 

other three areas. Finally, the train is an increasingly popular option in Dun Laoghaire- 

R athdow n and Fingal but is an insignificant mode in South Dublin. This indicates the 

influence that the availability o f  a public transport m ode running on dedicated  lines has 

on public transport patronage, as South Dublin is poorly served with train services.

The data presented in Tables 3.14 and 3.15 highlight the fact that the travel patterns of 

males and females differ considerably. M ale em ploym ent in the Dublin  area grew by 9.7 

per cent from 1986 to 1996 whereas female em ploym ent rose by 37.5 per cent. M en on
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average travel longer distances to work than women although over time the discrepancy 

in the average distance travelled to work is declining, with female workers experiencing 

faster rates of growth in the longer distances than their male counterparts. For example, in 

1986 in the Dublin region, 58.6 per cent o f females and 44.9 per cent of males travelled 

less than four miles to work compared with 1996 when the corresponding figures were 

51.6 per cent and 42.7 per cent. Despite this trend, the m ajority of men in the Dublin area 

travel distances of five miles or greater to work. In contrast, the majority of women travel 

four miles or less to their place of employment.

Women drive and cycle to work in smaller proportions than men and consequendy walk, 

travel as passengers in cars and use public transport (bus and train) in greater proportions 

than men. The UK National Travel Survey finds the same gender differences in 

comm uting patterns [see UK DETR (2001b)]. The use o f the bus as a mode o f transport 

to work has changed considerably for females over the period. In 1986 the dominant 

mode of transport for female workers in Dublin was the bus although in 1996 com m uting 

by bus was replaced by driving a private car as the dom inant mode of transport to work. 

Over time there is some evidence to show that, as with distance, female travel patterns 

are beginning to resemble increasingly those of male workers, a result also found for the 

UK [UK DETR (2001b)]. Nonetheless in the Dublin area as a whole in 1996, the female 

proportions travelling by car (38.7 per cent) and bus (22.5 per cent) were substantially 

lower and higher respectively than the corresponding figures for male workers (50.1 per 

cent and 12.8 per cent).
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3.3.3 Travel to School and College

The COP collects data on the travel patterns of three student types: primary 

schoolchildren aged 5-12 years, secondary schoolchildren aged 13-18 years and third 

level students aged 19 years and older. Accordingly, Tables 3.16 to 3.19 present the 

travel patterns of primary schoolchildren, Tables 3.20 to 3.23 present the travel patterns 

of secondary schoolchildren while Tables 3.24 to 3.27 detail the travel patterns of third 

level students. The 2000 QNHS only asked about patterns of travel to work and therefore, 

the latest available data on travel patterns to school and college refer to 1996.

Travel to Primary School

Tables 3.16 to 3.19 present the trends in the travel behaviour of schoolchildren aged 5-12 

years and usually resident in the Dublin area in 1986 and 1996. Between 1986 and 1996, 

the num ber of primary schoolchildren declined by over 16 per cent. As for the category 

of those in employment, the proportion of schoolchildren travelling distances of five 

miles or greater to school increased over the time period. The absolute number of 

students travelling this distance increased also which makes the increase in the proportion 

all the more significant given the decline in the num ber of prim ary schoolchildren over 

the period. Even though the proportion of schoolchildren travelling one mile or less to 

school has fallen since 1986, nearly 60 per cent of all primary schoolchildren in 1996 

lived within one mile or less of their school. In the UK in 1997/1999, 80 per cent of 

primary schoolchildren lived within two miles of their school [UK DETR (2001a)].
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Given the high proportion  o f  schoolchildren living so near their school, it is not 

surprising that the m ode o f  transport used by the majority o f  Dublin primary 

schoolchildren is walking. There have been large decreases, however, in the proportion of 

schoolchildren w alking and cycling to school, while the proportions using the bus and 

travelling as a passenger in a car increased, both in absolute and proportionate terms. 

W alking remains the m ost popular m ethod o f  transport to school (49.8 per cent in 1996), 

followed by car passenger (27.6 per cent) and bus (12.2 per cent).

Taking a more detailed look at the four regions o f  Dublin in Tables 3.18 and 3.19, several 

trends emerge. In all areas the proportions travelling distances o f  five miles or m ore to 

school increased with the num bers travelling ten miles or greater also increasing, despite 

a decrease in the num bers at primary school. However, in all areas the majority of 

students still live within one mile or less o f  their school and this proportion varies from 

53.9 per cent in Dun Laoghaire-Rathdown in 1996 to 62.1 per cent in South Dublin. In all 

areas the proportion o f  schoolchildren walking and cycling to school declined. With the 

exception of D un Laoghaire-Rathdown, there was also an increase in the proportion of 

schoolchildren travelling to school by bus (which also increased in absolute terms). A 

final com m on trend across the four areas was a substantial increase in the proportion of 

schoolchildren being driven to school; all areas experienced  an increase in absolute 

num bers also.

Despite these similarities, modal shares for travel to primary school still d iffer across the 

Dublin area. The proportion that walks to school ranges from 58.1 per cent in South
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Dublin to 31.8 per cent in Dun Laoghaire-Rathdown. The proportion of students who 

travel to school as a passenger in a car ranges from 19.7 per cent in Dublin County 

Borough to 52.6 per cent in Dun Laoghaire-Rathdown. Some of these differences are 

certainly accounted for by differences in average distance to school (with South Dublin 

having the smallest and Dun Laoghaire-Rathdown having the largest proportions 

travelling five miles or more) but it is also possible that other factors may be influencing 

demand such as income and levels of female em ployment for instance. Dun Laoghaire- 

Rathdown exhibits significantly different travel patterns to the other three areas. In 

Dublin County Borough, Fingal and South Dublin, walking rem ained the m ost popular 

method of transport to school over the period 1986-1996, while in Dun Laoghaire- 

Rathdown, travelling as a passenger in a car is now the dom inant mode of transport to 

school, compared with 1986 when walking was the most popular mode.

Travel to Secondary School

The student population of Dublin aged 13-18 years increased by ju st over 1 per cent in 

the ten years from 1986 to 1996. Tables 3.20 to 3.23 illustrate the trends in distance and 

mode o f transport to school for students aged 13-18 years over the period 1986-1996. As 

with schoolchildren aged 5-12 years there has been a decrease in the proportion of 

students travelling one mile or less to school and an increase in the proportion travelling 

five miles or more to school. Nonetheless the majority o f students (73.4 per cent in 1996) 

live within four miles of their school and 43.0 per cent live within one mile, findings very 

similar to those for the UK where 50 per cent of secondary school students in 1997/1999 

lived within two miles of their school [UK DETR (2001a)].

40



In terms of mode of transport used to travel to school, both the bus and car passenger 

categories recorded an increase in the percentage (as well as in the absolute number) of 

students using these modes. In common with other sections o f the population, students in 

the 13-18 age group walked and cycled in smaller proportions in 1996 than in 1986. The 

dominant modes for students are walking (40.9 per cent) and travelling by bus (26.1 per 

cent) although the largest increase occun'ed in the numbers travelling as a passenger in a 

car. Indeed, travelling as a passenger in a car replaced cycling as the third most popular 

mode of transport to secondary school over the period 1986-1996. In common with the 

experience in the UK, secondary schoolchildren use public transport in greater 

proportions than primary schoolchildren, reflecting the greater independence with age as 

well as the longer distances that older schoolchildren must travel [UK DETR (2001a)J.

An examination of the trends across the four regions o f Dublin in Tables 3.22 and 3.23 

shows that while the number of students aged 13-18 years increased in Fingal and South 

Dublin, the numbers declined in Dublin County Borough and Dun Laoghaire-Rathdown. 

A common trend across all areas is an increase in the proportion of students travelling 

distances of two to four miles and ten or more miles with the largest increase again 

accruing to the longer distances. In South Dublin and Dublin County Borough, the 

majority of students live less than one mile from their school. In contrast, the majority of 

students in Dun Laoghaire-Rathdown and Fingal live distances of two miles and greater 

from school (60.9 per cent and 52.2 per cent in 1996 respectively).
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The trends for modal share m irror those for the younger schoolchildren. Cycling 

decreased in proportion and absolute numbers in all areas whereas car passenger, train 

and bus increased their share. An interesting difference in trend over time applies to the 

proportion of students walking to school in Fingal, which increased in contrast to the 

experience in the other three areas. With the exception of Dun Laoghaire-Rathdown, 

walking to school remains the mode of transport used by the majority of the secondary 

school student population, followed by bus. In Dun Laoghaire-Rathdown, however, the 

majority of students are driven to school (as with the younger schoolchildren) and this 

mode has replaced cycling as the most popular mode of transport to school since 1986; 

the proportion of students who walk to school is consequently the lowest in the Dublin 

area at 22.5 per cent in 1996.

Travel to Third Level College

The trends in the travel patterns of the third level student population of the Dublin area 

are particularly interesting because of the large difference between these patterns and 

those o f other categories (both workers and primary and secondary schoolchildren), but 

also because of the significant differences that exist between the four local authority 

regions. In addition, this category experienced spectacular rates of growth over the period 

1986-1996, increasing by 85.1 per cent. Over the period 1986-1996, the proportions 

travelling the very shortest and the very longest distances increased. This is not surprising 

given the divergence in average distance travelled to college across the Dublin area, 

which will become clearer shortly with a discussion o f the differences between regions in 

Dublin. The majority of students in Dublin in 1996 travelled distances of four miles or
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less to college (53.0 per cent) with a significant proportion  travelling distances o f  five 

miles and greater (36.0 per cent). The m ost interesting aspect o f  the travel patterns o f  

students aged 19+ years is the increasing dom inance o f  the bus as the chosen mode of 

transport for the majority o f  students in the D ublin  area. W alking and cycling also feature 

prom inently  although the proportion o f  students cycling declined sharply from 30.3 per 

cent in 1986 to 16.9 per cent in 1996.

An analysis o f the trends in distance travelled and modal share across the four regions o f  

Dublin highlights the problems in aggregating across a group o f  areas, for which the 

experience o f  one is very different to that o f  another. In all areas there has been an 

increase in the proportion o f  students living nearer to college. In Dublin County Borough 

the majority o f  students live within four miles o f  college (68.9 per cent) com pared with 

50.7 per cent in Dun Laoghaire-Rathdown, 33.1 per cent in South Dublin and only 8.6 

per cent in Fingal. Fingal, however, also has a low proportion o f  the resident student 

population travelling distances of four miles and under with the result that the average 

d istance travelled to college in Fingal is the longest in the Dublin area (82.7 per cent o f  

Fingal s tudents travelled more than five miles to college in 1996).^^ Given the increase in 

the proportion o f  students living nearer to their place o f  education, it is not surprising that 

the proportion walking to college has increased. H ow ever  cycling, as in all other areas for 

all other categories, has declined in popularity and dramatically  so in Dun Laoghaire- 

Rathdown. Bus use has increased, particularly in the areas with the longest average 

distances, namely, Fingal and South Dublin. With the exception o f  Dublin County

T he longer average d istances to c o lle g e  experien ced  by students resident in F ingal is due in part to the 
location  o f  third level institutions w ith in  the D ublin  area. S ee  T able 3 .2 8  for a list o f  third leve l institutions  
in each o f  the local authority regions o f  D ublin .
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Borough for which walking is the dom inant mode, the majority  o f  students in the other 

areas of Dublin use the bus to travel to college. Indeed in South Dublin  in 1996, 56.1 per 

cent o f  the total num ber of students used the bus, the highest proportion  o f  bus users in 

this study. The train is also a significant m ode in Fingal, with 31.6 per cent travelling to 

college by train, reflecting the longer average distances to college for residents o f  Fingal. 

T ogether with the high levels of bus use in Fingal, nearly 76 per cent o f  students resident 

in Fingal in 1996 used public transport to travel to college. W hile the num bers travelling 

as a passenger in a car decreased, in all areas the num bers driving to  college increased. 

However, the latter is still an insignificant m ode o f  transport to college.

3.3.4 Summary o f  Patterns o f  Travel to Work, School and College

E xam ining  the travel to work patterns, it is c lear that distance is an im portant determinant 

o f  the choice o f  mode o f  transport. This is evident when we exam ine the contrasting data 

for Dublin County  Borough and Fingal for example. Average distances to work are lower 

in Dublin County  Borough and this results in a higher proportion  o f  the population 

walking and cycling to work in this area than in Fingal. Secondly, it is evident that there 

are additional factors at play that influence the choice o f  m ode o f  transport to work. 

W hile South Dublin and Dun Laoghaire-Rathdown have a sim ilar distribution of 

proportions travelling each distance to work [see Table 3.12], the m odal shares are quite 

different. Obviously  factors such as incom e and car ownership, the type and quality of 

public transport services available (e.g. the availability of  D A R T  in D un Laoghaire- 

Rathdow n) and em ploym ent issues (such as the rate o f  female participation) also 

influence modal choice. In terms o f  gender differences, while males and females exhibit
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significantly different patterns with males driving and cycling to work in greater 

proportions than females, the differences in modal shares between males and females 

have been narrowing over time. Finally, the large decline in the proportions cycling 

(compared with the much smaller declines in walking) is a development not exclusive to 

the working population. This may suggest that factors such as comfort and safety are 

important factors which influence individuals in their choice of mode.

In terms of the travel patterns of Dublin students, distance once again is an important 

determinant of the demand for a particular mode. This is illustrated by the fact that the 

majority of primary schoolchildren travel one mile or less to school and consequently 

large proportions walk to school. Similarly students aged 19+ years resident in Fingal and 

South Dublin choose motorised forms of transport, most notably the bus, as the majority 

of students in these areas must travel more than five miles to college. As in the travel to 

work case, there is some evidence that there are additional forces at play. The car 

ownership of the family would seem to influence modal choice, as shown by the majority 

of schoolchildren travelling as a passenger in a car in Dun Laoghaire-Rathdown, an area

27with high rates of car ownership rates per household in 1991. The increase in car use 

among the female working population may also explain the higher numbers of primary 

and secondary schoolchildren being driven to school in areas in which the female 

workforce can afford a car. This may also explain the decline in the proportions of

T he 1991 C O P asked hou seholds about their car ow n ersh ip  status; the 1986  or 199 6  C O P did not. The  
1991 results sh ow  that the proportion o f  hou seho lds w ith  at least on e  car ranged from  4 4 .5  per cent in 
D ublin  C ounty B orough to 77.1 per cent in F ingal. H ow ever, D un L aoghaire-R athdow n had the h ighest  
proportion o f  hou seholds w ith tw o  or m ore cars (3 1 .3  per cent), a find in g  that m ight exp lain  the m uch  
higher proportion o f  schoolch ild ren  that are driven to sch oo l in this area [C SO  (1 9 9 i)J .
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younger students walking and cycling or again it may be an indication o f increasing 

parental concerns with safety.

3.4 Summary and Conclusions

The increase in the population and in particular the large increase in the numbers in 

employment, together with decreasing household size, increasing average incomes and 

car ownership, have all combined to increase substantially the demand for transport in the 

Dublin area since 1986. Data on the proportion of these increasing num ber of trips that 

are undertaken by the car as well as data for modal share for two significant journey 

types, the journey to work and the journey to school/college, confirm  the trend found in 

urban areas elsewhere of a substantial shift towards the private car and away from more 

sustainable methods of transport such as walking, cycling and public transport. The data 

on travel patterns to work and school/college also indicate the extent to which behaviour 

is affected by socio-economic characteristics. W hile the data are limited and of an 

aggregated nature, they do indicate the possible influence that distance, area of residence 

and gender have on the demand for transport. Chapters 5, 6 and 7 extend this aggregated 

analysis by seeking to determine the extent to which these and additional factors such as 

income, household composition, age and level o f education influence transport choices 

and also to examine the extent to which the influence o f these factors has changed over 

the period 1987-2000. The next chapter. Chapter 4, introduces the micro-data sets that are 

used in these analyses, namely, the 1987/1988, 1994/1995 and 1999/2000 Irish 

Household Budget Surveys and the 1996 Irish Census o f Population.
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3A TABLES

Table 3.1 Population of the Greater Dublin Area: 1986-2002

1986 1991 1996 2002 % change 
1986-1991

% change 
1991-1996

% change 
1996-2002

% change 
1986-2002

Dublin County Borough 502,749 478,389 481,854 495,101 -4.8 0.7 2.7 -1.5
County Dublin 518,700 546,915 576,410 627,499 5.4 5.4 8.9 21.0
o f which:
Dun Laoghaire-Rathdown 180,675 185,410 189,999 191,389 2.6 2.5 0.7 5.9
Fingal 138,479 152,766 167,683 196,223 10.3 9.8 17.0 4 1 7
South Dublin 199,546 208,739 218,728 239,887 4.6 4.8 9.7 20.2
D ublin City and  C ounty 1,021,449 1,025,304 1,058,264 1,122,600 0.4 3.2 6.1 9.9
Mid-East 314,670 325,291 347,407 412,650 3.4 6.8 18.8 31.1
o f  which:
Kildare 116,247 122,656 134,992 163,995 5.5 10.1 21.5 41.1
Meath 103,881 105,370 109,732 133,936 1.4 4.1 22.1 28.9
Wicklow 94,542 97,265 102,683 114,719 2.9 5.6 11.7 21.3
G re a te r  D ublin A rea 1,336,119 1,350,595 1,405,671 1,535,250 1.1 4.1 9.2 14.9
Sources: CSO (1996d). Census of Population (Volume 1: Population Classified by Area).

CSO (2002b). Census of Population: Preliminary Results.
Notes: (i) Dublin County Borough roughly corresponds to the city centre [see Figure 3.1].

(ii) County Dublin refers to Dun Laoghaire-Rathdown, Fingal and South Dublin.
(ii) M id-East refers to Kildare, Meath and Wicklow.
(iii) Greater Dublin Area refers to Dublin City and County and the Mid-East.

47



Table 3.2 Age Distribution of the Dublin Area Population: 1986-2001^^ 

(Percentage of Total)

1986 1996 2001 % change % change % change
1986-1996 1996-2001 1986-2001

0-14 27.0 22.0 20.4 -15.7 -2.2 -17.5
15-24 19.9 18.6 17.5 -3.1 -4.7 -7.7
25-44 27.4 30.3 32.4 14.7 14.9 31.8
45-64 16.7 19.1 19.9 18.3 11.2 31.5
65-1- 8.9 9.9 9.8 15.3 7.9 24.4
25-64 44.1 49.4 52.3 16.0 13.5 31.7
Sources: CSO ( 1986a and 1996a). Census of Population (Volume 2: Ages and Marital Status)

CSO (2001b). Population and Migration Estimates.

Table 3.3 Numbers in Employment in the Dublin Area: 1986-2002^*

1986 1996 2002 % change 
1986-1996

% change 
1996-2002

% change 
1986-2002

Males 209,307 229,648 298,900 9.7 30.2 42.8
Females 130,254 179,104 249,400 37.5 39.2 91.5
Total 339,561 408,752 548,300 20.4 34.1 61.5

Sources: CSO (1986 and 1996c). Census of Population (Special Request for 1986 and Volume 6:
Travel to Work, School and College for 1996).
CSO (2002c). Quarterly National Household Survey (Second Quarter) (Special Request). 

Notes: 2002 figures refer to March-May 2002.

Table 3.4 Numbers in Education in the Dublin Area: 1986-1996^**

1986 1996 % change
1986-1996

Primary School Students 148,513 124,653 -16.1
(i.e., aged 5-12 years)
Secondary School Students 94,973 96,152 1.2
(i.e., aged 13-18 years)
Third Level Students 22,021 40,764 85.1
(i.e., aged 19+ years)

Sources: CSO (1986 and 1996c). Census of Population (Special Request for 1986 and Volume 6:
Travel to Work, School and College for 1996).

Table 3.5 Household Size in the Dublin Area: 1986-1998^*

1986 1996  ’"^% Thange
_________________________________________________________________________________1986-1998

Private Households 290,395 343,205 375,000 29.1
Persons per Household_____________3.41_____________ 2.99_____________ 2.92_____________ -14.4______

Sources: CSO (1986b and 1996b). Census of Population (Volume 3: Household Com position and
Family Units).
CSO (2000a). Quarterly National Household Survey (Third Quarter 1998: Housing and 
Households Module).

As the 2002 COP data are not fully released, the latest available data are presented.
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28Table 3.6 Disposable Income per Person in the Dublin Area: 1991-1999

1991 1996 1999 % change % change % change
________ 1991-1996 1996-1999 1991-1999

D isposab le  Incom e (€) 9,063_______ 11,166______ 14,469________ 23.2__________29.6__________59.6
Sources: CSO (1999 and 2002a). C ounty Incom es and R egional GDP.
N otes: (i) Expressed in constant 1996 prices.

(ii) 1991 is the earliest date for w hich data on county  incom es are available.

Table 3.7 Car Ownership in the Dublin Area: 1986-2000^**

1986 1996 2000 % change % change % change
1986-1996 1996-2000 1986-2000

Total Private Cars 194,693 300,941 376,547 54.6 25.1 93.4
Private Cars per 
H ousehold

0.67 0.88 1.00- ^ 31.3 13.6 49.3

Private Cars per 1,000 191 284 335^' 48.7 18.0 75.4
Inhabitants'^® (201) (292) (337) (45.3) (15.4) (67.7)

Sources: D epartm ent o f  the E nvironm ent and Local G overnm ent (1986, 1996 and 2000). Irish
Bulletin o f V ehicle and D river Statistics.

Table 3.8 Car Ownership, Dublin Bus Passenger Journeys and DART

Passenger Journeys: 1986-2000 28

1986 
1996 
2000 
% change 
1986-2000 

Sources:

TOTAL 
PRIVATE c a r s '

194,693
300,941
376,547

93.4

BUS PASSENGER 
JOURNEYS 
(thousands)

165,200
185,500
185,700

12.4

DART PASSENGER 
JOURNEYS 
(thousands)

14,600
21,900
22,995

57.5
D epartm ent o f E nvironm ent and Local G overnm ent (1986, 1996 and 2000). Irish Bulletin 
o f  V ehicle and D river Statistics.
C IE (1986, 1996 and 2000). A nnual Reports and Financial S tatem ents.
Personal C om m unication from  CIE Suburban Rail D ivision  in Septem ber 2002.

As the num ber o f households is unavailable for 2000, the latest available figure, i.e., 1998, is used 
m stead.

Figures in parentheses refer to Ireland as a w hole.
As the population o f D ublin is unavailable for 2000, the population  for 2002 is used instead.
D ata on the num ber o f  car journeys over the period are unavailable so the num ber o f private cars 

registered in the D ublin area is used as a proxy, w hile realising  that this figure m ay under- or overestim ate 
the actual num ber o f car journeys over the period.
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Table 3.9 Distance travelled to Work in the Dublin Area: 1986,1996 and 2000

DISTANCE 1986 1996 2()0(» % change 1986 1996 2000
1986-2000 % % %

1 mile or less’’ 55,019 62,615 113,013 105.4 16.2 15.3 21.4
2-4 miles 115,273 127,853 199,094 72.7 33.9 31.3 37.7
5-9 miles 99,760 118,179 122,519 22.8 29.4 28.9 23.2
10 + miles 34,099 58,166 63.900 87.4 10.0 14.2 12.1
Not Stated 35,410 41,939 29,574 -16.5 2.6 10.3 5.6
Total 339,561 408,752 528,100 55.5 100.0 100.0 100.0

Sources: CSO (1986 and 1996c). Census of Population (Special Request for 1986 and Volume 6; Travel to Work, School and College for 1996).
CSO (2000b). Quarterly National Household Survey (First Quarter: Travel to Work Module).

Note: (i) Some figures may not add to 100 because of rounding.

Table 3.10 

MODE

Mode of Transport to Work in the Dublin Area: 1986,1996 and 2000

1986 1996 2000 % change
1986-2000

1986
%

1996
%

2000
%

On Foot 40,887 45,915 63,900 56.3 12.0 11.2 12.1
Bicycle 28,997 22,922 19,540 -32.6 8.5 5.6 3.7
Bus 69,618 69,669 85,024 22.1 20.5 17.0 16.1
Train 12,160 17,161 21,124 73.7 3.6 4.2 4.0
Car Driver 129,222 184,380 267,219 106.8 38.1 45.1 50.3
Car Passenger 19,994 24,875 26,933 34.7 5.9 6.1 5.1
Other 38,683 43,830 44,360 14.7 11.4 10.7 7.7
Total 339,561 408,752 528,100 55.5 100.0 100.0 100.0

Sources: CSO (1986 and 1996c). Census of Population (Special Request for 1986 and Volume 6: Travel to Work, School and College for 1996).
CSO (2000b). Quarterly National Household Survey (First Quarter; Travel to Work Module).

Notes: (i) “Other” includes motorcycle, lorry, van, other, none and not stated categories.
(ii) Some figures may not add to 100 because of rounding.

COP respondents are asked to state their distance travelled to work to the nearest mile with the published data then presented in nine categories; 0, 1,2, 3 ,4 , 5- 
9, 10-14, 15 and over and not stated. The data in the tables in this Appendix further are further aggregated into five categories; one mile or less (0+1), two to four 
miles (2+3+4), five to nine miles (5-9), ten miles or greater (10-14 + 15 and over) and not stated.
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Table 3.11 Mode of Transport to Work and Distance travelled to Work in the

Dublin Area: 1986 and 1996

1 MILE OR 
LESS

2 - 4  MILES 5 - 9  MILES 10 + MILES NOT
STATED

ON FOOT
1986 48.7 9,1 0.3 0.0 9.4
1996 47.2 9.4 0.3 0.0 9.5
BICYCLE
1986 8.4 14.0 6.6 1.4 3.4
1996 6.7 9,5 4.2 0.9 2.7
BUS
1986 5.5 28.1 24.8 15.9 11,4
1996 5.8 22.7 21.0 12.8 11,1
TRAIN
1986 0.1 1.4 6.2 11.3 1,3
1996 0.3 1.8 6.8 10.2 1,7
CAR DRIVER
1986 14.3 36.6 48.9 57.4 30.7
1996 19.8 45.8 55.8 63.8 24.8
CAR PASSENGER
1986 2.3 6.4 7.7 7.7 3.1
1996 3.1 7.1 7.3 6.6 3.4
OTHER
1986 20.6 4.5 5.6 6.3 40.7
1996 17.2 3,8 4.4 5.7 46.9

Sources: CSO (1986 and 1996c). Census of Population (Special Request).
Notes: (i) OTHER includes motorcycle, lorry, van, other, none and not stated categories.

(ii) The figures in the table are interpreted as follows: o f those travelling one mile or less 
to work in 1996. 47,2 per cent walked to work, 6.7 per cent cycled, 5.8 per cent travelled 
by bus, 0.3 per cent travelled by train, 19.8 per cent drove a car, 3.1 per cent travelled as 
a passenger in a car and 17.2 per cent used other means.
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Table 3.12 Distance travelled to Work in the Dublin Area by Area of Residence: 1986 and 1996 (Percentage of the Total)

DUBLIN COUNTY DUN LAOGIIAIRE- FINGAL SOUTH DUBLIN
BOROUGH RATHDOWN

1986 1996 % 1986 1996 % 1986 1996 % 1986 1996 %
change change change change

1 mile or less 20.2 19.1 0.6 12.3 13.4 29.9 13.3 11.8 32.8 11.1 12.0 47.4
2-4 miles 43.0 39.6 -2.1 28.2 28.4 23.2 13.6 14.2 66.6 28.6 28.2 35.2
5-9 miles 21.7 21.7 6.4 37.6 36.6 19.5 33.8 31.2 38.5 39.8 36.1 23.9
10 + miles 4.2 7.1 79.2 11.8 14.3 48.3 29.5 33.5 69.9 10.8 14.8 87.2
Not Stated 11.0 12.6 22.6 10.1 7.7 -6.3 9.8 8.8 27.6 9.7 8.9 24.7
Total 100.0 100.0 6.4 100.0 100.0 22.6 100.0 100.0 49.8 100.0 100.0 36.6

Sources: CSO (1986 and 1996c). Census of Population (Special Request for 1986 and Volume 6: Travel to Work, School and College for 1996).
Notes: (i) Some figures may not add to 100 because of rounding.

(ii) The percentage change figures refer to the percentage change in the absolute numbers.

Table 3.13 Mode of Transport to Work in the Dublin Area by Area of Residence: 1986 and 1996 (Percentage of the Total)

DUBLIN COUNTY DUN LAOGHAIRE- FINGAL SOUTH DUBLIN
BOROUGH RATHDOWN

1986 1996 % 1986 1996 % 1986 1996 % 1986 1996 %
change change change change

On Foot 17.1 17.1 6.5 7.3 6.4 7.8 6.1 5.6 37.5 6.8 7.1 42.1
Bicycle 11.0 7.8 -24.9 6.2 4.0 -20.4 4.1 2.6 -5.2 7.0 4.5 -11.9
Bus 25.9 20.9 -14.0 13.9 10.2 -9.9 11.2 11.8 57.4 18.6 18.9 38.8
Train 2.9 3.5 30.1 6.3 7.4 43.4 7.5 7.6 51.9 0.1 0.2 255.3
Car Driver 27.5 34.6 34.1 49.5 56.6 40.1 49.6 53.9 62.6 48.2 51.0 44.6
Car - Passenger 4.3 5.0 23.2 6.4 5.5 6.1 8.7 7.7 33.0 7.8 7.7 34.5
Other 20.9 11.0 3.7 10.4 9.9 16.8 12.7 10.8 27.1 11.5 10.7 26.0
Total 100.0 100.0 6.4 100.0 100.0 22.6 100.0 100.0 49.8 100.0 100.0 36.6

Sources: CSO (1986 and 1996c). Census of Population (Special Request for 1986 and Volume 6: Travel to Work, School and College for 1996).
Notes: (i) “Other” includes motorcycle, lorry, van, other, none and not stated categories.

(ii) Some figures may not add to 100 because of rounding.
(iii) The percentage change figures refer to the percentage change in the absolute numbers.
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Table 3.14 Distance travelled to Work in the Dublin Area for Males and Females: 1986 and 1996 (Percentage of the Total)

M A L E S F E M A L E S
1986 1996 % change 1986 1996 % change

1 m ile o r less 13.3 13.9 14.6 20.9 17.2 13.0
2-4 m iles 31.6 28.8 0.0 37.7 34.4 25.6
5-9 m iles 31.7 29.9 3.6 25.7 27.6 47.9
10 -1- m iles 11.9 16.4 16.7 7.1 11.5 121.8
Not Stated 11.5 11.0 4.6 8.7 9.3 48.1
Total 100.0 100.0 9.7 100.0 100.0 37.5

Sources: C SO  (1986 and 1996c). C ensus o f  Population (Special R equest for 1986 and V olum e 6: T ravel to W ork, School and C ollege fo r 1996).
N otes: (i) Som e figures m ay not add to 100 because o f rounding.

(ii) The percentage change figures refer to the percentage change in the absolu te num bers.

Table 3.15 Mode of Transport to Work in the Dublin Area for Males and Females: 1986 and 1996 (Percentage of the Total)

M A L E S F E M A L E S
1986 1996 % change 1986 1996 % change

On Foot 8.7 8.1 1.7 17.4 15.3 20.9
B icycle 9.0 7.4 -10.8 7.7 3.4 -40.1
Bus 15.5 12.8 -9.8 28.5 22.5 8.7
T rain 3.4 3.7 19.5 3.8 4.8 72.1
C ar D river 47.1 50.1 16.7 23.5 38.7 126.4
C ar - Passenger 3.6 4.0 21.1 9.6 8.8 26.4
O ther 12.6 14.0 22.1 9.5 6.5 -5.3
Total 100.0 100.0 9.7 100.0 100.0 37.5

Sources: CSO  (1986 and 1996c). C ensus o f  Population  (Special R equest fo r 1986 and V olum e 6: T ravel to  W ork, School and C ollege fo r 1996).
N otes: (i) “O ther” includes m otorcycle, lorry, van, other, none and not stated categories.

(ii) Som e figures m ay no t add to 100 because o f  rounding.
(iii) T he percentage change figures refer to the percentage change in the absolute num bers.
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Table 3.16 Distance travelled to School for Schoolchildren aged 5-12 years in the Dublin Area: 1986 and 1996

DISTANCE 1986 1996 % change 1986 1996
___________________________________________________________   1986-1996______ %_______________________%

1 mile or less 99,160 73,344 -26.0 66.8 58.8
2-4 miles 23,321 23,132 -0.8 15.7 18.6
5-9 miles 3,829 3,868 1.0 2.6 3.1
1 0 - I - miles 524 776 48.1 0.4 0.6
Not Stated 21,679 23,533 8.6 14.6 18.9
T o t a l  148,513  124^653  1̂6̂ 1 1 0 0 . 0 __________________100.0

Sources: CSO (1986 and 1996c). Census of Population (Special Request for 1986 and Volume 6: Travel to Work, School and College for 1996).
Note: (i) Some figures may not add to 100 because of rounding.

Table 3.17 Mode of Transport to School for Schoolchildren aged 5-12 years in the Dublin Area: 1986 and 1996

MODE 1986 1996 % change 1986 1996
________________________________________________________________________ 1986-2000___________________%_______________________%

On Foot 92,999 62,043 -33.3 62.6 49.8
Bicycle 3,355 1,653 -50.7 2.3 1.3
Bus 14,669 15,203 3.6 9.9 12.2
Train 518 403 -22.2 0.3 0.3
Car Passenger 25,480 34,442 35.2 17.2 27.6
Other 11,492 10,909 -5.1 7.7 8.8
Total ______________ 148,513  124,653____________ -16.1    100.0_____________H)0^0____

Sources: CSO (1986 and 1996c). Census of Population (Special Request for 1986 and Volume 6: Travel to Work, School and College for 1996).
Notes: (i) “O ther” includes car driver, motorcycle, lorry, van, other, none and not stated categories.

(ii) Some figures may not add to 100 because of rounding.
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Table 3.18 Distance travelled to School for Schoolchildren aged 5-12 years by Area of Residence: 1986 and 1996 

(Percentage of the Total)

DUBLIN COUNTY DUN LAOGHAIRE- FINGAL SOUTH DUBLIN
BOROUGH RATHDOWN

1986 1996 % 1986 1996 % 1986 1996 % 1986 1996 %
change_______________________change_______________________change_______________________ change

1 mile or less 69.1 57.5 -33.9 58.4 53.9 -22.1 64.1 61.0 -9.3 70.4 62.1 -26.9
2-4 miles 13.4 16.1 -4.4 26.7 29.8 -5.9 15.1 16.8 5.8 12.6 14.2 6.4
5-9 miles 1.1 1.4 -4.4 4.2 4.8 -3.5 4.1 4.5 4.8 2.7 3.4 5.1
10 + miles 0.1 0.2 104.7 0.2 0.7 150.0 1.1 1.5 26.7 0.3 0.5 28.3
Not Stated 16.3 24.8 20.6 10.4 10.8 -12.7 15.6 16.2 -0.8 14.0 17.8 4.7
Total 100.0 100.0 -20.6 100.0 100.0 -15.6 100.0 100.0 -4.7 100.0 100.0 -17.3

Sources: CSO (1986 and 1996c). Census of Population (Special Request for 1986 and Volume 6: Travel to Work, School and College for 1996).
Notes: (i) Some figures may not add to 100 because of rounding.

(ii) The percentage change figures refer to the percentage change in the absolute numbers.

Table 3.19 Mode of Transport to School for Schoolchildren aged 5-12 years by Area of Residence: 1986 and 1996 

(Percentage of the Total)

—  DUN LAOGHAIRE- FINGAL SOUTHDUBLIN
BOROUGH RATHDOWN

1986 1996 %
change

1986 1996 %
change

1986 1996 %
change

1986 1996 %
change

On Foot 68.0 51.9 -39.4 43.6 31.8 -38.4 58.7 50.2 -18.4 69.4 58.1 -30.8
Bicycle 1.9 1.4 -41.6 3.8 1.8 -60.6 2.9 1.4 -54.9 1.4 0.9 -46.3
Bus 10.0 14.4 14.8 9.6 7.7 -32.8 11.1 11.9 2.4 9.1 12.2 11.1
Train 0.3 0.2 -42.9 1.0 1.1 -12.5 0.4 0.4 -22.8 0.0 0.0 0.0
Car - Passenger 10.5 19.7 48.2 36.7 52.6 20.9 19.8 29.1 39.7 12.8 21.7 40.5
Other 9.3 12.4 5.8 5.3 5.1 -18.2 7.1 7.1 -4.5 7.3 7.1 -20.1
Total 100.0 100.0 -20.6 100.0 100.0 -15.6 100.0 100.0 -A.l 100.0 100.0 -17.3

Sources: CSO (1986 and 1996c). Census of Population (Special Request for 1986 and Volume 6: Travel to Work, School and College for 1996).
Notes: (i) "Other” includes car driver, motorcycle, lorry, van, other, none and not stated categories.

(ii) Some figures may not add to 100 because of rounding.
(iii) The percentage change figures refer to the percentage change in the absolute numbers.
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Table 3.20 Distance travelled to School for Schoolchildren aged 13-18 years in the Dublin Area: 1986 and 1996

1986 1996 % change 
1986-200

1986
%

1996
%

1 mile or less 46,274 41,330 -10.7 48.7 43.0
2-4 miles 28,595 29.192 2.1 30.1 30.4
5-9 miles 9,002 10,454 16.1 9.5 10.9
10 + miles 2.086 3,221 54.4 2.2 3.3
Not Stated 9,016 11,955 32.6 9.5 12.4
Total 94,973 96,152 1.2 100.0 100.0

Sources:
Note:

CSO (1986 and 1996c). Census of Population (Special Request for 1986 and Volume 6: Travel to Work, School and College for 1996). 
(i) Some figures may not add to 100 because of rounding.

Table 3.21 Mode of Transport to School for Schoolchildren aged 13-18 years in the Dublin Area: 1986 and 1996

1986 1996 % change 
1986-2000

1986
%

1996
%

On Foot 41,686 39,322 -5.7 43.9 40.9
Bicycle 16,662 9,224 -44.6 17.5 9.6
Bus 20,046 25,126 25.3 21.1 26.1
Train 2,444 3,135 28.3 2.6 3.3
Car Passenger 8,278 13,490 63.0 8.7 14.0
Other 5,857 5,855 0.0 6.2 6.1
Total 94,973 96,152 1.2 100.0 100.0

Sources: CSO (1986 and 1996c). Census of Population (Special Request for 1986 and Volume 6: Travel to Work, School and College for 1996).
Notes: (i) “O ther” includes car driver, motorcycle, lorry, van, other, none and not stated categories.

(ii) Some figures may not add to 100 because of rounding.
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Table 3.22 Distance travelled to School by Schoolchildren aged 13-18 years by Area of Residence: 1986 and 1996 

(Percentage of the Total)

DUBLIN COUNTY DUN LAOGHAIRE- FINGAL SOUTH DUBLIN
BOROUGH RATHDOWN

1986 1996 % 1986 1996 % 1986 1996 % 1986 1996 %
change change change change

1 mile or less 57.6 49.4 -31.0 34.9 31.6 -21.0 38.0 37.8 39.7 51.1 46.1 22.6
2-4 miles 26.5 28.0 -14.8 42.5 42.9 -11.9 24.8 23.8 35.6 28.7 29.5 39.6
5-9 miles 4.1 4.3 -15.4 14.3 15.5 -5.7 19.0 18.3 35.5 9.7 11.0 54.4
10 + miles 0.5 0.9 69.6 1.4 2.4 45.9 9.4 10.1 51.0 1.9 2.3 65.5
Not Stated 11.3 17.2 22.7 6.9 7.5 -4.8 8.9 10.0 57.1 8.7 11.2 76.4
Total 100.0 100.0 -19.5 100.0 100.0 -12.8 100.0 100.0 40.5 100.0 100.0 36.0

Sources: CSO (1986 and 1996c). Census of Population (Special Request for 1986 and Volume 6: Travel to Work, School and College for 1996).
Notes: (i) Some figures may not add to 100 because of rounding.

(ii) The percentage change figures refer to the percentage change in the absolute numbers.

Table 3.23 Mode of Transport to School for Schoolchildren aged 13-18 years by Area of Residence: 1986 and 1996

(Percentage of the Total)

DUBLIN COUNTY DUN LAOGHAIRE- FINGAL SOUTH DUBLIN
BOROUGH RATHDOWN

1986 1996 % 1986 1996 % 1986 1996 % 1986 1996 %
change change change change

On Foot 54.5 48.3 -28.7 25.1 22.5 -22.0 32.8 36.6 56.6 48.0 46.9 33.1
Bicycle 15.8 11.1 -43.7 25.8 13.3 -55.0 11.5 5.1 -37.6 16.8 8.3 -32.8
Bus 17.0 22.0 4.4 22.3 23.7 -7.2 30.6 31.9 46.5 22.5 29.1 76.0
Train 1.5 1.8 -1.9 4.8 7.3 31.1 6.1 6.4 47.0 0.0 0.1 162.5
Car Passenger 4.0 8.6 73.9 16.8 27.2 41.6 12.8 15.7 71.4 7.8 10.9 90.0
Other 7.2 8.1 -8.9 5.2 6.0 0.7 6.2 4.4 -0.1 4.9 4.6 29.2
Total 100.0 100.0 -19.5 100.0 100.0 -12.8 100.0 100.0 40.5 100.0 100.0 36.0

Sources: CSO (1986 and 1996c). Census of Population (Special Request for 1986 and Volume 6: Travel to Work, School and College for 1996).
Notes: (i) “O ther” includes car driver, motorcycle, lorry, van, other, none and not stated categories.

(ii) Some figures may not add to 100 because of rounding.
(iii) The percentage change figures refer to the percentage change in the absolute numbers.
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Table 3.24 Distance travelled to College for Students aged 19+ years in the Dublin Area: 1986 and 1996

1986 1996 % change 
1986-200

1986
%

1996
%

1 mile or less 4,035 8,272 105.0 18.3 20.3
2-4 miles 8,731 13,328 52.7 39.6 32.7
5-9 miles 5,962 9.405 57.7 27.1 23.1
10 + miles 1,852 5.264 184.2 8.4 12.9
Not Stated 1,441 4,495 211.9 6.5 11.0
Total 22,021 40,764 85.1 100.0 100.0

Sources:
Note:

CSO (1986 and 1996c). Census of Population (Special Request for 1986 and Volume 6: Travel to Work, School and College for 1996). 
(i) Some figures may not add to 100 because of rounding.

Table 3.25 Mode of Transport to College for Students aged 19+ years in the Dublin Area: 1986 and 1996

1986 1996 % change 1986
1986-2000 %

1996
%

....—

On Foot 3,684 8,792 138.7 16.7 21.6
Bicycle 6,668 6,870 3.0 30.3 16.9
Bus 6,251 13,728 119.6 28.4 33.7
Train 1,728 3,911 126.3 7.8 9.6
Car Driver 1,026 2,277 121.9 4.7 5.6
Car Passenger 1,119 1,866 66.8 5.1 4.6
Other 1,545 3,320 114.9 7.0 8.1
Total 22,021 40,764 85.1 100.0 100.0

Sources: CSO (1986 and 1996c). Census of Population (Special Request for 1986 and Volume 6: Travel to Work, School and College for 1996).
Notes: (i) “Other” includes motorcycle, lorry, van, other, none and not stated categories.

(ii) Some figures may not add to 100 because of rounding.
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Table 3.26 Distance travelled to College for Students aged 19+ years by Area of Residence: 1986 and 1996 (Percentage of

the Total)

DUBLIN COUNTY 
BOROUGH 

1986 1996 %
change

DUN LAOGHAIRE- 
RATHDOWN 

1986 1996 %
change

1986

FINGAL

1996 %
change

SOUTH DUBLIN

1986 1996 %
change

1 mile or less 25.3 28.1 97.9 14.5 18.9 98.3 2.1 2.9 325.0 3.6 7.2 350.6
2-4 miles 50.1 40.8 45.7 32.9 31.8 47.9 4.2 5.7 312.3 28.1 25.9 105.3
5-9 miles 14.6 12.9 57.8 39.2 31.8 23.8 37.4 32.3 164.4 51.2 40.2 75.6
10 + miles 2.7 5.2 241.6 7.6 9.3 86.9 51.3 50.4 200.6 11.4 17.3 239.5
Not Stated 7.3 13.1 221.7 5.8 8.2 115.7 5.0 O

O bo 434.6 5.7 9.6 279.5
Total 100.0 100.0 78.8 100.0 100.0 52.7 100.0 100.0 206.1 100.0 100.0 124.0

Sources: CSO (1986 and 1996c). Census of Population (Special Request for 1986 and Volume 6; Travel to Work, School and College for 1996).
Notes: (i) Some figures may not add to 100 because of rounding.

(ii) The percentage change figures refer to the percentage change in the absolute numbers.

Table 3.27 Mode of Transport to College for Students aged 19+ years by Area of Residence: 1986 and 1996 (Percentage of

the Total)

DUBLIN COUNTY DUN LAOGHAIRE- FINGAL SOUTH DUBLIN
BOROUGH RATHDOWN

1986 1996 % 1986 1996 % 1986 1996 % 1986 1996 %
change change change change

On Foot 24.3 31.6 32.6 11.4 16.2 118.4 2.1 3.0 350.0 2.3 7.3 605.6
Bicycle 33.5 19.8 5.5 29.0 18.2 -4.1 5.2 2.6 51.3 33.6 15.3 1.8
Bus 24.2 27.7 104.6 27.9 29.5 61.4 40.6 44.1 232.6 42.8 56.1 193.2
Train 4.0 5.0 125.7 12.2 13.7 71.7 31.8 31.6 204.5 0.2 0.9 1025.0
Car Driver 4.0 4.0 79.3 5.6 8.3 126.1 4.5 6.1 312.9 5.7 6.7 161.9
Car - Passenger 2.3 2.2 65.2 7.7 7.3 45.9 10.6 7.2 107.3 8.5 7.1 85.4
Other 7.7 7.9 127.1 6.3 6.7 62.9 5.2 5.4 214.8 6.8 6.7 121.5
Total 100.0 100.0 78.8 100.0 100.0 52.7 100.0 100.0 206.1 100.0 100.0 124.0

Sources: CSO (1986 and 1996c). Census of Population (Special Request for 1986 and Volume 6; Travel to W ork, School and College for 1996).
Notes: (i) “O ther” includes motorcycle, lorry, van, other, none and not stated categories.

(ii) Some figures may not add to 100 because of rounding.
(iii) The percentage change figures refer to the percentage change in the absolute numbers.
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Table 3.28 Location of Third Level Institutions In the Dublin Area

A R E A IN S T IT U T IO N
Dublin County Borough American College 

Colaiste Mhuire, M arino 
Dublin Business School 
Dublin City University 
Griffith College
M ater Dei Institute o f  Education
Milltown Institute o f  Theology and Philosophy
National College o f  Art and Design
National College o f  Ireland
Portobello  College
Royal College o f  Surgeons
St. Patr ick’s College o f  Education
Trinity College Dublin
All Hallows College

Dun Laoghaire-Rathdown Church o f  Ireland College o f  Education
Dun Laoghaire Institute o f  Art, Design and Technology
Froebel College o f  Education
St. Catherine’s College
University College Dublin

Fingal Blanchardstown Institute o f  Technology

South Dublin Tallaght Institute o f  Technology
Source: Central Applications Office (2002).
Note: (i) University College Dublin, Trinity College Dublin and Dublin  City University are the

three largest institutions in the Dublin area with approximately  18,000, 15,000 and 7,000 
students respectively.
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Figure 3.1

Source:

Note:

Map of the Dublin Area showing the four local authority regions of 

Dublin County Borough, Dun Laoghaire-Rathdown, Fingal and South 

Dublin

FINGAL

CITY

DUN LAOGHAI RE 
/ RATHDOWN 4S O U T H  DUBLIN

littp:/Av w w . local,  ie/geiieral/map/dublin.shtml  

(i) “City” refers to Dublin County Borough.
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CHAPTER 4

DATA SOURCES:

THE IRISH HOUSEHOLD BUDGET SURVEY AND 

CENSUS OF POPULATION DATASETS

4.1 Introduction

In this chapter, the data employed in the analyses of household transport decisions in 

Chapters 5 and 6 and in the analysis of individual modal choice decisions in Chapter 7 

are described. Section 4.2 describes the Irish Household Budget Survey datasets that are 

used in the analysis of households' car ownership, car use and public transport use 

decisions in Chapters 5 and 6 and discusses such issues as sample sizes and the choice of 

dependent and independent variables. Section 4.3 introduces the Irish Census of 

Population dataset that is employed in the analysis of individuals’ modal choice decisions 

for the journeys to work and school/college in Chapter 7. The sample sizes and the 

dependent and independent variables that are used in this analysis are described in this 

section. As the Census of Population data do not record individual incomes, this section 

also discusses the procedure whereby information from the Household Budget Survey is 

used to construct an income variable for use in the analysis in Chapter 7. Section 4.4 

discusses data limitations while Section 4.5 summarises and concludes.
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4.2 Household Budget Survey Data 1987-1999

The data employed in Chapters 5 and 6 are micro-data from the 1987/1988, 1994/1995 

and 1999/2000 Irish Household Budget Survey (HBS). The surveys were carried out by 

the Irish Central Statistics Office (CSO) between February 1987 and April 1988, between 

May 1994 and July 1995 and between June 1999 and August 2000. The surveys are 

hereafter referred to as the 1987 HBS, 1994 HBS and 1999 HBS. The primary purpose of 

the HBS is to determine the current spending patterns of Irish households in order to 

update the weights in the Consumer Price Index (CPI). The HBS has been conducted 

approximately every seven years since 1951 and recently changed to a five-year cycle.

The HBS is a random survey of a representative sample of all private households in the 

state and different households are included in each survey. The 1987, 1994 and 1999 

HBS consist of 7,705, 7,877 and 7,644 urban and rural households respectively. A 

household is defined by the CSO as “a single person or group o f people who regularly 

reside together in the same accommodation ... the household members are not 

necessarily related hy blood or marriage" [Central Statistics Office (2001a), pp.62]. 

Each household is asked to complete a questionnaire containing information on socio

economic characteristics and ownership of durable goods as well as an expenditure diary 

recording every item of expenditure by each adult member of the household over a two- 

week survey period. Due to the absence of quantity data in the HBS, price information 

is not available.

All household members aged 15 years and older are required to provide details o f their personal 
expenditure over the 14 consecutive days o f the survey. Data on each item o f  expenditure are then 
aggregated across household members and averaged across the two survey w eeks to give household weekly 
expenditures on each item.
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4.2.1 Sample Sizes

As this thesis concentrates on the income and socio-econom ic determ inants of the 

demand for transport in the Dublin area^^, all households outside the Dublin area are 

elim inated resulting in sample sizes of 2,096, 2,148 and 1,789^** households in 1987, 1994 

and 1999 respectively. For the pooled cross-sectional analysis in Chapters 5 and 6, the 

sample of Dublin households amounts to 6,033 households. Four household-level

37transport decisions are examined, namely car ownership, car use, bus use and taxi use. 

Table 4.1 illustrates the various sample sizes corresponding to each of these four 

transport decisions. While the car ownership decision is exam ined using the full sample, 

the car use decision is analysed for households owning one car and for households 

owning one or more cars.

For the public transport use decisions, the sample is divided on the basis of household car 

ownership. The sample was divided in order to identify differences in transport behaviour 

between households without access to a car, so-called captive public transport users, and 

those with access to one or more cars. It also had the effect of avoiding multicollinearity 

problems between income and car ownership levels [see W ebster and Bly (1980)]. An 

examination of the summary statistics in Tables 4.3, 4.5 and 4.6 reveals large differences

It is not possible to identify residents o f  Kildare, Meath and W icklow from the micro-data; therefore, this 
thesis concentrates on the travel patterns o f  residents o f  Dublin city and county [see also Section 3.1].

A reduction in the response rate o f urban households in the 1999 HBS resulted in a sm aller sample o f  
Dublin households in that survey. In 1987, 61 per cent o f  surveyed rural households responded to the 
survey compared with 56 per cent o f  urban households. In 1994 and 1999 the corresponding figures were 
61 per cent and 55 per cent and 59 per cent and 49 per cent respectively [Personal com m unication from the 
CSO in August 2002],

Train use is not analysed due to the nature o f  the data; it is im possible to ascertain whether expenditure 
refers to trips on DART/Dublin suburban services or inter-city services. It may be argued that bus 
expenditure is subject to the same problem. However, the fact that the variance o f  bus expenditures is much 
smaller than for train expenditures as well as the fact that the bus service covers all areas o f  the city 
whereas certain parts o f  the Dublin area (e.g. South Dublin) have no train service means that it is more 
accurate to assume that the majority o f  bus expenditure recorded refers to trips on D ublin Bus services.
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between non car- and car-owning households, in terms of their transport expenditures as 

well as their socio-econom ic characteristics. For those households which do not own a 

car, expenditures per capita on bus and taxi fares are higher than in car-owning

38households' , while the proportions recording these expenditures are also higher in non 

car-owning households in 1987 and 1994. In terms of household socio-economic 

characteristics, significant differences between non car- and car-owning households are 

evident for many of the variables, especially household income, accommodation type and 

working status and the gender and education level o f the head of household (HOH). As a 

result of the rejection of tests for coefficient stability across the two sub-samples of non

39car-owning and car-owning households , the regressions for bus and taxi fare 

expenditures are estim ated separately for these two sub-sam ples (see also Section 6.5.1).

4.2.2 Dependent Variables

Table 4.2 presents variable definitions for the dependent variables that are used in the 

analyses in Chapters 5 and 6 while Table 4.3 presents the summary statistics for these 

variables. In exam ining car ownership, the dependent variable is a binary variable 

indicating whether or not the household owns one or more cars. For the car use decision, 

the dependent variable is petrol expenditure per car (which includes diesel expenditure). 

Public transport use is proxied by bus and taxi fare expenditures separately. As 

previously noted, expenditure on train fares is not analysed.

With the exception o f  average per capita taxi fare expenditures in 1999, which were higher in car-owning 
households than in non car-owning households.

W hile the proportion o f  households owning two or more cars has been increasing over the period 1987- 
1999 (from 10.8 per cent in 1987 to 23.5 per cent in 1999), very few  independent variables are significant 
with the result that bus and taxi use are not analysed separately for households ow ning two or more cars. 
However, to som e extent, the inclusion o f a variable indicating the number o f  household cars in the sample 
o f households owning one or more cars w ill capture the behaviour o f  multi-car households.
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Bus and taxi expenditures arc adjusted for household size using EU adult equivalence 

scales as reported in the HBS.'**’ As each household has a different interview date* '̂, for 

the analyses using independent data from each HBS, all expenditure variables are also 

adjusted for seasonality by regressing expenditure on monthly dummies and constructing 

an index based on the relationship between the constant and the estimated coefficients. 

This index is then used to seasonally adjust the expenditure variables [see Section 4A  in 

the Appendix for further details]. Expenditures are seasonally adjusted before estimation 

rather than including eleven monthly dummies in an attempt to reduce the number of 

independent variables, especially in light of the complicated computations involved in the 

estimation of econometric models (see Chapters 5 and 6). For the analysis of the pooled 

data in Chapters 5 and 6, all expenditure variables are first adjusted for household size 

using the same EU adult equivalence scales and then adjusted for inflation by expressing 

all expenditure values in constant November 1994 prices [using the CPI figures published

42by the CSO (see statistics for “all prices” in Tables 4.7, 4.8 and 4.9)[ , an approach 

similar to that outlined in Atkinson ef a/. (1990).

The head of household (HOH) is given a weight o f one, any other adults over the age of 14 are given a 
weight o f 0.7 and children up to the age of 14 are given a weight o f 0.5. Petrol expenditures are not 
adjusted for household size as it is felt that car use decisions are more appropriately analysed as a 
household, rather than an individual, decision [see Kayser (2000) and Berkowitz et al. (1990)]. W hile it 
inay be argued that for bus fare expenditures, which are not subject to economies of scale like taxi or total 
expenditures, all adults over the age of 14 should be given a weight of one while children under 14 should 
be given a weight of 0.5, we apply the conventional formula to total, bus and taxi expenditure.
■“ Each HBS is conducted over an approximate fifteen-month period (see Section 4.2).

Tables 4.7 to 4.9 illustrate changes in the levels o f overall prices, petrol prices, bus fares and taxi fares 
over the duration of each of the surveys. W hile cross-sectional studies of household expenditure using 
household budget data assume that prices are fixed over the duration of the survey, the data indicate that 
while price changes were slight over the course of the 1987 and 1994 surveys, more significant changes in 
prices occurred over the duration o f the 1999 survey, in particular for petrol prices and bus fares. However, 
the changes in prices between each survey are in all cases larger than price changes within each survey 
period, thus justifying adjusting individual expenditures for seasonality only and pooled expenditures for 
CPI changes only. In addition, the seasonal adjustment to individual expenditures should elim inate some of 
the price differentials between different months.
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The proportion of households owning one or more cars increased from 53.3 per cent in 

1987 to 67.7 per cent in 1999, an increase wholly driven by the sharp increase in the 

proportion of households owning two or more cars from 1994 to 1999."^  ̂ For households 

owning one car, average petrol expenditures changed slightly over the period 1987 to 

1999' '̂* but the proportion o f households recording petrol expenditures fell by nearly ten 

per cent.^^ Average per capita bus fare expenditures increased from £1.04 to £1.88^*  ̂ in 

nominal terms from 1987 to 1999. However, when expressed in constant Novem ber 1994 

prices, average per capita bus fare expenditures actually decreased from £1.55 to £1.46 

over the period 1987-1999. This probably reflects the significant decrease in the 

proportion of households recording positive bus fare expenditures, which fell from 58.4 

per cent in 1987 to 47.1 per cent in 1999. An examination o f the summary statistics for 

non car-owning and car-owning households reveals that average per capita bus fare 

expenditures are higher in non car-owning households and the proportions doing so are 

also higher in 1987 and 1994. Average per capita taxi fare expenditures increased in 

nominal (and constant) terms from £0.26 (£0.28) in 1987 to £1.77 (£1.34) in 1999, as did 

the proportion of households recording positive taxi fare expenditures. An exam ination of 

the summary statistics reveals that there are less distinct differences between non car-

W hile the proportion o f  households ow ning one car increased slightly from 42.5 per cent to 44.3 per cent 
from 1987 to 1999, the proportions recording ownership o f two or more cars were 10.8 per cent in 1987, 
12.3 per cent in 1994 and 23.5 per cent in 1999. In addition, the proportions recording ownership o f  three 
or more cars increased from 1.0 per cent in 1987 to 1.1 per cent in 1994 to 1.8 per cent in 1999.

W hile the characteristics o f  the “average car” will have changed over the period 1987-1999 and therefore 
may impact on the accuracy o f  petrol expenditures in proxying car use (e.g. increased fuel effic iency  over 
time does not mean that cars are being used less over time), there are no variables relating to household car 
characteristics available in the HBS.

There are three explanations for zero observations on household expenditure data, namely, a standard 
corner solution (which leads to the Tobit m odel), non-participation and infrequency o f  purchase. Labeaga 
and Lopez (1997) rule out the possibility o f  infrequency o f  purchase for petrol expenditures when the 
survey period is a week (two weeks in our case). Non-participation is obviously not an option so an 
increase in the proportion o f  households not spending on petrol due to econom ic reasons is the most 
plausible reason (and validates the use o f  the Tobit methodology).

All expenditure values in the micro-data files are expressed in Irish pounds; IR£1 = €1.27.
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owning and car-owning households in terms of their taxi fare expenditures with average 

levels of expenditure slightly higher in non car-owning households in 1987 and 1994. 

Oscar Faber (1998) explain the significant increase in the demand for taxis in the Dublin 

area in the 1990s as a result o f economic growth, increased car parking restrictions in the 

city centre and stricter drink driving legislation and enforcement."*^

4.2.3 Independent Variables

Table 4.4 defines the various independent variables that are used in the analyses in 

Chapters 5 and 6 while Tables 4.5 and 4.6 present the summary statistics for the 

continuous and discrete independent variables respectively.

Income

Household income is found to be consistently significant in explaining households’ 

transport decisions and has been used in nearly all previous studies in the area [see 

discussion in Chapter 2]. As it is widely acknowledged that there is considerable under

reporting of household income in surveys o f this kind [see Asensio et al. (2001), Central 

Statistics Office (2001a) and Hagemann (1981)] and due to the desire to represent

48lifetime rather than current income , household income is proxied by total weekly

An additional factor m ay have been the subsequent deregulation o f  the m arket in N ovem ber 2 0 0 0 , w h ich  
su bstantia lly  increased the supply  o f  taxis in the D ublin  area.

U sin g  expenditure to proxy in com e is a com m on approach in stu d ies o f  hou seho ld  behaviour w ith  
A sen s io  et al. (2 0 0 1 ), A lperovich  et  al. (1 9 9 9 ), H agem ann (1 9 8 1 ) and A rchibald  and G illin gham  (1 9 8 0 ) all 
d iscu ssin g  the rationale for using expenditure to proxy life tim e  in com e w h ich  is regarded as m ore stab le  
over  tim e than current incom e.
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household expenditure."*^ In common with the dependent expenditure variables, 

household expenditure is also adjusted for household size using EU adult equivalence 

scales as reported in the HBS and for seasonality using the procedure described in 

Section 4A in the Appendix. Finally, household expenditure is divided by one hundred 

for ease o f interpretation. Squared and cubed terms are also included to capture non

linear relationships between the dependent variables and household expenditure [see 

Kayser (2000), M elenberg and Van Soest (1996), Blundell et al. (1993), M cCracken and 

Brandt (1987), Archibald and Gillingham (1980), Cragg and Uhler (1970) and Bennett 

(1967)]. The summary statistics presented in Table 4.5 indicate that average per capita 

weekly household expenditures increased from £193 in 1987 to £273 in 1999. Expressed 

in constant November 1994 prices, average per capita weekly household expenditure 

increased from £204 in 1987 to £207 in 1999, an increase of 1.2 per cent.^** Tables 4.10 to 

4.12 illustrate differences in average car ownership levels, petrol, bus and taxi fare 

expenditures for the top, middle and bottom third of the expenditure distribution for the 

1987, 1994 and 1999 HBS. An examination of this aggregated data indicates that while 

average levels of car ownership, petrol expenditure and taxi fare expenditure are 

positively correlated with household expenditure, average levels o f bus fare expenditure 

first increase and then decline with increasing household expenditure in 1994 and 1999.

A number o f  studies discuss the problem o f  endogeneity that may arise when expenditure is used as both 
a dependent and independent variable [Blundell et al. (1993), Reynolds and Shonkwiler (1991) and 
Hagemann (1981)]. However, where the dependent variables consist o f  disaggregated categories o f  
expenditure, endogeneity is not considered a significant problem [Hagemann (1981)]. In the analyses o f  
transport expenditures in Chapters 5 and 6, for those households reporting positive expenditures for each o f  
these categories, the average budget shares for petrol, bus fare and taxi fare expenditures are only 7.6 per 
cent, 1.9 per cent and 1.6 per cent respectively (statistics derived from the pooled sample).

W hile this figure seem s very low in comparison with the large increase in per capita disposable incom es 
in the Dublin area from 1991-1999 presented in Table 3.6, the fact that the characteristics o f the HBS  
sam ples changed somewhat over the period 1987-1999 may account for the more modest increase in 
average per capita w eekly household expenditures, e.g., the larger proportion o f elderly households 
surveyed in 1999 compared with 1994 and 1987 (see also Tables 4 .5  and 4.6).
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Adults

The number of adults in the household is the second continuous independent variable and 

has been previously employed in a number of other studies of households’ transport 

decisions [see Asensio et al. (2001), Alperovich et al. (1999), Bjomer (1999), Dargay and 

Vythoulkas (1999), Hensher (1985), Lave and Train (1979), Cragg and Uhler (1970) and 

Bennett (1967)]. Schmalensee and Stoker (1999), Train (1980) and Ben-Akiva and 

Lerman (1975) include the number of adults in the household as a proxy for the number 

of licensed drivers in the household. For the purposes of this study, adults are defined as 

being aged 18 years and over. Squared and cubed terms are again included to capture 

non-linear effects [see Alperovich et al. (1999), Reynolds and Shonkwiler (1991) and 

Atkinson et al. (1990)]. The summary statistics, presented in Table 4.5, show that the 

average number of adults in the household decreased from 2.12 in 1987 to 2.05 in 1999. 

An examination of average car ownership levels, petrol, bus and taxi fare expenditures 

for each household type in Tables 4.10 to 4.12 indicates that there is a positive 

relationship between car ownership levels and household size. There is also some 

evidence for a possible non-linear effect with a large change in the proportion of 

households owning a car as the number of adults in the household increases above one 

and a stabilisation in car ownership levels once the number of adults passes three. For 

petrol, bus and taxi expenditure, the effect of increasing adult numbers is generally 

positive with occasional non-linear effects (e.g. taxi expenditure) but in all cases 

households with four or more adults spend more per capita than households with two 

adults or less.
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Children

The final continuous variable represents the number of children in the household, i.e., the 

number of household members aged 17 years or younger. Previous applications, which 

have included the number of children in the household as a dependent variable, include 

those by Asensio et al. (2001), Bjorner (1999), Dargay and Vythoulkas (1999), Lave and 

Train (1979), Cragg and Uhler (1970) and Bennett (1967).^’ As with household 

expenditure and the number of adults in the household, non-linear terms are considered. 

The summary statistics in Table 4.5 show a decline in the average number of children per 

household from 1.26 in 1987 to 0.77 in 1999. Tables 4.10 to 4.12 indicate that as the 

number of children in the household increases, average levels of car ownership first 

increase and then decline. The relationships with average bus and taxi fare expenditure 

are in general negative, with some evidence to show that average per capita bus fare 

expenditures first increase and then decline as the number of children in the household 

increases. The relationship between the number of children in the household and petrol 

expenditure is less clear although in all years, households without children spend less 

than households with one or more children.

Accomm odation Type

Accommodation type is a discrete variable with three categories: detached (base 

category), semi-detached and apartment. This variable is included to proxy the quality 

and quantity of public transport links as well as distance from the city centre as the HBS

K ayser (2 0 0 0 ) inclu des dum m y variables for no children, on e  ch ild  and several children in the household  
w h ile  B ergantino (1 9 9 7 ) inc lu des a dum m y variable for the p resence o f  children in the hou sehold . 

Sem i-detach ed  inclu des terraced houses.
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53does not record information on any of these variables. This assumes that those living in 

detached houses are more likely to live in oudying areas of Dublin and thus have longer 

distances to travel to the city centre and/or poorer public transport links than those living 

in semi-detached/terraced houses or apartments. Bhat and Pulugurtha (1998) and Ben- 

Akiva and Lerman (1975) similarly include dummy variables for single-family versus 

m ulti-family dwellings in their multinomial logit model of household car ownership and 

nested multinomial logit model of household car ownership and mode of transport to 

work respectively.^'* Numerous studies emphasise the im portance of distance/public 

transport availability in determining household and individual transport choices [see 

Asensio et al. (2001), De Palma and Rochat (2000)), Kayser (2000), Alperovich et al. 

(1999), Bjorner (1999), Dargay and Vythoulkas (1999), Schm alensee and Stoker (1999), 

Berkowitz et al. (1990), Hensher (1985), M annering and W inston (1985), Mannering 

(1983), Archibald and Gillingham (1980), Lave and Train (1979), De Donnea (1971) and 

Cragg and Uhler (1970)]. Table 4.6 illustrates that over 70 per cent of surveyed 

households live in semi-detached or terraced houses. Tables 4.10 to 4.12 show that while 

there are much higher rates of car ownership and use among those living in detached 

houses, their average per capita bus and taxi fare expenditures are lower than the 

averages for the other categories (with the exception of 1999 where those living in semi

detached/terraced homes spend the most on petrol and the least on taxi fares).

Inform ation on the location  o f  the household  w ith in  the four local authority reg ions o f  D u b lin  (D ublin  
C ounty B orough, Dun L aoghaire-R athdow n, Fingal and South D u blin ) is not revealed  in the H B S m icro
data,

Bhat and Pulugurtha (1 9 9 8 ) inclu de this variable in the expectation  that higher den sity  d evelop m en t and 
a public transport friendly environm ent w ou ld  be associa ted  w ith  m ulti-fam ily  d w ellin g  units relative to 
sin g le -fa m ily  hom es. B en-A k iva  and Lerm an (1 9 7 5 ) inclu de this variable to account for the fact that 
ind iv idu als liv ing  in s in g le-fam ily  d w ellin g s have better access  to parking fa c ilit ie s  and are therefore more 
lik ely  to ow n  cars than those resid ing in m ulti-fam ily  d w ellin g s.
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Working Status

The working status of the household is represented by a binary variable in an attempt to 

differentiate between households that have at least one working m em ber and households 

where no member works. This type of variable is common in analyses of this kind and is 

expected to highlight differences in travel behaviour between households where regular 

com m uting needs are a feature [see Kayser (2000), Berkowitz et al. (1990), Archibald 

and Gillingham (1980) and Cragg and Uhler (1970)].^^ The summary statistics in Table 

4.6 indicate that while the proportion of households with at least one working member 

declined from 1987 to 1994, it increased again to 71 per cent o f ail households surveyed 

in 1999. Tables 4.10 to 4.12 illustrate the clear positive correlation between household 

working status and average car ownership, petrol, bus and taxi expenditures. However, 

the statistics for average car ownership levels reveal that the proportion of non-working 

households with ownership of one or more cars increased more rapidly from 1987 to 

1999 (from 21 to 37 per cent) than the proportion of working households who own car(s) 

(which increased from 70 to 80 per cent over the period 1987-1999).

Gender

The rem ainder of the independent socio-economic variables relate to head o f household 

(HOH) characteristics.^*^ No explicit instructions are given to survey respondents as to 

who should be regarded as the HOH but it is usually regarded as the person in whose

A number o f  studies include the number o f workers in the household as a continuous independent 
variable [see A sensio et cil. (2001), De Palma and Rochat (2000), A lperovich et al. (1999), Mannering and 
W inston (1985) and Lave and Train (1979)]. In an attempt to reduce collinearity with the number o f  adults 
in the household, we express this variable in binary, rather than, continuous form. Indeed, Cragg and Uhler 
(1970) and Bennett (1967) also include the number o f  adults in the household and consequently the number 
o f incom e earners in the household is never significant.

See also Section 2.3.
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name the accom modation is owned or rented and who is mainly responsible for meeting 

household expenses. The choice of HOH is, however, left with the household. Due to this 

ambiguity and in an attempt to capture a pure gender effect, the gender of the HOH is 

expressed as a binary variable with the value one indicating households that have a

C 'J

female HOH who is the only adult in the household. Much evidence exists for a gender 

difference in transport decisions with women generally found to be less likely to own and 

use cars and more willing to use public transport than men [see Kayser (2000), De Palma 

and Rochat (2000), Bjorner (1999), De Jong (1999), M annering (1983), Archibald and 

Gillingham (1980) and De Donnea (1971)]. The summary statistics in Table 4.6 reveal a 

slight increase in the proportion of households headed by a single female between 1987 

and 1994 and little change at approximately 20 per cent between 1994 and 1999. Tables 

4.10 to 4.12 indicate that while single female-headed households have lower car 

ownership rates and average petrol and bus expenditures, they have similar per capita taxi 

fare expenditures in 1987, higher in 1994 and lower in 1999.

Age

The age of the HOH is intended to capture generational effects in household transport 

decisions and has been widely employed in previous work in the area [see Asensio el al. 

(2001), De Palma and Rochat (2000), Kayser (2000), Alperovich et al. (1999), 

Schmalensee and Stoker (1999), Bergantino (1997), Hensher (1985), M annering and 

Winston (1985), M annering (1983), Archibald and Gillingham (1980), Lave and Train 

(1980), De Donnea (1971), Cragg and Uhler (1970) and Bennett (1967)]. There are five 

categories for this variable with households with a HOH aged 29 years and younger taken 

’’’ This variable m ay a lso  capture the e ffec t o f  having a s in g le  adult in the hou sehold .

74



as the base category. The sum m ary statistics in Table 4.6 indicate that the proportion o f  

households with a H O H  aged 60 years and older has increased since 1987 while the 

proportions with young H O H s has declined. Tables 4 .10  to 4 .12 reveal that while 

younger households have the highest average expenditures on bus and taxi fares, they 

also have the lowest average car ow nership levels. In terms o f  petrol expenditure, 

households with young and old HO H s spend less than households with H O H s aged 30-59 

years.

Education Level

The education level o f  the H O H  enters as a categorical variable with three categories: 

primary level education, secondary level education and third level education (the latter is

58also the base category). While it is difficult to say why the education level o f  the H O H  

should influence household transport decisions, it is included as an additional factor 

describing the tastes and preferences of the household. A sensio  et al. (2001), Kayser 

(2000), Alperovich et al. (1999), Archibald and G illingham  (1980) and Lave and Train 

(1979) all find the education level of  the HO H  significant in explain ing  household 

transport decisions. The summary statistics in Table 4.6 indicate that the average 

education levels of households have been rising since 1987, and in particular between 

1994 and 1999 when the proportion o f  households with a H O H  having a third level 

qualification increased from 22.5 per cent in 1994 to 32.7 per cent in 1999. Tables 4 .10 to

T he original question  used to construct this variable in 1994 and 1999 w as d ifferent to that used in 1987. 
In 1994 and 1999 the household  w as asked for the h ighest lev e l o f  education  com p leted  by the H O H  w h ile  
in 1987 the household  w as asked for the age at w h ich  the H O H  fin ish ed  h is/her education. For the 
construction  o f  this variable using the 1987 data, w e assum e that those fin ish in g  sch o o l up to and inclu d ing  
the age o f  13 years have a primary level education, betw een  14 and 18 years have a secondary leve l 
education and anything over 19 years is taken to m ean a third leve l q u alification .
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4.12 indicate that increasing levels of education are clearly associated with increasing 

average car ownership rates and average petrol and taxi expenditures. W hile increasing 

levels of education are also associated with increasing expenditure on bus fares in 1994 

and 1999, the opposite is true for 1987 where expenditure on bus fares falls as the 

education level o f the HOH increases.

Transport Control Variables

Finally, there are a number of transport control variables included in all models, which 

are both continuous and binary in nature. A com plicating issue for the bus fare 

expenditure models is the fact that certain categories of individual are entitled to free bus 

transport in I r e l a n d . T h i s  means that in these cases, one of the most important 

assum ptions of the analysis is violated, i.e., that bus fare expenditure is an accurate 

reflection of bus use. To overcome this problem, a continuous independent variable 

representing the number of people in the household entitled to free public transport is 

included. Table 4.5 indicates that the proportion of households with at least one member 

entitled to free public transport has increased from 22 per cent in 1987 to 26 per cent of 

the total in 1999, which may reflect the increased proportion o f elderly households 

surveyed in 1999. Similarly, a binary variable indicating whether at least one person in 

the household receives remuneration for m otor expenses such as petrol is included.*’® 

Again, the proportion of households with at least one m em ber entitled to travel expenses 

increased from 13.5 per cent in 1987 to nearly 18 per cent of all households in 1999. The

P ensioners and disab led persons are entitled  to free bus travel at o ff-peak  tim es w h ile  certain  
schoo lch ild ren  receive  free bus transport to and from  sch oo l.

T his variable enters in binary, rather than continuou s, form  as it is expected  that there is considerab le  
under-reporting o f  this item .
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num ber of motorcycles owned by the household is included as expenditure on petrol 

could be significantly higher for households that own a motorcycle as well as a car and 

expenditure on bus and taxi fares could be significantly lower if the motorcycle is 

regarded as a competing mode.'’' Finally, in the car use models for households owning 

one or more cars, dummy variables indicating ownership o f two cars and three or more 

cars are included. Table 4.6 indicates that the proportion o f households owning two or 

more cars increased substantially over the period 1987-1999, in particular over the period 

1994-1999. For the bus and taxi use regressions in households owning one or more cars, 

the number of household cars is included as a continuous variable. Once again, the 

summary statistics in Table 4.5 confirm the increase in m ulti-car households, particularly 

since 1994.

4.3 Census of Population Data 1996

The data employed in Chapter 7 are micro-data from the 1996 Irish Census o f Population 

(COP). The COP is carried out every five years by the CSO and includes all individuals 

present in the country at a specified point in time, namely, the last Sunday in A p r i l . T h e  

micro-data constitute a five per cent random sample. In total 181,321 individuals are 

included in the m icro-data file, of which 52,915 individuals were surveyed in the Dublin 

area. Each individual observation contains information on socio-econom ic characteristics 

such as socio-economic group, gender, age, level of education and area of residence as 

well as mode of transport and distance travelled to work and school/college. As with the

A sensio et al. (2001) and Bergantino (1997) also include an independent variable indicating the number 
o f motorcycles in the household.

The 1996 COP is the latest Census for which data are available; the 2001 COP was postponed until 2002  
and the results w ill not begin to becom e available until early 2003.
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HBS, price information is not available. As there is no information relating to income in 

the COP, a proxy income variable is constructed using information from the 1994 HBS  

(see Section 4.3.3 and Section 4C o f the Appendix],

4.3.1 Sample Sizes

The analysis in Chapter 7 focuses firstly on working individuals aged 15 years and over 

who are usually resident in the Dublin area, amounting to 20,009 individuals. Secondly, 

we exam ine the travel patterns o f all students in full-tim e education usually resident in 

the Dublin area, which amounts to 12,730 individuals.*^^ Individuals that work at home or 

that are resident at school/college are excluded from the samples*’'* as are observations for 

which data on certain questions are missing^^ resulting in final sample sizes o f  16,912 

individuals and 10,610 individuals for the work and school sam ples respectively.

4.3.2 Dependent Variables

The dependent variables in Chapter 7 are mode o f transport to work and mode o f  

transport to school/college. Variable definitions and summary statistics for the dependent

Indiv iduals usually  resident ou ts ide  the D ublin  area are excluded  from  both the w orking and school 
sam ples as their travel patterns to w ork and school/college do not reflect cho ices m ade in the con tex t o f the 
D ublin  transport system .

T hese observations are excluded as there is no variation in m ode o f  transport o r d is tance  travelled . In 
to tal, 765 such observations are deleted  from  the w ork sam ple and 141 observations are deleted  from  the 
school sam ple.

T he m issing observations occur fo r four variables for the w ork sam ple (m ode o f  transport and distance 
travelled  to work, and level o f  education  and type o f  w ork) and for tw o variables fo r the school sam ple 
(m ode o f transport and distance travelled  to school/college). D ue to  the tiny num ber o f  observations w ith 
m issing observations on the dependent variable o f m ode o f  transport to w ork /school/co llege - 49 for the 
w ork sam ple and 96 for the school sam ple - and the consequen t in s ign ificance o f  the M ill’s ratio , a 
H eckm an sam ple selection m odel is not em ployed. In  order to  test fo r the random ness o f  the excluded 
observations, a t-test as outlined in P u ller and G reening (1999) and Johansson-S tenm an (2002) is 
undertaken to test the null hypothesis o f  equal m eans for the tw o sam ples: a) the sam ple con tain ing  m issing 
observations and b) the sam ple contain ing  only com plete observations fo r all variables o f  in terest. W hile 
we reject the hypotheses o f  equal m eans in m ost cases [see Section 4B  o f  the A ppendix], w e exclude 
observations w ith m issing data w hile rem em bering  that policy  conclusions m ust bear this fact in m ind.
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variables are presented in Tables 4.13 and 4.14. For the analysis of mode of transport to 

work, the dependent variable is coded from 0 to 3 representing car driver, on foot/bicycle, 

bus/train and car passenger categories respectively. The dependent variable for the 

analysis of mode o f transport to school/college is coded 0 to 3 representing on 

foot/bicycle, bus/train, car passenger and other (car driver, m otorcycle, lorry or van) 

categories respectively. M ode of transport refers to the outward journey to work, school 

or college. Where m ore than one mode of transport is used, the mode o f transport used 

for the greater part o f the journey is recorded. The dependent variables are therefore 

discrete categorical variables with mutually exclusive unordered alternatives. The choice 

of dependent variable categories was motivated by the results of the Independence from 

IiTelevant Alternatives (IIA) specification tests outlined in Section 7.5.2. The choice sets 

comprise the sets of alternatives for which the IIA axiom cannot be rejected. As 

discussed in Section 7.5.2, the initial dependent variable categories^^ do not satisfy the 

IIA property with the result that some alternatives have to be merged. However, for 

comparison, the variable definitions and summary statistics in Tables 4.13 and 4.14 

present both specifications of the dependent variables.

An examination of the summary statistics for the dependent variables in Table 4.14 

reveals that nearly 53 per cent of the sample of employed persons drove to work with 

travelling by bus the next popular mode (18 per cent). For those in full-tim e education, 

the most popular mode was walking with travelling by bus and as a passenger in a car 

being next with approxim ately 22 per cent of the total each. These aggregated results

For the work sam ple, the in itial dependent variable has six  ca tegories (car driver, on foo t, b icy c le , bus, 
train and car passenger) w h ile  for the sch o o l sam ple the in itial dependent variable a lso  has s ix  ca tegories, 
nam ely, on foo t, b icycle , bus, train, car passenger and other (car driver, lorry, van or m otorcycle).
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from the micro-data are in broad agreement with those obtained from the published data 

from the 1996 COP, which are presented in Tables 3.10, 3.17, 3.21 and 3.25.

4.3.3 Independent Variables

Variable definitions and summary statistics for the independent variables are detailed in 

Tables 4.15, 4.16 and 4.17. All independent variables are individual-specific rather than 

alternative-specific [see Sections 2.5 and 7.2 for a review of previous literature in this 

area].

Income

The COP does not record any information on the income of the individual in question and 

since the effect of income on the demand for transport is of particular interest, a value for 

income is computed based on the observed characteristics o f individuals in the work 

sample. The procedure involves identifying variables that are common to both the 1994 

HBS and 1996 COP datasets and using the estim ated relationship between incom e and 

these variables in the 1994 HBS to predict income values for each observation in the 

COP based on their observed values of the same variables. The procedure is outlined in 

detail in Section 4C of the Appendix. Due to the difficulty in ascertaining the appropriate 

sample to use in the 1994 HBS, an income variable is not constructed for inclusion as an 

independent variable in the analysis of modal choice decisions for the journey to 

school/college in Chapter 7 (see also Section 4C of the Appendix).
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The summary statistics in Table 4.16 indicate that average weekly household expenditure 

for the sample of working individuals is £255. The mean level of expenditure and the 

standard deviation of £58 are much higher and lower respectively than those of 

household expenditure in the 1994 HBS. This is due to the characteristics of the COP 

sample, i.e., it is only concerned with working individuals who, by definition, will be 

expected to have higher than average household expenditure than a sample of working 

and non-working households. Table 4.18 indicates that the proportions travelling on foot, 

by bicycle and by bus decline as income increases while the proportions travelling by 

train and driving a car to work increase; the latter effect is not surprising given the strong 

relationship found between household expenditure and average car ownership levels for 

the 1994 HBS in Table 4.11.

Socio-Economic Group

For the school sample, a household income variable cannot be constructed and therefore 

the socio-economic group of the student is used instead. In addition, the model for choice 

of mode of transport to work is also estimated with socio-economic group replacing 

household income. This variable is constructed as a binary variable with the value one 

indicating an individual in the top three socio-economic groups A, B or C (namely, 

employers and managers, higher professional and lower professional workers). It is 

expected that this variable will illustrate the same effect as household expenditure on 

choice of mode of transport to work and school/college with car driving and car 

passenger probability also significantly affected by the assumed positive correlation 

between socio-economic group and car ownership. An examination of the summary
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statistics in Table 4.17 indicates that just over 60 per cent o f the working sample are in 

the ABC socio-econom ic group while just over 33 per cent o f the school sample are in 

the ABC socio-econom ic group. One reason for this disparity may be the tendency for 

third level students to be categorised as “otherwise gainfully occupied and unknown” as 

they are not living at home.*’’ A comparison o f modal shares for the work sample 

indicates a clear distinction between those in the lower socio-economic groups who have 

higher modal shares for the on foot, bicycle, bus and car passenger categories in 

comparison with those in the higher socio-economic groups who have higher modal 

shares for the train and car driver categories. For the school sample, Table 4.19 illustrates 

that the most popular mode of transport to school/college for those in the ABC category 

is travelling as a passenger in a car while for those that are not in the ABC socio

economic grouping, walking is the most popular mode of transport to school/college.

Distance

One of the major advantages of the COP m icro-data over the HBS is the ability to 

explicitly include distance travelled to work and school/college as an independent 

variable. Distance travelled to work is a common independent variable in studies of 

modal choice and enters as an independent variable in a num ber o f different forms [see 

Bjorner (1999) and De Donnea (1971) for applications with distance to work as an 

independent variable and applications by De Palma and Rochat (2000) and Train (1980) 

which use travel time as an independent variable]. As the variable is entered in discrete.

Students in full-tim e education are classified according to the socio-econom ic group o f  the person upon 
whom they are dependent, i.e., in the majority o f  cases this is the HOH. However, for third level students 
living away from home, they are classified as category Z, i.e., “otherwise gainfully occupied and 
unknown”.
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rather than continuous form on the data file, the distance variable consists of six 

categories with distances of ten miles or more regarded as the base category.*^* Table 4.17 

indicates that the m ajority o f commuters travel distances o f four miles or less to work 

(50.3 per cent) with the majority of those in full-time education travelling distances one 

mile or less to school/college (55.7 per cent). In line with expectations and with the 

aggregated results presented in Section 3.3.2, walking is the m ost popular means of 

transport to work for those travelling distances of two miles or less to work while the 

majority o f those travelling longer distances travel to work by car with the proportion 

doing so increasing as distance increases. W hile the proportions travelling by bus are 

highest for those travelling four to five miles to work, the proportions using the train 

increase as distance increases, especially at the longer distances. For the school sample, 

Table 4.19 shows that walking is the most popular mode for short distances although it is 

noteworthy that 17.3 per cent of students travelling one mile or less to school/college 

travel as a passenger in a car.

Area o f  Residence

hi addition to distance, the area of residence is included to exam ine whether there is any 

systematic difference in travel patterns on a regional level after controlling for distance. 

A strong conclusion from Chapter 3 was that there were quite striking differences 

between different areas o f Dublin in terms of travel behaviour [see Sections 3.3.2 and 

3.3.3]. Location within the Dublin area is also included to proxy the availability of public 

transport facilities with Dun Laoghaire-Rathdown and Fingal being well-served with the

As the COP asks respondents to state their distance travelled to work to the nearest m ile, the distance 
variable contains six categories: one m ile or less (0+1), two (2), three (3), four (4), five (5-9) and ten (10+), 
with the latter regarded as the base category. See also Section 3.3.2.
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DART service in comparison with South DubHn for example. A num ber of other studies 

o f modal choice include location as an independent variable [see Train (1980) and De 

Donnea (1971)]. While in all cases, most travel by car to work, the proportions differ 

across the four areas, ranging from 66 per cent in Dun Laoghaire-Rathdown to 41 per 

cent in Dublin County Borough. Not surprisingly, the residents o f Dublin County 

Borough have the highest proportions walking, cycling and travelling by bus to work. 

The availability of public transport services is reflected in the higher proportions using 

the train to travel to work in Fingal and Dun Laoghaire-Rathdown. For the school sample. 

Table 4.19 indicates that the majority of students resident in Dublin County Borough, 

Fingal and South Dublin walk while the majority of students in Dun Laoghaire-Rathdown 

travel as a passenger in a car to school/college.

Gender

The gender of the individual is included as there is much evidence to show that males and 

females exhibit significant differences in their transport behaviour [see Chapter 2 and 

Section 3.3.2 |, with males more likely to drive and less likely to travel by public transport 

than females [see De Palma and Rochat (2000), M annering (1983), Domencich and 

M cFadden (1975) and De Donnea (1971)]. The variable is binary in nature with the value 

one indicating a female. The summary statistics in Table 4.18 indicate that women walk, 

travel by bus and train and as a passenger in a car in greater proportions than males. For 

the school sample. Table 4.19 shows that female students travel as passengers in a car 

and by bus in greater proportions than their male counterparts.
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Age

The age of the individual enters as a categorical variable in an attempt to explain 

generational differences in travel behaviour. It has been found to be significant in a 

num ber o f different studies of modal choice behaviour [see De Palma and Rochat (2000), 

Domencich and M cFadden (1975) and De Donnea (1971). For the work sample, the 

variable has five categories with those aged 29 years and younger taken as the base 

category. In the school sample, the variable has four categories in an attempt to identify 

differences in the travel patterns of different types o f students, namely, aged 5-10 years 

(primary school), aged 11-14 years (primary and secondary school), aged 15-19 years 

(secondary school and third level) and aged 20-1- years (third level students), with the 

latter also being the base category.^^ The statistics in Table 4.18 illustrate that among 

workers aged 29 years or younger, the proportions travelling by bus and driving a car to 

work are very similar, while the car is the m ost popular m ethod for those older than 30. 

Table 4.19 indicates that for primary schoolchildren, walking and travelling as a 

passenger in a car are most popular while for older secondary school students, walking 

and travelling by bus are most popular. The majority of third level students walk, cycle or 

travel by bus.

Level o f Education

The level of education of the individual is only included in the analysis of mode of 

transport to work and enters as a categorical variable with three categories relating to the 

highest level of education completed by the individual, namely, primary level, secondary

T he age variable is included in five-yearly  intervals in the m icro-data file; this accounts for the overlap  
betw een  students in d ifferent leve ls o f  education.
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level and third level education (the latter is taken as the base category). D e Palm a and 

Rochat (2000) also include the education level o f  the H O H  in their analysis o f  choice 

between car and public transport for the journey  to work in Geneva. T he data in Table 

4.18 show that more educated individuals drive to work or take the train in greater 

proportions than less educated individuals w ho walk, cycle or travel by bus to work in 

greater proportions. The latter result is in contrast to the data presented  in Table 4.11 for 

the 1994 HBS, where well-educated households spend the m ost per capita  on bus fares.

M arital Status

The marital status o f  the individual is included in the analysis o f  mode o f  transport to 

work in an attempt to proxy household type. It is expected that those that are married are

70m ore likely to have children and other responsibilities and m ay be m ore likely to drive 

to work as a result. De Palma and Rochat (1999) similarly include a variable indicating 

whether or not there are children to drop to school in the household. There are three 

categories for this variable relating to married, separated or d ivorced and single (base 

category) individuals. The data in Table 4.18 indicate that m arried and separated and 

divorced individuals drive a car to work in greater proportions than those that are single 

w ho walk, cycle or travel by bus in greater proportions.

Type o f  Work

The type o f  work (whether part-time or full-time) is included to account for the fact that 

part-time workers may have more flexibility in their departure times and may be more

T he CO P data are ind ividual-level data and do not inclu de any h ou sehold  characteristics such as the 
num ber o f  children in the household  o f  w h ich  the individual is a m em ber.
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likely to travel during off-peak times. De Palma and Rochat (2000) include a dummy 

variable identifying individuals that have flexible work hours in their study of choice of 

mode of transport to work. It is unclear how this variable might affect modal choice. If 

part-time workers have access to a car, they may be more likely to travel by car, as levels 

of congestion may be less for travel off-peak. On the other hand, this may also make 

public transport a more attractive option. Table 4.18 indicates that part-tim e workers walk 

and take the bus to work in greater proportions than full-time workers. This may also be 

capturing the effect of gender, as females are more likely to work part-tim e than males.

4.4 Data Deficiencies

A limitation of both the HBS and COP data is that they are not specifically designed for 

the purposes of transport demand estimation. This obviously limits the num ber and type 

of variables that can be considered. However, the inclusion o f proxies for distance and 

public transport availability in the form of accommodation type in Chapters 5 and 6 

attempts to overcome these shortcomings. W hile the COP data include information on 

distance and area of residence, which means that the impact o f these factors can be 

quantified more accurately than in the HBS analysis, the omission o f information on car 

ownership status implies that income elasticities are likely to include the effect o f income 

on car ownership. This means that in the interpretation of empirical results in Chapter 7, 

it must be remembered that the effect of income is likely to be overstated.

The unit of analysis in each data set also causes problems. The fact that the data used in 

Chapters 5 and 6 are household-level disguises the fact that there may be significant 

In 2001. 3.9 per cent o f  males and 26.9 per cent o f fem ales were em ployed part-time [CSO (2002c)].
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variations in behaviour at the individual level. For example, two households with the 

same characteristics may have the same level of average per capita bus fare expenditure 

even though in one household one person travels all the time using the bus whereas in

72another all household members use the bus, but less frequently. The unit of analysis in 

Chapter 6 may also cause problems in that household characteristics are also important in 

determining mode o f transport to work and school/college, most notably the availability 

of a household car but also issues such as whether there are children to drop to school etc. 

An attempt is made to capture these effects by including income and marital status 

variables. There is also the added complication that those individuals who say that they 

travel to work or school/college by car obviously own a car. It would be interesting for 

policy purposes to study the characteristics of individuals that live in a household with 

access to a car but who use other methods o f transport to travel to work. Unfortunately 

this is impossible in this analysis. The 2002 COP asks about household car ownership 

and that is an important development, as it will facilitate the application of more 

sophisticated econometric m ethodologies to the related questions o f car ownership status 

and choice of mode o f transport to work and school/college [see Sections 2.5 and 7.2].

4.5 Summary

This chapter has described in detail the two principal datasets that are used in the 

subsequent econometric analyses of household and individual travel behaviour in 

Chapters 5, 6 and 7. Section 4.2 introduced the 1987, 1994 and 1999 Household Budget

A  p o ssib le  so lu tion  to this is to analyse  single-adu lt h o u seh o ld s [see  Burton e t  al. (1 9 9 6 , 1995)]. 
H ow ever, the num ber o f  adults in the hou sehold  is h igh ly  s ign ifican t in m ost m o d els in Chapters 5 and 6, 
w h ich  m eans that accurate in ferences about the population  cannot be m ade on  the b asis o f  the sing le-adu lt 
results.



Surveys, which form the basis for the analyses in Chapters 5 and 6. Broad relationships 

between the dependent and independent variables were identified and the change in these 

relationships over time was discussed. While car ownership rates and taxi fare 

expenditures have increased dramatically since 1994, petrol and bus fare expenditures 

have remained relatively stable. The summary statistics indicated the extent to which 

average levels of car ownership, petrol, bus and taxi expenditures differ markedly on the 

basis o f household income and composition and on the basis of HOH characteristics, 

most notably gender and age.

Section 4.3 described the 1996 Census of Population data set, which is employed in the 

analysis of individual modal choice decisions for the journeys to work and school/college 

in Chapter 7. The brief overview of the summary statistics confirm ed the patterns from 

the published COP data presented in Section 3.3 and offered an insight into travel 

patterns to work and school/college on the basis o f other characteristics of the population 

not identified in the published data such as age, level of education and socio-economic 

group. As an examination of the effect of income on household and individual travel 

decisions is a primary objective of this thesis, this section also discussed the procedure 

whereby an income variable was constructed for inclusion as an independent variable 

using information from the 1994 HBS. Using the data presented in this chapter. Chapters 

5 and 6 analyse the car ownership, car use and public transport use decisions o f Dublin 

households over the period 1987-1999. Chapter 7 examines the determinants of choice of 

mode of transport for two specific journey puiposes, namely, the journeys to work and 

school/college for a sample of Dublin individuals in 1996.
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4A t a b l e s ”

Table 4.1 Sample Sizes

DECISION 1987 1994 1999 POOL
CAR OWNERSHIP
All 2,096 2,148 1,789 6,033

CAR USE
One Car 890 935 792 2,617
Car(s) 1,117 1,198 1,212 3,527

BUS USE
No Car 979 950 577 2,506
Car(s) 1,117 1,198 1,212 3,527
All 2,096 2,148 1,789 6,033

TAXI USE
No Car 979 950 577 2,506
Car(s) 1,117 1,198 1,212 3,527
All 2,096 2,148 1,789 6,033

Table 4.2 Definitions of Dependent Variables

VARIABLE NAME DEFINITION
CAR =1 if the household owns one or more cars 

=0 otherwise

PETROLEXP Petrol and Diesel Expenditure in IR£ (adjusted for seasonality)

BUSEXP Bus Fare Expenditure in IR£ (adjusted for household size and 
seasonality)

TAXIEXP Taxi Fare Expenditure in 1R£ (adjusted for household size and 
seasonality)

Tables 4.1 to 4.12 inclusive refer to the Household Budget Survey datasets that are used in Chapters 5 
and 6 while Tables 4.13 to 4.19 inclusive refer to the Census of Population dataset that is used in Chapter 7.

90



Table 4.3 Summary Statistics of Dependent Variables

VA RIA BLE NO CAR O N E CAR CAR(S) A LL H O U SEH O LD S
Mean Std.D. Max. % pos Mean Std.D. Max. % pos Mean Std.D. Max. % pos Mean Std.D. Max. % pos

CAR 0.53 0.50 1.00 53.3
0.56 0.50 1.00 55.8
0.68 0.47 1.00 67.7
0.58 0.49 1.00 58.5

PETROLEXP 11.45 7.95 55.70 89.8 10.73 7.60 55.70 91.1
14.41 11.10 88.76 89.1 13.67 10.43 88.76 89.7
12.35 10.61 65.93 80.2 12.18 9.98 67.19 84.2
13.24 10.20 78.00 86.6 12.55 9.58 78.00 88.3

BUSEXP 1.42 2.07 12.87 60.1 0.71 1.23 9.39 56.8 1.04 1.72 12.87 58.4
2.21 3.45 24.32 56.3 1.22 2.04 14.17 51.7 1.66 2.79 24.32 53.7
2.54 4.49 26.00 45.1 1.57 2.91 27.01 48.0 1.88 3.53 27.01 47.1
2.09 3.31 21.56 55.2 1.18 2.04 21.56 52.1 1.56 2.68 21.56 53.4

TAXIEXP 0.37 1.62 26.34 14.1 0.17 0.59 5.34 13.5 0.26 1.19 26.34 13.8
1.36 4.32 63.14 25.1 0.88 2.44 34.98 24.0 1.09 3.41 63.14 24.4
1.70 4.12 50.76 30.0 1.80 4.16 45.17 37.2 1.77 4.15 50.76 34.9
0.77 2.53 40.10 21.9 0.73 2.15 32.68 25.2 0.74 2.31 40.10 23.8

Note: (i) The first line refers to 1987, the second to 1994, the third to 1999 and the fourth to the pooled sample.
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Table 4.4 Definitions of Independent Variables

VARIABLE DEFINITION
CONTINUOUS VARIABLES
HHEXP

ADULTS
CHILDREN
FREETRAV
MOTOR
CARS

Total Weekly Household Expenditure in IR£ (adjusted for 
household size and seasonality and divided by 100)
Number o f Adults 18+ years
Number of Children aged 17 years and younger
Number of Persons entitled to Free Travel
Number of Motorcycles
Number of Cars

DISCRETE VARIABLES
Accommodation Type 
APART, SEMI APART=1 if apartment or bedsit, =0 otherwise 

SEMI=1 if semi-detached or terraced house, =0 otherwise 
(Base Category = detached house)

Household W orking Status 
W ORKING = 1 if at least one household member 15+ years at work 

=0 otherwise

Gender o f HOH 
SINGLE FEMALE = 1 if household is headed by a female who is the only adult in the

household
=0 otherwise

Age of HOH
THIRTY. FORTY, FIFTY, SIXTY TH1RTY=1 if the HOH is 30-39 years, =0 otherwise 

F0RTY=1 if the HOH is 40-49 years, =0 otherwise 
FIFTY =1 if the HOH is 50-59 years, =0 otherwise 
SIXTY =1 if the HOH is 60+ years, =0 otherwise 
(Base Category = HOH is aged 29 years or younger)

Highest Education Level of HOH 
PRIMARY, SECOND PRIMARY=1 if the HOH has a primary school education only, 

=0 otherwise
SEC0ND=1 if the HOH has a secondary school education only, 
=0 otherwise
(Base Category = HOH has a third level education)

Availability o f Motor Expenses 
EXPENSES = 1 if the household receives motor expenses 

=0 otherwise

Car Ownership Status 
CAR2, CAR3 CAR2=1 if the household owns two cars, =0 otherwise 

CAR3=1 if the household owns three or more cars, =0 otherwise 
(Base Category = household owns one car)_____________________
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Table 4.5 Summary Statistics of Continuous Independent Variables

V A RIAB LE NO CAR CAR(S) ALL H O U SEH O LD S
Mean Std.Dev. Max. % pos Mean Std.Dev. Max. % pos Mean Std.Dev. Max. % pos

HHEXP 1.43 0.85 8.57 100.0 2.37 1.24 8.60 100.0 1.93 1.17 8.60 100.0
1.32 0.82 7.46 100.0 2.51 1.34 11.87 100.0 1.98 1.29 11.87 100.0
1.67 1.22 10.06 100.0 3.24 1.73 16.96 100.0 2.73 1.75 16.96 100.0
1.26 0.85 9.42 100.0 2.31 1.25 12.62 100.0 1.87 1.22 12.62 100.0

ADULTS 1.86 0.96 8.00 100.0 2.36 0.97 8.00 100.0 2.12 1.00 8.00 100.0
1.72 0.92 7.00 100.0 2.19 0.93 7.00 100.0 1.98 0.96 7.00 100.0
1.62 0.90 6.00 100.0 2.25 0.96 8.00 100.0 2.05 0.99 8.00 100.0
1.75 0.94 8.00 100.0 2.26 0.96 8.00 100.0 2.05 0.98 8.00 100.0

CHILDREN 1.04 1.56 10.0 41.7 1.45 1.47 7.00 62.0 1.26 1.53 10.0 52.5
0.82 1.34 7.00 36.3 1.07 1.30 7.00 50.3 0.96 1.32 7.00 44.1
0.48 1.00 8.00 23.7 0.91 1.20 6.00 44.2 0.77 1.15 8.00 37.6
0.83 1.38 10.00 35.5 1.13 1.34 7.00 51.9 1.01 1.37 10.00 45.1

FREETRAV 0.38 0.62 3.00 31.7 0.18 0.48 2.00 14.1 0.28 0.56 3.00 22.3
0.39 0.61 3.00 32.5 0.23 0.55 3.00 16.9 0.30 0.58 3.00 23.8
0.51 0.69 6.00 41.9 0.26 0.60 4.00 18.4 0.34 0.64 6.00 26.0
0.42 0.63 6.00 34.4 0.23 0.55 4.00 16.5 0.30 0.59 6.00 23.9

MOTOR 0.02 0.12 2.00 1.5 0.03 0.19 3.00 2.9 0.02 0.16 3.00 2.2
0.02 0.13 2.00 1.4 0.02 0.15 2.00 2.0 0.02 0.14 2.00 1.7
0.01 0.19 3.00 1.2 0.03 0.26 3.00 1.9 0.03 0.24 3.00 1.7
0.02 0.14 3.00 1.4 0.03 0.21 3.00 2.2 0,02 0.18 3.00 1.9

CARS 1.22 0.48 3.00 100.0 0.65 0.70 3.00 53.3
1.24 0.47 3.00 100.0 0.69 0.71 3.00 55.8
1.37 0.54 3.00 100.0 0.93 0.78 3.00 67.7
1.28 0.49 3.00 100.0 0.75 0.74 3.00 58.5

Note: (i) The first line refers to 1987, the second to 1994, the third to 1999 and the fourth to the pooled sample.
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Table 4.6 Summary Statistics of Discrete Independent Variables (Percentage of Sample in Each Category)

VARIABLE
1987

NO CAR 
1994 1999 POOL 1987

CAR(S) 
1994 1999 FOOL

ALL HOUSEHOLDS 
1987 1994 1999 POOL

APART 30.8 35.4 24.8 31.1 4.4 6.6 5.2 5.4 16.7 19.3 11.5 16.1
SEMI 67.1 61.4 71.4 65.9 82.5 78.0 80.0 80.1 75.3 70.7 77.2 74.2
Base=Detached 2.1 3.3 3.8 3.0 13.1 15.4 14.8 14.5 8.0 10.0 11.3 9.7

WORKING 41.9 35.9 42.8 39.8 86.4 80.3 83.8 83.4 65.6 60.7 70.6 65.3
Base= No household member 58.1 64.1 57.2 60.2 13.6 19.7 16.2 16.6 34.4 39.3 29.4 34.7
woricing

SINGLE FEMALE 29.0 33.2 38.3 32.7 5.6 10.9 11.6 9.4 16.5 20.7 20.2 19.1
Base=All other households 71.0 66.8 61.7 67.3 94.4 89.1 88.4 90.6 83.5 79.3 79.8 80.9

THIRTY 22.7 19.2 15.3 19.6 26.6 18.9 14.4 19.8 24.8 19.0 14.6 19.7
FORTY 15.5 15.9 12.5 15.0 28.6 29.9 28.1 28.8 22.5 23.7 23.0 23.1
HFTY 13.0 11.3 13.0 12.3 19.1 19.5 21.6 20.1 16.2 15.9 18.8 16.9
SIXTY 41.0 39.5 51.5 42.8 24.2 30.4 34.0 29.7 32.0 34.4 39.6 35.1
Base =29 years or younger 7.9 14.2 7.8 10.3 1.6 L3 2.0 1.6 4.5 7.0 3.7 5.2

PRIMARY 51.2 55.3 49.9 52.4 21.7 18.6 17.9 19.4 35.5 34.8 28.2 33.1
SECONDARY 42.5 32.1 32.4 36.2 54.8 51.1 42,2 49.2 49.0 42.7 39.1 43.8
Base=Third Level Education 6.3 12.6 17.7 11.4 23.5 30.3 399 31.4 15.5 22.5 32.7 23.1

EXPENSES 25.2 24.3 26.1 25.2 13.5 14.0 17.7 14.9
Base = No motor expenses 74.8 75.7 73.9 74.8 86.5 86.0 82.3 85.1

CAR2 18.4 20.0 32.0 23.6
CAR3 1.9 1.9 2.6 2.2
Base = One Car 79.7 78.1 65.4 74.4

Note: (i) Figures may not add up due to rounding.
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Table 4.7 Price Changes over the Duration of the 1987 IIBS (November

1994=100)

A LL PR IC ES PET R O L /D IE SE L BUS FA R ES TAXI FARES
1987
January 81.3 99.0 83.3 88.1
F eb ru ary 81.3 99.0 83.3 88.1
M arch 81.3 99.0 83.3 88.1
A pril 81.8 100.0 83.3 88.1
M ay 81.8 100.0 83.3 88.1
June 81.8 100.0 83.3 88.1
Ju ly 82.2 96.9 83.3 88.1
A ugust 82.2 96.9 83.3 88.1
S eptem ber 82.2 96.9 83.3 88.1
O ctober 82.3 95.7 83.4 88.1
N ovem ber 82.3 95.7 83.4 88.1
D ecem ber 82.3 95.7 83.4 88.1

1988
Ja n u a ry 82.8 95.1 85.4 88.1
F eb ru ary 82.8 95.1 85.4 88.1
M arch 82.8 95.1 85.4 88.1
A pril 83.3 96.1 85.4 88.1
May 83.3 96.1 85.4 88.1
June 83.3 96.1 85.4 88.1
July 84.0 98.1 85.4 88.1
August 84.0 98.1 85.4 88.1
September 84.0 98.1 85.4 88.1
October 84.5 97.4 85.4 88.1
November 84.5 97.4 85.4 88.1
December 84.5 97.4 85.4 88.1

A verage 87 82.0 97.8 83.3 88.1
A verage 88 82.9 95.4 85.4 88.1

Source: Own calculations based on data supplied by CPI division o f CSO.
Notes: (i) Months in bold represent the months in which the survey was conducted.

(ii) Averages refer to the average over the HBS survey months in that year.
(iii) After January 1997, CPI figures were made available on a monthly basis; previously 
CPI figures were released once every three months.
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Table 4.8 Price Changes over the Duration of the 1994 HBS (November 1994 =

100)

ALL PRICES PETROL/DIESEL BUS FARES TAXI FARES
1994
January 98.3 97.5 99.2 100.0
February 98.3 97.5 99.2 100.0
March 98.3 97.5 99.2 100.0
April 99.1 99.2 99.2 100.0
May 99.1 99.2 99.2 100.0
June 99.1 99.2 99.2 100.0
July 99.9 100.3 99.2 100.0
August 99.9 100.3 99.2 100.0
September 99.9 100.3 99.2 100.0
October 100.0 100.0 100.0 100.0
November 100.0 100.0 100.0 100.0
December 100.0 100.0 100.0 100.0

1995
January 100.8 99.2 100.1 100.0
February 100.8 99.2 100.1 100.0
March 100.8 99.2 100.1 100.0
April 101.8 100.9 100.1 100.0
May 101.8 100.9 100.1 100.0
June 101.8 100.9 100.1 100.0
July 102.3 101.0 100.5 100.0
August 102.3 101.0 100.5 100.0
September 102,3 101.0 100.5 100.0
October 102.4 101.3 100.8 100.0
November 102.4 101.3 100.8 100.0
December 102.4 101.3 100.8 100.0

Average 94 99.7 99.9 99.5 100.0
Average 95 101.4 100.2 100.2 100.0

Source: Own calculations based on data supplied by CPI division of CSO.
Notes: (i) Months in bold represent the months in which the survey was conducted.

(ii) Averages refer to the average over the HBS survey months in that year.
(iii) After January 1997, CPI figures were made available on a monthly basis; previously 
CPI figures were released once every three months.
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Table 4.9 Price Changes over the Duration of the 1999 HBS (November 1994

= 100)

A LL P R IC E S PET R O L /D IE SE L BUS FA R ES TAXI FARES
1999
January 107.3 108.4 103.5 135.2
February 107.9 108.2 103.5 135.2
March 108.2 108.0 103.5 135.2
April 108.7 111.2 103.5 135.2
May 109.2 113.8 103.5 135.2
June 109.5 114.4 103.5 135.2
Ju ly 109.1 115.8 103.5 135.2
August 109.8 118.6 103.5 135.2
Septem ber 110.2 121.8 103.5 135.2
O ctober 110.3 122.1 103.5 135.2
N ovem ber 110.5 122.3 103.5 135.2
D ecem ber 111.7 124.0 103.5 135.2

2000
Ja n u a ry 111.5 126.4 110.2 135.2
F ebruary 112.5 126.7 110.2 135.2
M arch 113.2 131.7 110.2 135.2
A pril 114.0 137.8 110.2 135.2
M ay 114.8 135.3 110.2 135.2
June 115.6 140.1 110.2 135.2
Ju ly 115.9 143.8 110.2 135.2
August 116.5 141.9 110.2 135.2
September 116.9 141.6 110.2 135,2
October 117.8 146.0 110.2 135.2
November 118.2 145,8 110.2 135.2
December 118.3 137.0 110.2 135.2

A verage 99 110.2 119.9 103.5 135.2
Average 00 114.3 135.5 110.2 135.2

Source: Own calculations based on data supplied by CPI division o f CSO.
Notes: (i) Months in bold represent the months in which the survey was conducted.

(ii) Averages refer to the average over the HBS survey months in that year.
(iii) After January 1997, CPI figures were made available on a monthly basis; previously 
CPI figures were released once every three months.
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Table 4.10 Transport Behaviour in the 1987 HBS (Means)

CAR PETROLEXP’^ BUSEXP TAXIEXP N
CONTINUOUS VARIABLES
HHEXP
1 0.77 12.79 1.28 0.45 700
2 0.59 11.85 1.12 0.24 698
3 0.24 9.71 0.73 O.IO 698
ADULTS
1 0.21 8.54 0.85 0.30 497
2 0.63 11.63 0.84 0.16 1,144
3 0.64 11.42 I.5I 0.36 254
4+ 0.67 13.76 2.05 0.65 201
CHILDREN
0 0.43 11.01 1.17 0.35 995
1 0.62 11.53 1.23 0.33 322
2 0.65 11.86 0.95 0.15 329
3+ 0.62 11.78 0.68 O.IO 450

DISCRETE VARIABLES
Accommodation Type 
APART 0.14 9.25 1.37 0.36 350
SEMI 0.58 11.42 1.01 0.25 1,579
Base 0.87 13.02 0.62 0.16 167

Working Status
W ORKING 0.70 12.00 1.26 0.33 1,375
Base 0,21 8.56 0.61 0.14 721

Gender
SINGLE FEMALE 0.18 7.82 0.85 0.25 346
Base 0.60 11.72 1.08 0.26 1,750

Age
THIRTY 0.57 12.89 1.09 0.26 519
FORTY 0.68 11.23 0.69 0.17 471
FIFTY 0.63 12.23 1.60 0.44 340
SIXTY 0.49 9.65 1.32 0.22 671
Base 0.19 7.99 2.25 0.81 95

Education
PRIMARY 0.33 10.71 1.11 0.23 744
SECOND 0.60 11.50 1.06 0.27 1,028
Base 0.81 12.14 0.81 0.32 324

Note: (i) 1 refers to the top third of the income distribution, 2 to the middle third and 3 to the
bottom third.

The statistics for PETROLEXP refer to households with one car only.
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Table 4.11 Transport Behaviour in the 1994 HBS (Means)

CAR PETROLEXP’" BUSEXP TAXIEXP N
CONTINUOUS VARIABLES
HHEXP
1 0.85 16.53 1.72 1.90 311
2 0.60 14.31 2.14 1.14 312
3 0.22 12.41 1.12 0.27 312
ADULTS
1 0.32 11.02 1.24 1.12 702
2 0.67 15.03 1.26 0.82 1,009
3 0.68 15.31 2.91 1.33 264
4+ 0.67 18.92 3.80 2.23 173
CHILDREN
0 0.50 12.70 1.66 1.27 1,201
1 0.61 16.19 2.09 1.26 306
2 0.70 15.16 1.48 0.78 341
3+ 0.58 17.91 1.42 0.57 187

DISCRETE VARIABLES
Accommodation Type 
APART 0.19 11.57 2.22 1.75 415
SEMI 0.62 14.25 1.57 0.98 1,518
Base 0.86 17.17 1.22 0.62 215

W orking Status
W ORKING 0.74 15.71 2.08 1.45 1,303
Base 0.28 10.10 1.01 0,55 845

Gender
SINGLE FEMALE 0.29 10.47 1.45 1.34 445
Base 0.63 15.04 1.72 1.03 1,703

Age
THIRTY 0.55 15.25 1.64 1.65 408
FORTY 0.70 15.28 1.43 0.72 509
p ie t y 0.69 16.55 2.36 1.16 341
SIXTY 0.49 11.99 1.02 0.55 739
Base 0.11 14.07 4.05 3.33 151

Education
PRIMARY 0.30 13.88 1.35 0.78 748
SECOND 0.67 14.20 1.78 1.10 917
Base 0.75 15.27 1.92 1.57 483

Note: (i) 1 refers to the top third of the income distribution, 2 to the middle third and 3 to the
bottom third.

The statistics for PETROLEXP refer to households with one car only.

99



Table 4.12 Transport Behaviour in the 1999 HBS (Means)

CAR PETROLEXP’'̂ BUSEXP TAXIEXP N
CONTINUOUS VARIABLES
HHEXP
1 0.89 14.05 2.16 2.97 597
2 0.78 13.20 2.39 1.80 596
3 0.36 9.79 1.09 0.54 596
ADULTS
1 0.39 9.32 1.23 1.32 546
2 0.80 13.20 1.50 1.20 824
3 0.82 14.31 3.11 3.05 255
4+ 0.82 13.59 4.05 4.15 164
CHILDREN
0 0.61 11.59 1.97 2.02 1,116
1 0.77 13.10 2.41 2.16 221
2 0.82 12.52 1.47 1.07 264
3+ 0.80 15.31 1.36 0.83 188
DISCRETE VARIABLES
Accommodation Type 
APART 0.31 8.90 2.36 2.15 206
SEMI 0.70 12.64 1.87 1.71 1,381
Base 0.89 12.38 1.52 1.75 202

W orking Status
W ORKING 0.80 13.42 2.33 2.25 1,263
Base 0.37 8.67 0.80 0.61 526

Gender
SINGLE FEMALE 0.39 8.87 1.34 1.24 362
Base 0.75 13.09 2.02 1.90 1,427

Age
THIRTY 0.66 13.86 2.24 2.39 262
FORTY 0.83 12.80 1.43 1.35 412
FIFTY 0.78 13.46 2.89 2.06 337
SIXTY 0.58 10.93 1.18 1.43 709
Base 0.35 10.66 5.55 3.93 69

Education
PRIMARY 0.43 12.04 1.51 1.45 505
SECOND 0.73 12.33 1.86 1.66 699
Base 0.83 12.56 2.24 2.18 585

Note: (i) 1 refers to the top third of the income distribution, 2 to the middle third and 3 to the
bottom third.

The statistics for PETROLEXP refer to households with one car only.
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Table 4.13^’ Definitions of Dependent Variables

VARIABLE DEFINITION
M ode o f  T ransport to W ork (1)
ON FO O T = I if  w alks to w ork
B ICYCLE = 2 if  cycles to w ork
BUS = 3 if  travels by bus to w ork
TRA IN = 4 if  travels by train  to w ork
CA R  PA SSEN G E R = 5 if  travels as a passenger in a car to  w ork

(B ase C ategory = drives a car, m otorcycle, van o r lorry to work)

M ode o f  T ransport to  W ork (2)
ON FO O T /B IC Y C L E = 1 if  walks or cycles to w ork
B U S/TR A IN = 2 if travels by bus or train  to w ork
CA R  PA SSEN G ER = 3 if  travels as a passenger in a car to  w ork

(B ase C ategory = drives a car, m otorcycle, van or lorry to w ork)

M ode o f  T ransport to S chool/C ollege (1)
BIC Y C LE = 1 if cycles to school/co llege
BUS = 2 if  travels by bus to  school/co liege
TRA IN = 3 if  travels by train  to school/co llege
CA R PA SSEN G E R = 4 if  travels as a passenger in a car to school/co llege
OTFLER = 5 if drives a car, m otorcycle, lorry o r van to school/co llege 

(B ase C ategory = w alks to school/co llege)

M ode o f  T ransport to  School/C ollege (2)
B U S/TR A IN = 1 if travels by bus or train  to school/co llege
CA R  PA SSEN G ER = 2 if travels as a passenger in a car to  school/co llege
OTH ER = 3 if  drives a car, m otorcycle, lorry o r van to school/college 

(B ase C ategory = w alks o r cycles to school/co llege)
Note: (i) See Section 7.5.2 for specification  test for Independence from  Irrelevant A lternatives.

D ue to  the fact that the IIA  assum ption is satisfied , specifica tion  (2) above is the final 
specification  w hich form s the basis o f  the d iscussion  o f  em pirical results in Section 7.6.

Tables 4 .13 to 4 .19 inclusive refer to  the C ensus o f  P opulation  dataset that is used in C hap ter 7.
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Table 4.14 Summary Statistics of Dependent Variables

VARIABLE PERCENTAGE OF SAMPLE
M ode o f  T ransport to W ork (1)
ON FO O T 11.3
B IC Y C LE 6.1
BUS 18 .1
T R A IN 4.6
C A R  PA SSEN G E R 7.0
Base C ategory 52.9

M ode o f  T ransport to W ork (2)
ON FO O T /B IC Y C L E 17.4
B U S/TR A IN 22.7
CA R  PA SSEN G E R 7.0
Base C ategory 52.9

M ode o f  T ransport to School/ C ollege (I )
B IC Y C LE 7.2
BUS 22.4
TRA IN 3.1
CAR PA SSEN G ER 22.3
O TH ER 1.3
Base C ategory 43.6

M ode o f  T ransport to School/ C ollege (2)
B U S/TR A IN 25.5
CAR PA SSEN G ER 22.3
O TH ER L3
Base C ategory 50.8

Note: (i) Figures may not add up due to rounding.
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Table 4.15 Definitions of Independent Variables

VARIABLE DEFINITION
Incom e
H H EX P Total w eekly per cap ita  household  expend itu re  in IR £ (div ided by 

100); constructed  using inform ation  from  the 1994 FIBS

Socio-Econom ic G roup
SEGA BC =1 if  em ployer o r m anager, h igher professional o r low er professional 

=0 o therw ise (i.e., non-m anual, m anual skilled, sem i-skilled, 
unskilled, ow n account w orker, farm er, agricultural w orker or 
o therw ise gainfully  occupied  and unknow n categories)

D istance^^
O NELESS = I if one m ile o r less to w ork /school/co llege, =0 otherw ise
TW O =1 if tw o m iles to  w ork /school/co llege, =0 o therw ise
TH REE = 1 if three m iles to w ork /school/co llege, =0 otherw ise
FOUR = 1 if four m iles to w ork /school/co llege, =0 o therw ise
FIVE =1 if five to  nine m iles to  w ork /school/co llege, = 0  o therw ise 

(B ase C ategory  = ten m iles o r m ore to  w 'ork/school/college)

A rea o f Residence^®
DLR =1 if liv ing in D un L aoghaire-R athdow n, =0 o therw ise
FIN G A L = I if liv ing in Fingal, =0 otherw ise
SCD = 1 if liv ing in South D ublin , =0 o therw ise 

(B ase C ategory  = living in D ublin  C ounty  B orough)

G ender
FEM A LE = 1 if the individual is fem ale 

=0 otherw ise

Age
THIRTY = I if aged 30-39 years, =0 o therw ise
FO RTY = I if aged 40-49 years, =0 o therw ise
FIFTY = 1 if aged 50-59 years, =0 o therw ise
SIX TY = 1 if  aged 60 years o r over, =0  o therw ise 

(B ase C ategory = aged 29 years o r younger)

M arital S tatus
M A R RIED :=I if m arried, =0 otherw ise
O TH ER M A R = I if  separated , d ivorced or w idow ed, =0 o therw ise 

(B ase C ategory  = never m arried)

H ighest Level o f E ducation
PR IM A R Y = I if have a prim ary school education  only, =0 otherw ise
SE C O N D A RY = I if have a secondary school education  only, =0 o therw ise 

(B ase C ategory  = third level education)

Type o f W ork
PA RT = 1 if engaged in part-tim e w ork 

=0 o therw ise

As the C ensus o f P opulation  asi<s respondents to state the ir d istance travelled  to  w ork to  the nearest m ile, 
the d istance variable con tains six categories: one m ile o r less (0+1), tw o (2), three (3), four (4), five (5-9) 
and ten (10+), w ith the la tter regarded as the base category. See also Sections 3.3.2 and 4.4.3.

See F igure 3.1 for m ap o f  location  o f  regional authorities w ith in  the D ublin  area.
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Table 4.15 continued

V A RIAB LE D EFIN ITIO N
Age of Student
PRIME
SECl

SEC2

= 1 if aged 5-10 years, i.e. primary school student, =0 otherwise 
= 1 if aged 11-14 years, i.e. primary/secondary school student, =0 
otherwise
=1 if aged 15-19 years, i.e., secondary school/third level student, =0 
otherwise
(Base Category = aged 20+ years, i.e., third level student)

Table 4.16 Summary Statistics of Continuous Independent Variables

V A RIABLE M EAN STD. DEV. M IN . MAX.
HHEXP 2.55 0.58 1.16 3.90

Note: (i) This variable is only relevant to the work sample (see Sections 4.3.1 and 4.3.3 for
further details).
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Table 4.17 Summary Statistics of Discrete Independent Variables (Percentage of

the Sample in Each Category)

VARIABLE NAME WORK SAMPLE SCHOOL SAMPLE
Socio-Economic Group
SEGABC 60.7 33.3
Base Category = All other socio
economic groups

39.3 66.7

Distance
ONELESS 14.8 55.7
TWO IL 8 15.2
THREE 13.1 9.4
FOUR 10.6 5.2
H V E 33.3 10.3
Base Category = Ten miles or greater 16.4 4.2

Area of Residence
DLR 19.4 19.7
FINGAL 16.3 19.2
SCD 20.7 24.6
Base Category = Dublin County Borough 43.6 36.5

Gender
FEMALE 44.2 49.9
Base Category = Male 55.8 50.1

Age
THIRTY 27.9
FORTY 20.4
FIFTY 12.9
SIXTY 3.7
Base Category = 29 years or younger 35.1

Highest Level of Education
PRIMARY 11.2
SECONDARY 51.9
Base Category = Third Level 36.9

Marital Status
MARRIED 50.9
OTHERMAR 5.4
Base Category = Never Married 43.6

Type of Work
FART 86.0
Base Category = Full-Time 14.0

Age o f Student
PRIME 28.6
SEC I 32.0
SEC2 28.2
Base Category = College Student 11.2

Note: (i) Figures may not add up due to rounding.
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Table 4.18 Transport Behaviour in the Work Sample

VARIABLE ON
FOOT

BI
CYCLE

BUS TRAIN CAR
PASS

CAR
DRIVER

N

HHEXP
1 10.3 4.6 12.4 5.6 5.1 60.6 5,638
2 10.8 4.9 20.5 4.9 7.9 47.9 5,637
3 12.8 8.7 21.2 3.5 7.3 39.2 5,637

Socio-Economic Group 
SEGABC 8.6 4.4 10.3 4.9 5.2 66.5 6,650
Base 13.0 7.1 23.1 4.5 8.2 44.1 10,262

Distance
ONELESS 54.1 7.5 6.6 0.2 4.8 26.8 2,500
TWO 19.3 11.5 18.4 0.8 6.4 43.6 1,992
THREE 5.4 lO.l 23.5 1.8 7.9 51.3 2,216
FOUR L6 7.8 26.2 2.5 8.4 53.5 1,796
FIVE 0.4 4.0 20.8 7.1 7.3 60.4 5,628
Base 0 0 0.9 12.8 10.2 7.2 68.9 2,780

Area of Residence 
DLR 5.3 4.2 10.2 7.7 6.8 65.8 3,276
FINGAL 5.6 2.7 12.7 8.8 8.1 62.1 2,762
SCD 7.8 4.7 20.3 0.3 8.5 58.4 3,506
Base 17.7

O
O

o
d 22.5 3.8 6.0 41.2 7,368

Gender
FEMALE 15.1 3.8 23.9 5.0 10.2 42.0 7,480
Base 8.2 7.9 13.4 4.3 4.5 61.6 9,432

Age
THIRTY 8.9 5.2 12.4 3.9 7.0 62.6 4,726
FORTY 8.6 4.8 11.2 3.9 5.1 66.4 3,445
FIFTY 8.6 5.2 10.5 3.5 5.0 67.2 2,181
SIXTY 11.8 4.3 13.6 3.5 4.5 62.3 626
Base 15.7 8.0 29.8 6.2 9.2 31.2 5,934

Highest Level of 
PRIMARY

Education
16.5 8.0 22.2 2.1 6.0 45.2 1,895

SECONDARY 11.3 6.3 21.1 4.4 8.2 48.6 8,769
Base 9.7 5.2 12.5 5.7 5.6 61.3 6,248

Marital Status
MARRIED 6.9 5.1 9.8 3.8 7.2 67.3 8,613
OTHERMAR 12.7 4.2 17.4 4.5 4.4 56.8 919
Base 16.2 7.5 27.8 5.7 7.1 35.7 7,380

Type of Work
PART 19.7 5.7 24.3 4.0 8.0 38.2 2,367
Base 9.9 6.1 17.0 4.8 6.9 55.3 14,545

Notes: (i) Figures may not add up due to rounding.
(ii) The figures are interpreted as follows: 8.6 per o f those in the ABC socio-economic 
group walk to work, 4.4 per cent cycle etc.
(iii) 1 refers to the top third of the income distribution, 2 to the middle third and 3 to the 
bottom third.
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Table 4.19 Transport Behaviour in the School Sample

VARIABLE ON
FOOT

BI
CYCLE

BUS TRAIN CAR
PASS

OTHER N

Socio-Economic Group 
SEGABC 29.7 7.8 19.0 4.8 36.9 1.8 3,536
Base 50.6 6.8 24.1 2.3 15.1 1.1 7,074

Distance
ONELESS 7L8 4.9 5.8 0.0 17.3 0.2 5,906
TWO 19.2 14.7 31.1 0.7 33.2 1.1 1,616
THREE 6.2 12.9 39.7 2.3 36.6 2.2 999
FOUR 1.8 7.3 55.8 5.3 25.9 3.8 548
H V E 0.6 5.7 56.4 11.1 22.8 3.5 1,092
Base 0.0 0.5 48.1 31.9 12.9 6.5 449

Area of Residence 
DLR 23.9 10.1 20.0 6.1 37.7 2.2 2,088
FINGAL 41.1 2.6 25.1 6.1 24.0 1.1 2,034
SCD 51.7 5.0 22.9 0.2 19.1 1.0 2,611
Base 50.1 9.4 21.9 1.9 15.4 1.2 3,877

Gender
FEMALE 44.1 3.5 24.7 2.9 23.7 1.3 5,293
Base 43.2 10.9 20.1 3.4 21.0 1.4 5,317

Age of Student
PRIME 48.4 0.6 13.2 0.0 37.7 0.0 3,034
SECl 51.3 5.7 19.2 1.1 22.5 0.3 3,399
SEC2 38.5 10.9 30.5 5.7 13.5 1.0 2,992
Base 22.4 19.0 34.8 10.3 8.7 4.8 1,185

Notes: (i) Figures may not add up due to rounding.
(ii) The figures are interpreted as follows: 29.7 per o f those in the ABC socio-economic 
group walk to school/college, 7.8 per cent cycle etc.
(iii) OTHER includes car driver, motorcycle, lorry or van.
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4B APPENDICES

4A Adjustments to Expenditure Variables to account for Seasonality in

the 1987,1994 and 1999 HBS

Each item of expenditure is first regressed on m onthly dummies using the sample o f all 

households surveyed in the state (using OLS). Based on the results from these 

regressions, an index is constructed [see Tables 4A.1 to 4A.3], The expenditure variables 

are then adjusted for seasonality by dividing expenditures by the value o f the index for 

the month in which the observation was recorded, i.e., total weekly household 

expenditure for the months January-November inclusive is always adjusted upwards.

Table 4A.1 1987 Expenditure Adjustments

HHEXP INDEX PETEXP INDEX BUSEXP INDEX TAXIEXP INDEX
December 170.843 100.000 8.569 100.000 0.478 100.000 0.177 100.000
(Constant) (3.795)*** (0.471)*** (0.058)*** (0.035)***
January -17.687 89.647 0.820 109.564 0.330 169.095 0.029 116.541

(6.037)*** (0.749) (0.093)*** (0.056)
February -15.264 91.066 0.738 108.610 0.335 170.113 0.001 100.793

(5.331)*** (0.662) (0.082)*** (0.049)
March -16.495 90.345 1.123 113.109 0.161 133.707 -0.044 75.343

(4.724)*** (0,586)* (0.073)** (0.044)
April -23.362 86.325 0.523 106.108 0.089 118.579 -0.050 71.689

(5.155)*** (0,640) (0.079) (0.048)
May -27.669 83.804 0.937 110.934 0.037 107.692 -0.053 70.004

(5.278)*** (0.655) (0.081) (0.049)
June -32.684 80.869 0.632 107.373 0.133 127.855 -0.036 79.795

(5.131)*** (0.637) (0.079)* (0.048)
July -27.053 84.165 1.187 113.849 -0.007 98.493 -0.076 57.148

(5.342)*** (0.663)* (0.082) (0.050)
August -23.261 86.384 0.983 111.471 0.051 110.722 0.090 150.915

(5.665)*** (0.703) (0.087) (0.053)*
September -31.073 81.812 0.827 109.653 -0.019 96.091 -0.004 97,575

(5.246)*** (0.651) (0.081) (0.049)
October -32.074 81.226 0.069 100.801 -0.135 71.764 -0.033 81,547

(5.193)*** (0.645) (0.080)* (0.048)
November -19.018 88.868 1.184 113.814 0.156 132.604 -0.053 69.988

(5.203)*** (0.646)* (0.080)* (0.048)
N 7,705 7,705 7,705 7,705
R-squared 0,009 0.001 0.008 0.002

Notes: (i) Standard errors are reported in parentheses.
(ii) *significant at 10% level; ** significant at 5% level; *** significant at 1% level
(iii) HHEXP is not scaled by 100.
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Table 4A.2 1994 Expenditure Adjustments

H H EX P INDEX PETEX P INDEX BUSEXP INDEX TA X IEX P INDEX
December 164.038 100.000 12.542 100.000 0.845 100.000 0.627 100,000
(Constant) (3.596)*** (0.558)*** (0.085)*** (0.064)***
January -44.845 72.662 -2.748 78.087 0.085 110.008 -0.193 69,130

(5.079)*** (0.788)*** (0.120) (0.091)**
February -39.805 75.734 -2.180 82.616 -0.115 86.352 -0.155 75,307

(5.035)*** (0.781)*** (0.119) (0.090)*
March -26.688 83.731 -0.233 98.145 0.251 129.704 -0.176 71,869

(4.873)*** (0.756) (0.115)** (0.087)**
April -29.742 81.869 -0.208 98.342 -0.012 98.599 -0.125 80.073

(5.277)*** (0.819) (0.125) (0.094)
May -40.071 75.572 -1.667 86.710 -0.034 95.920 -0.254 59.499

(4.922)*** (0.764)** (0.116) (0.088)***
June -42.113 74.327 -1.564 87.527 -0.064 92.446 -0.258 58.758

(4.605)*** (0.715)** (0.109) (0.082)***
July -50.426 69.260 -0.606 95.167 -0.176 79.217 -0,333 46.917

(4.976)*** (0.772) (0.118) (0.089)***
August -49,722 69.689 -2.207 82.402 -0.144 82.923 -0.348 44.460

(4.872)*** (0.756)*** (0.115) (0,087)***
September -32.029 80.475 -0.698 94.438 0.013 101.555 -0,220 64.843

(4.828)*** (0.749) (0.114) (0,086)**
October -33.814 79.386 -1.520 87.880 0.163 119.299 -0,137 78.164

(5.001)*** (0.776)* (0.118) (0,089)
November -31.084 81.050 -1.796 85.683 0.008 100.965 -0,266 57.552

(4.865)*** (0.755)** (0.115) (0,087)***
N 7,877 7,877 7,877 7,877
R-squared 0.020 0.004 0.003 0,003

Notes: (i) Standard errors are reported in parentheses.
(ii) *significant at 10% level; ** significant at 5%  level; *** significant at 1% level
(iii) HHEXP is not scaled by 100.
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Table 4A.3 1999 Expenditure Adjustments

HHEXP INDEX PETEXP INDEX BUSEXP INDEX TAXIEXP INDEX
December 221.229 100.000 15.714 100.000 0.943 100.000 1.003 100.000
(Constant) (6.230)*** (0.906)*** (0.103)*** (0,124)***
January -31.614 85.710 0.878 105.585 -0.277 70.589 -0.391 60.991

(8.947)*** (1.301) (0.148)* (0.179)**
February -42.843 80.634 2.168 113.797 0.069 107.348 -0.356 64.506

(8.542)*** (1.242)* (0.142) (0.171)**
March -31.323 85.841 1.914 112.180 0.056 105.904 -0.106 89.439

(8.194)*** (1.192)* (0.136) (0.164)
April -28.995 86.894 3.273 120.826 0.017 101.807 0.083 108.302

(8.326)*** (1.211)*** (0.138) (0.166)
May -16.939 92.343 3.028 119.272 -0.245 74,039 0.110 111.020

(8.155)** (1.186)** (0.135)* (0.163)
June -40.891 81.516 0,970 106.173 -0.298 68.414 -0.322 67.852

(7.397)*** (1,076) (0.123)** (0.148)**
July -35.805 83.816 0.100 100.634 -0.122 87.110 -0.240 76.023

(7.372)*** (1.072) (0.122) (0.147)*
August -32.341 85.381 0.655 104.168 -0.315 66.542 -0.288 71.277

(8.169)*** (1.188) (0.136)** (0.163)*
September -39.958 81.938 0.694 104.413 -0.012 98.722 -0.204 79.695

(8.186)*** (1.191) (0.136) (0.164)
October -40.520 81.684 -0.813 94.823 -0.090 90,453 0.047 104.648

(8.362)*** (1.216) (0,139) (0.167)
November -39.337 82.219 -2.242 85.731 -0.107 88.619 -0.148 85.235

(8.339)*** (1.213)* (0.138) (0.167)
N 7,644 7,644 7,644 7,644
R-squared 0.007 0.006 0.004 0.004

Notes: (i) Standard errors are reported in parentheses.
(ii) *signit'icant at 10% level; ** significant at 5% level; *** significant at 1% level
(iii) HHEXP is not scaled by 100.
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4B Mean Equality Tests for COP Data

For the work sample, missing observations occur for four variables: m ode of transport to 

work (the dependent variable), distance travelled to work, level of education and type of 

work. For the school sample, missing observations occur for two variables: mode of 

transport to work (the dependent variable) and distance travelled to work. We test for the 

equality of the means between the sample o f complete observations and the sample of 

missing observations, i.e.,

where //  is the mean of the sample of missing observations and m is the mean of the 

sample of complete observations.

The test statistic is:

with n - 1 degrees of freedom.

where X  is the mean of the sample o f missing observations, a  is the specified standard 

deviation of the missing observations and ?i is the size of the sample o f missing 

observations.

H o; / /  =  m

H I: /.i = m

Z =
X  - m

(4B.1)

1 1 1



Table 4B.1 Mean Equality Tests for the Work Sample

VARIABLE MEAN 
COMPLETE OBS

MEAN 
MISSING OBS

TEST STATISTIC

Income
HHEXP 2.55 2.48 Z=-6.026

(0.58) (0.56) Reject

Socio-Economic Group
SEGABC 0.39 0.22 Z=-17.083

(0.49) (0.41) Reject
Base = All other socio 0.61 0.78 Z=17.083
economic groups (0.49) (0.41) Reject

Area of Residence
DLR 0.19 0.12 Z=-8.579

(0.40) (0.33) Reject
FINGAL 0.16 0.14 Z=-3.297

(0.37) (0.35) Reject
SCU 0.21 0.17 Z^-3.297

(0.41) (0.38) Reject
Base = Dublin County Borough 0.44 0.57 Z=-4.313

(0.50) (0.50) Reject

Gender
FEMALE 0.44 0.40 Z=-3.937

(0.50) (0.49) Reject
Base = Male 0.56 0.60 Z=3.937

(0.50) (0.49) Reject

Age
THIRTY 0.28 0.23 Z=-5.153

(0.45) (0.42) Reject
FORTY 0.20 0.18 Z=-3.217

(0.40) (0.38) Reject
p ie t y 0.13 0.14 Z =1.I90

(0.34) (0.34) Do not reject
SIXTY 0.04 0.07 Z=7.423

(0.19) (0.25) Reject
Base = 29 years or younger 0.35 0.39 Z=3.851

(0.48) (0.49) Reject

Marital Status
MARRIED 0.51 0.39 Z = -11.459

(0.50) (0.49) Reject
OTHERMAR 0.05 0.06 Z=0.757

(0.23) (0.23) Do not reject
Base = Never Married 0.44 0.55 Z= 11.206

(0.50) (0.50) Reject

N 16,912 2,332
Notes: (i) Figures may not add up due to rounding.

(ii) Standard deviations are reported in parenthieses.
(iii) Z-statistic 1 per cent critical value with 2,331 degrees o f freedom = approx. 2.576



Table 4.B2 Mean Equality Tests for the School Sample

V A RIAB LE M EAN 
C O M P L E T E  OBS

M EAN 
M ISSIN G  OBS

TE ST  STA TISTIC

Socio-Economic Group
SEGABC 0.33 0.17 Z=-15.476

(0.47) (0.38) Reject
Base = All other socio 0.67 0.83 Z=15.476
economic groups (0.47) (0.38) Reject

Area o f Residence
DLR 0.20 0.10 Z=-10.485

(0.40) (0.30) Reject
HN GA L 0.19 0.17 Z=-2.820

(0.39) (0.37) Reject
SCD 0.25 0.23 Z=-1.514

(0.43) (0.42) Do not reject
Base = Dublin County Borough 0.36 0.50 Z=12.317

(0.48) (0.50) Reject

Gender
FEMALE 0.50 0.48 Z = -1.271

(0.50) (0.50) Do not reject
Base = Male 0.50 0.52 Z=1.271

(0.50) (0.50) Do not reject

Type o f Student
PRIME 0.29 0.40 Z= 10.998

(0.45) (0.49) Reject
SECl 0.32 0.34 Z=2.168

(0.47) (0.47) Reject at 5%
SEC2 0.28 0.17 Z = -10.744

(0.45) (0.38) Reject
Base = College Student 0.11 0.09 Z=-3.642

(0.31) (0.28) Reject

N 10,610 1,979
Notes: (i) Figures may not add up due to rounding.

(ii) Standard deviations are reported in parentheses.
(iii) Z-statistic 1 per cent critical value with 1,978 degrees o f freedom = approx. 2.576

113



4C Construction of Income^^ Variable for 1996 COP using 1994 HBS

As the COP does not record the income o f  the individual, information available in the 

1994 HBS is used to construct an incom e variable for inclusion as an independent 

variable in the analysis o f  individual modal choice decisions for the journey to work in 

Chapter 7.^' The relationship between a set o f  characteristics x, and incom e in the 1994 

HBS is estimated and the resulting coefficients are used to predict incom es for the COP

sample given their observed values o f the same x, variables. Previous applications o f this

82procedure include Farrell and Walker (1999) and Arellano and Meghir (1992).

The first step is the identification o f variables that are com m on to both the 1994 HBS and 

the 1996 COP. Individual characteristics in the COP are matched to HOH characteristics 

in the HBS [see Table 4C .1]. The second step involves using the 1994 HBS sample o f  

Dublin households with at least one person in em ployment to regress H HEXP94 on the 

set o f common independent variables. Using the results o f  this estim ated relationship [see 

Table 4C .2 |, an incom e value is predicted for each observation in the COP work sample 

based on the values o f  their observed characteristics. To avoid perfect multicollinearity 

between the newly constructed income variable and the independent variables used in the

W hile inform ation on car ow nersh ip  is not included in the C O P data  bu t is co llected  in the H BS, a car 
ow nersh ip  variable was not constructed  in the sam e w ay as the incom e variable prim arily  because it could 
result in an individual w ho drives their car to w ork having a predicted  value o f  zero  fo r car ow nership .

For the w ork sam ple, a natural sam ple in the 1994 H BS is apparent: households w here at least one person 
works. T he socio-econom ic characteristics o f  the individual in the C O P are taken to correspond  w ith  the 
characteristics o f  the H O H  in the 1994 HBS. H ow ever, in the school sam ple, no natural counterpart exists 
in the H BS. A possib ility  is to  use the sam ple o f households w ith at least one student. H ow ever a problem  
then exists in determ ining the m atching o f characteristics. Should those o f  the educational level are only 
recorded for the HOH and spouse o f  HOH.

Farrell and W alker (1999) use the 1995/1996 UK Fam ily R esources Survey to  construct an incom e 
variable for inclusion as an independent variable in their study o f  the dem and for lottery tickets in the UK 
using survey data from  the lottery industry regulator (O FLO T). A rellano  and M eghir (1992) use data  from  
the UK Fam ily  E xpenditure Survey (FES) to construct an earnings variable fo r inclusion as an independent 
variable in their study o f  fem ale labour supply using UK L abour Force Survey (LES) data.
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COP analysis, the variables indicating whether or not the individual is self-em ployed and 

social class are dropped from the CO P analysis. W hile the unit of analysis is different in 

both samples (the unit of analysis in the HBS is the HOH while the individual in the COP 

is not necessarily the HOH) and while the goodness of fit of the equation below is poor, 

the effects of the constructed income variable on modal choice are as expected and all 

variables retain their signs and significance levels when the constructed incom e variable 

is replaced with a close proxy, namely, social group.
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Table 4C.1 Common Variables in the 1994 HBS and 1996 COP*̂ ‘̂

1994 HBS 
V A RIAB LE D E FIN ITIO N

1996 C O P 
VARIABLE D E FIN IT IO N

FEMALE94 Female HOH
(Base Category = Male HOH)

FEMALE96 Female
(Base Category = Male)

TH1RTY94
FORTY94
FIFTY94
SIXTY94

HOH aged 30-39 years
HOH aged 40-49 years
HOH aged 50-59 years
HOH aged 60 years and older
(Base Category = HOH aged 29 years
or younger)

THIRTY96
FORTY96
F1ITY96
S1XTY96

Aged 30-39  years
Aged 40-49 years
Aged 50-59 years
Aged 60 years and older
(Base Category = Aged 29 years or
younger)

PRIM ARY94
SECOND94

HOH has a primary level education 
HOH has a secondary level education 
(Base Category = HOH has a third 
level education)

PRIMARY96
SECOND96

Primary level education 
Secondary level education 
(Base Category = Third level 
education)

MARR1ED94
OTHERMAR94

HOH is married
HOH is separated or divorced
(Base Category = Never married)

MARR1ED96
OTHERMAR96

Married
Separated or divorced
(Base Category = Never married)

SOC94 HOH is in social class 1 or 2 
(Base Category = HOH is in social 
classes 3-7)

SOC96 Social class 1 or 2
(Base Category = Social Classes 3-7)

SELF94 HOH is self-employed
(Base Category = HOH is not self-
employed)

SELF96 Self-employed
(Base Category = not self-employed)

Due to the difficuhy in ascertaining the appropriate sample to use in the 1994 HBS, an income variable is not constructed for inclusion as an independent 
variable in the analysis o f modal choice decisions for the journey to school/college in Chapter 7.

116



Table 4C.2 Results for Regression of Income Variable in 1994 HBS (HHEXP) on

Socio-Economic Variables in 1994 HBS

VARIABLES COEFFICIENTS
Constant 272.749

(17.060)***
FEMALE94 8.629

(12.000)
THIRTY94 47.933

(16.656)***
FORTY94 23.545

(16.875)
FIFTY94 54.220

(18.230)***
SIXTY94 58.736

(19.225)***
M ARRIED94 -41.906

(13.815)***
OTHERMAR94 -43.150

(18.363)**
PRIMARY94 -109.620

(12.106)***
SECOND94 -68.129

(10.588)***
SOC94 47.775

(8.852)***
SELF94 -9.036

(12.033)***
Number of Observations 1,125
R-sc|uared 0.213
Adjusted R-squared 0.205

Notes: (i) Standard errors are reported in parentheses
(ii) *significant at 10% level; ** significant at 5% level; *** significant at 1% level
(iii) HHEXP is not scaled by 100
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CHAPTER 5

AN ECONOMETRIC ANALYSIS OF THE DEMAND FOR 

CAR OWNERSHIP AND USE IN THE DUBLIN AREA:

1987-1999

5.1 Introduction

The aggregated data presented in Chapter 3 illustrate the clear differences that exist

84between different sectors of the Dublin population in their rates of car ownership and in 

their car use decisions, in particular for the journey to work. In addition, the data 

highlight the significant changes that have occurred in the structure of the Dublin 

population over the period 1986-2002 and the implications this has had for car ownership 

rates as well as choice of mode of transport to work, school and college. A thorough 

understanding of the income and socio-economic factors influencing household car 

ownership and use decisions is useful for a number of reasons including forecasting 

future levels of car ownership and use, identifying sectors o f the population that need to 

be targeted if a decrease in car use and an increase in the numbers walking and cycling 

and using public transport use is to be achieved, and assessing the distributional impacts 

of increasingly popular measures such as parking restrictions and road pricing.

H ow ever, the latest data availab le at the local authority region in D u blin  refer to 1991, data that are now  
very m uch out o f  date.
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The purpose of this chapter is to explain differences in car ownership and use behaviour 

at the household level in Dublin using a variety of socio-econom ic characteristics as 

independent variables. Using Household Budget Survey (HBS) data from 1987, 1994 and 

1999, probit models o f car ownership and Tobit models of car use, as proxied by petrol 

expenditures, are estimated. In an attempt to examine the extent to which the influence of 

these socio-economic factors changed over the period 1987-1999, the three datasets are 

pooled together and a probit model is estimated for the car ownership decision and Tobit 

models o f petrol expenditure are estimated for the car use decisions.

Section 5.2 presents an overview of previous literature in the area of car ownership and 

use m odelling while Section 5.3 briefly describes the data used in this analysis. Section 

5.4 describes in detail the econometric m ethodologies that are employed in this chapter 

and Section 5.5 deals with issues associated with model specification. Section 5.6 

presents empirical results for all models while Section 5.7 summ arises the main findings 

and concludes the chapter.

5.2 Previous Literature

Section 2.3 presented a more general discussion of previous literature related to the 

demand for car ownership and use. Due to the nature o f the dependent variable, discrete 

choice econometric methodologies are most commonly em ployed in exam ining car 

ownership decisions and it is this approach that is followed in this chapter [Section 5.4.1 

describes in detail the binary probit econometric m ethodology used in this chapter to 

model car ownership]. In contrast, num erous methodologies have been em ployed to
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model the car use decision, in part due to the differing dependent variables used in the 

analyses. W hile Hensher (1985) and M annering (1983) use mileage data and Johansson- 

Stenman (2002) uses petrol consumption in gallons to proxy car use, the approach in this 

chapter follows those o f Asensio et al. (2001), Labeaga and Lopez (1997) and Archibald 

and Gillingham (1980) who use petrol expenditures to proxy car use. This is the first time

85that the Tobit econom etric methodology has been applied to the estimation of car use 

and therefore the approach is similar to that used by others to estimate the demand for 

various commodities using household micro-data [see Section 5.4.2], As discussed in 

Section 2.3, a num ber of studies examine the jo in t demand for car ownership and use 

using a variety of econom etric m ethodologies including the Heckman sample selection 

method. However, both Johansson-Stenm an (2002) and Asensio el al. (2001) reject the 

Heckman sample selection methodology in favour of independent estimation of the car 

ownership and use decisions due to the insignificance of the M ill’s ratio, which is used to 

detect selection. Asensio et al. (2001) also reject this methodology on the basis that it is 

difficult, if not impossible, to identify variables that affect the probability of owning a car 

but are insignificant in explaining petrol expenditures. W hile we find that the education 

level of the HOH is significant in explaining the probability of owning a car but 

insignificant in explaining petrol expenditures (see Sections 5.6.1 and 5.6.2), we do not 

employ the Heckman sample selection methodology as it is not logical to consider the 

concept of positive potential petrol expenditures in households that do not own a car.**’

See Section 5.4.2 for a discussion o f  the validity o f  m odelling petrol expenditures using the Tobit 
methodology.

See also M elenberg and Van Soest (1996, pp.67) who question the application o f  the Heckman sample 
selection m ethodology to the question o f holiday expenditures: "the problem  is not m odelling se lectiv ity  
hut zero expenditures. W hereas a continuous d istribution  o f  (positive) po ten tia l w age ra tes in the 
population o f  workers and non-workers makes sense, the concept o f  positive  po ten tia l expenditures o f  
people  who do not spend anything does not seem very useful. "
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Accordingly, the approach in this chapter is to estimate the demand for car ownership and 

use independently, i.e., to follow the approach of Johansson-Stenm an (2002), Asensio et 

cil. (2001), Labeaga and Lopez (1997), Hensher (1985), M annering (1983) and Archibald 

and Gillingham  (1980). In other words, the car use relationship is assum ed to be a short- 

run, static relationship, i.e., assuming that the stock of cars is fixed.

The review of the literature in Section 2.3 confirms the importance of 

household/individual characteristics in determining variations in car ownership and use. 

In addition, many studies highlight the change in the nature o f the relationship between 

these income and socio-economic determinants and car ownership and use over time. 

While income is found to have a consistently positive effect on car ownership demand, 

the magnitude of the relationship has changed over time. W hile many of the earlier 

studies based on aggregated data for industrialised countries classified the private car as a 

luxury [McCarthy (1977), Buxton and Rhys (1972), Bennett (1967) and Fairhurst 

(1965)], more recent studies have concluded that the private car is now regarded as a 

necessity with income elasticities that are less than unity [Johansson-Stenm an (2002), 

Dargay (2001) and Dargay and Vythoulkas (1999)[. In other words, as car ownership 

becomes increasingly common, the effect of income in explaining variations in car 

ownership levels declines over time. The demand for car use, on the other hand, is 

consistently classified as a necessity [Johansson-Stenman (2002), Asensio et al. (2001), 

Kayser (2000), Bjorner (1999), Schmalensee and Stoker (1999), Labeaga and Lopez 

(1997), De Jong (1990) and Archibald and Gillingham (1980)]. Once a household owns a 

car, therefore, income has a positive but inelastic effect on the demand for car use.
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Apart from household income, other household characteristics such as household size and 

composition and the characteristics of the head of household (HOH) or principal driver 

are also found to be significant determinants of variations in car ownership and use. 

While some variables have similar effects on car ownership and use, such as the number 

of adults and children in the household, household location and the gender of the HOH, 

other variables are found to have conflicting effects on car ownership and on car use. In 

contrast to the studies that find that the age of the HOH exerts a positive, albeit 

diminishing, effect on car ownership [Johansson-Stenman (2002), Asensio et al. (2001), 

Dargay (2001), Alperovich et al. (1999) and Bennett (1967)], Asensio et al. (2001), 

Bjorner (1999), De Jong (1990), Hensher (1985), M annering (1983) and Archibald and 

Gillingham (1980) find that car use is negatively related to the age of the HOH.

This is the first time that the demand for car ownership and use have been estimated at 

the micro-level in Ireland. A study by M cCarthy (1977) estim ated the demand for car 

ownership at the county level in Ireland using data on average county incomes and 

population densities. W hile confirming that car ownership rates are positively affected by 

income and negatively affected by population density, the nature o f the data limited the 

number and type of explanatory variables that could be considered. It is, therefore, 

important to determine if the relationships found between various household socio

economic characteristics and car ownership and use in other countries are applicable to 

Ireland, and in particular, to Dublin.
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5.3 Data

The data em ployed  in this chap ter are m icro-data from  the 1987/1988, 1994/1995 and 

1999/2000 H ousehold  B udget Surveys (1987 H BS, 1994 H B S and 1999 H BS 

respectively). Section 4.2 contains further in form ation on the conduc t o f the HBS, the 

type o f variables ex tracted  from  the survey and the preparation  o f the data for analysis. 

For the car ow nersh ip  decision, the dependent variable is a b inary  variable indicating  

w hether or not the household ow ns one or m ore cars. In m odelling  car use, petrol 

expenditure adjusted  for the num ber o f cars in the household  and  seasonality  is the 

dependent variable. Follow ing the approach o f  A rchibald  and G illingham  (1980), in order 

to ascertain if  m ulti-vehicle households behave d ifferently  to those households ow ning 

only one car, the car use m odels are estim ated  for tw o sam ples o f households: those

87ow ning one car and those ow ning one or m ore cars. T able 4.1 p resen ts the respective 

sam ple sizes for the 1987, 1994, 1999 and pooled sam ples, variable defin itions are 

presented in T ables 4.2 and 4 .4  and sum m ary statistics for the various dependent and 

independent variables are detailed  in T ables 4 .3, 4.5 and 4.6.

5.4 Econometric Methodologies

5.4.1 Binary Probit

In m odelling the dem and for car ow nership , a b inary  prob it m odel as applied  by

A lperovich et cil. (1999) and S tanovnik  (1990) is em ployed. T he b inary  probit m odel is

used in situations w here the d ichotom ous dependen t variable ind icates the choice 

betw een tw o discrete alternatives (e.g., to  ow n a car or not). It is com m only  characterised

Due to the small sample sizes and consequent poor fit o f  the regressions, m odels o f  car use for 
households owning two or more cars are not presented [see also Section 4.2.1].
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by an underlying unobserved continuous latent variable y. that is taken to represent the

utility difference between the two alternatives. This utility difference, y * , is a linear 

function of a set of independent variables x. and unobserved factors captured in the en'or 

term e  . Different values of the latent variable determine the actual value of the
I

dependent variable y, that is observed, i.e.,

/
V.  = x . ’J3 + £. ,  £. ~ N I D ( 0 , 1 )
' I  I '  I

and
(5.1)

V = 0  i f  y  < 0
' I  '  " I

V. = 1 i f  y * >  0
I ' ' I

It is assumed that the individual/household chooses to own a car when the utility

88difference exceeds a certain threshold, which in this case is set to zero. Assuming a 

standard normal distribution for the error term, the probabilities of observing the two 

alternatives may be expressed as follows:

P ( y i =O)  = l - 0 ( x , ’/3) (5.2)

P i y . = l )  = 0 ( x - P )  (5.3)

where 0  is the cumulative standard normal distribution function. The model is estimated 

by means of the maximum likelihood method of estimation where the following log- 

likelihood function is maximised with respect to each of the parameters: 

l o g L = Y .  tog [ l - 0 ( x ’/ ^ ) ] +  Z l o g 0 ( x ’j^) (5.4)
>1=0 >’i=i

The assumption o f  a zero value for the threshold level is standard in the econom etrics literature [see 
Greene (2000), Verbeek (2000) and Amemiya (1981)] as w ell as in many econom etrics packages [e.g. 
Eview s, Limdep]. The actual value o f  the threshold is irrelevant as long as a constant term is included in the 
set o f  independent variables.
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Heteroscedasticity

A common feature of many binary choice models is that the error terms are 

heteroscedastic, in which case the estimated coefficients are inconsistent. By allowing the 

error terms to vary across observations, this problem can be overcome. Heteroscedasticity 

of the following form is assumed [Greene (2000) and Verbeek (2000)]: 

a ^ = e x p { z i ’h Y ' ^  (5.5)

where Zi is a vector of continuous^** independent variables assumed to cause the 

heteroscedasticity. When h = 0 ,  the heteroscedastic probit model reduces to the original 

probit model with a homoscedastic error structure.^'

5.4.2 Tobit

The econometric methodology employed in this chapter to examine household car use 

follows the approach initially outlined by Tobin (1958) and subsequently applied to 

various transport decisions by Melenberg and Van Soest (1996), Hagemann (1981) and 

Bennett (1967)^^ and to numerous other decisions.^^ The Tobit model is used in situations 

where the dependent variable is censored, i.e., values within a certain range are all 

reported as a single value, usually zero. It is widely employed in modelling cross-

This specification is the most commonly employed in empirical work [see Greene (2000), Verbeek 
(2000), Melenberg and Van Soest (1996) and Yen et al. (1996)] as it ensures that the variance is strictly 
positive.
® See also Section 5.5.2.

On the basis of a likelihood ratio test (see Section 5.5.2 on model specification and Table 5.1), the null 
hypothesis of a homoscedastic error structure is not rejected in any year and therefore the log-likelihood 
function adjusted for heteroscedastic errors is not presented.

Melenberg and Van Soest (1996) and Hagemann (1981) estimate Tobit models o f holiday expenditures 
while Bennett (1967) uses the Tobit methodology to examine expenditure on cars.

Fleischer and Seiler (2002), Cai (1998), Yen et al. (1996), Kitchen and Powells (1991), Lankford and 
W yckoff (1991). Reynolds and Shonkwiler (1991), Atkinson et al. (1990) and McCracken and Brandt 
(1987) all use the Tobit methodology to examine the number of days spent on holiday, food expenditures, 
the level o f nitrate concentrations in groundwater, lottery expenditures, expenditure on charitable 
donations, vegetable expenditure, alcohol expenditure and expenditure on food away from home 
respectively.
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sectional expenditure decisions in vvhicii a large proportion o f respondents report zero 

expenditure. In such cases, OLS estimation will lead to biased estim ates since the 

clustering of observations at zero violates the assumption of a continuous dependent 

variable. In common with the binary probit model, it also assumes the existence of an 

underlying continuous latent variable *, the values o f which determine the actual value 

of the observed lim ited dependent variable y,-, i.e.,

y* = x/ jS + , Sj ~ NID (0 ,cr  ̂ )

and
(5.6)

y, = 0  if y, < 0, 

y, > 0  i f y* > 0

The continuous latent variable, which is assumed to be a linear function o f a set of 

independent variables ,v, and unobserved heterogeneity described by the error term , is 

taken to represent desired expenditure, thus allowing for negative desired expenditure. 

All negative and zero values o f desired expenditure are transform ed to a single value of 

zero for observed expenditure. The Tobit model therefore assumes that zero observations 

are due to corner solutions, i.e., if relative prices or incomes change by a sufficient 

amount, expenditure occurs. AH zero observations in the Tobit model are therefore due to 

economic reasons [Pudney (1989)]. Cragg (1971) was the first to suggest that there may 

be other explanations for zero observations such as infrequency o f purchase and non

participation in the market, which are ignored in the Tobit model. The possibility of 

infrequency of purchase determining zero observations for petrol expenditure is 

dism issed by Labeaga and Lopez (1997) who argue that their week-long survey period is 

an adequate reference period for petrol. As the HBS is conducted over a two-week survey
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period, it is assumed that zero observations on petrol expenditure are not due to 

infrequency of purchase. The third source of zero observations, namely non-participation 

or abstention from the market, does not make sense for petrol expenditures because once 

a household owns one or more cars, it is im plausible that the household would never use 

the car(s) just as it is plausible that some households may try to limit their petrol 

consumption for economic reasons and use cheaper forms o f transport instead, such as 

walking or cycling.

As with the binary probit model, the Tobit model is estimated by m aximum  likelihood 

estimation whereby the following log-likelihood function is m axim ised with respect to 

each of the parameters:

log L =  Z  log 1 - 0 + I -  log O + log (f)
>1=0 I ^ ) V / >0 y  cr )

where <j) is the standard normal density function.

Heteroscedasticity

The estimated Tobit coefficients are sensitive to the distributional assum ptions that are 

made about the en'or term. If the error terms are heteroscedastic, the coefficient estimates 

are inconsistent [see Reynolds and Shonkwiler (1991), Pudney (1989), Arabmazar and 

Schmidt (1982), M addala (1983), Amemiya (1984) and Nelson (1981)]. As in the binary 

probit model, the variance of the error terms is allowed to vary across observations as 

follows:

a ^ = e x p { z , ’h )  (5.8)
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where Zi is a vector of continuous independent variables assum ed to cause the 

heteroscedasticity.

Non-Normality

Non-normality in the Tobit model also leads to inconsistent coefficient estimates. To 

adjust for non-normality, recent applications involve transform ing the dependent variable 

to account for the non-normal structure of the errors [see Yen et al. (1996), M elenberg 

and Van Soest (1996), Lankford and W yckoff (1991), Reynolds and Shonkw iler (1991) 

and Burbidge el al. (1988)| although Atkinson et al. (1990) assume an alternative gamma 

distribution in their analysis of expenditure on alcohol. In this chapter, the approaches of 

Yen et al. (1996), Reynolds and Shonkwiler (1991) and Burbidge et al. (1988) are 

followed by applying an inverse hyperbolic sine (IHS) transform ation to the dependent 

variable as follows:

(5.9)
= sif i l f ‘ ( 6  y i ) / e

where ^  is a parameter estimated by the model. This transform ation overcom es the 

problem of non-norm ality caused by the presence of outliers by behaving logarithmically 

for large values of the dependent variable. It also overcomes a m ajor failing o f the 

alternative Box-Cox transformation by being defined for zero values o f the dependent 

variable [Reynolds and Shonkwiler (1991) and Burbidge et al. (1988)]. The log- 

likelihood function incorporating the adjustments for heteroscedastic and non-normal 

eri'ors is:
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log L = Z  log
v ,= 0

(5.10)

When 0 ^ 0  and cr, = a  the log-likelihood reduces to that presented in Equation (5.7), 

i.e., assuming homoscedasticity and normality of the errors.

5.4.3 Pooled Analyses

In order to identify changes in the relationship between the independent variables and the 

demand for car ownership and use over the period 1987-1999, the data from the three 

surveys are pooled and the expenditure data are expressed in constant Novem ber 1994 

prices [see Section 4.2], A binary probit model is then estim ated for the car ownership 

decision and Tobit models of petrol expenditure are applied to the car use decision. 1994 

is treated as the base year and dummy variables for observations recorded in 1987 and 

1999 are included to capture changes in the intercepts o f the relationships over the period. 

In addition, each independent variable is interacted with the 1987 and 1999 dum mies in 

order to identify changes in the slope parameters or changes in the m agnitude o f the 

relationships between the dependent and independent variables over the period 1987- 

1999. This methodology follows the approach of Burton et al. (1996, 1995).^"* Section 

5.5.2 contains further details on the choice of the m ost appropriate specification to 

capture these relationships.

Burton et al. (1996, 1995) estimate double-hurdle m odels o f  the demand for meat using UK Family 
Expenditure Survey (FES) data for 1973, 1978, 1983, 1988 and 1993 with 1988 regarded as the base year. 
Atkinson et al. (1990) also pool UK FES data from 1970-1983 in their analysis o f  expenditure on alcohol 
but include a time trend only.

7 -CD + I
y .> 0

log {l+ -  log a. + log (j)
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Heteroscedasticity

As discussed in Sections 5.4.1 and 5.4.2, heteroscedastic errors in the binary probit and 

Tobit models can render coefficient estimates inconsistent. In the pooled models, 

heteroscedasticity of the same form as expressed in Equations (5.5) and (5.8) is assumed, 

i.e., that the heteroscedasticity is caused by the some of the (continuous) independent 

variables in the model. Section 5.5.2 discusses the test procedures em ployed in detecting 

heteroscedasticity in the pooled probit and Tobit models.

Non-Normality

Similarly, non-norm ality in the pooled Tobit model may lead to inconsistent param eter 

estimates. In the pooled Tobit models, an IHS transform ation is applied to the dependent 

variable to overcome the problem of non-noiTnality caused by the presence of outliers in 

the data. Section 5.4.2 discusses the IHS transform ation in more detail. Section 5.5.2 

discusses further the likelihood ratio tests that are used to test for the presence of non

normal errors in the pooled Tobit models.

5.5 Model Specification

5.5.1 Choice o f  Independent Variables

For comparison purposes, the same set of independent variables relating to household 

characteristics is employed in all years. The probability of owning a car and expenditure 

on petrol are therefore expressed as a linear com bination of various household 

characteristics and an error term. The three transport control variables relating to the 

num ber of motorcycles in the household, receipt of m otor expenses and the num ber of
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household cars are included where appropriate.^^ For the household income variable and 

variables relating to the num ber of adults and children in the household, non-linear terms 

are included in the specification where they are significant to account for the fact that the 

effect of these independent variables may differ over the range of the variables [see 

Kayser (2000), Alperovich et al. (1999), M elenberg and Van Soest (1996), Reynolds and 

Shonkwiler (1991), Atkinson et al. (1990), M cCracken and Brandt (1987), Cragg and 

Uhler (1970) and Bennett (1967)]. Section 4.2.3 contains further details on the choice of 

independent variables for analysis. All models are estimated using the LIMDEP 

econometrics package.

5.5.2 Specification Testing

As the heteroscedastic binary probit and heteroscedastic and non-normal Tobit models 

nest the more restrictive specifications, likelihood ratio tests were used to decide on the 

most appropriate model specification [see Yen et al. (1996), M elenberg and Van Soest 

(1996), Lankford and W yckoff (1991) and Reynolds and Shonkwiler (1991)].

Independent M odels fo r  1987, 1994 and 1999

In allowing for heteroscedasticity, only significant continuous independent variables were 

included in the heteroscedasticity function.^^ In the binary probit model, all of the 

continuous independent variables in the heteroscedasticity term were insignificant, i.e., 

the likelihood ratio test o f a homoscedastic error structure was not rejected at the one per

For exam ple, the dum m y variables ind icating ow n ersh ip  o f  tw o  cars or three or m ore cars are on ly  
included in the T obit m odels o f  petrol expenditure in h ou seh o ld s that ow n  on e  or m ore cars.

A s there are no g u id elin es as to the ch o ice  o f  variables to inclu de in the h etero sced astic ity  fun ction , w e  
fo llo w  the approach o f  Y en e t cil. (1 9 9 6 ) and assum e that the heteroscedastic ity  in both the binary probit 
and T obit m odels is caused by the continuou s variables.
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cent level [see Table 5 .11. However in all of the Tobit models, the significance of at least 

one continuous independent variable in the heteroscedasticity adjustment and of the IHS 

parameter resulted in the rejection of the null hypotheses of homoscedastic and normal 

enor structures at the one per cent level of significance. See Table 5.2 for the results of 

the three likelihood ratio tests of homoscedastic errors (h=0), normal errors (^= 0 ) and 

heteroscedastic and non-normal errors (h=0 and 0 -0 ) .

Pooled Models

A number of steps were followed in order to decide on the most appropriate model 

specification for the pooled models of household car ownership and use. For the binary 

probit and Tobit models, likelihood ratio tests were used to successively test the 

following hypotheses:

• Common intercept and slope parameters in all three years, i.e..

where a  is the common intercept term and P  is the vector of common slope 

parameters.

• Common slope parameters but differing intercept terms in the three years, i.e.,

where Dg? and Dgg are dummy variables taking the value one if an observation is 

recorded in 1987 and 1999 respectively, /? is the vector of common slope

parameters, a  is the intercept term for observations recorded in 1994, a  + is the

V = a  X  ’ B
' I t  I t  ^

(5.11)

(5.12)
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intercept term for observations recorded in 1987 and a + a^^ is the intercept term for

observations recorded in 1999.

• Differing slope parameters and differing intercept terms in the three years, i.e., 

y . = a  +0CsPs7^^9P99^x^; P + x.; + (5.13)

where Dg j  and Dgg are dummy variables taking the value one if an observation is 

recorded in 1987 and 1999 respectively, a  is the intercept term for observations 

recorded in 1994, a + is the intercept term for observations recorded in 1987,

a  + is the intercept term for observations recorded in 1999, P  is the vector of  

parameter estimates for observations recorded in 1994, P + P^^ is the vector of 

parameter estimates for observations recorded in 1987 and P + /?ggis the vector of

parameter estimates for observations recorded in 1999.

• Significant**’ differing slope parameters and differing intercept terms in the three 

years, i.e.,

V, = a  ^ C C s P 8 7 ^ ^ 9 P 9 9 ^ X i t ’ X , ’ f ^ 9 P 9 9

where Dgy and D 9 9  are dummy variables taking the value one if an observation is 

recorded in 1987 or 1999 respectively, a  is the intercept term for observations 

recorded in 1994, a + a^^ is the intercept term for observations recorded in 1987,

a + a^^ is the intercept term for observations recorded in 1999, p  is the vector of

parameter estimates for observations recorded in 1994, the vector of

Burton e t al. (1 9 9 6 , 1995) a lso  exc lu d e  in sign ifican t s lo p e  co effic ien ts  from  the final sp ec ifica tio n  o f  
their m odels.
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significant param eter estimates for observations recorded in 1987 and /? + /?ggis the 

vector of significant parameter estimates for observations recorded in 1999.

The results of these likelihood ratio tests for the binary probit model of household car 

ownership are presented in Table 5.3 and for the Tobit models of household car use are

98presented in Table 5.4. In all cases, the null hypothesis o f a com m on intercept term is 

rejected at the one per cent level o f significance. For the car ownership model and the car 

use model for the sample of households owning one or more cars, the preferred model is 

(5.14) as the null hypothesis of differing intercepts and common slope parameters is 

rejected and the specification with insignificant slope parameters excluded results in the 

best fit. For the sample of households owning one car however, the null hypothesis of 

differing intercepts and common slope parameters is not rejected at the one per cent level 

of significance even when insignificant slope interactions are excluded from the model. 

The preferred specification for the car use model for household owning one car is 

therefore model (5.12).

These final specifications are further tested for the presence of heteroscedastic errors in 

the case of the pooled binary probit model of household car ownership and for the 

presence of heteroscedastic and non-normal errors in the case of the pooled Tobit models 

of household car use. The null hypothesis o f homoscedastic errors in the pooled probit 

model is not rejected at the one per cent level of significance [see Table 5.5J, while the

Follow ing Burton et al. (1996, 1995) we do not consider the possibility o f  a model characterised by 
com m on intercept terms and differing slope parameters. Due to the minimum o f five  years that elapsed 
between each survey, we consider it important to control for unobservable factors that may have changed 
over time, e.g., changes in the characteristics o f  the “typical car” such as fuel effic iency  over the period or 
the introduction o f Quality Bus Corridors on certain bus routes in the Dublin area over the 1990s.
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null hypotheses of homoscedastic errors, normal errors and the jo in t null hypothesis of 

homoscedastic and normal errors are all rejected at the one per cent level of significance 

for both pooled Tobit models [see Table 5.6], The results of these likelihood ratio tests as 

well as the significance of at least one of the heteroscedasticity param eters and the IHS 

param eter guided the final specification of the pooled Tobit models of household car use. 

The pooled Tobit results presented in Tables 5.14 and 5.15 are therefore adjusted for the 

presence o f heteroscedastic and non-normal errors. The results o f the pooled binary 

probit model o f household car ownership presented in Table 5.13 assume 

homoscedasticity since this assumption was not rejected by the likelihood ratio test.^^

5.5.3 Interpretation o f  Parameter Estimates

Independent M odels fo r  1987, 1994 and 1999

In both the binary probit and Tobit models, the estim ated p  coefficients cannot be 

interpreted in the same way as in a linear regression model. Marginal effects for the 

continuous independent variables in the models are calculated by differentiating the 

expected value of the dependent variable with respect to the independent variable of 

interest, evaluated at the sample mean of this independent variable o f i n t e r e s t . D u e  to 

the discrete nature of many of the independent variables in the models, marginal effects 

for discrete independent variables m ust be calculated instead as the difference in the 

expected value of the dependent variable when the variable takes the value one and when

We do not test for the possibility o f autocorreiated errors as different households are surveyed in each 
year. In addition, the inclusion o f  yearly dummies should capture the influence o f  unobservable factors that 
may have changed over the period 1987-1999.

M cDonald and M offitt (1980) describe a procedure whereby the Tobit marginal effects may be 
decom posed into two effects: the effect on the probability o f  participation and the effect on the conditional 
level o f expenditure. However, due to the fact that it is assumed that all those who spend on petrol 
participate in the market, this decom position is invalid in this instance.
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it takes the value zero [see Yen et al. (1996)]. Elasticities o f demand with respect to the 

continuous independent variables may then be calculated by m ultiplying the marginal 

effects by the ratio of the independent to the dependent variable sample m e a n s . I n  

order to make more accurate comparisons about the m agnitude o f the elasticities across 

the three survey years, elasticities of demand with respect to the continuous independent 

variables are also calculated at the 1994 sample mean values. Table 5.12 presents the 

elasticities evaluated at this common reference point. In order to ascertain the reliability 

of all marginal effects in the Tobit models, standard errors for the marginal effects must 

be calculated. These are approxim ated using the delta m ethod as presented in Yen et al. 

(1996). The adjustments to the Tobit models to account for heteroscedastic and non

normal errors complicates the calculation of both the marginal effects and the standard 

errors and the formulae for these are presented in Sections 5A and 5B of the Appendix 

r e s p e c t i v e l y . T a b l e s  5.9, 5.10 and 5.11 present the marginal effects for the correctly 

specified binary probit and Tobit models of household car ownership and use. For 

comparison purposes. Tables 5.7 and 5.8 present the estim ated coefficients from the 

respective models, which are not adjusted for heteroscedastic and non-normal errors.

Pooled Models

As we are only interested in the changes over time that have occuired in the relationships 

between the independent variables and car ownership and use, we do not compute

An e la stic ity  m easure w ith respect to the num ber o f  adults and ch ildren  in the h ou seh o ld  is not strictly  
accurate as th ese  variables are ordinal, rather than contin u ou s, in nature. For exam p le, in 1994, the 
m axim um  num ber o f  adults w as e igh t, m eaning that a 12.5 per cent increase in the num ber o f  adults in the 
household  leads to a 2.5 per cent increase in the probability o f  car ow n ersh ip  in 1994. H ow ever , due to the 
fact that the m axim um  o f  each o f  these  ordinal variables d iffers over each survey year, the continuous 
e la stic itie s form  the basis o f  d iscu ssio n s in th is chapter and Chapter 6.

T he author is very grateful to Dr. Carol N ew m an , T C D , for a ssistan ce  w ith  the derivation  o f  m arginal 
e ffec ts and standard errors in the T obit m odels.
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marginal effects and elasticities based on the pooled sample. Tables 5.13, 5.14 and 5.15 

present the estimated coefficients from the pooled probit model of car ownership and the 

pooled Tobit models of car use adjusted for heteroscedastic and non-normal errors.

5.6 Empirical Results

5.6.1 Car Ownership

Income

Table 5.9 shows that in each of the three survey years, income exerts a positive and 

significant effect on the probability of car ownership. In all three survey years, non-linear 

terms are also found to be significant. The significance of the squared term indicates that 

once income passes a certain threshold, car ownership probability continues to increase 

but at a decreasing rate, a result also found by Dargay and Vythoulkas (1999), Cragg and 

Uhler (1970) and Bennett (1967). The significance of the cubed term suggests that once 

income passes a second threshold, car ownership probability increases at an increasing 

rate once again. The income elasticities evaluated at the common reference point indicate 

that car ownership may be considered a luxury in 1987 and 1994 but a necessity in 1999. 

The decline in the income elasticity of car ownership supports recent research, which has 

reported income elasticities of car ownership that are less than unity [see Johansson- 

Stenman (2002), Dargay (2001), Dargay and Vythoulkas (1999) and Bergantino (1997)]. 

In other words, income has become less important in determining variations in car 

ownership rates in Dublin since 1987. The results o f the pooled regression in Table 5.13 

confirm that the effect of income was significantly smaller in 1999 than in 1994 although 

there was no significant difference between 1987 and 1994.
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Adults

Table 5.9 indicates that car ownership probability is positively affected by increasing 

numbers of adults in the household, a result consistent with those of Dargay (2001), 

Dargay and Vythoulkas (1999), Train (1980), Cragg and Uhler (1970) and Fairhurst 

(1965). The significance of the squared and cubed terms indicates that the effect is non

linear with Alperovich et al. (1999) also finding a significant negative effect for the 

number o f adults squared in the household. The significance of the squared term may 

indicate a scale economies effect while the significance of the cubed term may suggest 

initial increasing returns to scale in household car ownership that diminish as the size of 

the household becomes larger. The non-linear effects may be explained by the tendency 

for households with a large num ber o f adults to comprise unrelated individuals who have 

fewer opportunities for shared activities unlike a household with a sm aller number of 

adults such as a married couple with children. The income elasticities calculated at the 

common reference point, namely the 1994 sample means, indicate that the elasticity of 

car ownership with respect to the number of adults in the household declined from 0.45 to 

0.20 from 1987 to 1994 and increased again to 0.57 in 1999. The results o f the pooled 

regression in Table 5.13 confirm  these trends with positive interaction terms for 1987 and 

1999 with a larger interaction term for 1999 than for 1987. Nonetheless, the elasticities 

indicate that for a one per cent increase in the num ber of adults in the household, the 

probability of car ownership increases by a smaller percentage.
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Children

The num ber of children aged 17 and under in the household exerts a positive and 

significant effect on car ownership probability in each survey year. This is in contrast to 

the results of Dargay (2001), Dargay and Vythoulkas (1999) and Cragg and Uhler (1970) 

who all find an insignificant effect of the num ber o f children on household car 

ownership. The significance of the squared terms may suggest economies o f scale in car 

ownership probability. The elasticities evaluated at 1994 sample means indicate that 

elasticities of demand with respect to the number of children in the household declined 

from 0.27 to 0.18 from 1987 to 1994 but increased again to 0.20 in 1999 [see Table 5.12]. 

Once again, the results of the pooled regression support this trend with positive 

interaction coefficients for 1987 and 1999, with the larger and more significant 

interaction coefficient for 1987 suggesting that the largest change in the effect of the 

num ber o f children on car ownership probability occurred between 1987 and 1994.

Accomm odation Type

The effect o f accommodation type supports the inclusion of this variable as a proxy for 

distance from the city centre, population density and the quality and quantity of public 

transport services. The results suggest that those households living in apartments are least 

likely to own cars in comparison with the base category of those living in detached 

houses. Numerous studies also find that as distance from the city centre increases, 

population density declines and public transport provision deteriorates, the demand for 

car ownership increases [see Alperovich et cd. (1999), Dargay and Vythoulkas (1999), 

Train (1980), M cCarthy (1977), Buxton and Rhys (1972), Cragg and Uhler (1970),
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Bennett (1967) and Fairhurst (1965)]. The consistency of the marginal effects in sign and 

magnitude across 1987, 1994 and 1999 as well as the insignificance of the interaction 

terms in the pooled regression in Table 5.13 suggests that there was no significant change 

in the relationship between accommodation type and car ownership probability over the 

period 1987 to 1999.

Working Status

For 1987 and 1994, the positive and significant effect o f having at least one person in 

employment in the household is in agreement with the results o f De Palma and Rochat 

(2000), Alperovich et al. (1999) and Bennett (1967)''^^ and indicates the effect that the 

presence of individuals in the household with regular mobility needs has on car 

ownership probability. The insignificance of having at least one person in employment in 

the household in 1999 may suggest that car ownership has become more widespread 

among the Dublin population over the period 1994-1999. In other words, as car 

ownership becomes a necessity, the socio-economic differences between non car-owning 

and car-owning households become less marked over time. The results from the pooled 

regression in Table 5.13 support this decline in significance for the working status 

variable in 1999 with a negative and significant coefficient on the interaction term.

Gender

Single fem ale-headed households are significandy less likely to own cars than other 

household types in 1987 and 1994. One explanation for the lower probability of car

There are slight differences in the form o f  this variable [see also Section 4.2.3] with D e Palma and 
Rochat (2000) and Bennett (1967) em ploying the number o f earners in the household and Alperovich et al.
(1999) using a dummy variable indicating whether two or more members o f  the household are working.
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ownership among single female-headed households in 1987 and 1994 may be the lower 

percentage of females who hold driving licences, while the narrowing gap between the 

percentage of males and females holding driving licences may account for the 

insignificance of the single female-headed household variable in 1999.'°"^ The results 

from the pooled regression in Table 5.13 support the decline in significance for this 

variable in 1999 with a significant interaction term indicating that the effect of having a 

single female HOH is significantly less negative in 1999 in comparison with 1994. 

Again, this may indicate a diffusion o f car ownership into categories of the population 

previously traditionally classified as non car-owners such as households headed by a 

single female.

Age

The results for age of HOH show that the probability of car ownership increases with the 

age of the HOH. The effect is slightly non-linear in 1987 and 1999 where the order of 

increasing car ownership relative to the base category of those aged 29 years or younger 

is 30-39 years, 50-59 years, 40-49 years and 60 years and over. This is in comparison to 

1994 where the effect of increasing age of the HOH on car ownership probability is 

strictly linear. In all years however, households in which the HOH is aged 60 years and 

older display the highest probability of car ownership relative to the base category of 

those aged 29 years and younger. This result is in conflict with those o f Alperovich et al. 

(1999), Dargay and Vythoulkas (1999) and Bennett (1967) where the effect o f the age of

W hile data on driving licences by gender are not available for Ireland, UK data indicates that the 
proportion o f  males over 17 years holding driving licences increased from 74 per cent in 1986 to 81 per 
cent in 1994 to 82 per cent in 2000 w hile the proportion o f  fem ales over 17 years holding driving licences 
increased from 41 per cent in 1986 to 54 per cent in 1994 to 60 per cent in 2000 [UK DETR (200Id )].
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HOH, while initially positive, decreases in magnitude as the age of the HOH increases 

and with the results of Buxton and Rhys (1972) and Cragg and Uhler (1970) where 

increasing age linearly reduces the probability of car ownership. In addition, Bennett 

(1967) only finds a significant age effect for those aged 65 and over who spend 

significantly less on cars relative to the base category o f those aged 34-45 years. 

However, the results are in agreement with those o f Dargay (2001) where the probability 

of car ownership increases as the household moves through the life cycle, as proxied by 

the age of the HOH. Explanations for this divergence in results may lie in different costs, 

with the costs of car insurance being particularly high for young people in Ireland. The 

pooled regression results in Table 5.13 indicate that there were significant differences in 

the effect of the age of the HOH between 1987 and 1994 with the signs of the coefficients 

indicating that the effects are smaller in m agnitude in 1987 than in 1994. The 

insignificance of the 1999 interaction terms suggests that the effects of the age of the 

HOH were broadly similar in 1994 and 1999.

Education Level

The highest level of education variable suggests that those with a primary education are 

consistently least likely to own a car relative to the base category of those with a third 

level qualification. Alperovich et al. (1999) also find that those with the highest levels of 

education are most likely to own cars although they admit that there is no obvious reason 

why this should be the case, given that household income has been taken into account. 

However, in 1999, there is no significant difference between those with a secondary level 

education and those with a third level education in their car ownership probability, which
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again may reflect the diffusion of car ownership across the population over time. 

However, the insignificance of the interaction terms for the education categories in the 

pooled regi'ession in Table 5.13 indicates that the effect of the variable is similar across 

the three survey years.

Changes over Time

The results from the pooled regression in Table 5.13 suggest that while income, working 

status and the gender of the HOH had significantly different relationships with car 

ownership probability in 1999 compared with 1994, for the num ber o f children and the 

age variable, significant changes in the relationship occurred between 1987 and 1994. For 

the number of adults in the household, significant differences occurred between the three 

survey years. The insignificance of the year dummy for 1999 indicates that changes in the 

relationship between the independent variables and car ownership probability between 

1994 and 1999 were accounted for by changes in the slope param eters o f the relationship, 

rather than a change in the intercept values. In contrast, the changes that occurred in the 

relationship between the independent variables and car ownership probability between 

1987 and 1994 were due to changes in both the intercept and slope parameters.

5.6.2 Car Use

Income

Tables 5.10 and 5.11 indicate that household income exerts a positive and significant 

effect on car use in households owning one car and in households owning one or more 

cars, in part reflecting the costs such as petrol, tax and insurance that are incurred in
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running a car. It may also indicate that households with higher incom es may place a 

greater value on time savings and comfort relative to poorer households, thus choosing 

the car over more time consum ing and less comfortable m ethods o f transport such as 

vv'alicing, cycling or using the bus. The low but positive income elasticities o f 0.60, 0.51 

and 0.34 for one-car households in 1987, 1994 and 1999 respectively and 0.57, 0.48 and 

0.32 for households with one or more cars in 1987, 1994 and 1999 respectively suggests 

that car use demand may be classified as a necessity, a result consistent with those of 

Asensio et al. (2001), Kayser (2000), Bjorner (1999), Schm alensee and Stoker (1999), 

Labeaga and Lopez (1997), Blundell et al. (1993), Button et al. (1993), De Jong (1990), 

Mannering (1983) and Archibald and Gillingham (1980). The consistently larger 

elasticities in households owning one car only suggests that income is a more important 

factor in these households than in households owning one or more cars. This is consistent 

with expectations since households able to afford more than one car should be less 

concerned with economic factors in deciding on the level of car use. This result is in 

agreement with the findings of Asensio et al. (2001) and Hensher (1985) where income 

elasticities decline as the num ber of cars increases. The significance o f the squared terms 

indicates that a non-linear relationship exists, a result also found by Kayser (2000) and 

Archibald and Gillingham (1980). In addition, the significance of the cubed term in 1987 

suggests that once income passes a second threshold, the effect o f incom e on car use 

increases at an increasing rate once more. W hile the incom e elasticities in Table 5.12 

suggest that the value of the elasticity has been declining over time, the insignificance of 

the interaction terms in the results from the pooled regressions in Tables 5.14 and 5.15 

show that the effect of income on car use was similar across the three survey years.
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Adults

The effect o f increasing number of adults in the household on car use is positive and 

significant in all cases with the exception o f one-car households in 1999. The results for 

1987 and 1994 are consistent with the results of Asensio et al. (2001), Kayser (2000), 

Bjorner (1999), Schmalensee and Stoker (1999) and Hensher (1985). The insignificance 

o f any squared or cubed terms suggests that the effect is linear. A num ber of studies 

interpret the number o f adults as a proxy for the num ber of eligible drivers in the 

household with Schmalensee and Stoker (1999) including the num ber o f drivers in the 

household in addition to a household size variable. The fact that the elasticity with 

respect to the number of drivers (0.6) is larger than that for household size (0.1) in the 

Schmalensee and Stoker (1999) study may suggest that, for our study, the effect of the 

number of adults in the household is primarily reflecting the effect of the num ber of 

potential drivers in the household.''*^ The elasticities evaluated at the 1994 sample means 

are similar for 1987 and 1994 and indicate that a one per cent increase in the num ber of 

adults in the household in 1987 leads to a 0.15 per cent and 0.23 per cent increase in car 

use in the two samples respectively. For 1994, a one per cent increase in the num ber of 

adults in the household leads to a 0.23 per cent increase in car use in each o f the two 

samples. However, the results from the pooled regressions in Tables 5.14 and 5.15 

suggest that there has been no significant change in the relationship between the number 

of adults and car use in either sample over the period 1987-1999.

Irish H BS data do not provide data on the num ber o f  h ou sehold  m em bers w ith a driving licen ce.
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Children

The effect of the number of children in the household on car use is positive and linear in 

all cases, with the magnitudes of the elasticities being slightly higher in households with 

one car than in households with one or more cars. W hile the elasticities indicate that the 

effect of children was smaller in 1987 and 1999 than in 1994, the pooled regression 

interaction coefficients were insignificant indicating no significant difference in the effect 

o f children on car use over the period 1987 to 1999. The positive effect of children on car 

use is consistent with the results o f Johansson-Stenm an (2002), Dargay and Vythoulkas 

(1999) and Bergaiitino (1997) and reflects the more diverse range o f activities that 

households with children are engaged in, as well as the fact that young children need to 

be escorted to school and other activities.

Accommodation Type

The accommodation type variables are of the expected sign, showing how car use 

increases with distance and/or the non-availability of public transport. In 1987 and 1994 

households living in semi-detached/terraced houses use their car(s) significantly less than 

households living in detached houses, while the effect of living in an apartment reduces 

car use in 1987 and 1994 in one car-owning households and in 1994 in households that 

own one or more cars. The results are very similar to those of Asensio et al. (2001), 

Kayser (2000), Bjorner (1999), Schmalensee and Stoker (1999), M annering (1983), and 

Archibald and Gillingham (1980) who all find that urban residents use their cars less than 

rural residents. In addition, Bjorner (1999) finds a positive effect on car use o f distance 

travelled to work while Kayser (2000) reports a significant negative effect o f public
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transport availability on car use. The effect of accom modation type is insignificant in 

1999 however, which may reflect the increasing tendency for apartment complexes to be 

built in suburban areas of Dublin in recent years in response to planning guidelines.

Working Status

In common with the results o f Asensio et al. (2001), Kayser (2000), M annering and 

Winston (1985) and Archibald and Gillingham (1980)'*'^, the presence of one or more 

persons in employment increases car use in 1994 and 1999, suggesting that the effect of 

regular com m uting patterns on car use is positive. The insignificance of the working 

status variable for 1987 may indicate an increased use o f the car for com m uting purposes 

since 1987, a trend that is confirmed by the significant increase in the proportion of 

workers driving their cars to work over the period 1986-2000 [see Table 3.10],

Gender

The effect of a single female HOH is consistently negative and significant, in accordance 

with the results of Kayser (2000), Bjorner (1999), De Jong (1990), M annering (1983) and 

Archibald and Gillingham (1980). The negative effect o f a single female HOH may mean 

that such single women are engaged in activities that require less travelling such as part- 

time local work and/or are more willing to walk and use public transport than men. Even 

with access to a car, single female households use their cars less than all other household 

types, i.e., they select “frequencies and types o f  activities that require less vehicular 

travel than do m ales"  [Mannering (1983, pp. 186)].

W hile  A sen sio  et al. (2 0 0 1 ), K ayser (2 0 0 0 ) and A rchibald and G illin gh am  (1 9 8 0 ) in c lu d e  dum m y  
variables for the num ber o f  workers in the hou sehold , M annering and W inston  (1 9 8 5 )  in c lu d e  the number 
o f  workers as a continuous variable.
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Age

The age of the HOH is only marginally significant in explaining variations in household 

car use in 1987 and insignificant in 1994 and 1999. The 1987 results suggest that car use 

is highest for households with a HOH aged 30-39 years and declines thereafter, results 

consistent with those of Asensio et al. (2001), Schm alensee and Stoker (1999), De Jong 

(1990), M annering (1983) and Archibald and G illingham  (1980). These results are in 

direct contrast to the positive effect of the age of the HOH on household car ownership 

probability. However, the positive marginal effects for the age variables greater than the 

age of 30 suggest that households with a HOH aged 29 years and younger are least likely 

to own one or more cars and also use their car(s) the least.

Education Level

The education level of the HOH is not significant, a result consistent with those of 

Asensio et al. (2001) and Kayser (2000). W hile the education level o f the HOH 

significantly affects the probability of household car ownership, once a car is owned, 

there is no variation in car use among households with HOHs that have differing levels of 

educational achievement.

Transport Control Variables

The number of motorcycles in the household, while expected to exert a significant 

positive effect, is insignificant in all cases. Asensio et al. (2001) and Bergantino (1997) 

also report an insignificant effect. This may be due to the small percentage of households 

that own motorcycles [see Table 4.5]. The variable indicating entidem ent to expenses is
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consistently negative and significant across all survey years. W hile this result may seem 

contrary to expectations, the negative sign indicates that those households with at least 

one person entitled to remuneration for m otor expenses, primarily petrol expenditure, do 

not report this as petrol expenditure. Unfortunately, it is im possible to ascertain from 

these results whether those entitled to m otor expenses use their car(s) more, due to the 

lower costs of doing so.

The significance of the variables relating to whether the household owns two cars or three 

or more cars indicates that car use per car is lower when the household owns two or more 

cars. This result was also found by Archibald and Gillingham  (1980) and suggests that 

there are econom ies of scale in car use with households owning one car only using the car 

more intensively than m ulti-car households. The significant effect for two-car households 

and insignificance of the three-car dummy in 1999 may be due to the nature o f these 

households. Two-car households may be more likely to be families who would undertake 

some jo int activities while households with three or more cars may be more likely to 

consist o f unrelated individuals who do not car-share as much as fam ilies would. The 

significance of the 1999 interaction term in Table 5.15 illustrates the weaker negative 

effect in 1999, in part due to the substantial increase in the num ber of households owning 

two cars that occurred over the period 1994 to 1999 [see Table 4.6]. This may also 

indicate that the level of joint activities in multi-car households has declined, i.e., in 1987 

the effect of having a second and third car was to spend £4.12 and £4.07 less on petrol 

respectively whereas in 1999 the effect of having a second car was to spend £1.95 less on
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petrol and there was no difference between households owning one car and households 

owning three cars in average levels of petrol expenditure per car.

Changes over Time

In Tables 5.14 and 5.15, the significance of the 1999 year dum mies in both samples 

indicates that the major shift in the intercepts occurred between 1994 and 1999. The 

negative coefficient indicates that average petrol expenditures per car declined over the 

period, which may be due to the reduced proportion o f households reporting petrol 

expenditures in 1999 compared with 1994 and 1987.'^^ The insignificance of any 

interaction terms in the sample of one-car households suggests that there was no 

significant change in the relationship between the independent variables and car use over 

the period 1987-1999. The significance of the car ownership status interaction terms for 

1999 indicates that the nature of the relationship between this variable and car use in the 

sample of households owning one or more cars changed over the period 1994-1999. Both 

sets of results indicate, however, that the change in the relationships between the 

independent variables and car use behaviour were very slight over the period 1987-1999.

5.7 Summary and Conclusions

In this chapter Household Budget Survey micro-data were used to estim ate the income 

and socio-economic determinants of Dublin households’ car ownership and use 

decisions. The m ost significant results relate to the effects o f income (as proxied by per 

capita weekly household expenditure), the number of adults in the household and the

The proportion o f  households recording positive petrol expenditures in one-car households in 1987, 
1994 and 1999 were 89.8, 89.1 and 80.2 per cent respectively w hile in households ow ning one or more 
cars, the proportions were 91.1, 89.7 and 84.2 per cent in 1987, 1994 and 1999 respectively [see Table 4.3].
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gender and age of the HOH. Household income is consistently positive and significant in 

explaining differences in households’ car ownership and use decisions. An examination 

o f incom e elasticities o f demand reveals that while car ownership may be classified as a 

luxury good in 1987 and 1994 and a necessity in 1999, car use may be consistently 

characterised as a necessity. The gender of the HOH is generally significant in explaining 

variations in car ownership and car use. Households headed by a single female are less 

likely to own cars and also use their car(s) significantly less than other households types. 

The effects of the age o f the HOH on car use are consistent with the expectation that 

younger households are more mobile and are engaged in more activities than older 

households. The positive effect of age of the HOH on car ownership is, however, in 

conflict with many other studies and may reflect different costs o f car ownership in 

Ireland in comparison with other countries, with the costs of insurance being particularly 

high for young people. There is some evidence to show that the socio-economic 

differences between non car-owning and car-owning households have been lessening 

over time with the working status, gender and education level variables declining in 

significance from 1994 to 1999. The results of the pooled analyses suggest that there 

have been changes in the relationships over time, in particular for the relationship 

between car ownership and the socio-economic characteristics. For car use however, the 

changes over time are slight and indicate that the change occurred more in the intercepts 

o f the relationships rather than in the slope coefficients. The following chapter. Chapter 

6, extends the analysis in this chapter to consider the public transport use of Dublin 

households over the period 1987-1999.
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5A TABLES

Table 5.1 Likelihood Ratio Tests of Homoscedastic Error Structure for Binary

Probit Model of Car Ownership

1987 1994 1999
Hom oscedastic Errors*
Test Statistic 4.093 9.625 1.508
Critical Value

x j f i . O l  = 11-345 X3.0 .0I  = 11-345 Xsfi.O! =  11 -345
Do not reject Ho Do not reject Ho Do not reject Hq

Note: * H,) = Homoscedastic Error Structure (h = 0); H| = Heteroscedastic Error Structure
(/? ^  0 )
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Table 5.2 Likelihood Ratio Tests of Homoscedastic Error Structure, Normal Error Structure and Homoscedastic and 

Normal Error Structure for Tobit Models of Car Use

O N E  C A R  C A R (S )
___________________________ 1987  1W4__________ 1999________________1987________________ 1994________________ 1999________

H o n io sced as tic  E r ro r s *
T est Statistic 43.048 87.998 15.462 28.428 54 .352  11.958

C ritical V alue = 11.345 = 11-345 H o .o /  = 9 .2 1 0  Z 2 .0 . 0 1  = ‘) - 2 i 0  H o .o /  = 9 .2 1 0  = 6.635

R eject Ho R eject Ho Reject H q R eject Ho R eject H q R eject Ho

N o rm a l E rro r s* *
T est Statistic 37.316 110.982 29.842 67.302 146.246 73.066
C ritical V alue ^ 2 ^ ^  ^  ^ ^ 3 5  ^ 2 ^ ^  ^  ^  ^ 3 5  ^ 2 ^  ^^ ^  ^ ^ 3 5  ^ 2 ^^^ ^  ^ ^ 3 5  ^ 2 ^^^ ^  ^ ^ 3 5

R eject Ho R eject Ho Reject Ho R eject Ho R eject Ho R eject Hq

H om o sced as tic  a n d  N o rm a l E rro rs* * *
Test S tatistic  60.126 140.174 40.662 81.896 163.906 83.900

C ritical V alue = 11-345 0 .0 / - 9 .2 1 0  = 11-345 = 13-277 = 9 -2 1 0

____________________________ R eject Hq____________ R eject Hq____________ R eject Ho_____________R eject Hp_____________ R eject Hp_____________ R eject Ho______
Notes:  * Ho = H om oscedastic  E rror S tructure (h = 0); Hi = H eteroscedastic E rror S tructure (/; ^  0)

** Ho = N orm al E rror S tructure ( 6  = 0); H , = N on-N orm al E rror S tructure {6
*** Ho = H om oscedastic and N orm al E rror S tructure (/; = 0 and 6  = 0); Hi = H eteroscedastic and N on-N orm al E rror S tructure (/; ^  0 
a n d 0  ^  0 )
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Table 5.3 Likelihood Ratio Specification Tests for Pooled Binary Probit Model

of Car Ownership

CAR OW NERSHIP
Year Dummies*
Test Statistic 173.966
Critical Value X2.0.01 =9.210 

Reject Ho

Year Dummies and Year Interactions **
Test Statistic 94.378
Critical Value =58.619'^360.01

Reject Ho

Year Dummies and Year Interactions (Best Fit) ***
Test Statistic 86.418
Critical Value 7 ^ =56.061 '^ 340.01

Reject Ho
Notes: * H<) = Tobit (5.11); H| = Tobit + Year Dummies (5.12)

** H() = Tobit +Year Dummies (5.12); H| = Tobit + Year Dummies + Year Interactions 
(5.13)
*** H() = Tobit + Year Dummies (5.12); Hi = Tobit + Year Dummies + Year Interactions 
(Best Fit), i.e., with insignificant year interactions omitted (5.14)
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Table 5.4 Likelihood Ratio Specification Tests for Pooled Tobit Models of Car

Use

O N E CAR CAR(S)
Y ear Dum m ies*
Test Statistic 26.840 17.480
Critical Value

xlfl.O l = 9 .210 X  2,0.01 = 9 .2 1 0
Reject Ho Reject Ho

Y ear D um m ies an d  Y ear In teractions**
Test Statistic 39.338 64.880
Critical Value X  34.0.0! =56.061 

Do not reject Ho Reject Ho

Y ear D um m ies an d  Y ear In terac tions (Best Fit)***
Test Statistic 3.962 20.360
Critical Value 7 ^  = 9 .210  

'^2.0.01 x l o .o i  -
Do not reject Hq Reject Ho

Notes-. * Ho = Tobit (5.11); Hi = Tobit + Year Dummies (5.12)
** H(, = Tobit + Year Dummies (5.12); Hi = Tobit + Year Dummies + Year Interactions 
(5.13)
*** Ho = Tobit + Year Dummies (5.12); Hi = Tobit + Year Dummies + Year Interactions 
(Best Fit), i.e., with insignificant year interactions omitted (5.14)
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Table 5.5 Likelihood Ratio Test of Homoscedastic Error Structure in Pooled

Binary Probit Model of Car Ownership

CAR OWNERSHIP
Homoscedastic Errors*
Test Statistic 2.570
Critical Value

Xs.O.OI = 11.345

Do not reject Hq

Note: * Ho = Best Fit -i- Homoscedastic Error Structure (h = 0); H, == Best Fit - I -  Heteroscedastic
Error Structure (/? ^  0)

Table 5.6 Likelihood Ratio Tests of Honioscedastic Error Structure, Normal

Error Structure and Homoscedastic and Normal Error Structure in

Pooled Tobit Models of Car Use

ONE CAR CAR(S)
Honioscedastic Errors*
Test Statistic 110.096 74.160
Critical Value „2 ii

X3,0.0I X2 ,o.oi = 9 .2 1 0
Reject Ho Reject Ho

Normal Errors**
Test Statistic 154.152 257.960
Critical Value ^2 ^

X 1,0.0! =6 .635 Xlfl.oi = 6.635
Reject Ho Reject Ho

Honioscedastic and Normal Errors***
Test Statistic 209.448 296.740
Critical Value 2 i-jo-t-;

X4.0.01 X4.0.0! = 13.277
Reject Ho Reject Ho

Notes'. * ONE CAR SAMPLE: Hq = Best Fit + Homoscedastic Error Structure (/; = 0); H, = Best
Fit + Heterosceclastic Error Structure (/; ^  0);
CAR(S) SAMPLE: Ho = Best Fit + Homoscedastic Error Structure {h = 0); Hi = Best Fit 
+ Heteroscedastic Error Structure {h ^  0)

** ONE CAR SAMPLE: Ho = Best Fit + Normal Error Structure ( 6  = 0); Hi = Best Fit 
+ Non-Normal Error Structure { 9  ^ 0 )
CAR(S) SAMPLE: Hq = Best Fit + Normal Error Structure {0  = 0); Hi = Best Fit + Non- 
Normal Error Structure { 0  ^ 0 )

*** ONE CAR SAMPLE: Hq = Best Fit + Homoscedastic and Normal Error Structure (h 
=0 and 0  = 0); Hi = Best Fit + Heteroscedastic and Non-Normal Error Structure (h ^ 0  
and 0 ^ 0 )
CAR(S) SAMPLE: Hq = Best Fit -i- Homoscedastic and Normal Error Structure {h =0 and 
0  = 0 ) ;  Hi = Best Fit -i- Heteroscedastic and Non-Normal Error Structure (h ^  0 and6^ 
^ 0)
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Table 5.7 Estimated Coefficients from Binary Probit Models of Car Ownership

VARIABLE 1987 1994 1999
Constant -4.445 -3.607 -4.509

(0.573)*** (0.495)*** (0.532)***
HHEXP 2.231 1.630 1.272

HHEXP-
(0.275)*** (0.226)*** (0.135)***

-0.399 -0.258 -0.151
(0.083)*** (0.071)*** (0.028)***

HHEXP- 0.022 0.013 0.005
(0.007)*** (0.006)** (0.002)***

ADULTS L478 0.935 2.207
(0.402)*** (0.431)** (0.507)***

ADULTS- -0.388 -0.305 -0.601

ADULTS-'
(0.118)*** (0.147)** (0.179)***

0.030 0.029 0.050
(0.011)*** (0.015)* (0.019)***

CHILDREN 0.568 0.343 0.444
(0.075)*** (0.082)*** (0.098)***

CHILD- -0.067 -0.042 -0.052
(0.013)*** (0.017)** (0.023)**

APART -0.477 -0.478 -1.008
(0.167)*** (0.131)*** (0.196)***

SEMI -1.201 -1.078 -0.392
(0.197)*** (0.178)*** (0.159)**

WORKING -0.445 -0.408 0.075
(0.165)*** (0.151)*** (0.115)

SINGLE FEMALE 0.354 0.395 -0.014
(0.095)*** (0.094)*** (0.140)

THIRTY 0.468 1.135 0.722
(0.203)** (0.196)*** (0.207)***

FORTY 0.991 1.517 1.209
(0.213)*** (0.200)*** (0.215)***

HFTY 0.801 1.727 1.203
(0.214)*** (0.202)*** (0.210)***

Notes: (i) Standard Errors are reported in parentheses.
(ii) * significant at 10% level, ** significant at 5% level. *** significant at 1% level
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Table 5.7 continued

VARIABLE 1987 1994 1999
SIXTY 0.998 2.001 1.558

(0.205)*** (0.195)*** (0.205)***
PRIMARY -0.925 -0.986 -0.725

(0.133)*** (0.127)*** (0.125)***
SECONDARY -0.410 -0.269 -0.152

(0.122)*** (0.113)** (0.110)
Number of Observations 2,096 2,148 1,789
Log-Likelihood -850.044 -823.844 -660.898
Hetero.scedastic Log-Likelihood -847.997 -819.031 -660.144
Elasticities;
HHEXP 1.481*** 1.145*** 0.772***
ADULTS 0.509*** Q J97*** 0.487***
CHILDREN 0.375*** 0.178*** Q j 29***

Notes: (i) Standard Errors are reported in parentheses.
(ii) * significant at 10% level, ** significant at 5% level, *** significant at 1% level
(iii) The calculation o f elasticities incorporates non-linear terms.
(iv) The significance levels of elasticities are those of the underlying marginal effects.
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Table 5.8 Estimated Coefficients from Tobit Models of Car Use

VARIABLE 1987
ONE CAR 

1994 1999 1987
CAR(S)

1994 1999
Constant -9.577 0.245 -3.004 -9.426 1.960 -1.466

(3.524)*** (3.942) (3.971) (2.853)*** (3.370) (3.078)
HHEXP 12.544 5.349 3.369 10.698 4.294 2.992

HHEXP-
(2.541)*** (1.038)*** (0.734)*** (1.808)*** (0.743)*** (0.587)***

-2.837 -0.395 -0.215 -2.324 -0.292 -0.188

HHEXP’
(0.810)*** (0.138)*** (0.065)*** (0.525)*** (0.088)*** (0.053)***

0.208 0.166
(0.078)*** (0.046)***

ADULTS 1.045 1.551 0.669 1.478 1.520 1.122
(0.388)*** (0.538)*** (0.648) (0.274)*** (0.436)*** (0.447)**

CHILDREN 0.855 1.760 1.408 0.714 1.521 1.111
(0.269)*** (0.386)*** (0.497)*** (0.244)*** (0.318)*** (0.353)***

APART -2.241 -4.082 -2.884 -1.543 -3.224 -2.926
(1.524) (1.818)** (2.293) (1.446) (1.510)** (1.776)*

SEMI -1.808 -2.617 0.938 -1.071 -1.368 0.059
(0.951)* (1.173)** (1.497) (0.723) (0.887) (0.948)

W ORKING 0.531 2.807 2.890 0.723 2.598 3.315
(0.900) (1.186)** (1.414)** (0.749) (1.014)** (1.129)***

SINGLE FEMALE -4.003 -2.923 -3.337 -3.453 -2.895 -2.722
(1.234)*** (1.276)** (1.419)** (1.278)*** (1,151)** (1.197)**

THIRTY 5.582 -0.240 1.995 5.193 0.372 0.526
(2.217)** (3.066) (3.125) (1.776)*** (2.748) (2.462)

FORTY 4.581 -0.688 0.678 4.488 -0.871 -0.255
(2.247)** (3.061) (3.092) (1.791)** (2.749) (2.448)

FIFTY 3.902 0.751 1.354 3.374 0.991 1.015
(2.287)* (3.113) (3.054) (1.816)* (2.780) (2.415)

Notes: (i) Standard Errors are reported in parentheses.
(ii) * significant at 10% level, ** significant at 5% level, *** significant at 1% level
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Table 5.8 continued

VARIABLE 1987
ONE CAR 

1994 1999 1987
CAR(S)

1994 1999
SIXTY 2.950 -0.878 1.817 3.310 -1.151 1.352

(2.241) (3.121) (3.021) (1.768)* (2.787) (2.388)
PRIMARY 0.250 2.180 1.550 0.487 1.281 1.288

(0.921) (1.273)* (1.412) (0.751) (1.048) (1.046)
SECONDARY 0.443 0.448 0.698 0.550 -0.484 0.453

(0.732) (0.972) (1.060) (0.583) (0.759) (0.748)
MOTOR -0.163 3.586 1.890 -0.577 3.072 1.360

(1.330) (2.503) (1.827) (1.187) (2.059) (1.245)
EXPENSES -3.771 -5.521 -2.055 -3.239 -4.484 -2.626

(0.737)*** (1.068)*** (1.295) (0,598)*** (0.803)*** (0.810)***
CAR2 -4.971 -5.834 -2.676

(0.558)*** (0.855)*** (0.801)***
CAR3 -5.297 -7.316 0.940

(1.127)*** (2.354)*** (2.162)
a 7.995 11.158 12.072 7.451 10.441 10.946

(0.205)*** (0.280)*** (0.355)*** (0.246)*** (0.231)*** (0.251)***
Number of Observations 890 935 792 1,117 1,198 1,212
Log-Likelihood -2898.910 -3301.768 -2638.360 -3604.694 -4182.870 -4089.239
Het Log-Likelihood -2877.386 -3257.769 -2630.629 -3590,480 -4155.694 -4083.260
IHS Log-Likelihood -2880.252 -3246.277 -2623.439 -3571.043 -4109.747 -4052.706
IHS Het Log-Likelihood -2868.847 -3231.681 -2618.029 -3563.746 -4100.917 -4047.289
Elasticities:
HHEXP 0.688*** 0.506*** 0.409*** 0.657*** 0.465*** 0,400***
ADULTS 0.188*** 0.198*** 0.091 0.298*** 0.219*** 0,176**
CHILDREN 0.099*** Q J J2*** 0.077*** 0.089*** 0.106*** 0.070***

Notes: (i) Standard Errors are reported in parentheses.
(ii) * significant at 10% level, ** significant at 5% level, *** significant at 1% level
(iii) The calculation of elasticities incorporates non-linear terms.
(iv) The significance levels of elasticities are those of the underlying marginal effects.
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Table 5.9 Marginal Effects for Binary Probit Model of Car Ownership

VARIABLE 1987 1994 1999
Constant -1.769 -1.415 -1.408

(0.229)*** (0.196)*** (0.170)***
HHEXP 0.888 0.640 0.397

HHEXP-
(0,110)*** (0.089)*** (0.043)***

-0.159 -O.IOI 0.047

HHEXP’
(0.033)**** (0.0280*** (0.009)***

0.009 0.005 0.002
(0.003)*** (0.002)** (0.001)***

ADULTS 0.588 0.367 0.689
(0.160)*** (0.169)** (0.158)***

ADULTS- -0.154 -0.120 -0.188

ADULTS^
(0.047)*** (0.058)** (0.056)***

0.012 0.011 0.016
(0.004)*** (0.006)* (0.006)***

CHILDREN 0.226 0.135 0.139
(0.030)*** (0.032)*** (0.030)***

CHILD- -0.027 -0.016 -0.016
(0.005)*** (0.006)** (0.007)**

APART -0.430 -0.406 -0.315
(0.078)*** (0.070)*** (0.061)***

SEMI -0.173 -0.156 -0.122
(0.065)*** (0.059)*** (0,049)**

WORKING 0.140 0.155 0.023
(0.038)*** (0.037)*** (0.036)

SINGLE FEMALE -0.189 -0.189 -0.004
(0.066)*** (0.051)*** (0.044)

THIRTY 0.182 0.378 0.225
(0.081)** (0.077)*** (0.065)***

FORTY 0.360 0.480 0.377
(0.085)*** (0.079)*** (0.067)***

FIFTY 0.295 0.486 0.376
(0.085)*** (0.080)*** (0.065)***

SIXTY 0.372 0.626 0.487
(0.082)*** (0.077)*** (0.064)***

PRIMARY -0.356 -0.378 -0.226
(0.053)*** (0.049)*** (0.039)***

SECOND -0.162 -0.106 -0.048
(0.048)*** (0.044)** (0.034)

Number of Observations 2,096 2,148 1,789
Log-Likeli hood -850.044 -823.844 -660.898
Elasticities:
HHEXP 1.482*** 1.145*** 0.772***
ADULTS 0.509*** 0.197** 0.487***
CHILDREN 0.375*** 0.178*** 0.129***

Notes: (i) Standard Errors are reported in parentheses.
(ii) * significant at 10% level, ** significant at 5% level, *** significant at 1% level
(iii) The calculation of elasticities incorporates non-linear terms.
(iv) The significance levels of elasticities are those of the underlying marginal effects.
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Table 5.10 Marginal Effects for Heteroscedastic and Non-Normal Tobit Models

of Car Use (One Car Sample)

VARIABLE 1987 HETERO.
TERMS

1994 HETERO.
TERMS

1999 HETERO.
TERMS

Constant -8.120 1.554 2.430 1.741 -3.338 2.137
(3.102)** (0.081)*** (3.642) (0.066)*** (3.492) (0.076)***

HHEXP 3.723 0.128 3.183 0.124 2.122 0.060
(1.786)** (0.028)*** (0.920)*** (0.022)*** (0.837)** (0.020)***

ADULTS 1.046 1.564 0.637
(0.226)*** (0.423)*** (0.522)

CHILDREN 0.871 0.052 1.604 0.074 I.3 I6
(0.348)*** (0.018)*** (0.336)*** (0.021)*** (0.390)***

APART -2.570 -3.333 -1.934
(1.325)* (1.441)** (1.836)

SEMI -1.847 -2.551 1.252
(0.812)** (0.959)*** (1.100)

WORKING 0.298 2.737 2.290
(0.775) (0.910)*** (1.095)**

SINGLE FEMALE -3.623 -2.552 -2.518
(1.075)*** (1.143)** (1.261)**

THIRTY 4.890 0.057 1.994
(1.975)** (2.902) (2.654)

FORTY 4.030 -0.190 0.604
(1.994)** (2.904) (2.631)

RFTY 3.074 0.648 1.317
(2.001) (2.969) (2.618)

SIXTY 2.56J -0.419 1.986
(1.988) (2.928) (2.599)

PRIMARY 0.341 1.633 1.262
(0.834) (1.046) (1.088)

SI-;C()ND 0.487 0.388 0.700
(0.715) (0.870) (0.926)

MOTOR 0.233 3.366 0.757
(1.242) (2.079) (1.828)

EXPENSES -3.633 -5.357 -2.298
(0.699)*** (0.893)*** (0.930)**

6> 0.037
(0.006)***

0.043
(0.006)***

0.034
(0.006)***

Observations
Non-linear terms
Log-Likelihood
Elasticities:
HHEXP
ADULTS
CHILDREN

890
HHEXP^ HHEXP’ 

-2868.847

0.729**
0.078***
0.064***

935
HHEXP-

-3231.681

0.514***
0.225***
0 .II5***

792
HHEXP-

-2618.029

0.502**
0.106

0,088***
Notes: (i) Standard Errors are reported in parentheses.

(ii) * significant at 10% level, ** significant at 5% level, *** significant at 1% level
(iii) The calculation of elasticities incorporates non-linear terms.
(iv) The significance levels o f elasticities are those of the underlying marginal effects.
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Table 5.11 Marginal Effects for Hcterosccdastic and Non-Normal Tobit Models

of Car Use (One or More Cars Sample)

VARIABLE 1987 HETERO.
TERMS

1994 HETERO.
TERMS

1999 HETERO.
TERMS

Constant -7.894 1.541 3.608 1.898 -1.256 2.027
(2.488)*** (0.070)*** (3.142) (0.090)*** (2.661) (0.059)***

HHEXP 3.134 0.082 2.613 0.060 1.741 0.044
(1.357)** (0.022)*** (0.696)*** (0.019)*** (0.503)*** (0.013)***

ADULTS 1.411 1.415 -0.041 0.970
(0.286)*** (0.361)*** (0.024)* (0.384)**

CHILDREN 0.729 0.038 1.369 0.055 1.053
(0.197)*** (0.016)** (0.299)*** (0.018)*** (0.291)***

APART -1.690 -2.897 -2.177
(1.137) (1.252)** (1.436)

SEMI -1.093 -1.322 0.359
(0.657)* (0.764)* (0.775)

W ORKING 0.459 2.393 2.688
(0.696) (0.834)*** (0.904)***

SINGLE FEMALE -2.984 -2.236 -2.196
(0.921)*** (1.071)** (1.017)**

THIRTY 4.745 0.410 0.760
(1.630)*** (2.526) (2.017)

FORTY 4.074 -0.600 0.042
(1.651)** (2.536) (2.012)

FIITY 2.789 0.908 1.225
(1.655)* (2.575) (1.996)

SIXTY 2.871 -0.950 1.556
(1.643)* (2.552) (1.985)

PRIMARY 0.493 0.932 1.021
(0.702) (0.885) (0.835)

SECOND 0.533 -0.417 0.386
(0.579) (0.686) (0.659)

MOTOR -0.295 2.529 0.799
(1.099) (1.712) (1.082)

EXPENSES -3.083 -4.358 -2.691
(0.533)*** (0.710)*** (0.657)***

CAR2 -4.122 -4.493 -1.954
(0.787)*** (0.874)*** (0.798)**

CAR3 -4.066 -5.256 1.143
(2.376)* (3.494)* (2.447)

e 0.051
(0.006)***

0.050
(0.006)***

0.042
(0.005)***

Observations
Non-linear terms
Log-Likelihood
Elasticities:
HHEXP
ADULTS
CHILDREN

1,117 
HHEXP^ HHEXP’ 

-3563.746

0.693**
0.310***
0.099***

1,198
HHEXP-

-4100.917

0.479***
0.227***
0.107***

1,212
HHEXP-
-4047.289

0.463***
0.179**

0.078***
Notes: (i) * significant at 10% level, ** significant at 5%  level, *** significant at 1% level

(ii) The calculation of elasticities incorporates non-linear terms.
(ii) The significance levels o f elasticities are those of the underlying marginal effects.
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Table 5.12 Car Ownership and Use Elasticities at 1994 Sample Means****

HHEXP ADULTS CHILDREN
CAR OWNERSHIP
1987 \ 449* * * 0.454*** 0.272***
1994 1.145*** 0.197** 0.178***
1999 0.678*** 0.572*** 0.195***

CAR USE -  ONE CAR
1987 0.602** 0.150*** 0.063***
1994 0.514*** 0.225*** 0.115***
1999 0.343** 0.091 0.094***

CAR U SE-C A R (S)
1987 0.574** 0.226*** 0.057***
1994 0.479*** 0.227*** 0.107***
1999 0.319*** 0.155** 0.082***

Notes: (i) * significant at 10% level, ** significant at 5% level, *** significant at 1% level
(ii) The calculation of elasticities incorporates non-linear terms.
(iii) The significance levels of elasticities are those of the underlying marginal effects.

In contrast to the elasticities reported in Tables 5.7 to 5.11 inclusive, which are calculated using the 
sample means of the year in question, the elasticties reported in Table 5.12 are calculated using the 1994 
sample means to enable more accurate comparisons over the period 1987-1999.
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Table 5.13 Coefficient Estimates for Pooled Binary Probit Model of Car

Ownership

VARIABLE 1987 1994 1999
Constant -0.944 -3.927 -0.205

(0.531)* (0.388)*** (0.489)
HUEXP -0.260 2.434 -0.768

HHEXP-
(0.392) (0.301)*** (0.352)**
0.187 -0.550 0.284

HHEXP’
(0.142) (0.124)*** (0.134)**
-0.021 0.040 -0.027
(0.015) (0.014)*** (0.015)*

ADULTS 0.578 1.074 0.767

ADULTS-
(0.242)** (0.255)*** (0.246)***

-0.080 -0.362 -0.102
(0.038)** (0.075)*** (0.041)**

ADULTS^ 0.035
(0.007)***

CHILDREN O.Il l 0.415 0.048
(0.050)** (0.055)*** (0.060)

CHILD- -0.056
(0.009)***

APART -1.080 
(0,110)***

SEMI -0.407
(0.091)***

WORKING -0.040 0.372 -0.291
(0.133) (0.094)*** (0.148)**

SINGLE FEMALE -0.009 -0.464 0.416
(0.195) (0.124)*** (0.178)**

THIRTY -0.581 1.083 -0.334
(0.277)** (0.193)*** (0.282)

FORTY -0.408 1.449 -0.208
(0.286) (0.196)*** (0.288)

FIFTY -0.786 1.657 -0.408
(0.285)*** (0.197)*** (0.282)

SIXTY -0.879 1.919 -0.318
(0.268)*** (0.187)*** (0.266)

PRIMARY -0.845
(0,074)***

SECOND -0.261
(0.066)***

Number of Observations 6,033
Log-Likelihood -2325.449

Notes: (i) Standard Errors are reported in parentheses.
(ii) * significant at 10% level, ** significant at 5% level, *** significant at 1% level
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Table 5.14 Coefficient Estimates for Pooled Heteroscedastic and Non-Normal

Tobit Models of Car Use (One Car Sample)

VARIABLE 1987 1994 1999 HETERO.
TERMS

Constant -0.404 -1.705 -2.078 1.796
(0.454) (1.917) (0.412)*** (0.057)***

HHEXP 6.549 0.112
(1.270)*** (0.014)***

HHEXP- -0.977
(0.421)**

HHEXP' 0.039
(0.041)

ADULTS 1.065 0.031
(0.250)*** (0.017)*

CHILDREN 1.047 0.046
(0.176)*** (0.011)***

APART -2.573
(0.837)***

SEMI -1.090
(0.542)**

WORKING 1.602
(0.509)***

SINGLE FEMALE -2.691
(0.609)***

THIRTY 2.741
(1.337)**

FORTY 1.777
(1.338)

FIFTY 2.043
(1.345)

SIXTY 1.561
(1.326)

PRIMARY 1.010
(0.549)*

SECOND 0.508
(0.457)

MOTOR 0.705
(0.947)

EXPENSES -3.772
(0.454)***

e 0.036
(0.003)***

Number of Observations 2,617
Log-Likelihood -8929.093
IHS Het Tobit Log-Likelihood -8834.024

Notes: (i) Standard Errors are reported in parentheses.
(ii) * significant at 10% level, ** significant at 5% level, *** significant at 1% level
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Table 5.15 Coefficient Estimates for Pooled Heteroscedastic and Non-Normal

Tobit Models of Car Use (One or More Cars Sample)

VARIABLE 1987 1994 1999 HETERO.
TERMS

Constant -0.239 -L738 -2.069 1.913
(0.371) (1.479) (0.349)*** (0.049)***

HHEXP 6.149 0.063

HHEXP-
(0.932)*** (0 .011)***

-1.026

HHEXP^
(0.284)***

0.054
(0.026)**

ADULTS 1.154
(0.172)***

-0.027
(0.013)**

CHILDREN 0.829
(0,133)***

0.030
(0.009)***

APART -1.947
(0.675)***

SEMI -0.492
(0.384)

WORKING 1.697
(0.427)***

SINGLE FEMALE -2.373
(0.532)***

IH IR TY 2.410
(1.037)**

FORTY 1.586
(1.040)

FIFTY 2.004
(1.036)*

SIXTY 1.619
(1.023)

PRIMARY 0.812
(0.418)*

SECOND 0.280
(0.331)

MOTOR 0.464
(0.604)

EXPENSES -3.113
(0.325)***

CAR2 -0.305
(1.058)

-4.039 2.170 
(0.702)*** (0.855)**

CAR3 0.367
(4.098)

-4.953 5.429 
(3.267) (3.664)

9 0.046
(0.003)***

Number of Observations 3,527
Log-Likelihood -11973.480
IHS Het Tobit Log-Likelihood -11825.110(4)

Notes: (i) Standard Errors are reported in parentheses.
(ii) * significant at 10% level, ** significant at 5% level, *** significant at 1% level
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5B APPENDICES

5A Formulae for the Calculation of Marginal Effects for Binary Probit

and Tobit Models

Probit Marginal Effects

a4y I
M E .  =-

I d
(5A.1)

Tobit Marginal Effects

5 £ ( v . )
M E = ----- ^  = 0  ’

' d  X .
(5A.2)

Heteroscedastic and Non-Normal Tobit Marginal Effects

d  e { v  )
M E . = -----------= Jo"

d  X..

J;
<!>

y { 0 ) - x ’j3

\ \ I J
(J

\  I J  V

-y { e ) - x : p
h - h

J J

J J

(5A.3)

where is the expected value of the dependent variable, (j) is the standard normal

density function, 0  is the cumulative standard normal distribution function, cr, is the

estimated standard error, 6  is the estim ated IHS param eter and Pj  and are the

estimated coefficients on the independent variable x .  and the heteroscedasticity term z .

respectively. All marginal effects are calculated at the sample means o f the independent 

variables.
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5B Formulae for the Calculation of Standard Errors for Heteroscedastic

and Non-Normal Tobit Models

Standard eiTors in the Tobit models adjusted for heteroscedastic and non-normal errors 

are approximated using the delta method. The delta m ethod approxim ates the variance of 

the estimated marginal effect, M E. ,  by pre- and post-m ultiplying the variance- 

covariance matrix o f the param eter estimates by a vector of derivatives as follows:

' d  ME V ME. '

d  v|/ d n/

where \\i is a vector of parameter estimates and i7 is the estim ated variance-covariance 

matrix of the parameters [Yen et al. (1996)]. The vector of derivatives is obtained by 

differentiating each marginal effect, ME ■, by each estim ated param eter of the model (see 

5B. 1 to 5B. below).

d ME_____ I
S P..

= rJO

(7 J l+0^y,^

y { 0 ) - x ’j3

(j
V I y

( y { e ) - x ’p \ '  X  '

( T cr
x(.)

I  y / y "  i J

y { e ) - x ; p

dy. (5B.1)
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CHAPTER 6

AN ECONOMETRIC ANALYSIS OF THE DEMAND FOR 

BUS AND TAXI USE IN THE DUBLIN AREA: 1987-1999

6.1 Introduction

The analysis in Chapter 5 illustrated the extent to which incom e and socio-economic 

characteristics are important in determining variations in household  car ow nership  and 

use. In this chapter, the analysis is extended to consider the determ inants o f  Dublin 

households ' bus and taxi use using micro-data from the 1987, 1994 and 1999 H ousehold 

Budget Surveys. Tobit models of bus and taxi use, as proxied  by bus and taxi fare 

expenditures, are estim ated for each individual year and for the pooled sample. The aim 

o f  this chapter is to quantify the impact o f  incom e and socio-econom ic factors on 

households ' bus and taxi use and to subsequently  exam ine the extent to which the 

influence o f  these factors changed over the period 1987 to 1999.

The aggregated C O P  data presented in Chapter 3 illustrate the ex tent to which factors 

such as distance, area o f  residence and gender im pact on the travel patterns o f  Dublin 

workers and students. In addition, the data clearly indicate a shift over tim e away from 

public transport for the journeys to work, school and college. It is im portant to quantify 

the influence of these and additional factors, such as household  size and com position.
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age, education level and most importantly, income and car ow nership , on public transport 

use. A detailed know ledge of these influences, and o f  the nature o f  their change over 

time, can aid in forecasting future levels o f  public transport patronage as well as 

highlighting areas to target if a decrease in car use and a co rresponding  increase in the 

numbers walking, cycling and using public transport is to be achieved.

In addition to exam ining  the socio-economic influences on public  transport use in Ireland 

for the first time, this chapter adds to the literature by analysing public transport use for 

separate samples o f  households, namely, those not ow ning  cars and those owning cars. 

This is also the first time that the demand for public transport has been divided into its 

different com ponents. While Bergantino (1997) stresses the im portance o f  dividing total 

transport expenditures into public and private expenditures, she does not consider further 

cligaggrcgation o f  the public transport expenditure com ponent. To  our knowledge, this is 

the first time that bus and taxi use have been estim ated separately using cross sectional 

expenditure micro-data.

Section 6.2 briefly reviews previous literature which focuses on the dem and  for public 

transport and Section 6.3 briefly describes the data used in the analysis in this chapter. 

Section 6.4 describes the econometric methodology employed, much o f  which has been 

discussed in Section 5.4. Section 6.5 deals with model specification issues while Section 

6.6 presents empirical results for all models and Section 6.7 sum m arises  and concludes.
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6.2 Previous Literature

As discussed in Section 2.4, there is much evidence to show that incom e and socio

economic factors are important in determining differences in public transport use. Section 

2.4 highlighted the differences in data sources and econometric methodologies that are 

used to exam ine public transport use and this may account for the disparity in results 

between studies. The effect of income is particularly ambiguous with a number of studies 

classifying public transport as a necessity [Fitzroy and Smith (1998, 1994) and 

Bergantino (1997)] while Johansson-Stenm an (2002) finds that income exerts a negative 

effect on the probability and conditional levels o f public transport use respectively, 

although the latter effect is insignificant. To our knowledge, no study examines public 

transport use at more disaggregated levels and this may explain the wide disparity in 

income elasticity measures. It is expected that the income elasticity o f taxi use will be 

higher than that for bus use and consequently separate models of bus and taxi use are 

estimated in an attempt to decipher if income elasticities differ for these two different 

components o f public transport. Using household surveys to exam ine transport demand 

means that factors such as public transport availability are often not available. However, 

a num ber of studies use household location/residence as a proxy for factors such as 

distance from the city centre and the quality and quantity of public transport links and 

find it significant [Johansson-Stenman (2002), Bergantino (1997) and Berkowitz et al. 

(1990)J.

The approach in this chapter follows on from previous research using m icro-data to 

examine the income and socio-economic influences on public transport use [see
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Johansson-Stenman (2002) and Bergantino (1997)| but the econom etric m ethodology 

follows research using Tobit models to examine expenditure on various com m odities [see 

Fleischer and Seiler (2002), Cai (1998), M elenberg and Van Soest (1996), Yen et al. 

(1996), Hagemann (1981), Kitchen and Powells (1991), Lankford and W yckoff (1991), 

Reynolds and Shonkw iler (1991), Atkinson et al. (1990), M cCracken and Brandt (1987) 

and Bennett (1967)]. Finally, while the econometric m ethodologies are different and the 

focus is on only one journey puipose, modal choice studies often confirm  important 

factors influencing the demand for public transport [see Sections 2.5 and 7.2],

In the context of Irish travel demand, this is the first time that public transport use has 

been estimated at the micro-level in Ireland. M cGeehan (1984) undertook a time-series 

analysis of the demand for inter-urban railway travel in the Republic of Ireland from 

1970 to 1983, while Oscar Faber (1998) conducted a survey of taxi use of 1,673 

individuals in the Dublin area in 1997/1998 but only asked three questions relating to the 

socio-economic characteristics of the individual, namely age, gender and socio-economic 

group and undertook no econometric analysis of the data.

6.3 Data

The data employed in this chapter are m icro-data from the 1987, 1994 and 1999 

Household Budget Surveys (HBS), both separately and pooled. Section 4.2 contains 

further information on the conduct of the HBS, the type o f variables extracted from the 

surveys and the preparation of the data for analysis. The dependent variables in the 

subsequent empirical analyses are household bus and taxi fare expenditures, adjusted for
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household size and seasonality as described in Section 4.2.2. Expenditure on train fares is 

not analysed due to the difficulty in distinguishing expenditure on D A R T  or Dublin  

suburban services from expenditure on inter-city travel (see also Sections 4.2.1 and 

4.2 .2). As discussed in Section 4.2.1, bus and taxi use are analysed for the two separate 

samples o f non car-ovv'ning and car-owning h o u s e h o l d s . T h e  rationale for this division  

is discussed in Section 6.5.1.  Section 4.2.3 describes in detail the various independent 

variables used in the analyses in this chapter. Variable definitions for the dependent and 

independent variables are presented in Tables 4 .2  and 4 .4  respectively w hile summary 

statistics for the dependent variables are detailed in Table 4.3 and for the discrete and 

continuous independent variables in Tables 4.5 and 4 .6  respectively.

6.4 Econometric Methodology

6.4.1 Tobit"^

As the dependent variables are per capita expenditure on bus and taxi fares, traditional 

regression approaches are inappropriate due to the presence o f  a significant number o f  

zero observations. The Tobit econom etric m ethodology is therefore used to model bus 

and taxi use. Section 5.4.2 discusses in detail the derivation o f the Tobit model.

For com parison  purposes, T obit m odels o f  bus and taxi use are also estim ated  for the full sam ple o f  
households, con tro lling  fo r household car ow nersh ip  status.

As d iscussed  in Section 5.4.2, the T ob it m odel assum es that zero observations are due to corner 
solutions. In o ther w ords, if incom e w ere to increase o r prices w ere to fall, expenditu re  w ould occur. W hile 
this assum ption has been critic ised  as restric tive, it is fe lt that this is no t unduly restric tive in the case o f  bus 
and taxi fare expenditures. The consideration  o f  alternative sources o f  zero observations, w hich  g ive rise to 
the infrequency o f  purchase and double-hurd le  m odels, is beyond the scope o f  th is thesis. In frequency o f  
purchase is unlikely  in the case o f  bus and taxi expenditu re  as neither com m odity  can be stored  [Pudney 
(1989)]. In addition  the HBS is conducted  over a tw o-w eek survey period , an adequate period  o f  tim e to 
encom pass bus and taxi fare expenditu res, especially  fo r an urban area. In term s o f  non-partic ipation  in the 
m arket, it is fe lt that fo r taxi fare expenditures, econom ic factors are m ost im portant in determ ining 
participation  in the m arket w hile for bus fare  expenditures, all areas o f  the city  have access to  sim ilar levels 
o f  service m eaning that non-partic ipation  due to non-econom ic factors such as tim etab ling  is not an issue. 
H ow ever, it is left as an avenue fo r fu ture  research  to exam ine these issues [see also  Section 8.3].
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H etero sced a s t ic i ty  a n d  N on-N orm ali ty

A s d iscussed  in Section  5 .4 .2 , heteroscedasticity  and non -n on n ality  o f  the errors can 

render T obit estim ates inconsistent. Section  6 .5 .3  details the sp ecifica tion  tests for the 

presence o f  heteroscedastic and non-norm al errors for the T obit m od els o f  bus and taxi 

use estim ated in this chapter. W ith one excep tion , the null h ypothesis o f  hom oscedastic  

and normal errors is rejected at the one per cent level o f  s ign ifican ce m eaning that the 

relevant lo g -lik e lih ood  function that is m axim ised  is that presented in Equation (5 .10 ). 

H ow ever, in the case  o f  taxi fare expenditure in hou seh old s w ith on e or m ore cars in 

1987, the null hypothesis o f  a h om oscedastic eiTor structure is rejected w hile the null 

hypothesis o f  a normal eiTor structure is not rejected at the one per cent level o f  

sign ificance m eaning that the relevant log-lik elih ood  that is m axim ised  is adjusted for 

heteroscedastic errors only, i.e..

log  L = X  log 1 - 0
f ’  fA

+  z - l o g  O -1- log  (f>

1

>i=o >’/ V / (6 .1)

where 0  and (Z> are the cum ulative standard normal distribution and standard normal 

probability density  functions respectively . W hen cr, =cr the log -lik e lih o o d  reduces to 

that o f  the hom oscedastic  and normal T obit log -lik e lih ood  presented in Equation (5 .7 ).

6.4.2 Pooled Analyses

In order to identify changes in the relationship betw een  the independent variables and the 

dem and for bus and taxi use over the period 1987 -1 9 9 9 , the expenditure data from  the 

three surveys are exp ressed  in constant N ovem ber 1994 prices [see Section  4 .2 ] and Tobit
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models of bus and taxi fare expenditure are estimated for the samples o f non car-owning 

and car-owning households respectively. As detailed in Section 5.4.3, 1994 is considered 

the base year and dummy variables for observations recorded in 1987 and 1999 are 

included to capture changes in the intercepts of the relationships over the period.'* ' In 

addition, each independent variable is interacted with the 1987 and 1999 dum m ies in 

order to identify changes in the slope parameters or changes in the m agnitude o f the 

relationships between the dependent and independent variables between 1987 and 1999.

I leteroscedasticity and Non-Normality

As detailed in Section 5.4.3, the presence of heteroscedastic and non-normal errors is also

a problem in the pooled Tobit models and Section 6.5.3 briefly outlines the testing

procedures employed.

6.5 Model Specification

6.5.1 Division o f  the Samples

As discussed in Section 4.2.1, bus and taxi fare expenditures are analysed for separate 

samples of households, namely those not owning a car and those owning one or more 

cars. In order to ascertain whether the effects o f the independent variables on average per 

capita bus and taxi fare expenditures differ depending on whether or not the household 

owns a car, likelihood ratio tests as applied in Gabriel and Rosenthal (1989) are 

undertaken to test the null hypotheses of common coefficients on the independent 

variables for households owning no car and households owning one or more cars. The

In the context o f  bus use, the intercepts m ay capture changes in supp ly  such as the introduction o f  
Q uality B us Corridors on certain bus routes in the 1990s [see  a lso  Section  5 .5 .2 ].
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results presented in Table 6.1 indicate that the null hypothesis of common coefficients 

may be rejected at the one per cent level of significance in all cases. In other words, there 

are significant differences between households owning no car and households owning 

one or more cars in the effects of the independent variables on average per capita bus and 

taxi fare expenditures. The smaller chi-squared test statistics for the taxi use models is 

reflected in the less distinct differences in the effects of the independent variables on taxi 

fare expenditures between households not owning cars and households owning one or 

more cars [see Section 6.6.2].

6.5.2 Choice o f  Independent Variables

For all four household decisions (bus use and taxi use for non car-owning and car-owning 

households), the same set of independent variables is employed for com parison purposes. 

Expenditures on bus and taxi fares are therefore expressed as a linear com bination of 

various household characteristics and an error term ."^ The transport control variables 

relating to the number of free transport recipients in the household, the num ber of 

motorcycles in the household, receipt of motor expenses and the num ber of household 

cars are included where appropriate.” '̂  For household income and the num ber o f adults, 

children and cars in the household, non-linear terms are included in the specification 

where they are significant"** to account for the fact that the effect o f these independent 

variables may differ over the range of the variables [see Kayser (2000), A lperovich et al.

' W e do not consider tiie p o ssib ility  o f  m od ellin g  bus and taxi fare expenditures as part o f  a system , i.e ., 
allow in g  for su b stitu tion s/com p lem en tarities betw een the tw o d ec is io n s . Instead, this is left as an avenue  
for future research [see  a lso  Section  8 .3].

For exam ple, the variable ind icating the num ber o f  free transport recip ien ts is o n ly  inclu ded  in the bus 
use m odels as free transport is on ly  availab le  for travel by bus or train in the D u blin  area.
''■* N on-linear term s sign ifican t in the original T obit m odels w ere a lso  inclu ded  in the sp ec ifica tio n  o f  the  
Tobit m odels adjusted for heteroscedastic ity  and non-norm ality.
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(1999), M elenberg and Van Soest (1996), Reynolds and Shonkw iler (1991), Atkinson et 

al. (1990), McCracken and Brandt (1987), Cragg and Uhler (1970) and Bennett (1967)J. 

Section 4.2.3 contains further details on the choice of independent variables for analysis. 

All models are estim ated using the LIMDEP econometrics package.

6.5.3 Specification Testing

Independent M odels fo r  1987, 1994 and 1999

In allowing for heteroscedasticity, only significant continuous independent variables are 

included in the heteroscedasticity function [see Yen et al. (1996)]. In all of the Tobit 

models (with one exception), the significance of at least one continuous independent 

variable in the heteroscedasticity adjustment and of the IHS param eter resulted in the 

rejection of the null hypotheses of homoscedastic and normal error structures at the one 

per cent level o f significance. However, for the model o f taxi fare expenditures in car- 

owning households in 1987, the null hypothesis of a normal error structure cannot be 

rejected at the one per cent level of significance and therefore, this model is adjusted for 

heteroscedasticity only. Tables 6.2 and 6.3 present the results o f the three likelihood ratio 

tests of homoscedastic errors (h=0), normal eiTors (^ = 0 )  and heteroscedastic and non- 

normal eiTors (h=0 and 0= 0)  for the Tobit models of bus and taxi use respectively.

Pooled Models

Section 5.5.2 details the steps that were taken in order to decide on the m ost appropriate 

model specification for the pooled models of household car ownership and use. The same 

procedure applies to the pooled Tobit models of household bus and taxi use. Tables 6.4
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and 6.5 indicate that in all cases, the models with differing intercept tem is and significant 

differing slope coefficients are p refened ."^  These final specifications are further tested 

for the presence of heteroscedastic errors and non-normal errors.” *’ The null hypotheses 

of homoscedastic errors, normal errors and the jo in t null hypotheses of homoscedastic 

and normal errors are rejected at the one per cent level o f significance for all pooled Tobit 

models [see Tables 6.6 and 6.7]. The results of these likelihood ratio tests as well as the 

significance of at least one of the heteroscedasticity param eters and the IHS param eter 

guided the final specification of the pooled Tobit models of household bus and taxi use. 

The pooled Tobit results presented in Tables 6.18 to 6.23 are therefore adjusted for the 

presence of heteroscedastic and non-normal errors.

6.5.4 Interpretation o f Parameter Estimates

Independent M odels fo r 1987, 1994 and 1999

As discussed in Section 5.5.3, the estimated ft coefficients in the Tobit model cannot be 

interpreted in the same way as in a linear regression model. M arginal effects for the 

continuous independent variables in the models must be calculated by differentiating the 

expected value of the dependent variable with respect to the independent variable of 

interest, evaluated at the sample mean of this independent variable. This enables the 

calculation of elasticities of demand with respect to these continuous independent 

variables. In order to more accurately identify changes in the value of the elasticities over 

the period 1987-1999, the elasticities are also calculated at a comm on reference point,

‘ As with the pooled models o f  household car ownership and use presented in Chapter 5, the possibility of 
a model characterised by comm on intercepts and differing slope coefficients is not considered (see also 
Section 5.5.2).

The possibility o f autocorrelated errors in the pooled Tobit m odels o f  bus and taxi fare expenditure is 
not considered (see also Section 5.5.3).
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namely, the 1994 sample means [see Tables 6.16 and 6.17]. The marginal effects for 

discrete independent variables are calculated as the difference in expected values when 

the variable takes the value one and when it takes the value zero [see Yen et al. 

(1996)|."^  Section 5A of the Appendix to Chapter 5 contains the formulae for these 

marginal effects while Section 6A of the Appendix to this chapter contains the marginal 

effects for the Tobit model of taxi use in car-owning households in 1987 that is adjusted 

for heteroscedasticity only. In order to ascertain the reliability o f all marginal effects in 

the Tobit models, standard errors for the marginal effects must be calculated. These are 

approxim ated using the delta m ethod as presented in Yen et al. (1996). Section 5B of the 

Appendix to Chapter 5 contains the formulae for the standard errors that are employed in 

the Tobit models adjusted for heteroscedasticity and non-norm ality while Section 6B of 

the Appendix to this chapter presents the formulae for the standard errors in the Tobit 

model of taxi use in car-owning households in 1987 that is adjusted for heteroscedasticity 

only. For comparison purposes. Tables 6.8 and 6.9 present the estimated coefficients 

from the Tobit models of bus and taxi use that are not adjusted for heteroscedasticity and 

non-normality of the errors.

Pooled M odels

As we are only interested in the changes over time that have occurred in the relationships 

between the independent variables and bus and taxi use, marginal effects and elasticities 

based on the pooled sample are not computed. Tables 6.18 to 6.23 present the estimated 

coefficients from the pooled Tobit models o f bus and taxi use adjusted for heteroscedastic 

and non-normal errors.

See  also d iscuss ion  in Section  5.5.3.
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6.6 Empirical Results

6.6.1 Bus Use

Income

Table 6.10 indicates that household income, as proxied by per capita weekly household 

expenditure, has a positive and significant effect on bus use in non car-owning 

households in all years. The significance of the squared terms in all years indicates that as 

income increases, expenditure on bus fares increases but at a decreasing rate. The 

positive income elasticities indicate that for a one per cent increase in household income 

in 1987, 1994 and 1999, average per capita bus fare expenditures increased by 0.88, 0.69 

and 0.53 per cent respectively. Bus travel in non car-owning households may, therefore, 

be regarded as a necessity, a result similar to that found by Bergantino (1997) for 

expenditures on public transport using UK Family Expenditure Survey micro-data.

While the above figures suggest that the value of the income elasticity is declining over 

time, a different conclusion is reached when income elasticities are evaluated at a 

common reference point, namely the 1994 sample means. When evaluated at 1994 mean 

values, the income elasticity increases from 0.52 to 0.69 from 1987 to 1994 and declines 

again to 0.47 in 1999 [see Table 6.16]. The latter interpretation is supported by the results 

for the pooled regi'ession, which are reported in Table 6.18. The 1987 and 1999 

interaction terms have negative signs suggesting that the positive effect o f income was 

sm aller in 1987 and 1999 than it was in 1994 with the insignificance o f the 1999 

interaction term indicating that the largest change in the income effect occurred between 

1987 and 1994 rather than between 1994 and 1999.
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!n car-owning households, the effect of income is positive and only marginally 

significant in 1999."^ Once again, the m agnitudes of the elasticities suggest that bus use 

in car-owning households is a necessity. W hile the income elasticities in Table 6.16 

suggest that the elasticity increased in value to 0.39 in 1999, the results from the pooled 

regression in Table 6.19 indicate no significant difference in the effect of income on 

average per capita bus fare expenditures in the three years. The magnitude of the 

elasticities as well as their significance levels would suggest that income is a more 

important determinant of average per capita bus fare expenditures in households without 

cars than in households with cars. An increase in the income of the population would 

therefore change the bus use behaviour of those in households without cars to a greater 

extent than that of those in households owning one or more cars.” ^

A dults

The number of adults in the household impacts positively on per capita bus fare 

expenditure in non car-owning households although the effect is insignificant in 1999. 

The significance of the squared tenns in 1987 and 1994 indicate that a non-linear 

relationship exists. The positive effect of the num ber of adults in the household on bus 

use in non car-owning households in the earlier years may be explained by the tendency 

for non car-owning households with a large num ber o f adults to be com posed of third 

level students or young single workers who would be more mobile than other sectors of

A  p o ssib le  explanation  for the reduced sig n ifica n ce  o f  in com e in car-ow n ing  h ou seh o ld s is that the 
variance o f  in com e is sm aller in car-ow ning hou seholds. H ow ever , this is d iscou n ted  by an exam ination  o f  
the sum m ary statistics in T able 4 .5 . In add ition , the p o ssib ility  that in com e and the num ber o f  cars are 
co llinear is rejected by the fact that in com e rem ains in sign ifican t w hen  bus use is analysed  for the sam ple  
o f  hou seholds ow n in g  one car only.

U nfortunately, this analysis cannot say anything about the p o ssib ility  that an increase in in com e cou ld  
a lso  lead non car-ow ning hou seholds to acquire a car.
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the population. The non-linear effect may capture the tendency for such households to 

travel together by taxi at times as it may be cheaper than paying individual bus fares. The 

income elasticities evaluated at the common 1994 sample means indicate that the 

elasticity increased from 0.51 to 0.65 from 1987 to 1994 and declined to 0.21 in 1999, 

although the 1999 elasticity is insignificant. The results from the pooled regression in 

Table 6.18 indicate no significant difference in the effect of the num ber of adults on bus 

use in the three years.

For households that own one or more cars, the effect of the num ber of adults on average 

per capita bus fare expenditures is positive and significant in all three years, consistent 

with the results of De Palma and Rochat (2000). The significance of the squared term 

suggests that as the num ber of adults in the household increases, average per capita bus 

fare expenditures increase but at a decreasing rate. The elasticities evaluated at the 

common 1994 sample means show that bus use in households owning one or more cars in 

1994 and 1999 is highly sensitive to the number of adults in the household. In other 

words, for a one per cent increase in the number of adults in the household in 1994 and 

1999, average per capita bus fare expenditures increased by 1.79 and 1.96 per cent 

respectively. This means that competition for the household car(s) induces some 

members to choose alternative forms of transport. The lower elasticity in 1987 suggests 

that the magnitude of the elasticity has been increasing over time although the results 

from the pooled regression in Table 6.19 report no significant difference between the 

three years.

186



Children

In non car-owning households, the effect o f the num ber of children under the age of 17 is 

negative, although insignificant in 1994. In car-owning households on the other hand, the 

effect is also negative in all three years, but insignificant in 1987 and 1999. The negative 

signs of the elasticities as well as the consistently negative and significant marginal 

effects for children in the full sample results in Table 6.12 are consistent with the results 

of De Palma and Rochat (2000) and Bergantino (1997), who find that the effect of 

children on public transport demand is negative. In car-owning households, this may 

reflect the returns to scale involved in driving children to school. In non car-owning 

households, there is some evidence to show that the elasticity increased in magnitude 

between 1987 and 1999 from -0 .05  to -0 .15  (evaluated at comm on 1994 sample means) 

although the results from the pooled regression in Table 6.18 indicate no significant 

difference between the three years. For car-owning households, the pooled regression 

results in Table 6.19 also indicate no significant difference in the effect of children on 

average per capita bus fare expenditures in the three years, although the elasticity 

estimates in Table 6.16 indicate that the value o f the elasticity was slightly higher in 1994 

than in 1987 or 1999.

A ccom m odation Type

In non car-owning households, there are no significant differences in the bus use 

behaviour of those living in apartments or sem i-detached/terraced houses compared to the 

base category of those living in detached houses in any of the three years. This may be 

due to the characteristics of the sample with only tiny proportions of the total living in
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detached houses [see Table 4.6], For car-owning households, only the effect of living in 

an apartment in 1987 is significantly different from that o f the base category with the 

positive sign of the marginal effect indicating that households living in apartments spend 

£0.36 more per capita on bus fares than those living in detached houses. This is consistent 

with our hypothesis that those living in areas adjacent to, or in, the city centre have better 

access to public transport services and may face parking difficulties thus leading even 

households that own cars to choose alternative forms of transport such as the bus. Other 

studies have confirmed the importance of service quality and restrictions on private car 

use in encouraging public transport use [see FitzRoy and Smith (1998, 1994)]. 

Johansson-Stenm an (2002) and Bergantino (1997) similarly find that urban location 

exerts a significant and positive effect on public transport demand. The results from the 

pooled regression for car-owning households that are reported in Table 6.19 confirm  the 

change in the effect of accommodation type over the period 1987-1999 with significant 

positive coefficients on the interaction terms for the apartment variable for both 1987 and 

1999. The significance of the 1999 term reflects the fact that the sign of the effect 

changed from negative to positive from 1994 to 1999. Nonetheless, the largest change in 

effect occurred between 1987 and 1994, a result consistent with the individual regression 

results. When both samples are examined together however, the effect of accom modation 

type remains insignificant [see Table 6.12].

Working Status

In both samples, the effect of having at least one person in the household in em ployment 

has a positive and significant effect on average per capita bus fare expenditures. This
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reflects the regular comm uting needs of these household types. In car-owning 

households, the fact that the worker may choose to use the car to travel to work means 

that other members of the household may use the bus to travel as the car is unavailable 

for a large part of the day. The results of the pooled regressions in Tables 6.18 and 6.19 

suggest no significant difference in the effect of this variable over time for either sample.

Gender

In non car-owning households, the effect of having a single female as the HOH is 

positive and significant in 1987 and 1994 but insignificant in 1999. For households 

owning one or more cars, the effect o f a single female HOH is positive and significant in 

1994 and 1999 but insignificant in 1987. Even when single female households have 

access to one or more cars, they spent more on bus fares per capita than other car-owning 

households in the later years (£0.93 and £1.41 respectively), thus reinforcing the point of 

Mannering (1983) that females select frequencies and types of activities that require less 

vehicular travel than males. The results of the pooled regressions in Tables 6.18 and 6.19 

indicate that a significant difference in the effect of the gender of the HOH occurred 

between 1987 and 1994 for car-owning households, reflecting the change in sign and 

significance of the variable that occurred over that period.

Age

In non car-owning households, the effect of being aged 60 years and over has a 

consistently negative and significant effect on average per capita bus fare expenditures. 

This result is all the more significant given that the presence of free public transport for
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pensioners is also controlled for and exerts a negative and significant effect on per capita 

bus fare expenditures. The negative signs of the marginal effects indicate that in all years, 

bus use is a declining function of age although the 1994 and 1999 results suggest a non

linear effect with those aged 50-59 years having a less negative effect on bus use than 

those aged 40-49 years, although these effects are insignificant. The age of HOH variable 

is generally insignificant in car-owning households although the signs o f the effects and 

the marginal significance of the effect of being aged 30-39 years in 1987 suggests that, in 

comparison to the base category o f those aged 29 years or younger, younger household 

spend the most per capita on bus fares. These results, while more significant for non car- 

owning households, are in direct contrast to those of De Palma and Rochat (2000) who 

find that older people are more likely to use public transport than younger people for the 

journey to work. The divergence in results may be accounted for by the fact that the HBS 

data cover all journeys, not just the journey to work. In both the pooled regressions 

reported in Tables 6.18 and 6.19, the effect of age exhibits no significant difference 

across the three survey years for either sample.

Education

In non car-owning households, the effect of the education level of the HOH is only 

significant in 1994 and suggests that, in comparison with those who have a third level 

education, households with a HOH with a primary and secondary level education spend 

significantly less on bus fares, with those with a primary level education only spending 

the least. These effects may be explained by the fact that third level students are included 

in the third level education category and may be expected to be more mobile than all
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other categories of individual. The significance of the interaction terms in the pooled 

regression in Table 6.18 simply indicates the change in sign that occurred between 1987 

and 1994 and again between 1994 and 1999.

For households that own one or more cars, the effect of education is only significant in 

1987 and is again of opposite sign to the effects in 1994 and 1999. The 1987 results show 

that households with a HOH with lower levels of education spend more per capita on bus 

fares than those households with a HOH with a third level education, with households 

with a primary educated HOH spending the m ost in comparison with the base category. 

The significance of the 1987 interaction terms in Table 6.19 reflects this change in sign 

and significance that occurred between 1987 and 1994. The effect of the education level 

of the HOH in car-owning households may be capturing the effect of company car 

provision with those with higher levels of education more likely to be engaged in 

occupations'^*’ where company cars are provided. It is expected that those with company 

cars may be more willing to use them as the costs of doing so are lower than for those 

who bear the full costs of owning a car.

Transport Control Variables

Entitlement to free travel exerts a negative and significant effect on per capita bus fare 

expenditures in both samples in all years. This simply reflects the fact that these 

households do not record bus fare expenditures. Unfortunately, it is not possible to

The occupation  o f  the H OH  is not recorded in the data supp lied  by the C SO . A lternative variables, 
w hich  ind icate broad occupational ca tegories such as so c io -ec o n o m ic  group and so c ia l c la ss , w ere not 
considered  tor inclu sion  as independent variables due to concerns over m ultico llin earity  w ith  the incom e  
variable.
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ascertain w hether these households use the bus m ore because o f th e ir en titlem ent to free 

bus travel. A num ber o f studies have exam ined the m erits o f  in troducing  free public 

transport in an attem pt to encourage increased use o f  public  transport bu t have concluded  

that public transport use is inelastic with respect to fare levels. O n the o ther hand, 

FitzRoy and Smith (1998) found that the in troduction  o f  an un lim ited  public transport 

m onthly ticket w hich effectively  reduces the m arginal cost o f  additional trips to zero 

significantly  increased public transport patronage in G eneva. T he resu lts o f  the pooled  

regressions in T ables 6.18 and 6.19 suggest no significant d iffe rence in the effect o f  this 

variable over the period  1987-1999. The effect o f  the num ber o f  m otorcycles m the 

household  is negative and significant in 1994 but insign ifican t in 1987 and 1999 in non 

car-ow ning  households. This m ay indicate an increasing ro le  for the m otorcycle as a 

faster alternative to the bus or the car for m ost jou rneys in 1994 and 1999, as levels o f 

traffic congestion deteriorated . In car-ow ning households the effect is only significant in 

1999 and indicates that as the num ber o f m otorcycles increases, average per cap ita bus 

fare expenditures decrease. The insignificance o f the effects in 1987 and 1994 m ay again 

reflect the differing uses o f  the m otorcycle over time.

In car-ow ning households, entitlem ent to rem uneration  for m o to r expenses has a negative 

and significant effect on average per cap ita  bus fare expend itu res in car-ow ning  

households in 1994 and 1999, indicating that if  the option o f  cheaper p rivate  transport is 

available it will be chosen. The results o f the pooled  regressions in T ables 6.18 and 6.19 

suggest no significant d ifference in the effect o f  this variable over the period  1987-1999. 

In car-ow ning households, the effect o f  increasing num ber o f  househo ld  cars is negative
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and significant in al! years. In all years, squared terms were found to be insignificant 

indicating that as the number of cars increases, average per capita bus fare expenditures 

decrease at a constant rate. Johansson-Stenman (2002) also finds that ownership of a car 

significantly reduces both the probability of travelling by public transport and the number 

of public transport trips. Madan and Groenhaut (1987) similarly find that the num ber of 

cars per adult in the household exerts a significantly negative effect on the probability of 

using public transport to travel to work. W hile the elasticities in Table 6.16 suggest that 

the value of the elasticity has been increasing over time, the results of the pooled 

regression in Table 6.19 indicate no significant difference over the period 1987-1999.

Changes over Time

In households not owning a car, the significance o f the intercept terms for 1987 and 1999 

indicates that the average level o f bus fare expenditure changed significantly between 

1987 and 1994 and again between 1994 and 1999. The year interactions suggest that 

income was a significantly less important factor in explaining variations in household bus 

use in 1987 than in 1994. With the exception of the education interaction terms, the 

insignificance of the remaining independent variable interaction terms indicates that no 

significant changes occurred in the relationships between these variables and bus use over 

the period 1987-1999. For the sample of households owning one or more cars, only the 

intercept term for 1987 is significant suggesting that the value of the intercept of the 

relationship changed significantly between 1987 and 1994 only. The fact that more 

interaction terms are significant for 1987 than for 1999 indicates that the largest change
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in the relationship between these independent variables and household bus use in the 

sample of households owning one or more cars occurred between 1987 and 1994.

6.6.2 Taxi Use

The differences between non car- and car-owning households’ taxi fare expenditure 

patterns are less obvious than for the bus fare expenditure case. This is supported by the 

smaller chi-squared test statistics for the sub-sample division tests reported in Table 6.1. 

hi other words, there are less obvious differences in average per capita taxi fare 

expenditure patterns than in average per capita bus fare expenditure patterns between 

households of differing car ownership status. Nonetheless, the likelihood ratio tests reject 

the null hypotheses of common coefficients and the results continue to distinguish 

between households on the basis of their car ownership status. However, reference will 

be made to the results of the taxi use models based on the full sample o f households 

where appropriate.

Income

Table 6.13 indicates that household income has a positive and significant effect on 

average per capita taxi fare expenditures in non car-owning households in all years. The 

elasticities indicate that the income elasticity has been increasing over time and indeed, 

the results o f the pooled regression in Table 6.21 support this claim with the interaction 

term for 1999 being positive and significant. However, the insignificance of the 1987 

interaction term suggests that there was no significant difference in the effect of income 

over the period 1987-1994. In 1999, the income elasticities evaluated at both the 1994
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and 1999 sample means indicate that taxi use in non car-owning households may be 

considered a luxury with a one per cent increase in income leading to a 1.1 per cent 

increase in average per capita taxi fare expenditures. As with the case for bus fare 

expenditures, the public transport behaviour o f households without cars is sensitive to 

income changes with the higher elasticity for taxi use indicating that an increase in 

income (or a decrease in fares) would lead to a greater increase in the use of taxis than of 

buses.

In car-owning households, the effect of income is positive in all three years, albeit 

insignificant in 1994. Once again, there is evidence to show that the m agnitude of the 

income elasticities has increased over time but the results for the pooled regression in 

Table 6.22 indicate no significant change over the period. As is the case for households 

without cars, taxis in 1999 are a luxury good with a one per cent increase in average 

household income leading to a 1.4 per cent increase in taxi use. The higher elasticity of 

taxi demand than bus demand may be explained by the fact that taxis are a closer 

substitute for the private car and as such, a change in income will induce a relatively 

greater increase in taxi use than in bus use in households with one or more cars. These 

results are in conflict with the results of a survey of 1,673 households in the Dublin area 

in 1997/1998 by Oscar Faber (1998) who found that taxi use was evenly spread across 

socio-economic groups. This result may be accounted for by the fact that the survey was 

cairied out over the months October, November and Decem ber 1997 and January 1998, 

i.e., including the Christmas period, when it is expected that taxi use is higher among all 

groups than at other times of the year.
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Adults

In non car-owning households, the effect of the num ber of adults aged 18 years and over 

on taxi use is insignificant in all three years. This is not surprising given that taxi fare 

expenditures have been adjusted for household size. In contrast, the effect is positive and 

significant in car-owning households in 1987 and 1999, reflecting the competing 

demands on the households’ car(s) in these households, which induce some members to 

choose alternative forms of transport. The larger elasticity for bus use than for taxi use 

suggests that an increase in the number o f adults in car-owning households has a larger 

effect on average per capita bus fare expenditures than on average per capita taxi fare 

expenditures, which may reflect the fact that taxis are often shared whereas the bus is an 

individual mode of transport.

Children

The effect of the number of children in the household is insignificant in all three years 

except in 1987 in car-owning households when the effect is negative. This is consistent 

with the expectation that taxis are almost exclusively a m eans o f transport for adults. The 

results, therefore, indicate that there are no significant differences between households 

with and without children in terms o f their taxi use behaviour.

Accommodation Type

The effect of accommodation type shows that for non car-owning households, there are 

no significant differences between those living in apartments and semi detached/terraced 

houses and those living in detached houses in terms of average per capita taxi fare
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expenditures. However, as with the bus fare expenditure case, the effect is marginally 

significant in car-owning households, although in 1994 and not 1987. The marginal effect 

for those households living in semi-detached/terraced houses in 1994 indicates that these 

households spent significantly more per capita on taxi fares than households living in 

detached houses. This result suggests that distance and cost may influence taxi fare 

expenditure with those living furthest away from the city centre (detached houses) 

spending least because of cost while those living near the city centre (apartm ents) can use 

alternative, cheaper forms of transport such as walking and taking the bus.

Working Status

The presence of at least one working member in the household has a positive and 

significant effect on taxi fare expenditure in 1987 and 1994 in non car-owning 

households but is insignificant in 1999. In contrast, the effect is positive and significant in 

1994 and 1999 in car-owning households. The increasing significance of this variable in 

car-owning households may indicate a growing acceptance o f taxis as a means of 

transport for occasional commuting journeys. However, the results for the pooled 

regression in Table 6.19 indicate no significant difference in the effect of this variable 

over the period 1987-1999.

Gender

The gender of the HOH is not significant in determining taxi use in non car-owning 

households and in car-owning households, the effect o f a single female HOH is only 

positive and significant in 1994. W hile it might be expected that households headed by a
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single female would spend significantly more on taxis due to increased safety concerns 

about travelling alone at night, particularly in non car-owning households, these results 

are consistent w ith the findings o f the Oscar Faber study in 1998, where the same 

proportion o f males as females had taken taxis in the previous six months.

Age

The effect o f increasing HOH age on taxi expenditure is negative in both samples with 

those households w ith a head aged 60 years and over generally spending the least per 

person on taxi fares in all three years. However, the insignificance o f the age o f the HOH 

in non car-owning households in 1999 indicates that there are no significant differences 

between households o f different generations in their taxi use behaviour. The former result 

perhaps reflects the difference in activities undertaken by households in different stages 

o f the life-cycle and the general reticence o f older people to use taxis. For example, 

younger households may socialise more than older households and therefore require late 

night transport, o f which taxis are a popular and often necessary form due to poor public 

transport services late at night. This result is consistent w ith  the findings o f the Oscar 

Faber (1998) study on taxi use among 1,673 Dublin  individuals. That survey found that 

young people aged 15-24 years were most like ly  to have used a taxi in the previous six 

months and where the primary purpose o f taxi journeys was social/recreational (65 per 

cent), followed by personal/family business (16 per cent) and then business/work related 

(6 per cent). The results from the pooled regression in Table 6.21 indicate that for 

households not owning a car, the effect o f being aged 60 years and older was 

significantly less negative in 1999 in comparison w ith 1994. This is consistent w ith the
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results from Table 6.13 where the age of the HOH becomes insignificant in 1999, in 

comparison with 1994.

Education

For the sample of non car-owning households, the effect of the education level of the 

HOH is not significant in any of the three years although the results for the sample of car- 

owning households in Table 6.14 indicate that those with a primary level education in 

1987 spent significantly more per capita on taxi fares relative to those with a third level 

education. Once again, this may be accounted for by the tendency for third level students 

to socialise together and therefore travel home together meaning that the costs o f taxis 

can be shared.

Transport Control Variables

The number of motorcycles is only significant in the full sample in 1987 and indicates 

that as the number of motorcycles in the household increases, average per capita taxi fare 

expenditures decline, a result similar to that found for the bus fare expenditure case and 

consistent with the expectation that the motorcycle, where available, will be favoured 

over the bus or taxi by virtue of its time advantage. The household’s entitlem ent to motor 

expenses is not significant in explaining variations in taxi use in households with one or 

more cars in any of the three years. This may indicate that taxis are used more for leisure 

rather than work trips. The effect o f increasing num ber of household cars is negative and 

significant in 1987 and 1999 and suggests that if the option o f private transport is more 

easily available, it will be chosen. The insignificance of the squared terms indicates that,
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similar to the bus use case, expenditure on taxis decreases with increasing number of 

household cars at a constant rate. W hile the magnitude o f the elasticities in Table 6.17 

suggests that the elasticities are increasing over time, the results from the pooled 

regression in Table 6.22 indicate no significant difference over the period 1987-1999.

Changes over Time

The 1987 and 1999 intercept terms indicate that the major change in the intercept in non 

car-owning households occurred between 1994 and 1999 whereas the opposite is true for 

car-owning households. For the sample of households with no car, the insignificance of 

all the 1987 interaction terms indicates that the m ajor change in the relationship between 

the socio-economic characteristics and taxi use occurred over the period 1994 to 1999, 

which reflects the fact that with the exception o f household income in 1999, all 

independent variables are insignificant in explaining variations in taxi use in non car- 

owning households in 1999. For the sample of households owning one or more cars 

however, only the relationship between the number of motorcycles and taxi use changed 

significantly over the period, in comparison to the bus use case where the relationships 

between accommodation type, gender and education level all changed significantly over 

the period.

6.7 Summary and Conclusions

In this chapter Household Budget Survey micro-data from 1987, 1994 and 1999 were 

used to estimate the socio-economic determinants o f Dublin households’ bus and taxi use 

decisions. The most significant effects found relate to income (as proxied by per capita
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weekly household expenditure), the num ber o f  adults in the household  and the gender and 

age of the HOH. An exam ination of incom e elasticities o f  dem and  reveals that while bus 

use in non car-owning households is consistently classified as a necessity, incom e is 

insignificant in explain ing variations in bus use in car-owning households in 1987 and 

1994 and only marginally  significant in 1999. Income is consistently  positive and 

significant in explaining variations in taxi use in both samples and there is some evidence 

to show that taxis have changed from being necessities to being  luxuries over the period 

1987-1999, although this m ay be due to very low average rates o f  taxi expenditure in 

1987. In addition, the incom e elasticities are higher for taxi use in car-ow ning households 

than in non car-owning households, maybe reflecting the fact that taxis are a close 

substitute for cars. A long with the higher elasticities o f  dem and  for taxi fare expenditure, 

the insignificance o f  incom e in explaining variations in per capita  bus fares in car-ow ning 

households may suggest that factors other than income and price are m ore im portant in 

determining bus fare expenditure, particularly in car-ow ning  households. This  is 

consistent with data for the increase in bus passengers as a result o f  the introduction of 

Quality Bus Corridors on certain bus routes in the city over the last num ber o f  years 

[Dublin Bus (2002) and M adden (2001)].

There are significant differences between non car- and car-ow ning  households in terms of 

the effect o f  the num ber of adults. The effect o f  the num ber o f  adults is highly elastic in 

car-owning households for both bus and taxi use, suggesting that com petition  for the 

household car induces som e m em bers to choose alternative forms o f  transport. The 

gender of the HOH indicates that even in households that own a car, bus use is higher for
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households that are headed by a single female, a result that has implications for 

encouraging people out of their cars. The fact that gender is generally insignificant in 

explaining variations in taxi use*^', while against initial expectations, is consistent with 

the results of the 1998 Oscar Faber survey on taxi use in the Dublin area. The effects of 

the age of the HOH on bus and taxi use are consistent with the expectation that younger 

households are more mobile and are engaged in more activities than older households. 

The following chapter. Chapter 7, uses a different data source to focus on the modal 

choice decisions of Dublin individuals for two specific journey purposes, namely, the 

journeys to work and school/college.

It is s ign if ican t  in c a r -o w n in g  h o u se h o ld s  in 1994.
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6A TABLES

Table 6.1 Likelihood Ratio Tests of Sample Division based on Household Car Ownership Status

BUS USE TA X I U SE
1987 1994 1999 POO L 1987 1994 1999 PO O L

Test Statistic 273.006 206.418 96.719 547.200 138.437 139.584 34.466 125.422
Critical Value

160.01 ^  160.01 160.01 ^  160.01 150.01 150.01 ^  150.01 ^  150.01

32.000 32.000 32.000 32.000 30.580 30.580 30.580 30.580
Reject Ho Reject Ho Reject Ho Reject Ho Reject Ho Reject Ho Reject Ho Reject Ho

Note'. Hfl = Full Sample, i.e., assuming comm on coefficients for the two sub-samples
H| = D ivision  o f  full sample into two sub-samples o f households owning no car and households owning one or more cars, i.e., assuming 
different coefficients for the two sub-samples
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Table 6.2 Likelihood Ratio Tests of Honioscedastic Error Structure, Normal Error Structure and Homoscedastic and

Normal Error Structure for Tobit Models of Bus Use

1987 1994 1999
NO CAR CAR(S) ALL NO CAR CAR(S) ALL NO CAR CAR(S) ALL

Homoscedastic Errors*
Test Statistic 146.194 107.256 279.792 103.834 45.922 172.848 38.960 40.880 82.736
Critical Value

X i . 0 . 0 ]  - x l . 0 . 0 ]  - X 5 . 0 . 0 I  - X 5 .0.01 = X 4 .0.01 = X 4 .0.01 - X 3 .O.OI - X 4 .0.01 - X 2 .0.01 =
11.345 15.086 15.086 15.086 13.277 13.277 11.345 13.277 9.210

Reject Ho Reject Ho Reject Ho Reject Ho Reject Ho Reject Ho Reject Ho Reject Ho Reject Ho

Normal Errors **
Test Statistic 104.512 284.204 424.316 94.716 53.626 266.284 28.253 147.692 191.438
Critical Value

X i p . o i  - X  1,0.01 - X  1,0.01 - Xl,O.OJ - X 1 ,0 . 0 1 - X  1.0.01 - X l .O .O l  - X l .O .O l  -
^2
X l.O .O l  -

6.635 6.635 6.635 6.635 6.635 6.635 6.635 6.635 6.635
Reject Ho Reject Ho Reject Ho Reject Ho Reject Ho Reject Ho Reject Ho Reject Ho Reject Ho

Homoscedastic and Normal Errors ***
Test Statistic 172.736 324.388 523.048 146.764 124.718 330.298 56.057 178.462 254.294
Critical Value II xlp.oi  = X 5 , 0 . 0 I  = X s . o . o i  - X 3 , 0 . 0 I  - X 4 .0.01 = X 3 .O.OI - X  3.0.01 -

^2
X 3 .O.OI -

13.277 13.277 15.086 15.086 11.345 13.277 11.345 11.345 11.345
Reject Ho Reject Ho Reject Ho Reject Ho Reject Ho Reject Ho Reject Ho Reject Ho Reject Ho

N o t e s :  * Ho = Homoscedastic Error Structure ( h  =  0); H; = Heteroscedastic Error Structure (/; ^  0)
** Ho = Normal Error Structure { 9  = 0); H( = Non-Normal Error Structure { 6
*** Ho = Homoscedastic and Normal Error Structure (/; = 0 and 6  =  0); H, = Heteroscedastic and Non-Normal Error Structure (/; ^  0 
and ^  0)
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Table 6.3 Likelihood Ratio Tests of Honioscedastic Error Structure, Normal Error Structure and Homoscedastic and

Normal Error Structure for Tobit Models of Taxi Use

1987 1994 1999
NO CAR CAR(S) ALL NO CA R CAR(S) A LL NO CAR CAR(S) ALL

H om oscedastic E rro rs*
Test Statistic 43.485 41.129 190.690 95.512 86.016 223.004 40.446 92.688 119.156
Critical Value

X 2 .0 .0 I  - X 3 0 .O I  - X 5 .0 .0 !  - X j f l . o i  - XXO.O! =
2

X .io .o i  - X 2,0 .01  - X 3 ,0 .0 I  = X 5 .0 .0 I  -

9.210 11.345 15.086 11.345 11.345 11.345 9.210 11.345 15.086
Reject H q Reject Ho Reject Ho Reject H() Reject Ho Reject Ho Reject Ho Reject Ho Reject Ho

N orm al E rro rs**
Test Statistic 54.720 1.034 126.556 73.114 34.092 165.158 44.681 153.628 190.276
Critical Value

X i.0 .0 1  - x j p . o i  = X  1,0.01 -
^ 2

X ip .O !  -
v 2
X  1,0.01 -

2
X  1,0.01 -

„ 2
X 1,0.01 -

„ 2
X i,o .o i  - x l o . o i  =

6.635 6.635 6.635 6.635 6.635 6.635 6.635 6.635 6.635
Reject Ho Do not 

reject Ho
Reject Ho Reject Ho Reject Ho Reject Ho Reject Ho Reject Ho Reject Ho

H om oscedastic and  N orm al E rro rs***
Test Statistic 78.762 222.894 110.117 104.202 258.154 69.766 193.086 246.468
Critical Value

X 2.0.01  = X 4 .O.OI - X 4 .0.01  = X 4 ,0.01 = X 4,0 .01  -
v 2
X 3 ,0 .0 I  -

^ 2
X 4,0 .01  -

^ 2
X 5 .O.OI -

9.210 13.277 13.277 13.277 13.277 11.345 13.277 15.086
Reject Ho Reject Ho Reject Ho Reject Ho Reject Ho Reject Ho Reject Ho Reject Ho

Notes: * Ho = Homoscedastic Error Structure (h = 0); H| = Heteroscedastic Error Structure (/; ^  0)
** Ho = Normal Error Structure ( 0  = 0); H, = Non-Normal Error Structure ( 0 ^ 0 )
*** Ho = Homoscedastic and Normal Error Structure (/; = 0 and 6  = 0); H) = Heteroscedastic and Non-Normal Error Structure (/; #  0 
and 0 ^ 0 )
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Table 6,4 Likelihood Ratio Specification Tests for Pooled Tobit Models of Bus

Use

NO CAR CAR(S) ALL
Year Dummies*
Test Statistic 16.992 14.284 21.720
Critical Value x io .o , =9.210 xio .o i =9.210 x l f l .O !  =9.210

Reject Ho Reject Ho Reject Ho

Year Dummies and Year Interactions**
Test Statistic 61.960 66.028 15 M l
Critical Value

Z 34,0.01 -  56.061 7 ^  = 63.691 '^SSO.Ol 7 ^  =63.691 
'^40,0.01

Reject Ho Reject Ho Reject Ho

Year Dummies and Year Interactions (Best Fit)***
Test Statistic 38.470 34.348 49.900
Critical Value 20.090 X io .o .o i =23.209 X lo .o .o ! =23.209

Reject Ho Reject Hq Reject Ho

Notes'. * Ho = Tobit (5.11); Hi = Tobit + Year Dummies (5.12)
** H() = Tobit + Year Dummies (5.12); H, = Tobit + Year Dummies + Year Interactions 
(5.13)
*** Hf) = Tobit + Year Dummies (5.12); Hi = Tobit + Year Dummies + Year Interactions 
(Best Fit), i.e., with insignificant year interactions omitted (5.14)
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Table 6.5 Likelihood Ratio Specification Tests for Pooled Tobit Models of Taxi 

Use

NO CAR CAR(S) ALL
Y ear Dummies*
Test Statistic 
Critical Value

182.814

X 2 .0.01 = 9 .210  
Reject H()

330.940

xio.oi = 9 .210  
Reject Ho

477.632 

X 2 ,0 .0 I  = 9 .210  
Reject Ho

Y ear Dummies and  Y ear In teractions**
Test Statistic 50.426
Critical Value .,2

^ 320.01 - 53-486
Do not reject Hq but 
reject at 5% & 10%

Y ear D um m ies and  Y ear In terac tions (Best Fit)*** 
Test Statistic 44.380
Critical Value

180.01 
Reject Ho

34.805

52.046

/Ifc : 59.893
-  37,0.01 

Do not reject Hq but 
reject at 10%

28.584

110.01 
Reject Hq

24.725

55.948

=58.619
' 360.01 

Do not reject Ho but 
reject at 5% & 10%

30.100

=23.209
1Q0.01

Reject Ho
Notes'. * H,) = Tobit (5.11); Hi = Tobit + Year Dummies (5.12)

** Ho = Tobit + Year Dummies (5.12); Hi = Tobit + Year Dummies + Year Interactions 
(5.13)
*** Ho = Tobit + Year Dummies (5.12); H| = Tobit + Year Dummies + Year Interactions 
(Best Fit), i.e., with insignificant year interactions omitted (5.14)
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Table 6.6 Likelihood Ratio of Homoscedastic Error Structure, Normal Error

Structure and Homoscedastic and Normal Error Structure for Pooled 

Tobit Models of Bus Use

NO CAR CAR(S) ALL
Homoscedastic Errors*
Test Statistic 244.442 164.884 499.872
Critical Value

X 3 .O.OI = 11 -345 Xjfl.o! =11.345 X  3.0.01 =11.345
Reject Ho Reject Ho Reject Ho

Normal Errors**
Test Statistic 255.580 459.716 845.836
Critical Value xjfl.oi = 6.635 xlp.oi -  6.635 X  1,0.01 = 6 .635

Reject FI,) Reject Ho Reject Ho

Homoscedastic and Normal Errors***
Test Statistic 368.576 559.980 1051.064
Critical Value x l o . o !  = 13.277 x l o . o !  =11.345 x l o . o i  = 13.277

Reject Ho Reject Ho Reject Ho
Notes: * Ho = Best Fit + Homoscedastic Error Structure (h = 0); H, = Best Fit + Heteroscedastic

Error Structure {h ^  0)
** Hi = Best Fit + Normal Error Structure {6  = 0); Hi = Best Fit + Non-Normal Error 
Structure {9  ^ 0 )
*** Best Fit + Homoscedastic and Normal Error Structure {h =0 and 6  = 0); H| = Best 
Fit + Heteroscedastic and Non-Normal Error Structure (h ^  0 and 6 ^ 0 )
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Table 6.7 Likelihood Ratio Tests of Homoscedastic Error Structure, Normal

Error Structure and Homoscedastic and Normal Error Structure for 

Pooled Tobit Models of Taxi Use

NO CAR CAR(S) ALL
Homoscedastic Errors*
Test Statistic 171.974 171.698 366.608
Critical V alue

jlo .o y  =11-345 x i o , o i  =  13.277 xlfi.Ol = 15.086
R eject Flo R eject Ho R eject Ho

Normal Errors**
Test S tatistic 192.504 276.586 494.190
Critical V alue

J/,0 .0 / = 6.635 x\.O.Ol = 6 .6 3 5 x],o.o\ -  6-635
R eject FI() R eject Ho R eject Ho

Homoscedastic and Normal Errors***
Test S tatistic 285.108 427.946 732.494
Critical V alue X l o m  =  13.277 Xlp.oi = 15.086

R eject Ho R eject Ho R eject Ho
Notes: * Ho = B est Fit + H om oscedastic E rror S tructure  (h = 0); Hi = B est F it + H eteroscedastic

E rror S tructure (h ^  0)
** Ho = B est Fit + N orm al E rror S tructure ( 9  = 0); H | = B est F it + N on-N orm al E rror 
S tructure ( 6  ^ 0 )
*** B est Fit + H om oscedastic and N orm al E rror S tructure  {h =0  and 6  -  0); Hi = Best 
Fit + H eteroscedastic and N on-N orm al E rror S tructu re  (h ^  0 and6^ ^  0)
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Table 6.8 Estimated Coefficients from Tobit Models of Bus Use

VARIABLE 1987 1994 1999
NO CAR CAR(S) ALL NO CAR CAR(S) ALL NO CAR CAR(S) ALL

Constant -4.424 -3.460 -3.842 -5.712 -3.958 -4.919 -6.260 -9.400 -8.453
(1.018)*** (0.685)*** (0.604)*** (1.561)*** (1.141)*** (0.910)*** (2.464)** (1.740)*** (1.397)***

HHEXP 1.830 0.535 2.255 3.939 0.026 2.498 3.186 1.334 1.983

HHEXP-
(0.295)*** (0.181)*** (0.373)*** (0.675)*** (0.088) (0.469)*** (0.716)*** (0.340)*** (0.325)***

-0.165 -0.064 -0.529 -0.671 -0.556 -0.311 -0.136 -0.204
(0.045)*** (0.026)** (0.114)*** (0.141)*** (0.123)*** (0.083)*** (0.035)*** (0.035)***

HHEXP- 0.037
(0.010)***

0.031
(0.009)***

ADULTS 2.093 1.796 1.938 2.912 3.277 3.121 1.752 6.117 4.988
(0.385)*** (0.275)*** (0.243)*** (0.764)*** (0.485)*** (0.441)*** (0.403)*** (0.730)*** (0.657)***

ADULTS- -0.239 -0.155 -0.175 -0.259 -0.221 -0.197 -0.569 -0.417
(0.058)*** (0.038)*** (0.035)*** (0.131)** (0.074)*** (0.071)*** (0.107)*** (0.102)***

CHILDREN -0.092 -0.009 -0.231 -0.022 -0.012 0.004 -0.353 0.058 -0.117

CHILD-
(0.076) (0.051) (0.098)** (0.150) (0.088) (0.087) (0.366) (0.152) (0.150)

0.038
(0.017)**

APART 0.679 0.790 0.395 0.456 -0.618 0.560 0.163 0.850 0.786
(0.639) (0.322)** (0.258) (0.947) (0.469) (0.397) (1.746) (0.791) (0.657)

SEMI 0.651 0.121 -0.009 0.262 -0.006 0.079 0.648 0.372 0.259
(0.615) (0.165) (0.201) (0.907) (0.260) (0.312) (1.646) (0.418) (0.458)

W ORKING 0.724 0.479 0.674 1.660 0.865 1.236 3.105 1.137 2.276
(0.216)*** (0.202)** (0.152)*** (0.384)*** (0.321) *** (0.254)*** (0.822)*** (0.585)* (0.471)***

SINGLE FEM ALE 0.415 -0.497 0.424 1.417 1.505 1.598 0.308 3.234 2.095
(0.289) (0.366) (0.210)** (0.479)*** (0.432)*** (0.322)*** (0.800) (0.672)*** (0.522)***

THIRTY -0.693 -0.551 -0.959 -0.616 -1.118 -1.486 -1.740 -1.656 -1.975
(0.344)** (0.413) (0.257)*** (0.538) (0.781) (0.390)*** (1.227) (0.995)* (0.737)***

FORTY -0.865 -0.413 -1.014 -0.989 -0.726 -1.533 -1.881 -1.537 -1.831
(0.384)** (0.418) (0.271)*** (0.603)* (0.780) (0.407)*** (1.383) (0.995) (0.759)**

FIFTY -0.777 0.132 -0.577 -0.375 -0.655 -1.030 -0.315 -0.912 -0.787
(0.392)** (0.419) (0.273)** (0.644) (0.788) (0.417)** (1.379) (0.972) (0.738)

Notes: (i) Standard Errors are reported in parentheses.
(ii) * significant at 10% level, ** significant at 5% level, *** significant at 1% level
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Table 6.8 continued

VARIABLE
NO CAR

1987
CAR(S) ALL NO CAR

1994
CAR(S) ALL NO CAR

1999
CAR(S) ALL

SIXTY -1.047 -0.416 -1.073 -2.178 -0.861 -1.875 -3.745 -1.407 -2.025
(0.383)*** (0.422) (0.273)*** (0.642)*** (0.796) (0.420)*** (1.417)*** (0.973) (0.752)***

PRIMARY 0.390 0.640 0.556 -1.193 -0.394 -0.732 -0.226 -0.938 -0.971
(0.381) (0.176)*** (0.185)*** (0.575)** (0.306) (0.298)** (1.092) (0.461)** (0.442)**

SECONDARY 0.556 0.307 0.500 -0.779 -0.185 -0.249 0.523 -0.639 -0.439
(0.359) (0.141)** (0.160)*** (0.539) (0.219) (0.242) (0.974) (0.327)* (0.342)

FREETRAV -1.932 -0.766 -1.445 -2.381 -1.350 -1.952 -2.647 -1.618 -2.123
(0.213)*** (0.149)*** (0.135)*** (0.379)*** (0.242) (0.228)*** (0.754)*** (0.348)*** (0.337)***

MOTOR 0.247 -0.666 -0.542 -2.249 -0.192 -0.869 -3.428 -1.209 -1.748
(0.635) (0.280)** (0.302)* (1.105)** (0.566)*** (0.585) (1.360)** (0.556)** (0.568)***

EXPENSES -0.091 -0.150 -0.614 -0.832 -0.494 -0.688
(0.132) (0.172) (0.230)*** (0.289)*** (0.347) (0.401)*

CARS -0.677 -1.487 -1.213 -2.329 -2.603 -3.363
(0.130)*** (0.103)*** (0.214)*** (0.176)*** (0.312)*** (0.254)***

a 2.367 1.547 2.077 4.078 2.673 3.524 5.958 4.196 4.919
(0.073)*** (0.046)*** (0.044)*** (0.131)*** (0.081)*** (0.077)*** (0.278)*** (0.131)*** (0.128)***

Number of Observations 979 1,117 2,096 950 1,198 2,148 577 1,212 1,789
Log-Likelihood -1552.011 -1441.901 -3123.052 -1711.631 -1785.568 -3599.320 -963.037 -1974.280 -2987.169
Het Log-Likelihood -1478.914 -1388.273 -2983.156 -1659.714 -1762.607 -3434.171 -943.557 -1953.840 -2945.801
IHS Log-Likelihood -1499.755 -1299.799 -2910.894 -1664.273 -1758.755 -3466.178 -948.910 -1900.434 -2891.450
IHS Het Log-Likelihood -1465.643 -1279.707 -2861.528 -1638.249 -1723,209 -3434.171 -935.008 -1885.049 -2860.022
Elasticities:
HHEXP 0.784*** 0.394*** 0.769*** 0.672*** 0.026 0.478*** 0.570*** 0.399*** 0.526***
ADULTS 0.903*** 1.812*** 1.306*** 0.817*** [ 993*** 1.375*** 0.451*** 2 [71*** 1.492***
CHILDREN -0.039 -0.009 -0.087** -0.004 -0.005 0.001 -0.027 0.014 -0.020
CARS -0.597*** *0 499*** -0.592*** -0.477*** -0.970*** -0.694***

Notes: (i) Standard Errors are reported in parentheses.
(ii) * significant at 10% level, ** significant at 5% level, *** significant at 1% level
(iii) The calculation of elasticities incorporates non-linear terms.
(iv) The significance levels of elasticities are those of the underlying marginal effects.
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Table 6.9 Estimated Coefficients from Tobit Models of Taxi Use

VARIABLE
NO CAR

1987
CAR(S) ALL NO CAR

1994
CAR(S) ALL NO CAR

1999
CAR(S) ALL

Constant -13.843 -8.634 -13.033 -21.227 -14.477 -20.602 -26.367 -16.593 -18.649
(2.956)*** (1.480)*** (1.716)*** (3.700)*** (3.106)*** (1.908)*** (4.282)*** (2.481)*** (1.911)***

HHEXP 4.434 1.663 3.371 5.549 3.547 5.878 9.063 2.348 3.890
(1.006)*** (0.424)*** (0.570)*** (0.497)*** (0.722)*** (0.709)*** (1.063)*** (0.519)*** (0.513)***

HHEXP- -0.439 -0.178 -0.379 -0.308 -0.487 -0.741 -0.103 -0.242
(0.149)*** (0.062)*** (0.085)*** (0.090)*** (0.093)*** (0.113)*** (0.046)** (0.049)***

ADULTS 1.578 2.741 2.885 2.302 5.453 3.490 6.809 3.962 3.500
(0.332)*** (0.563)*** (0.657)*** (0.525)*** (1.247)*** (0.309)*** (2.091)*** (0.350)*** (0.295)***

ADULTS- -0.242 -0.183 -0.331 -0.925
(0.072)*** (0.087)** (0.179)* (0.356)***

CHILDREN -0.179 0.103 -0.043 0.544 0.183 0.510 1.233 -0.067 0.093
(0.280) (0.106) (0.145) (0.380) (0.253) (0.238)** (0.523)*** (0.287) (0.253)

APART 1.794 -0.386 0.963 3.912 1.558 2.723 -0.213 3.436 2.096
(2.117) (0.756) (0.752) (2.946) (1.194) (1.086)** (2.323) (1.390)** (1.069)**

SEMI 1.174 0.089 -0.017 4.202 1.258 1.965 -0.445 0.451 0.337
(2.022) (0.336) (0.580) (2.833) (0.718)* (0.865)** (2.177) (0.774) (0.739)

WORKING 1.055 0.423 0.981 2.985 1.524 2.621 1.567 3.966 4.073
(0.750) (0.462) (0.463)** (0.918)*** (0.918)* (0.668)*** (1.150) (1.070)*** (0.767)***

SINGLE FEMALE 0.091 1.530 1.262 2.304 3.966 3.454 2.160 2.166 2.080
(0.857) (0.732)** (0.652)* (1.083)** (1.166)*** (0.744)*** (1.358) (1.053)** (0.757)***

THIRTY -1.581 -2.291 -2.267 -2.372 -6.189 -3.063 -1.774 -1.906 -1.634
(1.020) (0.721)*** (0.672)*** (1.280)* (1.703)*** (0.964)*** (1.673) (1.767) (1.192)

FORTY -1.793 -2.213 -2.223 -4.143 -7.773 -5.332 -2.614 -3.545 -2.979
(1.228) (0.731)*** (0.731)*** (1.502)*** (1.726)*** (1.043)*** (1.930) (1,779)** (1.236)**

FIFTY -0.355 -1.586 -1.121 -4.097 -7.336 -4.314 -2.379 -3.822 -2.929
(1.155) (0.713)** (0.696)* (1.584)*** (1.745)*** (1.041)*** (1.891) (1.741)** (1.196)**

SIXTY -3.813 -1.976 -2.803 -7.809 -9.014 -6.758 -1.761 -3.644 -2.824
(1.156)*** (0.707)*** (0.690)*** (1.550)*** (1.769)*** (1.033)*** (1.859) (1.723)** (1.189)**

Notes: (i) Standard Errors are reported in parentheses.
(ii) * significant at 10% level, ** significant at 5% level, *** significant at 1% level
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Table 6.9 continued

VARIABLE
NO CAR

1987
CAR(S) ALL NO CAR

1994
CAR(S) ALL NO CAR

1999
CAR(S) ALL

PRIMARY -1.164 0.809 0.432 0.695 1.008 1.170 1.276 1.254 1.459
(1.133) (0.359)** (0.526) (1.437) (0.810) (0.786) (1.560) (0.851) (0.733)**

SECONDARY -0.541 0.386 0.363 0.352 -0.246 0.608 0.502 0.519 0.752
(1.024) (0.295) (0.447) (1.286) (0.581) (0.621) (1.383) (0.607) (0.561)

MOTOR -0.101 -1.551 -1.950 0.065 0.962 1.108 -1.483 -0.392 -0.314
(2.060) (0.675)** (0.965)** (2.696) (1.340) (1.402) (1.694) (0.920) (0.830)

EXPENSES 0.112 -0.098 0.094 -0.629 -0.085 -0.274
(0.266) (0.492) (0.588) (0.723) (0.633) (0.639)

CARS -0.636 -1.835 -2.069 -3.878 -2.320 -2.966
(0.251)** (0.295)*** (0.555)*** (0.464)*** (0.565)*** (0.408)***

cr 5.216 2.078 4.016 8.365 5.824 7.600 7.355 7.345 7.545
(0.355)*** (0.140)*** (0.190)*** (0.416)*** (0.276)*** (0.260)*** (0.428)*** (0.267)*** (0.233)***

Number of Observations 890 1,117 2,096 950 1,198 2,148 577 1,212 1,789
Log-Likelihood -592.387 -521.933 -1185.942 -1053.625 -1206.440 -2320.783 -713.021 -1871.223 -2615.945
Het Log-Likelihood -570.644 -501.364 -1090.577 -1005.869 -1163.432 -2209.281 -692.798 -1824.879 -2556.367
IHS Log-Likelihood -565.027 -521.416 -1122.644 -1017.068 -1189.394 -2238.304 -690.681 -1794.409 -2520.807
IHS Het Log-Likelihood -553.006 -1074.475 -998.567 -1154.339 -2191.706 -678.138 -1774.680 -2492.711
Elasticities:
HHEXP 1.030*** 0.966*** 1 228*** 0 929*** 1 058*** 1 278*** 1.381*** 0.958*** [ 144***
ADLTLTS 0.663*** 1 880*** 1.491 *** 0.504*** 1.848*** 1.131*** 0.774*** 1 569*** 1.168***
CHILDREN -0.042 0.075 -0.018 0.057 0.042 0.080** 0.074*** -0.011 0.012
CARS -0.388** -0.398*** -0.541*** -0.438*** -0.626*** -0 449***

Notes: (i) Standard Errors are reported in parentheses.
(ii) * significant at 10% level, ** significant at 5% level, *** significant at 1% level
(iii) The calculation of elasticities incorporates non-linear terms.
(iv) The significance levels of elasticities are those of the underlying marginal effects.

213



Table 6.10 Marginal Effects for Heteroscedastic and Non-Normal Tobit Models

of Bus Use (No Car Sample)

VARIABLE 1987 HETERO.
TERMS

1994 HETERO.
TERMS

1999 HETERO.
TERMS

Constant -1.974 0.390 -2.051 0.872 -2.619 1,806
(0.312)*** (0.097)*** (0.762)*** (0 .II2)*** (0.883)*** (0.132)***

HHEXP 0.870 0.163 1.155 0.218 0.798
(0.035)*** (0.047)*** (0.296)*** (0.056)*** (0.250)***

ADULTS 0.657 0.839 -0.071 0.269 -0,138
(0.030)*** (0.269)*** (0.034)** (0.202) (0,060)**

CHILDREN -0.142 -0.122 -0.054 -0.056 -0.391 -0,187
(0.001)*** (0.021)*** (0.059) (0.022)* (0.134)*** (0.043)***

APART 0.040 0.083 0.415
(0.118) (0.498) (0.642)

SEMI 0.181 0.119 0.534
(0.110) (0.481) (0.616)

WORKING 0.191 0.766 1.220
(0.009)** (0.145)*** (0,273)***

SINGLE FEMALE 0.326 0.631 -0.031
(0.022)** (0.221)*** (0.293)

THIRTY -0.271 -0.239 -0.505
(0.033) (0.262) (0.445)

FORTY -0.309 -0.466 -0.640
(0.036)* (0.290)* (0.480)

FIFTY -0.403 -0.315 -0.288
(0.039)** (0.316) (0.472)

SIXTY -0.730 -1.114 -1.479
(0.044)*** (0.324)*** (0.519)***

PRIMARY 0.112 -0.777 0.017
(0.050) (0.277)*** (0.339)

SECOND 0.179 -0.581 0.370
(0.045) (0.271)** (0.321)

FREETRAV -0.941 0 .I2 I -0.902 -0.833
(0.014)*** (0.066)* (0.145)*** (0.261)***

MOTOR 0.112 -2.341 -1 .128 -1 .153
(0.048) (0.435)*** (0.251)*** (1.246)

e 0.270
(0.049)***

0.211
(0.033)***

0.132
(0.035)***

Observations
Non-linear terms
Log-Likelihood
Elasticities:
HHEXP
ADULTS
CHILDREN

979
H H EX P\ ADULTS- 

-1465.643

0.877***
0.856***
-0.104***

950
HHEXP^ ADULTS^ 

-1638.249

0.686***
0.652***

-0.020

577
HHEXP-
-935.008

0,527***
0.172

-0,074***
Notes: (i) Standard errors are reported in parentheses.

(ii) * significant at 10% level, ** significant at 5% level, *** significant at 1% level
(iii) The calculation of elasticities incorporates non-linear terms.
(iv) The significance levels of elasticities are those o f the underlying marginal effects.
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Table 6.11 Marginal Effects for Heteroscedastic and Non-Norma! Tobit Models

of Bus Use (One or More Cars Sample)

VARIABLE 1987 HETERO. 1994 HETERO. 1999 HETERO.
TERMS TERMS TERMS

Constant -1.573 0.185 -2.344 0.800 -3.924 1.287
(0.295)*** (0.114)* (0.515)*** (0.082)*** (0.686)*** (0,107)***

HHEXP 0.098 0.015 0.189
(0.063) (0.040) (0.114)*

ADULTS 0.491 -0.062 1.001 -0.073 1.091 -0.164
(0.097)*** (0.023)*** (0.192)*** (0.026)*** (0.237)*** (0.034)***

CHILDREN -0.030 -0.108 -0.074 -0.099 -0.024 -0.049
(0.022) (0.021)*** (0.036)** (0.020)*** (0.059) (0.023)**

APART 0.363 -0.210 0.336
(0.138)** (0.214) (0.302)

SEMI -0.001 0.012 0.077
(0.065) (O.IIO) (0 .I5 I)

W ORKING 0.164 0.351 0.517
(0.080)** (0.139) *** (0.221)***

SINGLE FEMALE -0.180 0.932 1.406
(0.163) (0,203)*** (0.290)***

THIRTY -0.311 -0.305 -0.529
(0.183)* (0.323) (0.384)

FORTY -0.217 -0.106 -0.508
(0.184) (0.320) (0.384)

FIFTY -0.052 -0.083 -0.306
(0.185) (0.324) (0.373)

SIXTY -0.227 -0.251 -0.502
(0.184) (0.325) (0.375)

PRIMARY 0.299 -0.127 -0.212
(0.071)*** (0.133) (0.160)

SECOND 0.143 -0.087 -0.182
(0.058)** (0.096) (0.120)

FREETRAV -0.370 -0.556 -0.637
(0.066)*** (0.114) *** (0.135)***

MOTOR -0.195 -0.063 -0.360
(0.125) (0.192) (0.168)**

EXPENSES -0.066 -0.251 -0.227
(0.054) (0.101)*** (0.120)**

CARS -0.328 -0.147 -0.472 -0.915
(0.064)*** (0.069)** (O.IOI)*** (0.124)***

e 1.142 0.454 0.390
(0.135)*** (0.065)*** (0.050)***

Observations 1,117 1,198 1,212
Non-linear terms HHEXP% ADULTS^ ADULTS^ H H E X P \ ADULTS^
Log-Likelihood -1279.707 -1723.209 -1885.049
Elasticities:
HHEXP 0.329 0.032 0.389*
ADULTS 1.637*** 1.794*** 1.562***
CHILDREN -0.062 -0.065** -0.014
CARS -0.567*** -0.479*** -0.798***

Notes: (i) Standard errors are reported in parentheses.
(ii) * significant at 10% level, ** significant at 5%  level, *** significant at 1% level
(iii) The calculation of elasticities incorporates non-linear terms.
(iv) The significance levels o f elasticities are those of the underlying marginal effects.
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Table 6.12 Marginal Effects for Heteroscedastic and Non-Normal Tobit Models

of Bus Use (Full Sample)

VARIABLE 1987 HETERO. 1994 HETERO. 1999 HETERO.
TERMS TERMS TERMS

Constant -1.652 0.259 -2.232 1.010 -3.659 1.508
(0.280)*** (0.079)*** (0.390)*** (0.061)*** (0.611)*** (0.080)***

HHEXP 0.311 0.075 0.271 0.306
(0.131)** (0.026)*** (0.151)* (0.107)***

ADULTS 0.626 -0.034 1.055 -0.058 0.924 -0.175
(0.092)*** (0.018)* (0.156)*** (0.021)*** (0.219)*** (0.026)***

CHILDREN -0.062 -0.079 -0.092 -0.100 -0 .I I6  -0.077
(0.029)** (0.015)*** (0.035)*** (0.014)*** (0.052)** (0.019)***

APART 0.116 0.208 0.315
(0.109) (0.165) (0.235)

SEMI -0.045 0.034 0.033
(0.077) (0.124) (0.150)

WORKING 0.178 0.489 0.890
(0.064)*** (0.102)*** (0.187)***

SINGLE FEMALE 0.284 0.980 0.877
(0.100)** (0.147)*** (0.217)***

THIRTY -0.432 -0.577 -0.542
(0.132)*** (0.186)*** (0.269)**

FORTY -0.408 -0.600 -0.561
(0.136)*** (0.191)*** (0.276)**

F lF l V -0.290 -0.472 -0.269
(0.139)** (0.195)*** (0.264)

SIXTY -0.531 -0.870 -0.647
(0.179)*** (0.206)*** (0.274)**

PRIMARY 0.277 -0.265 -0.236
(0.079)*** (0.124)** (0.139)*

SECOND 0.211 -0.124 -0.074
(0.069)*** (0.101) (0.114)

FREETRAV -0.623 -0.759 -0.712
(0.060)*** (0.093)*** (0.126)***

MOTOR -0.217 -0.207 -0.476
(0.126)* (0.205) (0.157)***

EXPENSES -0.115 -0.322 -0.448
(0.069)* (0.013)*** (0.125)**

CARS -0.654 -0.226 -0.909 -0.081 -1.028
(0.117)*** (0.062)*** (0.085)*** (0.034)** (0.117)***

e 0.696 0.358 0.286
(0.062)*** (0.036)*** (0.031)***

Observations 2,096 2,148 1,789
Non-linear terms HHEXP^ ADULTS^ HHEXP^, HHEXP’, ADULTS^ HHEXP% ADULTS-
Log-Likelihood -2861.528 -3434.171 -2860.022
Elasticities:
HHEXP 0.578** 0.324* 0,444***
ADULTS 1 277*** 1.260*** 1.005***
CHILDREN -0.075** -0.053*** -0.047**
CARS -0.409*** -0.378*** -0.508***

Notes: (i) Standard errors are reported in parentheses.
(ii) * significant at 10% level, ** significant at 5% level, *** significant at 1% level
(iii) The calculation of elasticities incorporates non-linear terms.
(iv) The significance levels o f elasticities are those of the underlying marginal effects.
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Table 6.13 Marginal Effccts for Heteroscedastic and Non-Normal Tobit Models

of Taxi Use (No Car Sample)

VARIABLE 1987 HETERO.
TERMS

1994 HETERO.
TERMS

1999 HETERO.
TERMS

Constant -0.902 1.498 -2.293 1.754 -4.844 2.065
(0.239)*** (0.160)*** (0.547)*** (0.144)*** (0.945)*** (0.141)***

HHEXP 0.200 0.968 0.179 1.143
(0.066)*** (0.157)*** (0.063)*** (0.232)***

ADULTS -0.030 -0.205 0.055 -0.163 0.316 -0.220
(0.934) (0.045)*** (0.084) (0.040)*** (0.283) (0.048)***

CHILDREN -0.010 -0.041 -0.087 0.082 -0.111
(0.018) (0.067) (0.042)** (0.108) (0.063)*

APART 0.080 0.067 0.076
(0.155) (0.309) (0.373)

SEMI 0.052 0.307 0.094
(0.148) (0.291) (0.330)

WORKING 0.091 0.352 0.188
(0.049)* (0.119)*** (0.194)

SINGLE FEMALE -0.079 0.123 0.182
(0.070) (0.156) (0.255)

THIRTY -0.097 -0.234 0.046
(0.070)* (0.183) (0.295)

FORTY -0.115 -0.387 -0.281
(0.085)* (0.200)** (0.307)

FIFTY -0.024 -0.392 -0.127
(0.071) (0.212)** (0.306)

SIXTY -0.218 -0.966 -0.156
(0.083)*** (0.241)*** (0.289)

PRIMARY -0.022 0.066 0.195
(0.078) (0.217) (0.232)

SECOND 0.018 0.048 0.067
(0.073) (0.200) (0.208)

MOTOR 0.033 0.059 -0.140
(0.126) (0.357) (0.298)

e 0.369 
(0.105)** *

0.105
(0.029)***

0.120
(0.032)***

Observations
Non-linear terms
Log-Likelihood
Elasticities:
HHEXP
ADULTS
CHILDREN

890
HHEXP-
553.006

0.780***
-0.151
-0.029

950

-998.567

0.935***
0.069
-0.025

577
HHEXP^ ADULTS^ 

-678.138

1.125***
0.301
0.023

Notes: (i) Standard errors are reported in parentheses.
(ii) * significant at 10% level, ** significant at 5% level, *** significant at 1% level
(iii) The calculation of elasticities incorporates non-linear terms.
(iv) The significance levels o f elasticities are those of the underlying marginal effects.

217



Table 6.14 Marginal Effects for Hetcroscedastic and Non-Normal Tobit Models

of Taxi Use (One or More Cars Sample)

VARIABLE 1987 HETERO.
TERMS

1994 HETERO.
TERMS

1999 HETERO.
TERMS

C onstant -0.658 2.038 -3.132 1.918 -4.101 1.601
(0.133)*** (0.244)*** (0.619)*** (0.194)*** (0.745)*** (0.137)***

H H EX P 0.060 0.401 0.127 0.483 0.056
(0.026)** (0.383) (0.048)*** (0.168)*** (0.023)**

A DU LTS 0.054 -0.234 0.472 -0.196 0.732 -0.109
(0.033)* (0.050)*** (0.440) (0.040)*** (0.147)*** (0.026)***

C H ILD R EN -0.089 -0.098 0.021 -0.111 -0.087
(0.028)*** (0.032)*** (0.037) (0.084) (0.032)***

A PA R T -0.079 0.339 0.516
(0.066) (0.201) (0.429)

SEM I -0.004 0.167 -0.087
(0.017) (0.107)* (0.187)

W O RK IN G 0.052 0.276 1.047
(0.039) (0.149)** (0.342)***

SIN G LE FEM A LE -0.010 0.634 0.368
(0.089) (0.226)** (0.308)

TH IR TY -0.268 -0.539 -0.482
(0.066)*** (0.311)** (0.513)

FO RTY -0.238 -0.753 -0.993
(0.057)*** (0.318)*** (0.508)**

FIF’TY -0.199 -0.607 -0.912
(0.050)*** (0.316)*** (0.507)**

SIX TY -0.225 -0.810 -0.920
(0.053)*** (0.321)*** (0.502)**

PR IM A R Y 0.059 0.151 0.353
(0.022)** (0.112) (0.209)

SECO N D 0.025 0.030 0.135
(0.019) (0.092) (0.165)

M O TO R -0.065 0.128 -0.023
(0.041) (0.152) (0.274)

EX PEN SES -0.003 -0.050 -0.055
(0.016) (0.085) (0.157)

CARS -0.108 -0.379 -0.425 -0.203 -0.536
(0.033)*** (0.122)*** (0.562) (0.097)** (0.143)***

e 0.137
(0.039)***

0.196
(0.029)***

O bservations
N on-linear terms
Log-L ikelihood
Elasticities:
H H EX P
ADU LTS
C H ILD R EN
CARS

1,117
HHEXP% A D U LTS- 

-501.364

0.829**
0.741*

-0.756***
-0.775***

1,198 
H H E X P ^ A DU LTS^ 

-1154,339

1.143
1.174
0.025
-0.599

1,212
H H EX P-

-1774.680

0.870***
0.916***

-0.003
-0.409***

N otes: (i) S tandard errors are reported in parentheses.
(ii) * sign ifican t at 10% level, ** sign ifican t at 5%  level, *** sign ifican t at 1% level
(iii) The calculation  o f e lasticities incorporates non-linear term s.
(iv) T he significance levels o f  elastic ities are those o f  the underlying m arginal effects.
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Table 6.15 Marginal Effects for Heteroscedastic and Non-Normal Tobit Models

of Taxi Use (Full Sample)

VARIABLE 1987 HETERO.
TERMS

1994 HETERO.
TERMS

1999 HETERO.
TERMS

Constant -0.827 1.550 -2.491 1.641 -4.209 1.685
(0.131)*** (0.137)*** (0.318)*** (0.105)*** (0.532)*** (0.100)***

HHEXP 0.117 0.069 0.664 0.199 0.686 0.071
(0.031)*** (0.034)** (0.115)*** (0.039)*** (0.132)*** (0.020)***

ADULTS 0.058 -0.226 0.249 -0.128 0.582 -0.104
(0.028)** (0.030)*** (0,054)*** (0.022)*** (0.098)*** (0.025)***

CHILDREN 0.006 0.037 -0.049 -0.079
(0.006) (0,030) (0.059) (0.027)***

APART 0.012 0.214 0.243
(0.038) (0.145) (0.270)

SEMI -0.011 0.210 -0.084
(0.020) (0.104)** (0.152)

WORKING 0.072 0.357 0.946
(0.029)*** (0.097)*** (0.209)***

SINGLE FEMALE 0.021 0.277 0.316
(0.047) (0.119)** (0.197)

THIRTY -0.147 -0.382 -0.335
(0.048)*** (0.144)*** (0.318)

FORTY -0.141 -0.553 -0.731
(0.046)*** (0,160)*** (0.317)***

FlFl'Y -0.103 -0.420 -0.641
(0.039)*** (0.153)*** (0.313)**

SIXTY -0.168 -0.735 -0.678
(0,042)*** (0,161)*** (0.312)**

PRIMARY 0.060 0.091 0.408
(0,022)** (0.102) (0.160)**

SEC’OND 0.031 0.054 0.213
(0.022) (0.085) (0.135)*

MOTOR -0.088 0.144 -0.005
(0.024)*** (0.172) (0.223)

EXPENSES -0.003 -0.122 -0.092
(0.029) (0.087) (0.136)

CARS -0.162 -0.327 -0.640 -0.276 -0.721 -0.076
(0.023)*** (0.057)*** (0.079)*** (0.047)*** (0.104)*** (0.038)**

e 0.313
(0.074)***

0.116
(0.022)***

0.167
(0.022)***

Observations
Non-linear terms
Log-Likelihood
Elasticities:
HHEXP
ADULTS
CHILDREN
CARS

2,096 
HHEXP^ ADULTS- 

-1074.475

0.864***
0.473**

0.031
-0.402***

2,148
HHEXP-

-2191.706

1 252*** 
0.452*** 

0.033 
-0.405***

1,789
HHEXP’

-2492.711

1.060***
0.674***

-0.021
-0.379***

Notes: (i) Standard errors are reported in parentheses.
(ii) * significant at 10% level, ** significant at 5% level, *** significant at 1% level
(iii) The calculation of elasticities incorporates non-linear terms.
(iv) The significance levels of elasticities are those o f the underlying marginal effects.
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Table 6.16 Bus Use Elasticities of Demand at 1994 Sample Means^^^

HHEXP ADULTS CHILDREN CARS
NO CAR
1987 0.517*** 0.511*** -0.053***
1994 0.686*** 0.652*** -0.020
1999 0.474*** 0.209 -0.145***

CAR(S)
1987 0.201 0.879*** -0.026 -0.333***
1994 0.032 j 794*** -0.065** -0.479***
1999 0.388* I 957*** -0.024 -0.892***

FULL SAMPLE
1987 0.371** 0.747*** -0.036** -0.272***
1994 0.324* 1.260*** -0.053*** -0.378***
1999 0.365*** 1.103*** -0.067** -0.428***

Notes: (i) * significant at 10% level, ** significant at 5% level, *** significant at 1% level
(ii) The calculation of elasticities incorporates non-linear terms.
(iii) The significance levels of elasticities are those of the underlying marginal effects

Table 6.17 Taxi Use Elasticities of Demand at 1994 Sample Means'^*

HHEXP ADULTS CHILDREN CARS
NO CAR
1987 0193*** -0.038 -0.006
1994 0.935*** 0.069 -0.025
1999 1 104 * * * 0.399 0.050

CAR(S)
1987 0.170** 0.134* -0.108*** -0.153***
1994 1.143 1.174 0.025 -0.599
1999 1 376*** 1 821*** -0.135 -0.755***

FULL SAMPLE
1987 0 212*** 0.106** 0.006 -0.102***
1994 1 252*** 0.452*** 0.033 -0.405***
1999 1.241*** 1.055*** -0.043 -0.456***

Notes: (i) * significant at 10% level, ** significant at 5% level, *** significant at 1% level
(ii) The calculation of elasticities incorporates non-linear terms.
(iii) The significance levels of elasticities are those of the underlying marginal effects.

In contrast to the elasticities reported in Tables 6.8 to 6.15 inclusive, which are calculated using the 
sample means of the year in question, the elasticties reported in Tables 6.16 and 6.17 are calculated using 
the 1994 sample means to enable more accurate comparisons over the period 1987-1999.
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Table 6.18 Coefficient Estimates for Pooled Heteroscedastic and Non-Normal

Tobit Models of Bus Use (No Car Sample)

VARIABLE 1987 1994 1999 HETERO.
TERMS

Constant -1.681 -2.899 -1.738 1.025
(0.785)** (0.764)*** (0.740)** (0.065)***

HHEXP -1.041 3.128 -0.606 0.104

HHEXP-
(0.633)* (0.570)*** (0.700) (0.031)***

0.557 -0.771 0.439
(0.191)*** (0.181)*** (0.206)**

ADULTS 2.130
(0.252)***

-0.057
(0.019)***

ADULTS- -0.214
(0.037)***

CHILDREN -0.021
(0.041)

-O .Ill
(0.013)***

APART 0.355
(0.430)

SEMI 0.528
(0,413)

WORKING 0.842
(0.134)***

SINGLE FEMALE 0.688
(0.196)***

THIRTY -0.541
(0.247)**

FORTY -0.739
(0.266)***

FIFTY -0.674
(0.275)**

SIXTY -1.774
(0.290)***

PRIMARY 1.378 -1.138 1.200
(0.594)** (0.347)*** (0.510)**

SECOND 1.291 -0.906 1.282
(0.589)** (0.337)*** (0.507)**

FREETRAV -1.474
(0.125)***

MOTOR -1.019
(0.426)**

B 0.220
(0.022)***

Number of Observations 2,506
Log-Likelihood -4407.835
IFIS Het Tobit Log-Likelihood -4223.547

Notes: (i) Standard errors are reported in parentheses.
(ii) * significant at 10% level, ** significant at 5% level, *** significant at 1% level
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Table 6.19 Coefficient Estimates for Pooled Heteroscedastic and Non-Normal

Tobit Models of Bus Use (One or More Cars Sample)

VARIABLE 1987 1994 1999 HETERO.
TERMS

Constant -0.457 -3.449 -0.196 0.763
(0.213)** (0.394)*** (0.194) (0.050)***

HHEXP 0.452

HHEXP-
(0.092)***

-0.059
(0.013)***

ADULTS 2.322
(0.141)***

-0.096
(0.014)***

ADULTS- -0.208
(0.018)***

CHILDREN 0.081
(0.026)***

-0.100
(0.012)***

APART 0.917 -0.413 0.737
(0.415)** (0.275) (0.380)*

SEMI -0.142 0.071 0.050
(0.212) (0.143) (0.199)

WORKING 0.490
(0.110)***

SINGLE FEMALE -1.031 0.849 0.294
(0.414)** (0.219)*** (0.262)

THIRTY -0.625
(0.244)**

FORTY -0.398
(0.244)*

FIFTY -0.230
(0.242)

SIXTY -0.513
(0.245)**

PRIMARY 0.433 -0.034 -0.132
(0.218)** (0.164) (0.209)

SECOND 0.293 -0.047 -0.114
(0.181)* (0.121) (0.159)

FREETRAV -0.723
(0.081)***

MOTOR -0.307
(0.119)***

EXPENSES -0.237
(0.073)***

CARS -0.718
(0.070)***

e 0.563
(0.040)***

Number of Observations 3,527
Log-Likelihood -5333.221
IHS Het Tobit Log-Likelihood -5053.231

Notes: (i) Standard errors are reported in parentheses.
(ii) * significant at 10% level, ** significant at 5% level, *** significant at 1% level
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I'able 6.20 Coefficient Estimates for Pooled Heteroscedastic and Non-Normal

Tobit Models of Bus Use (Full Sample)

VARIABLE 1987 1994 1999 HETERO.
TERMS

Constant -0.830 -3.030 -0.605 0,992
(0.279)*** (0.339)*** (0.275)** (0.038)***

HHEXP 0.360 1.236 0.239

HHEXP-
(0.073)*** (0.153)*** (0.074)***

-0.322

HHEXP'
(0.041)***

0.019
(0,003)***

ADULTS -0.295 2.283 -0.064 -0.078

ADULTS-
(0.061)*** (0.131)*** (0.073) (0.012)***

-0.176
(0.017)***

CHILDREN 0.063
(0.044)

-0.100
(0.008)***

CHILD- -0.003
(0.006)

APART 0.257
(0.135)*

SEMI 0.016
(0.096)

WORKING 0.648
(0.084)***

SINGLE FEMALE -0.590 1.141 -0.236
(0.230)** (0.167)*** (0.230)

THIRTY -0.919
(0.157)***

FORTY -0,868
(0.161)***

p if t y -0.637
(0.161)***

SIXTY -1.128
(0.165)***

PRIMARY 0.947 -0.431 0.230
(0.218)*** (0.152)*** (0.205)

SECOND 0.619 -0.174 0.110
(0.193)*** (0,127) (0,172)

FREETRAV -1.062
(0.069)***

MOTOR -0.449
(0.123)***

EXPENSES -0.329
(0.083)***

CARS -1.080
(0.057)***

-0.074
(0.023)***

e 0.398 (0.023)***
Number of Observations 6,033
Log-Likelihood -9985.170
IHS Het Tobit Log-Likelihood -9459.638

Notes: (i) Standard errors are reported in parentheses.
(ii) * significant at 10% level, ** significant at 5% level, *** significant at 1% level
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Table 6.21 Coefficient Estimates for Pooled Heteroscedastic and Non-Normal

Tobit Models of Taxi Use (No Car Sample)

VARIABLE 1987 1994 1999 HETERO.
TERMS

Constant -1.698 -9.352 -3.595 1.568
(1.484) (1.405)*** (1.493)** (0.096)***

HHEXP -0.926 3.340 1.935 0.082

HHEXP-
(0.901) (0.669)*** (0.971)** (0.039)**
-0.011 -0.246 -0.326
(0.188) (0.148)* (0.220)

ADULTS 0.197 2.494 0.828 -0.232
(0.718) (0.676)*** (0.802) (0.027)***

ADULTS- 0.035 -0.230 -0.164
(0.114) (0.109)** (0.133)

CHILDREN -0.279 0.262 0.437 -0.058
(0.185) (0.127)** (0.260)* (0.026)**

APART 0.404
(0.612)

SEMI 0.583
(0.557)

WORKING 0.785
(0.237)***

SINGLE FEMALE 0.561
(0.375)

THIRTY -0.502 -0.436 0.151
(0.826) (0.511) (0.993)

FORTY -0.287 -1.189 0.127
(0.861) (0.521)** (0.999)

FIFTY 0.271 -1.202 0.658
(0.799) (0.534)** (0.984)

SIXTY -0.073 -2.534 2.007
(0.756) (0.519)*** (0.848)**

PRIMARY 0.161
(0.389)

SECOND 0.166
(0.353)

MOTOR -0.175
(0.589)

e 0.214
(0.030)***

Number of Observations 2,506
Log-Likeli hood -2215.476
IHS Het Tobit Log-Likelihood -2072.922

Notes: (i) Standard errors are reported in parentheses.
(ii) * significant at 10% level, ** significant at 5% level, *** significant at 1% level
(iii) Variables that are significant in the unadjusted model are included in the models 
adjusted for heteroscedasticity and non-normality. This accounts for the fact that ail 1987 
interactions included in the final specification are insignificant.
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Table 6.22 Coefficient Estimates for Pooled Heteroscedastic and Non-Normal

Tobit Models of Taxi Use (One or More Cars Sample)

VARIABLE 1987 1994 1999 HETERO.
TERMS

Constant -2.301 -9.701 -0.521 1.545
(1.314)* (1.246)*** (1.172) (0.100)***

HHEXP 1.604 0.059

HHEXP-
(0.236)*** (0.024)**

-0.152
(0.034)***

ADULTS 3.604
(0.301)***

0.192
(0.023)***

ADULTS- -0.284
(0.033)***

CHILDREN 0.213
(0.071)***

-0.064
(0.021)***

APART 0.690
(0.400)*

SEMI 0.195
(0.181)***

WORKING 1.390
(0.295)***

SINGLE FEMALE 1.349
(0.413)**

THIRTY -1.381 -2.425 1.954
(1.382) (0.990)*** (1.239)

FORTY 0.062 -2.994 1.388
(1.357) (0.979)*** (1.211)

FIFTY 0.506 -2.941 1.360
(1.340) (0.980)*** (1.201)

SIXTY 0.435 -3.355 1.770
(1.351) (0.988)*** (1.205)

PRIMARY’ 0.742
(0.202)***

SECOND 0.238
(0.164)

MOTOR -1.708 0.226 -0.405
(0.946)* (0.558) (0.674)

EXPENSES -0.125
(0.150)

CARS -0.552
(0.138)***

-0.082
(0.041)**

e 0.321
(0.032)***

Number of Observations 3,527
Log-Likelihood -3435.164
IHS Het Tobit Log-Likelihood -3221.191

Notes: (i) Standard errors are reported in parentheses.
(ii) * significant at 10% level, ** significant at 5% level, *** significant at 1% level
(iii) Variables that are significant in the unadjusted model are included in the models 
adjusted for heteroscedasticity and non-normality. This accounts for the fact that all the 
1999 interaction terms included in the final specification are insignificant.
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Table 6.23 Coefficient Estimates for Pooled Heteroscedastic and Non-Normal

Tobit Models of Taxi Use (Full Sample)

VARIABLE 1987 1994 1999 HETERO.
TERMS

Constant -2.154 -10.070 -0.121 1.498
(0.569)*** (0.705)*** (0.571) (0.065)***

HHEXP 2.297 0.091

HHEXP-
(0.209)*** (0.019)***

-0.259
(0.032)***

ADUL'FS 3.167
(0.232)***

-0.174
(0.016)***

ADULTS- -0.238
(0.026)***

CHILDREN 0.201
(0.059)***

-0.055
(0.016)***

APART 0,646
(0.271)**

SEMI 0.221
(0.170)

WORKING 1.254
(0.184)***

SINGLE FEMALE 1.345
(0.266)***

THIRTY -1.270
(0.659)*

-1.293 0.994 
(0.406)*** (0.655)

FORTY -0.405
(0.643)

-2.124 0.801 
(0.406)*** (0.625)

FIFTY 0.238
(0.617)

-2.092 0.942 
(0.401)*** (0.612)

SIXTY 0.077
(0.627)

-2.788 1.498 
(0,406)*** (0.611)**

PRIMARY 0.683
(0.175)***

SECOND 0.370
(0.150)**

MOTOR -1.560 0.559 -0.627 -0.156
(0.708)** (0.400) (0.447) (0.087)*

EXPENSES -0.187
(0.146)

CARS -0.741
(0.104)***

-0.127
(0.023)***

9 0.274
(0.022)***

Number of Observations 6,033
Log-Likeli hood -5755.732
IHS Het Tobit Log-Likelihood -5389.485

Notes: (i) Standard errors are reported in parentheses.
(ii) * significant at 10% level, ** significant at 5% level, *** significant at 1% level
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6B APPENDICES

6A Formulae for the Calculation of Marginal Effects for Tobit Models

Tobit Marginal Effects

d  y-ME, = - ^  = 0
■' d  X,: \  (y )

(6A.1)

Heteroscedastic Tobit Marginal Effects

m e
'  5 -Vy "

cr,

<7

p , +

w V /
h ^ - h ^

dy, (6A.2)

where £(} ’, )  is the expected value of the dependent variable, ^  is the standard normal 

density function, 0  is the cumulative standard normal distribution function, a-  is the 

estimated standard error, Pj  and /i ■ are the estimated coefficients on the independent 

variables .Vy and the heteroscedasticity terms z . respectively. All marginal effects are 

calculated at the sample means of the independent variables.

See Section 5A of the Appendix to Chapter 5 for the form ula for the calculation of 

marginal effects in the Tobit models adjusted for heteroscedasticity and non-normality of 

the eiTors.
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6B Formulae for the Calculation of Standard Errors for Heteroscedastic

Tobit Model

See Section 5B of the Appendix to Chapter 5 for a description of the delta m ethod and for 

the formulae for the calculation of standard errors in the Tobit models adjusted for 

heteroscedasticity and non-normality of the errors.

d ME / /

cr, yv j
(•)

J i  -  P

w  \  J \  JV J J J

dy, (6B.1)

d ME;

5 /? ,
' = rb

A
a

P

{ f
V, P X:: ^

(•)
I I J

\  y
- 2

cr.I / \  y

dy, (6B.2)

+
W V <ji yv^-y
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(  f

cr, O',

5  A /£  

5 / r
J _

“  Jo

-z,./><(•) +
V J

^u, ^  (•)

V  J \  JO ' :

- 2
r  , n \ ^

y j  -  P

\ \ V /

dy , (6 B .3 )

J J

I I

cr,

y i - ^ i ’ P

V y

d ME

d h .
' -  f "Jo

+ V,

V y

\  I J \  ^  I J

- 2
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CHAPTER 7

AN ECONOMETRIC ANALYSIS OF CHOICE OF MODE 

OF TRANSPORT TO WORK AND SCHOOL/COLLEGE IN

THE DUBLIN AREA: 1996

7,1 Introduction

The aggregated data presented in Chapter 3 illustrate the large differences that exist 

between different sectors of the Dublin population in terms o f their travel patterns to 

work, school and college. For example, males cycle, travel by train and drive their cars to 

work in greater proportions than females who walk, travel by bus and as passengers in a 

car to work in greater proportions [see Table 3.15], There are also regional differences in 

that the most popular mode of transport to school for primary and secondary 

schoolchildren in Dun Laoghaire-Rathdown is travelling as a passenger in a car. In 

comparison, the primary mode of transport to school for prim ary and secondary 

schoolchildren resident in the other three local authority areas of Dublin is walking [see 

Tables 3.19 and 3.23|. Unfortunately aggregated Census o f Population data do not 

indicate whether modal shares differ according to other socio-econom ic characteristics 

such as socio-economic group, age, level o f education or marital status. The availability 

of a micro-data sample from the 1996 Census of Population enables the construction of
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more accurate models of modal choice, accounting for a much wider range o f explanatory 

variables that are not possible with aggregated data.

The purpose of this chapter is to follow on from previous research on modal choice by 

estimating the determinants of modal choice for the journeys to work and school/college 

in the Dublin area in 1996 using discrete choice econometric m ethodologies. This is done 

by using micro-data from the 1996 Census of Population to estimate m ultinomial logit 

(MNL) models of the modal choice decisions of workers and students in the Dublin area. 

In common with the analyses in Chapters 5 and 6, this is the first time that disaggregated 

data have been used to estimate Irish modal choice decisions and a comparison with the 

results from Chapters 5 and 6 will indicate the extent to which the effects of the socio

economic characteristics on travel demand are different depending on the type of data 

employed and also the extent to which travel patterns differ depending on journey 

puipose. In addition, a comparison with the findings from the aggregated Census of 

Population data in Chapter 3 will indicate whether the effects of distance, area of 

residence and gender on choice of mode of transport to work and school/college persist 

even after additional factors such as income and age are controlled for.

Section 7.2 reviews previous literature in the area of modal choice m odelling while 

Section 7.3 summarises the main features o f the data used in the analyses in this chapter. 

Section 7.4 presents the econometric methodology em ployed while section 7.5 deals with 

model specification issues. Section 7.6 presents empirical results and section 7.7 

summarises and concludes.
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7.2 Previous Literature

W hile the journey to work accounts for a relatively small proportion of total journeys per 

person [see Table 7.1], the journey to work is chosen as the focus of m ost analyses of 

modal choice decisions for a num ber of reasons. Firstly, levels of traffic congestion are 

highest during the m orning and evening peaks meaning that work-related journeys cause 

the greatest challenge to transportation planners. However, due to the routine and 

repetitive nature o f the journey, the potential for targeting individuals to travel by 

alternative non-car modes is greater than for less routine journeys [Kingham et al. (2001) 

and Pooley and Turnbull (2000)]. Secondly, survey data on comm uting journeys are 

relatively easy to collect as individuals find it easy to recall a journey that is made on a 

regular basis over the same route, mode and time of day. With two exceptions, all of the 

studies discussed in Section 2.5 focus on the modal choice decisions o f individuals for 

the journey to work. In addition, Domencich and M cFadden (1975) also examine the 

choice of mode of transport for shopping trips and M cGillivray (1972) analyses the 

choice of mode of transport for a number of additional journey purposes including 

personal business, visiting friends and relations, shopping and other recreation.

Due to the nature of the decision under consideration, two approaches dominate the 

literature on modal choice decisions, namely, the multinom ial logit (MNL) methodology 

and the nested multinomial logit (NMNL) methodology.'^^ Due to the absence of

M adan and G roenhaut (1 9 8 7 ), D om en cich  and M cFadden (1 9 7 5 ), D e  D on n ea  (1 9 7 1 ) and L ave (1 9 7 0 )  
use the binary logit m eth odology  but the opportunity afforded by the M N L  m ethod to incorporate m ore  
than tw o categories o f  the dependent variable m eans that it is favoured in app lied  w ork relating to m odal 
ch o ice . Bhat and Pulugurtha (1 9 9 8 ) and H ausm an and W ise  (1 9 7 8 ) estim ate  m ultinom ial probit m odels but 
the com putational co m p lex ity  o f  this m odel m eans that it is rarely app lied  [see  a lso  S ectio n  7 .4].
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information on the attributes of the choices as well as information about the household’s 

car ownership status, the COP data preclude the application of a NM NL model to the 

choice of mode of transport to work and school/college. De Palma and Rochat (2000), 

Thobani (1984) and Train (1980) all use the NM NL m ethodology to estimate modal 

choice for the journeys to work in Geneva, Karachi and San Francisco respectively, 

conditional on the car ownership status of the individual in question. Hausman and Wise 

(1978) and Ben-Akiva and Lerman (1975) employ the M NL m ethodology to the choice 

between a number of different alternatives for the journey to work in W ashington. In 

addition to the modal choice question, the M NL m ethodology has been extensively 

applied to other decisions such as the number of cars to own [Alperovich et al. (1999), 

Bhat and Pulugurtha (1998) and Cragg and U hler (1970)], the choice of car type 

(McCarthy (1996) and Lave and Train (1979)], choice o f tourist destination [Eymann and 

Ronning (1997)), choice of occupation [McVicker (2001) and Schm idt and Strauss 

(1975)1 and choice of household location [Gabriel and Rosenthal (1989)].

In the context of modal choice, the majority of the above studies use a combination of 

individual- and alternative-specific independent variables as explanatory factors. For 

example, De Palma and Rochat (2000), Madan and G roenhaut (1987), Thobani (1984), 

Train (1980), Hausman and Wise (1978), Ben-Akiva and Lerman (1975) and Lave (1970) 

all employ cost and travel time variables in an attem pt to explain choice of mode of 

transport. The socio-economic characteristics of the individual such as age, gender and 

household location are commonly employed as explanatory variables and explain large 

variation in modal choice in all studies. The precise effect of income is often difficult to
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determine in a number of studies as it is interacted with cost variables to illustrate the fact 

that the effect of price/time differs over different incomes [see Thobani (1984), Train 

(1980), Hausman and Wise (1978) and Lave (1970)].

In the context of Irish travel demand, the analysis in this chapter complements the 

research in Chapters 5 and 6 on the income and socio-econom ic determinants of the 

demand for car and public transport use using Household Budget Survey data as well as

124research by Morgenroth (2002) on inter-county comm uting patterns in Ireland. As 

mentioned above, this is the first time that disaggregated data have beeri used to model 

the choice of mode of transport to work and it is also the first time that the choice of 

mode of transport to school/college has been analysed, an im portant contribution since 

trips to school/college accounted for nearly 20 per cent o f total trips per person in the UK 

m 20()0 [see Table 7.1],

7.3 Data

The data used in this chapter are micro-data from the 1996 Census of Population (COP). 

Section 4.3 contains further information on the conduct o f the COP, the choice of 

samples and the various dependent and independent variables used in the subsequent 

analyses. Two samples form the basis of the analyses in this chapter, namely, the sample 

of persons aged 15-i- years in employment (work sample) and the sample of persons aged 

five years and older in full-time education (school sample). Tables 4.13 and 4.15 define 

the dependent and independent variables, while Tables 4.14, 4.16 and 4.17 present the

M orgenroth (2 0 0 2 ) uses gravity m odels to analyse the determ inants o f  inter-county com m u ting  flo w s.
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summary statistics for the various dependent and independent variables used in these 

analyses. As discussed in Sections 4.3.3 and 4.4, a failing of the COP data is the absence 

of variables relating to the income and/or car ownership status of the individual. Due to 

the desire to calculate income elasticities and the similarity in variables contained in the 

COP and HBS, an income variable is constructed using information from the 1994 HBS 

and this procedure is discussed in further detail in Section 4.3.3 and Section 4C of the 

Appendix to Chapter 4.

7.4 Econometric Methodology

7.4.1 Multinom ial Logit

As the data preclude the application of a NMNL model to the choice of mode of transport 

to work and school/college, the MNL model is employed to model the choice of mode of 

transport to work and school/college in the Dublin area in 1996. The M NL model is used 

to model the choice between a number of mutually exclusive unordered alternatives. It 

may be viewed as an extension of the binary logit model to situations where the 

dependent variable has more than two categories. It is usually constructed in a random 

utility framework where the (unobserved) utility of each alternative is assumed to be a 

linear function of various independent variables and an error term as follows:

+ ^ t j  (7 . 1)

where [ /-  is the unobserved utility individual i derives from alternative j, x. is the vector 

of individual-specific independent variables, P^ is the vector of estimated parameters 

and £ , is the error term. In this case the independent variables are individual-specific but
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125they may also be alternative-specific or a combination of both. An individual i chooses 

alternative / if it gives the highest utility among all possible alternatives. The 

distributional assumptions concerning the random error component determine the

form of the model. The most common assumption is that the error terms are 

independently and identically distributed with a Type 1 extreme value or Weibull 

distribution. This results in the MNL model where the probability of observing 

alternative j  is as follows:

exp ix  ’p  )
P ( v . = j )  = -----------------------------------------------------------------, j  = 0,l,....,J  (7.2)

' U e x p i  x ’ P^) + exp( x . ’ P^) +.... + exp( )

In order to identify the parameters of the model, usual practice is to set the coefficients on 

the first alternative (/=0) equal to zero resulting in the probability of observing the first 

alternative of:

P ( y . = 0 )  = --------------------------------- --------------------------------- , j  = 0,l,....,J  (7.3)
l  + exp( X,’ p , ) + exp( x {  P2 ) + .... + exp( x^’ Pj )

With only two alternatives, the model reduces to the binary logit model. The model is

estimated by means of the maximum likelihood method of estimation where the 

following log-likelihood function is maximised with respect to each of the estimated 

parameters:

log L = i i d  log P ( y = j )  (7.4)
i=i j=i ■'

'■’ A  number o f  authors d istin gu ish  betw een the “m ultinom ial log it” m odel, w h ich  includes on ly  
ind ividu al-specific  characteristics such as gender as independent variables, the “conditional lo g it” m odel 
w hich  includes only  a lternative-specific  characteristics such as journey tim e as independent variables and 
the “m ixed log it” m odel w hich includes both types o f  independent variable [see  G reene (2 0 0 0 ), K ennedy  
(1 9 9 8 ) and M addala (19 8 3 )].
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where dij =1 if alternative j  is chosen by individual i and 0 otherwise. U nlike the ordered 

logit model, parameters in the M N L  with individual-specific independent variables vary 

across alternative categories.

Independence fro m  Irrelevant A lterna tives

While the assumption o f  independent and identical errors gready facilitates model 

estimation, a consequence of this assumption is the independence from irrelevant 

alternatives (IIA) property. The IIA property, which implies that the relative probabilities 

between a pair o f alternatives are specified without reference to the nature of the other 

alternatives in the choice set, is restrictive and unless it holds, the M N L  model is 

inconectly  specified. Section 7.5.2 contains further details on testing for the presence of 

the IIA property. Despite the strictness o f  the IIA assum ption, the M N L  model remains 

the most popular m ethod for estimating the choice between a num ber o f  mutually 

exclusive unordered alternatives. T he multinomial probit methodology, which assumes 

an alternative normal distribution for the eiTor term, is rarely em ployed due to 

computational difficulties, which becom e severe even for a model with four alteiTiatives 

[see Greene (2000), Verbeek (2000) and Kennedy (1998)].

7.5 Model Specification

7.5.1 Choice o f Dependent Variable Categories

For the work and school samples, the initial choice o f  categories for the dependent 

variables (mode of transport to work and school/college respectively) was m ade on the 

basis o f  the available data and intuitive appeal. For the work sample, the initial dependent

237



variable has six categories corresponding to on foot, bicycle, bus, train, car passenger and 

car driver (the latter being the base category). For the school sample, the dependent 

variable has six categories corresponding to bicycle, bus, train, car passenger, o ther’^̂  

and on foot (the latter being the base category). However, it is important to construct the 

dependent variable categories so that the IIA assumption is satisfied [Eymann and 

Ronning (1997)]. Section 7.5.2 details the tests involved. On the basis o f the test results 

for IIA, some of the initial dependent variable categories are m erged to satisfy the IIA 

assumption. The final dependent variable for the work sample has four categories, 

namely, on foot/bicycle, bus/train, car passenger and car driver (the latter being the base 

category) while for the school sample the final dependent variable also has four 

categories conesponding to bus/train, car passenger, other and on foot/bicycle (the latter 

being the base category). Table 7.2 presents the initial and final specifications of the 

dependent variable categories for the work and school samples.

1277.5.2 Testing fo r  Independence from  Irrelevant Alternatives

As discussed in section 7.4, the assumption that the error terms in the M NL model are 

independently and identically distributed gives rise to the IIA property, which implies 

that the relative probabilities between a pair of alternatives are specified without 

reference to the nature of the other alternatives. In other words, no allowance is made for 

the fact that alternatives may be substitutes or complements for each other. This may be a

T he “other” category includes car driver, m otorcycle, lorry or van.
F o llo w in g  previous literature d iscu ssin g  the m ultinom ial lo g it m eth od o logy , w e  d o  not consider the 

p o ssib ility  o f  heteroscedastic  errors [see  G reene (2 0 0 0 ), K ennedy (1 9 9 8 ), M addala (1 9 8 3 )  and A m em iya  
(1 9 8 1 )]. Instead, w e concentrate on potentia lly  the m ost problem atic feature o f  the m ultinom ial logit m odel, 
nam ely, the independence from  irrelevant alternatives assum ption .
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128particular problem when tw o or m ore alternatives are very similar. It is therefore 

important to specify the model is such a way that the alternatives can plausibly be 

assumed to be distinct and independent [Domencich and M cFadden  (1975)J.

The computational com plexity  o f  the multinomial p robit m odel does no t provide a 

convenient specification test for IIA [Hausman and M cFadden  (1984)]. In this chapter, 

the Hausman and Small-Hsiao likelihood ratio tests are used  to test the null hypothesis o f  

IIA. Section 7A of the Appendix  presents further details on the test procedures. Both tests 

involve estimating unrestricted (including the full set o f  a ltem atives) and  restricted 

(omitting an alternative choice) forms o f  the model and com paring  the parameter 

estimates. The intuition behind the tests is that if  the IIA property holds, the parameter 

estimates will be invariant to whether the estimates are ob tained from the full or restricted 

choice sets. As the Hausm an test often results in negative test statistics and m ay be biased 

towards not rejecting the null hypothesis o f IIA [Pagan and Vella  (1989) and Small and 

Hsiao (1985)1, the final dependent variable specification includes categories for which 

the Small-Hsiao test does not reject the null hypothesis o f  IIA. H ow ever,  as the Hausman 

and Sniall-Hsiao test results often conflict, the m odels are also es tim ated with the full 

choice set o f  six alternatives, although realising that the results m ust be treated with 

caution as the IIA property is rejected on the basis o f  the Sm all-H siao  tests. Tables 7.3 to 

7.8 present the results o f  the H ausm an and Sm all-Hsiao  tests for the w ork and school 

samples.

'■* The c lassic  illustration o f  this problem  is the red bus-b lue bus ex a m p le  describ ed  in A m em iy a  (1 9 8 1 ). If  
the alternatives in one m odal c h o ice  m odel o f  car, bus and train are rep laced by car, red bus and blue bus, it 
is unreasonable to assum e that the unobservables a ffectin g  the utility  o f  ch o o sin g  a red bus are independent 
o f  the unobservables a ffecting  the utility  o f  ch o o sin g  a b lue bus.
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7.5.3 Choice o f  Independent Variables

As all independent variables are individual-specific, the same set o f  independent 

variables is relevant for each choice. For the work sample, a non-linear specification o f  

the constructed household incom e variable was considered but was found to be 

insignificant and was therefore excluded from consideration. Section 4.3 contains further 

details on the choice o f  independent variables for the analyses in this chapter. The m odels 

are estimated using the LIM D E P econometrics package while the tests for the IIA 

assumption outlined in Section 7.5.2 are undertaken using STA TA .

7.5.4 Interpretation o f Parameter Estimates

As in all models with discrete dependent variables, the estim ated coefficients cannot be 

inteipreted as the marginal effects o f  the independent variables on the probabilities of  

choosing a particular alternative. Tables 7.9 and 7.11 and Tables 7.15 and 7.17 report the 

estim ated coefficients from the M N L models o f  m ode o f  transport to work and 

school/college respectively. A positive coefficient for an independent variable implies an 

increased probability o f  observing the individual in category j  ra ther than in the base 

category. A particular problem with the M N L  model is that the signs o f  the estim ated 

coefficients may not correspond with the true effect o f  the variable on the probability of  

observing a particular alternative [Greene (2000) and Gabriel and Rosenthal (1989)]. In 

order to ascertain the absolute effect o f  the independent variable, marginal effects m ust 

be calculated. Marginal effects reflect the absolute effect o f  the independent variable on 

the probability o f  choosing alternative j .  Marginal effects in the M N L  model are 

calculated by differentiating the predicted probabilities outlined in Equation (7.2) with
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respect to the various independent variables of interest. As only one independent variable, 

namely household income, is continuous, the elasticity o f dem and with respect to income 

(proxied by household expenditure) may also be calculated. For the rem ainder of the 

independent variables which are all discrete, marginal effects are calculated as the 

difference in predicted probabilities depending on whether the independent variable takes 

the value one and the value zero. The formulae for calculating marginal effects and 

elasticities in the multinomial logit model are presented in Section 7B of the Appendix. 

Tables 7.10 and 7.12 and Tables 7.16 and 7.18 present the marginal effects for the 

models of mode of transport to work and school/college respectively while Tables 7.13 

and 7.14 present the estimated income elasticities for the work sample.

7.6 Empirical Results

7.6.1 The Journey to Work

Tables 7.9 and 7.10 present the estimated coefficients and the marginal effects 

respectively for the model with four alternatives, namely car driver (base category), on 

foot/bicycle, bus/train and other. As discussed in Section 7.5.4, the estim ated coefficients 

represent the probability of being observed in category j  relative to the base category 

while the marginal effects reflect the change in the absolute probability of being observed 

in category /. This means that significance levels and signs may differ between 

coefficients and marginal effects. As the Small-Hsiao tests reject the null hypothesis of 

independent alternatives for the six-alternative model, the estimated coefficients and 

marginal effects of the four-alternative model (for which the Small-Hsiao IIA tests are 

not rejected) form the basis of the following discussion. The estimated coefficients and
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marginal effects from the initial model with six alternatives, nam ely car driver (base 

category), on foot, bicycle, bus, train and car passenger are also presented in Tables 7.11 

and 7.12 and reference will be made to these results where significant differences arise. 

However, the rejection of the IIA assumption for the six-altem ative model on the basis of 

the Small-Hsiao tests means that the results must be treated with caution.

Income

The effect of household income, as proxied by per capita weekly household expenditure, 

enters as a significant factor in explaining choice of mode of transport to work. The effect 

of increasing household income reduces the probability of walking or cycling, travelling 

by public transport or travelling as a passenger in a car in com parison with the base 

category of driving a car to work. De Palma and Rochat (2000) also find that income 

exerts a negative effect on the probability of using public transport to travel to work in 

comparison with choosing to drive a car. Similarly, Madan and Groenhaut (1987) report 

positive and negative income elasticities for the choice o f car and public transport to 

work respectively. An examination of the income elasticities in Table 7.13 indicates that 

a 1 per cent increase in household income increases the probability o f being a car driver 

by 1.28 per cent and consequently reduces the probability o f walking or cycling to work 

by 1.53 per cent, travelling by public transport by 2.28 per cent and travelling as a

! 29passenger in a car by 1.77 per cent. This reflects the increasing probability of 

household car ownership as incomes increase as well as the increased value of time that 

accompanies an increase in income, leading individuals to choose faster modes of

™  H o w e v e r , it m ust b e  rem em b ered  that s in c e  in fo r m a tio n  ab ou t th e  car  o w n e r s h ip  sta tu s o f  th e  in d iv id u a l  
is  n ot a v a ila b le  in the  1 9 9 6  C O P , th e se  in c o m e  e f fe c ts  are lik e ly  to  b e o v e r s ta te d .
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transport. The resuUs for the six-alternative model presented in Table 7 .12 confirm the 

above results with one exception: the effect o f  m erging the bus and train categories is to 

m ask the fact that household incom e has no significant effect on the probability of  

choosing the train as a mode o f  transport. In other words, as household  incom e increases, 

while the individual may be expected to shift from walking, cycling, travelling by bus 

and as a passenger in a car to driving a car, there is no  significant change in the 

probability o f  travelling by train. This may indicate a role for m odes o f  transport such as 

the train that can com pete with the private car in terms o f  jou rney  times.

Distance

Increasing distance exerts a negative effect on the probability  o f  walking or cycling to 

work with those travelling the shortest distances being m uch more likely to walk or cycle 

than drive a car to work. On the other hand, those travelling three miles or less to work 

are significantly less likely to travel by bus or train than to drive a car, while those 

travelling four to nine miles are more likely to travel by public transport than travel by 

car. The effect o f increasing distance is generally positive on the probability  o f  being a 

car passenger, although the effects for the tw o miles and  five to nine m iles categories 

indicate that there are no significant differences in the probability  of  travelling as a 

passenger in a car and driving a car for these distances. T he marginal effects in Table 

7.10 confirm that while the probability o f  driving a car and travelling by public transport 

to work are increasing functions of distance, the probability  o f  walking or cycling is a 

negative function of distance. The insignificance o f  the longer distance categories in 

explaining the probability of travelling by public transport indicates that there are no
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significant differences between those travelling four or five to nine miles and those 

travelling ten miles or more (the base category). The results for the car passenger 

category indicate that distance exerts no significant effect on the probability  o f  travelling 

as a passenger in a car to work. An examination o f  the disaggregated categories in Table 

7.12 illustrates that there are significant differences in the effect o f  distance on the 

probabilities of  travelling by bus and train respectively. For d istances o f  three to nine 

miles, increasing distance exerts a declining negative effect on the probability o f  taking 

the train and a positive effect on the probability o f  taking the bus. This  discrepancy may 

account for the insignificance o f  the longer distance terms in explain ing the probability of 

travelling by public transport in the four-alternative model. The negative effect o f 

distance on the probability o f  travelling by bus and the corresponding positive effect on 

the probability of  travelling by train and car may indicate an absence o f  bus services that 

can compete with the train and private car in terms of time for longer distances in Dublin. 

These results support the findings from the aggregated data presented in Chapter 3 where 

those travelling short distances favour walking and cycling, those travelling m edium  

distances choose the bus and those travelling the longest distances choose  the car or train.

Area o f Residence

Relative to the base category o f  driving a car to work, living in D un Laoghaire- 

Rathdown, Fingal or South Dublin exerts a negative effect on the probability  o f  travelling 

on foot or by bicycle and by public transport to work. An exam ination o f  Table 3.13 

supports these results. As Dublin County Borough roughly corresponds to the city centre, 

these results support those o f  Madan and G roenhaut (1987) and M cGillivray (1972)
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where the probability o f  driving a car to work is s ignificantly increased for those residing 

in areas where em ploym ent density is low and for those living further aw ay from the city 

centre respectively. The marginal effects in Table 7 .10 indicate that living in Dun 

Laoghaire-Rathdown exerts the largest positive effect on the probability  o f  driving a car 

and the largest negative effect on the probability o f  w alking and cycling relative to the 

base category of those living in Dublin County Borough. Living in South Dublin has the 

strongest negative effect on the probability of  travelling by public transport relative to the 

base category. This may be explained by the absence o f  rail links in the South Dublin 

area meaning that the negative effect on the probability o f  travelling by train dominates 

this effect. This is confirm ed by an examination o f  the marginal effects for the six- 

alternative case presented in Table 7.12 where the effect o f  living in South Dublin is 

consistently negative for the probability o f  travelling by bus and train but the effect o f  

residing in Dun Laoghaire-Rathdown or Fingal is positive for the probability  o f  travelling 

by train but negative for the probability of travelling by bus. Even after distance travelled 

to work has been controlled for, it is significant that area o f  residence still exerts an 

influence on mode o f  transport to work. Some differences m ay be due to differences in 

transport mode availability with the significant negative marginal effect on the 

probability of travel by train in South Dublin reflecting the absence o f  a rail service in the 

area. The marginal significance o f  area of residence on the probability  o f  travelling as a 

passenger in a car indicates that those living in the Fingal area are m ost likely to travel as 

a passenger in a car to work. An examination o f  Table 3.13 supports this result with little 

difference in the proportion o f  workers travelling as a passenger in a car to work in Dun 

Laoghaire-Rathdown and Dublin County Borough and a slightly higher proportion in
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Fingal and South Dublin. This is in com parison with the larger differences in share for 

other modes between the four different areas o f  Dublin.

Gender

The effect o f  being female increases significantly the probability o f  travelling by public 

transport or as a passenger in a car relative to driving a car to work. The marginal effects 

in Table 7.10 indicate that gender is consistently significant in explaining choice of mode 

o f  transport to work. Females are less likely to drive and walk or cycle to work than 

males while they are more likely to travel by public transport or as a passenger in a car. 

The result that females are more likely to choose public transport than private is 

supported by the work o f  M annering (1983) and by the results o f  Chapters 5 and 6, which 

indicate a significant gender effect on car ownership, car use and public transport use, in 

particular bus use. The results for the six-alternative model in Table 7.12 confirm the 

positive effect o f  being female on the probability o f  travelling by bus or train or as a 

passenger in a car. However, the effect on the probability  of  walking is positive while the 

effect on the probability of  cycling is negative, divergent effects that are m asked by the 

aggregation of the categories. Pooley and Turnbull (2000), w ho exam ine changes in 

mode o f  transport to work in Britain since 1890 and also find that females are 

significantly less likely to cycle than males, explain this trend by arguing that females are 

more conscious of safety risks associated with cycling in urban traffic, they are more 

conscious of looking smart for work and because they often have to undertake other tasks 

after work such as shopping or collecting children which would be difficult to accomplish 

by bicycle. These results are in agreement with the findings presented in Table 3.15
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where females walk, use the bus and train and travel as a passenger in a car in greater 

proportions than males.

Agt-

The effects of age indicate that those aged 30 years and older are less likely to walk or 

cycle, travel by public transport or travel as a passenger in a car than drive a car to work. 

The marginal effects in Table 7.10 confirm that age exerts a positive effect on the 

probability of driving a car to work with the effect found to be non-linear, namely, those 

aged 40-49 years are most likely to drive to work relative to the base category of those 

aged 29 years or younger. This is consistent with the results from Chapter 5 where in 

1994, car ownership was found to be an increasing function of age but car use was found 

to be a decreasing function. Train (1980) and Lave (1970) also find that age exerts a 

positive effect on car driving. On the other hand, De Palma and Rochat (2000) find that 

those aged 50+ years and under 30 years are less and more likely respectively to drive 

their cars to work. Consistent with expectations, those aged 60 years and older are 

significantly less likely to walk or cycle to work and the results in Table 7.12 for the 

disaggregated categories confirm the expectation that this effect is driven by a significant 

negative effect on the probability of cycling to work. The insignificance of the marginal 

effect of being aged 30-39 years shows that there are no significant differences between 

those aged 29 years or younger and those aged 30-39 years in the probability that they 

will walk or cycle to work. The insignificance o f the marginal effect for those aged 60 

years and over on the probability of using public transport indicates that there are no 

significant differences between this category and the base category of those aged 29 years
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or younger.' '^” This result is in direct contrast to that o f  Chapter 6 where the effect o f 

being 60 years or older had a significantly negative effect on bus fare expenditure, 

although it must be rem em bered  that this result refers to expenditure  on bus fares for all 

purposes, not just the work journey. De Palm a and R ochat (2000) and Bergantino (1997) 

also find that older people are more favourable towards public transport.

Education Level

In comparison with those driving to work, having a lower level o f  education reduces the 

probability that an individual will walk or cycle, travel by public transport o r  travel as a 

passenger in a car. The marginal effects show that, in com parison with having a third 

level education, having a prim ary or secondary school education increases the probability 

of  driving to work with the effect o f  having a secondary level education exerting the 

largest positive effect. This  is in direct contrast to the effect o f  education on car 

ownership probability in Chapter 5 where those with the highest levels o f  education were 

m ost likely to own cars. Consequently, those with a secondary school education are 

significantly less likely to choose  walking or cycling or public transport as a mode of 

transport to work. A possible explanation for this result is that those with higher levels of 

education may be more aware o f  the detrimental environm ental effects o f  car driving and 

seek to modify it by choosing more environm entally  friendly m ethods o f  transport. 

Johansson-Stenm an (2002) includes m em bership o f  an environm ental organisa tion  as an 

independent variable but finds it insignificant. On the other hand, it is expected  that those 

with higher levels of education are more likely to be engaged in occupations that need a

Free travel on public transport serv ices at o ff-peak  tim es in D ublin  is o n ly  granted to th ose  aged 65 
years and over w h o are retired.
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car as part o f  their work and are more likely to have com pany cars which w'ould reduce 

the cost o f  driving a car to work in comparison with other m odes o f  transport.

Marital Status

Marital status is included as an independent variable to proxy household  type. It is 

expected that individuals that are married are more likely to live in households with 

children and thus have extra responsibilities. The results support this hypothesis with the 

effect on the probability o f  driving a car being positive suggesting that individuals may 

use the car for purposes other than purely to travel to work, e.g., to transport children to 

and from school. The effect o f  being married has no significant effect on the probability 

o f  travelling as a passenger in a car but the effect o f  being w idow ed or divorced is 

significantly negative reflecting the reduced opportunities for car-sharing in households 

with only one adult member. De Palma and Rochat (2000) and Bergantino (1999) 

similarly find that the effect o f  having children on the probability o f  driving to work and 

spending on public transport are positive and negative respectively, although the former 

finds an insignificant effect.

Type o f  Work

The type o f  work variable is included to capture the fact that journeys to work are not 

made at the same time o f  day. The results indicate that individuals with a part time job  

are more likely to choose walking or cycling and public transport than driving a car to 

work, which may suggest that more flexible forms of transport are preferred by those in 

part-time work. Exam ining  the disaggregated categories in Table 7.12 indicates that
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while the effect of part-time employment on the probability o f using the bus is positive, 

the effect on the probability of using the train is insignificant, divergent effects that are 

disguised by the aggregation of these two categories. As discussed in Section 4.3, it is 

difficult to predict the effect of this variable. W hile part-tim e workers may be more likely 

to travel by car if one is available due to less congestion, they may also be more likely to 

use public transport as it too is less congested at off-peak times. These results support the 

latter interpretation. De Palma and Rochat (2000) include a sim ilar variable, namely, 

whether the individual works flexible work hours, but find no significant effect on the 

choice between car and public transport for the journey to work.

7.6.2 The Journey to School/College

Tables 7.15 and 7.16 present the estimated coefficients and the marginal effects 

respectively for the model with four alternatives, namely on foot/bicycle (base category), 

bus/train, car passenger and other. As discussed in section 7.5.4, the estimated 

coefficients represent the probability of being observed in category j  relative to the base 

category while the marginal effects reflect the change in the absolute probability of being 

observed in category /. As the Small-Hsiao tests reject the null hypothesis o f independent 

alternatives for the six-alternative model, the estimated coefficients and marginal effects 

o f the four-alternative model (for which the Small-Hsiao independence tests are not 

rejected) form the basis of the following discussion. The estim ated coefficients and 

marginal effects from the initial model with six alternatives, namely on foot (base 

category), bicycle, bus, train, car passenger and other are also presented in Tables 7.17 

and 7.18 and reference will be made to these results where significant differences arise.
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However, the rejection of the IIA assumption for the six-alternative model on the basis of 

the Small-Hsiao tests means that the results must be treated with caution.

Socio-Economic Group

In comparison with the base category of walking or cycling, those students in the ABC 

socio-economic category are more likely to travel as a passenger in a car or by other 

means (principally driving a car) to school/college. However, the coefficients in Table 

7.15 indicate there is no significant difference in the probability o f travelling by public 

transport and walking or cycling to school/college for those of differing socio-economic 

status. The marginal effects in Table 7.16 on the other hand indicate that the effect of 

moving into the ABC socio-economic category is to reduce the probability of walking or 

cycling to school/college, to reduce the probability of travelling by public transport and to 

increase the probability of travelling as a passenger in a car. This obviously reflects the 

increasing probability of household car ownership as income (or socio-economic status as 

a proxy for income) increases, meaning that students shift away from walking and 

cycling and public transport towards travelling as a passenger in a car as the economic 

resources and consequently car ownership level of the household increase.

The marginal effects for the six-alternative model in Table 7.18 indicate differences in 

the effect of socio-economic group on the probability of walking compared with cycling 

and travelling by bus compared with train, i.e., the merged categories m ask differences in 

the effects of the socio-economic group variable on the different components of these 

categories. While m oving into the ABC socio-economic group increases significandy the
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probability of cycling, the probability o f  walking is significantly reduced  and while 

m oving  into the ABC socio-economic group reduces the probability  o f  travelling by bus, 

the effect on the probability o f  taking the train to school/college is insignificant. It is 

difficult to explain why the probability of  cycling is higher for those in the A B C  socio

economic gioup except to indicate that those in higher socio-econom ic groups are better 

able to afford the costs o f  providing children with a bicycle and associa ted equipment.

Distance

For those students travelling nine miles or less to school/college, the probability of  

travelling by public transport, as a passenger in a car or by other m eans is significantly 

lower than the probability of  walking or cycling. These results are consistent with 

expectations and with the aggregated patterns presented in C hapter  3 where am ong those 

travelling sliort distances to school/college, walking and cycling are the dom inant m odes 

o f  transport. The marginal effects in Table 7.16 confirm that travelling nine miles or less 

increases the probability that the student will walk or cycle but reduces the probability 

that the student will travel by public transport, as a passenger in a car or by other means. 

The higher negative marginal effects for the bus/train category in com parison with the car 

passenger category indicate that those travelling short distances are even less likely to 

travel by bus or train than as a passenger in a car.

O nce again, the marginal effects for the six-alternative model, which are presented in 

Table 7.18, are slightly different. While the effect o f  increasing distance reduces the 

probability of  walking to school/college, the effect o f  increasing distance first increases
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and then decreases the probabihty that a student will cycle to school/college. In 

comparison with the base category o f  travelling ten miles or m ore  to school/college, 

while walking is favoured by those travelling distances o f  one mile or less, cycling is 

favoured by those travelling distances o f  two miles. The effect o f  walking dominates 

however in the merged category results in Table 7.16.

Area o f Residence

Even after distance to school/college has been controlled for, there exist significant 

differences in the effect o f  area o f  residence on the choice o f  m ode o f  transport to 

school/college. Those living in Dun Laoghaire-Rathdown are significantly m ore  likely to 

travel as a passenger in a car but significantly less likely to travel by public transport. For 

those living in South Dublin, travelling by public transport is significantly less likely than 

walking. The marginal effects in Table 7.16 confirm that resid ing in Dun Laoghaire- 

Rathdown reduces the probability o f  walking or cycling and travelling by public  transport 

to school/college but increases the probability o f  travelling as a passenger in a car by the 

greatest amount. This is consistent with the aggregated data presented  in Tables 3.19, 

3.23 and 3.27 where the proportions being driven to school/college are h ighest in Dun 

Laoghaire-Rathdown, particularly for primary schoolchildren. The effects o f  living in 

Fingal are o f  similar signs and magnitudes, although the effect on the probability  of 

taking public transport to school/college is insignificant. In other words, there is no 

significant difference between those living in Dublin County Borough and those living in 

Fingal in terms of the probability of taking public transport to school/college. In contrast 

to the effects for Dun Laoghaire-Rathdown and Fingal, the effect o f  living in South
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Dublin on the probability of  walking or cycling to school/college is positive and 

significant but in com m on with the results for Dun Laoghaire-R athdow n and Fingal, the 

marginal effects on the probability o f  travelling by public transport and as a passenger in 

a car are significantly negative and positive respectively.

The marginal effects from the six-alternative model presented  in Table 7.18 indicate once 

again that the merging o f  categories so as to satisfy the IIA axiom  m asks differences in 

the effects o f  the independent variables on the different com ponen ts  o f  these categories. 

The marginal effects for the four-alternative model indicate that those living in D un 

Laoghaire-Rathdown are significantly less likely to walk or cycle or travel by public 

transport than those living in Dublin County Borough. However, the marginal effects in 

Table 7.18 show that while the marginal effect o f  living in D un Laoghaire-Rathdown on 

the probability of  walking is negative and significant, the effect on the probability of 

cycling is insignificant. Therefore, the walking effect dominates. Similarly, the overall 

negative marginal effect on the probability o f  travelling by  public transport for Dun 

Laoghaire-Rathdown masks the fact that the effect on the probability  o f  taking the bus is 

negative while the effect on the probability o f  taking the train is in fact positive and 

significant, albeit only marginally so. Similarly, the effect o f  living in South Dublin on 

the probability of  walking is found to be positive while the effect on the probability o f  

cycling is negative even though when the categories are merged, the effect o f  South 

Dublin residence is positive, i.e., the walking effect dominates.
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Gender

It is expected that the gender o f  the student will not be as im portant an explanatory factor 

in explaining mode o f  transport to school/college as it is in explain ing m ode o f  transport 

to work. However, the coefficient estimates in Table 7.15 indicate that female students 

are more likely to travel by bus or train or travel as a passenger in a car than walk or 

cycle to school/college. The marginal effects in Table 7.16 indicate that being female 

increases the probability o f  travelling by public transport or as a passenger in a car but 

reduces the probability o f  walking or cycling. It is difficult to explain why these patterns 

exist except where it m ay indicate increased safety concerns on the part o f female 

students, and in particular on the part o f  their parents. The marginal effects from the six- 

alternative model in Table 7.18 confirm the negative effect o f  gender on the probability 

o f  cycling but indicate that there are no significant differences betw een male and female 

students in their probability o f  walking to school/college. Similarly, while the effect o f  

being female increases the probability o f  taking the bus, there are no significant 

differences between males and females in terms o f  the probability o f  travelling by train.

Age

The age of the student exerts a consistently significant effect on modal choice for the 

journey  to school/college. W hile being a younger s tudent increases the probability of 

travelling by public transport or as a passenger in a car in com parison with walking or 

cycling, it reduces the probability  of choosing other modes, principally driving by car. 

The marginal effects in Table 7.16 confirm that the probability o f  walking or cycling and 

travelling by other m eans increases with the age o f  the student while the probability o f
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travelling as a passenger in a car declines as the age o f  the student increases. This  effect 

reflects the car availability o f  households but may also indicate the increased safety 

concerns involved in letting young children walk or cycle to school. For the public 

transport category, students aged 11-15 years have the highest probability  o f  travelling by 

public transport in comparison with the base category o f  those aged 20 years and older.

The marginal effects for the more disaggregated categories presented  in Table  7.18 

confirm the increasing probability o f  walking or cycling to school/college as the age of 

the student increases. In other words, the aggregation o f  this category is no t disguising 

any different effects on the probability o f  choosing the tw o different m odes. H owever, 

the effect o f  age on the probability o f  travelling by public transport in the six-alternative 

model was found to be positive but at a decreasing rate whereas in the four-alternative 

model, age exerts no significant effect on the probability o f  choosing  the bus but exerts a 

negative and declining effect on the probability of choosing the train.

7.7 Summary and Conclusions

Despite the limitations associated with using C O P  data to exam ine m odal choice 

decisions [see Section 4.4), the results highlight the importance o f  individual socio

economic characteristics in explaining modal choice for the journeys to w ork  and 

school/college in Dublin in 1996. The income elasticities indicate that a one per cent 

increase in household incom e increases the probability o f  driving a car to w ork  by 1.28 

per cent although it is likely that this elasticity value is also capturing the effect o f  

increasing income on increased car ow nership probability. T he  fact that increasing
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income increases the probability of driving a car to work but reduces the probability of 

travelling by more sustainable modes of transport such as walking, cycling, public 

transport and as a passenger in a car is supported by the aggregated data in Table 3.10 

where the proportions driving a car to work increased greatly over the period 1986 to 

2000, a period of rapid economic growth in Ireland. The fact that the proportions 

travelling by train stayed relatively constant at approxim ately 4 per cent over the period is 

supported by the fact that the effect of income on the probability o f travelling by train is 

insignificant, reflecting the attractiveness o f a mode that can compete with the private car 

in terms of journey times. This has important policy implications in terms o f identifying 

areas to target if a decrease in car use is to be achieved [see Section 8.2J.

The effects of distance, area of residence and gender on choice of mode o f transport to 

work arc also highly significant and arc in broad agreement with the aggregated results 

presented in Tables 3.11, 3.13 and 3.15. It was expected that the effect of area of 

residence was unlikely to be as significant a predictor of modal choice using 

disaggregated data after income and distance had been controlled for. However, the 

significance of area of residence in explaining modal choice may indicate that residents 

o f different areas have different tastes or attitudes towards certain forms of transport. It 

also indicates differences in levels of public transport provision, with residents of Dun 

Laoghaire-Rathdown and Fingal, which are well served by train services, having higher 

probabilities of using the train. The effects of gender and age are consistent with the 

results presented in Chapters 5 and 6 where households headed by young females used 

their cars the least and consequently spent the most per capita on bus fares. The results in
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this chapter indicate that in addition, females are more likely to travel as passengers in a 

car (consistent with the aggregate patterns in Table 3.15). The fact that the effect of 

increasing age reduces the probability of travelling by public transport to work but only 

up to the age of 60 years is in direct contrast, however, to the result in Chapter 6 that 

older households spend the least per capita on bus and taxi fares com pared to younger 

households. However, it must be remembered that the expenditure data employed in 

Chapter 6 covers trips for all purposes, not just the journey to work.

For the journey to school/college, the results reflect the aggregated patterns of travel to 

school and college presented in Tables 3.17, 3.21 and 3.25. Once again, the effect of area 

of residence suggests that public transport availability affects modal choice but also that 

there may be additional factors such as the levels of female employment and car 

ownership that arc important in determining mode of transport to school/college. An 

interesting finding is that female students are significantly less likely to cycle to 

school/college, a pattern of behaviour that persists into adulthood. The significant effects 

of the age of the student suggest that safety concerns lead the parents of young 

schoolchildren to drive them to school rather than walk, cycle or use public transport. 

These results have important implications for identifying areas in need of reform and 

categories of the population that need to be targeted if an increase in the use of more 

sustainable forms of transport is to be achieved [see Section 8.2],
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7A TABLES

Table 7,1 Journeys for Commuting, Education and Shopping as a Proportion of 

Total Journeys per Person in the UK: 1996,1998 and 2000

COM M UTING EDUCATION SHOPPING
1996 15.8 19.1 21.1
1998 15.6 19.0 21.0
2000 15.3 19.2 21.0

Sources:

Note:

UK DETR (2002). Transport Statistics Bulletin National Travel Survey: 1999/2000 
Update.
UK DETR (2001e). Transport Statistics Bulletin National Travel Survey: 1998/2000 
Update.
UK DETR (1999). Transport Statistics Bulletin National Travel Survey: 1996/1998 
Update.
(i) Education includes escort education and other escort trips.

Table 7.2 Initial and Final Dependent Variable Categories for Work and School 

Samples

WORK SCHOOL
Initial Specification

Car D r i v e r  (Base Category) 
On Foot 
Bicycle 

Bus 
Train 

Car Passenger

Final Specification
Car Driver (Base Category) 

On Foot and Bicycle 
Bus and Train 
Car Passenger

Initial Specification
On Foot (Base Category) 

Bicycle 
Bus 

Train 
Car Passenger 

Other

Final Specification
On Foot and Bicycle (Base Category) 

Bus and Train 
Car Passenger 

Other
Notes: (i) The car driver category for the work sample includes car driver, motorcycle, lorry or 

van.
(ii) The other category for the school sample includes car driver, motorcycle, lorry or 
van.
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Table 7.3 Hausman Tests of Independence from  

Work Sample with Six Alternatives

Irrelevant Alternatives in

OMITTED CATEGORY TEST STATISTIC DECISION RULE
On Foot 35.132 D o not re ject Hq

Bicycle -4.641 Inconclusive
Bus -160.471 Inconclusive
Train 16.864 D o not re jec t Flo
C ar Passenger -29.457 Inconclusive

Notes: (i) Base C ategory is car driver, m otorcycle, lorry o r van.
(ii) H<): IIA ; Hq: IIA  does not hold
(iii) The test is d istributed  as ch i-squared w ith  degrees o f  freedom  equal to  the difference 
in the num ber o f  estim ated  param eters under the null and a lternative hypotheses, i.e., 80.

2
(iv) The /  critical value w ith 80 degrees o f  freedom  is 112.329.

Table 7.4 Small-Hsiao Tests of Independence from Irrelevant Alternatives in 

Work Sample with Six Alternatives

OMITTED CATEGORY TEST STATISTIC DECISION RULE
On Foot 83.600 R eject Ho
Bicycle 84.631 R eject Ho
Bus 91.471 R eject Ho
Train 89,093 R eject Ho
C ar Passenger 89.267 R eject Ho

N otes: (i) Base C ategory is car driver, m otorcycle, lorry o r van.
(ii) Ho! II A; Hq: IIA  does not hold
(iii) The test is d istribu ted  as ch i-squared w ith degrees o f  freedom  equal to  the difference 
in the num ber o f  estim ated  param eters under the null and alternative hypotheses, i.e., 20.

2
(iv) The X  critical value w ith 20 degrees o f  freedom  is 37.566.

Table 7.5 Small-Hsiao Tests of Independence from Irrelevant Alternatives in

Work Sample with Four Alternatives

OMITTED CATEGORY TEST STATISTIC DECISION RULE
On Foot/B icycle 26.322 D o not reject Ho
B us/Train 36.822 D o not reject Ho
C ar Passenger 33.278 D o not reject Hq

N otes: (i) Base C ategory is car driver, m otorcycle, lorry o r van
(ii) H(): IIA ; Hq: IIA  does not hold
(iii) The test is d istribu ted  as ch i-squared w ith  degrees o f  freedom  equal to  the difference 
in the num ber o f estim ated param eters under the null and a lternative hypotheses, i.e., 20.

2
(iv) The X  critical value w ith 20 degrees o f  freedom  is 37.566.
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Table 7.6 Hausman Tests of Independence from 

School Sample with Six Alternatives

Irrelevant Alternatives in

OMITTED CATEGORY TEST STATISTIC DECISION RULE
Bicycle -35.953 Inconclusive
Bus -12.418 Inconclusive
Train -18.106 Inconclusive
C ar Passenger 99.334 R eject Ho
O ther -2.466 Inconclusive

Notes: (i) B ase C ategory is on foot/bicycle; O ther includes car d river, m otorcycle, lorry o r van.
(ii) Ho: IIA; Ho: IIA  does not hold
(iii) The test is d istribu ted  as ch i-squared w ith degrees o f freedom  equal to the d ifference 
in the num ber o f  estim ated  param eters under the null and alternative  hypotheses, i.e., 56.

2
(iv) The X  critical value w ith 56 degrees o f  freedom  is 83.514.

Table 7.7 Small-Hsiao Tests of Independence from Irrelevant Alternatives in 

School Sample with Six Alternatives

OMITTED CATEGORY TEST STATISTIC DECISION RULE
Bicycle 90.346 R eject Hq

Bus 86.793 R eject Ho

Train 93.581 R eject Ho
C ar Passenger 87.550 R eject Ho
O ther 70.237 R eject Ho

N otes: (i) Base C ategory is on foot/bicycle; O ther includes car driver, m otorcycle, lorry or van.
(ii) Hq: IIA; Hq: IIA  does not hold
(iii) The test is d istributed  as chi-squared w ith degrees o f freedom  equal to the d ifference 
in the num ber o f estim ated  param eters under the null and a lternative hypotheses, i.e., 14.

2
(iv) The 2 ' critical value w ith 14 degrees o f  freedom  is 29.141.

Table 7.8 Sniall-Hsiao Tests of Independence from Irrelevant Alternatives in

School Sample with Four Alternatives

OMITTED CATEGORY TEST STATISTIC DECISION RULE
B us/Train 23.158 D o not reject H q

C ar Passenger 25.442 D o not re ject Ho
O ther 22.219 D o not re ject Ho

Notes: (i) Base C ategory is on foot/bicycle; O ther includes car driver, m otorcycle, lorry or van.
(ii) Ho: IIA ; Ho: IIA  does not hold
(iii) The test is d istributed  as chi-squared w ith degrees o f freedom  equal to  the d ifference 
in the num ber o f estim ated  param eters under the null and a lternative hypotheses, i.e., 14.

2
(iv) The 2" critical value w ith 14 degrees of freedom  is 29.141.
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Table 7.9 Four-Alternative Multinomial Logit Model of Mode of Transport to Work (Estimated Coefficients)

VARIABLE ON FO O T /B IC Y C L E BUS/TRAIN CA R PASSEN G ER
Constant 0.318 3.941 1.215

(0.504) (0.375)*** (0.562)**
HHEXP'-’ ' -1.101 -1.397 -1.193

(0.150)*** (0.121)*** (0.181)***
ONELESS 4.773 -0.798 0.245

(0.210)*** (0.106)*** (0.132)*
TWO 3.604 -0.160 0.135

(0.211)*** (0.087)* (0.129)
THREE 2.824 0.082 0.293

(0.214)*** (0.080) (0.118)**
FOUR 2.316 0.219 0.336

(0.221)*** (0.082)*** (0.122)***
FIVE 1.614 0.235 0.114

(0.214)*** (0.063)*** (0.096)
DLR -0.911 -0.565 -0.082

(0.079)*** (0.061)*** (0.091)
HN GA L -0.813 -0.373 0.049

(0.093)*** (0.065)*** (0.096)
SCD -0.749 -0.554 -0.003

(0.073)*** (0.058)*** (0.084)
FEMALE 0.054 0.815 1.231

(0.058) (0.047)*** (0.071)***
THIRTY -0.266 -0.365 -0.390

(0.108)** (0.087)*** (0.129)***
FORTY -0.684 -0.761 -1.025

(O.IOI)*** (0.082)*** (0.124)***
HFTY -0.549 -0.582 -0.747

(0.138)*** (0.113)*** (0.169)***
Notes: (i) Standard errors are reported in parentheses.

(ii) *** significant at 1% level; ** significant at 5% level; * significant at 10% level
(iii) Base Category is car driver, motorcycle, lorry or van.

The models for the work sample were also estimated with SEGABC replacing HHEXP. W hile the results for the models with SEGABC are not presented, the 
results are the same in both sign and significance levels for all variables.
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Table 7.9 continued

VA RIA BLE ON FO O T/B IC Y C LE BUS/TRAIN C A R  PA SSEN G ER
SIXTY -0.671 -0.309 -0.691

(0.181)*** (0.153)** (0.248)***
PRIMARY -0.391 -0.469 -0.594

(0.231)* (0.187)** (0.283)**
SECONDARY -0.601 -0.552 -0.381

(0.145)*** (0.116)*** (0.174)**
MARRIED -1.135 -1.559 -0.388

(0.095)*** (0.077)*** (0.112)***
OTHERMAR -1.068 -1.115 -0.931

(0.143)*** (0.115)*** (0.200)***
PART 0.546 0.588 0.064

(0.076)*** (0.064)*** (0.095)
Number of Observations 16,912
Log-Likelihood -15,367.700
M cFadden’s R-squared'^' 21.909

Notes: (i) Standard errors are reported in parentheses.
(ii) *** significant at 1% level; ** significant at 5%  level; * significant at 10% level
(ii) Base Category is car driver, motorcycle, lorry or van.

M cFadden’s R-squared is a common measure of goodness-of-fit in MNL models [see Greene (2000), Verbeek (2000) and Amemiya (1984)]. It is calculated 
as 1-LogLuR/LogLR where LogLin? is the log-likelihood value o f the estimated model and LogLR is the log-likelihood value from the model when all the 
parameters, except the intercept, are set to zero.
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Table 7.10 Four-Alternative Multinomial Logit Model of Mode of Transport to Work (Marginal Effects)

VARIABLE CAR DRIVER ON FOOT/BICYCLE BUS/TRAIN CAR PASSENGER
Constant -0.602 -0.063 0.648 0.018

(0.074)*** (0.041) (0.062)*** (0.039)
HHEXP 0.306 -0.056 -0.196 -0.053

(0.024)*** (0.012)*** (0.020)*** (0.012)***
ONELESS -0.178 0.421 -0.239 -0.004

(0.019)*** (0.013)*** (0.017)*** (0.009)
TWO -0.191 0.309 -0.104 -0.014

(0.018)*** (0.013)*** (0.014)*** (0.009)
THREE -0.186 0.237 -0.049 -0.001

(0.018)** (0.014)*** (0.013)*** (0.008)
FOUR -0.178 0.190 -0.016 0.003

(0.019)*** (0.015)*** (0.014) (0.008)
FIVE -0.129 0.132 0.005 -0.008

(0.016)*** (0.016)*** (0.011) (0.007)
DLR 0.132 -0.065 -0.077 0.010

(0.012)*** (0.007)*** (0.010)*** (0.006)*
FINGAL 0.094 -0.062 -0.048 0.016

(0.013)*** (0.008)*** (0.011)*** (0.007)**
SCD 0.117 -0.052 -0.079 0.015

(0.012)*** (0.006)*** (0.009)*** (0.006)**
FEMALE -0.170 -0.021 0.118 0.073

(0.009)*** (0.005)*** (0.007)*** (0.005)***
THIRTY 0.082 -0.012 -0.050 -0.020

(0.017)*** (0.009) (0.014)*** (0.009)**
FORTY 0.189 -0.035 -0.099 -0.055

(0.016)*** (0.008)*** (0.013)*** (0.009)***
HFTY 0.144 -0.029 -0.076 -0.039

(0.022)*** (0.011)** (0.019)*** (0.012)***
SIXTY 0.112 -0.046 -0.027 -0.039

(0.030)*** (0.015)*** (0.025) (0.017)**
Notes: (i) Standard errors are reported in parentheses.

(ii) *** significant at 1% level; ** significant at 5% level; * significant at 10% level
(iii) Base Category is car driver, motorcycle, lorry or van
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Table 7.10 continued

VARIABLE CAR DRIVER ON FOOT/BICYCLE BUS/TRAIN CAR PASSENGER
PRIMARY 0.113 -0.019 -0.062 -0.032

(0.037)*** (0.019) (0.031)** (0.020)*
SECONDARY 0.126 -0.037 -0.076 -0.013

(0.023)*** (0.012)*** (0.019)*** (0.012)
MARRIED 0.292 -0.062 -0.237 0.007

(0.015)*** (0.008)*** (0.012)*** (0.008)
OTHERMAR 0.254 -0.061 -0.153 -0.040

(0.023)*** (0.012)*** (0.019)*** (0.014)***
PART -0.113 0.034 0.088 -0.009

(0.013)*** (0.006)*** (0.010)*** (0.006)
Number of Observations 16,912
Log-Likelihood -15,367.700
M cFadden’s R-squared 21.909

Notes: (i) Standard errors are reported in parentheses.
(ii) *** significant at 1% level; ** significant at 5% level; * significant at 10% level
(iii) Base Category is car driver, motorcycle, lorry or van.
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Table 7.11 Six-Alternative Multinomial Logit Model of Mode of Transport to Work (Estimated Coefficients)

VARIABLE ON FOOT BICYCLE BUS TRAIN CAR PASSENGER
Constant -3.321 0.977 4.042 1.183 1.195

(1.159)*** (0.651) (0.422)*** (0.640)* (0.560)**
HHEXP -1.018 -1.311 -1.650 -0.759 -1.193

(0.190)*** (0.201)*** (0.136)*** (0.207)*** (0.180)***
ONELESS 7.827 2.875 -0.182 -3.149 0.344

(1.002)*** (0.225)*** (0.115) (0.456)*** (0.132)***
TWO 6.303 2.805 0.390 -2.227 0.181

(1.003)*** (0.223)*** (0.096)*** (0.265)*** (0.129)
THREE 4.956 2.552 0.594 -1.547 0.323

(1.006)*** (0.222)*** (0.090)*** (0.181)*** (0.118)***
FOUR 3.768 2.252 0.708 -1.184 0.362

(1.019)*** (0.228)*** (0.092)*** (0.173)** (0.122)***
FIVE 2.322 1.617 0.522 -0.208 0.127

(1.026)** (0.219)*** (0.075)*** (0.089) (0.096)
DLR -1.114 -0.780 -0.927 0.152 -O .ill

(0.105)*** (0.102)*** (0.073)*** (0.097) (0.091)
HNGAL -0.763 -0.945 -0.624 0.125 0.035

(0.118)*** (0.133)*** (0.076)*** (0.102) (0.096)
SCD -0.692 -0.736 -0.338 -3.030 0.015

(0.094)*** (0.082)*** (0.061)*** (0.310)*** (0.085)
FEMALE 0.587 -0.579 0.892 0.536 1.232

(0.073)*** (0.082)*** (0.051)*** (0.083)*** (0.071)***
THIRTY -0.269 -0.246 -0.295 -0.507 -0.392

(0.137)** (0.144)* (0.097)*** (0.154)*** (0.129)***
FORTY -0.619 -0.781 -0.825 -0.577 -1.030

(0.128)*** (0.136)*** (0.092)*** (0.143)*** (0.124)***
HFTY -0.535 -0.567 -0.604 -0.460 -0.756

(0.175)*** (0.185)*** (0.128)*** (0.199)** (0.169)***
SIXTY -0.570 -0.849 -0.290 -0.281 -0.698

(0.223)** (0.263)*** (0.171)* (0.283) (0.248)***
Notes: (i) Standard errors are reported in parentheses.

(ii) *** significant at 1% level; ** significant at 5% level;
(iii) Base Category is car driver, motorcycle, lorry or van.

* significant at 10% level
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Table 7.11 continued

VARIABLE ON FOOT BICYCLE BUS TRAIN CAR PASSENGER
PRIMARY -0,176 -0.686 -0.421 -1.007 -0.566

(0.291) (0.309)** (0.209)** (0.347)*** (0.283)**
SECONDARY -0.516 -0.727 -0.577 -0.492 -0.371

(0.184)*** (0.194)*** (0.130)*** (0.198)** (0.173)**
MARRIED -1.381 -0.975 -1.811 -0.900 -0.403

(0.121)*** (0.127)*** (0.087)*** (0.133)*** (0.112)***
OTHERMAR -1.202 -1.016 -1.313 -0.583 -0.940

(0.175)*** (0.210)*** (0.128)*** (0.210)*** (0.200)***
PART 0.597 0.498 0,647 0.310 0.068

(0.091)*** (0.109)*** (0.069)*** (0.125)** (0.095)
Number of Observations 
Log-Likelihood 
M cFadden’s R-squared

16,912
-17,969.370

23.617
Notes: (i) Standard errors are reported in parentheses.

(ii) *** significant at 1% level; ** significant at 5% level; * significant at 10% level
(iii) Base Category is car driver, motorcycle, lorry or van.
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Table 7.12 Six-Alternative Multinomial Logit Model of Mode of Transport to Work (Marginal Effects)

VARIABLE CAR DRIVER ON FOOT BICYCLE BUS TRAIN CAR
PASSENGER

Constant -0.527 -0.068 0.009 0.544 0.009 0.033
(0.073)*** (0.012)*** (0.033) (0.057)*** (0.014) (0.042)

HHEXP 0.316 -0.009 -0.045 -0.196 -0.006 -0.059
(0.023)*** (0.003)*** (0.010)*** (0.018)*** (0.005) (0.013)***

ONELESS -0.140 0.126 0.146 -0.067 -0.076 0.011
(0.021)*** (0.011)*** (0.010)*** (0.015)*** (0.008)*** (0.010)

TWO -0.189 0.099 0.138 0.017 -0.057 -0.009
(0.019)*** (0.008)*** (0.009)*** (0.013) (0.007)*** (0.010)

THREE -0.205 0.077 0.123 0.047 -0.042 0.001
(0.017)*** (0.008)*** (0.010)*** (0.012)*** (0.005)*** (0.009)

FOUR -0.202 0.057 0.107 0.067 -0.034 0.005
(0.018)*** (0.009)*** (0.010)*** (0.012)*** (0.005)*** (0.009)

FIVE -0.144 0.035 0.077 0.051 -0.010 -0.008
(0.016)*** (0.012)*** (0.010)*** (0.010)*** (0.002)*** (0.007)

DLR 0.146 -0.015 -0.031 -0.118 0.009 0.009
(0.012)*** (0.003)*** (0.005)*** (0.010)*** (0.002)*** (0.007)

FINGAL 0.107 -0.010 -0.043 -0.077 0.007 0.017
(0.013)*** (0.003)*** (0.007)*** (0.010)*** (0.002)*** (0.007)**

SCD 0.115 -0.009 -0.031 -0.027 -0.065 0.016
(0.012)** (0.002)*** (0.005)*** (0.008)*** (0.006)*** (0.006)**

FEMALE -0.159 0.006 -0.045 0.109 0.007 0.083
(0.009)*** (0.001)*** (0.004)*** (0.007)*** (0.002)*** (0.005)***

THIRTY 0.073 -0.003 -0.007 -0.031 -0.009 -0.023
(0.017)*** (0.002) (0.007) (0013)** (0.003)*** (0.010)**

FORTY 0.190 -0.005 -0.027 -0.090 -0.007 -0.062
(0.016)*** (0.002)** (0.007)*** (0.012)*** (0.003)** (0.009)***

HFTY 0.141 -0.005 -0.019 -0.065 -0.006 -0.045
(0.022)*** (0.003)* (0.009)** (0.017)*** (0.004) (0.013)***

SIXTY 0.111 -0.007 -0.037 -0.020 -0.003 -0.044
(0.030)*** (0.004)* (0.013)*** (0.023) (0.006) (0.019)**

Notes: (i) Standard errors are reported in parentheses.
(ii) *** significant at 1% level; ** significant at 5% level; * significant at 10% level
(iii) Base Category is car driver, motorcycle, lorry or van.
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Table 7.12 continued

VARIABLE CAR DRIVER ON FOOT BICYCLE BUS TRAIN CAR
PASSENGER

PRIMARY

SECONDARY

MARRIED

OTHERMAR

PART

0.119
(0.036)***

0.123
(0.023)***

0.284
(0.015)***

0.254
(0.023)***

-0.104
(0.013)***

0.000
(0.005)
-0.005

(0.003)*
-0.016

(0.003)***
-0.013

(0.004)***
0.007

(0 .002)***

-0.028
(0.016)*
-0.030

(0 .010 )***
-0.030

(0.006)***
-0.035

(0 .011)* * *
0.019

(0.006)***

-0.040
(0.028)
-0.065

(0.017)***
-0.231

(0 .011)* * *
-0.155

(0.017)***
0.082

(0.009)***

-0.019
(0.008)**

-0.007
(0.004)
- 0.011

(0.003)***
-0.004
(0.005)
0.003

(0.003)

-0.032
(0 .0 2 1 )

-0.015
(0.013)
0.003

(0.008)
-0.046

(0.015)***
-0.008
(0.007)

Number of Observations 
Log-Likelihood 
McFadden’s R-squared

16,912
-17,969.370

23.617
Notes: (i) Standard errors are reported in parentheses.

(ii) *** significant at 1% level; ** significant at 5% level; * significant at 10% level
(iii) Base Category is car driver, motorcycle, lorry or van.
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Table 7.13 Income Elasticities for Four-Alternative Model of Mode of Transport to Work

C A R  D R IV E R F O O T /B IC Y C L E B U S/T R A IN C A R  PASSENCxER
IN C O M E E L A ST IC IT Y  1.278*** -1.526*** -2 284*** -1.765***

Notes: (i) *** sign ifican t at 1% level; *** sign ifican t at 1% level; ** significant at 5%  level; * significant at 10%  level
(ii) S ignificance levels o f  elastic ities are those o f  the underlying m arginal effects.

Table 7.14 Income Elasticities for Six-Alternative Model of Mode of Transport to Work

C A R  D R IV E R F O O T B IC Y C L E BUS T R A IN C A R
P A S S E N G E R

IN C O M E ELA ST IC IT Y  1.230*** -1.323*** -2.106*** -2.974*** -0.694 -1 817***
N otes: (i) *** sign ifican t at 1% level; *** sign ifican t at 1% level; ** significant at 5%  level; * significant at 10% level

(ii) S ign ificance levels o f  elastic ities are those o f the underlying m arginal effects.
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Table 7.15 Four-Alternative Multinomial Logit Model of Mode of Transport to School (Estimated Coefficients)

VARIABLE BUS/TRAIN CAR PASSENGER OTHER
Constant 4.185 0.356 2.116

(0.585)*** (0.612) (0.642)***
SEGABC -0.039 1.113 0.478

(0.072) (0.062)*** (0.191)**
ONELESS -8.377 -6.330 -6.707

(0.590)*** (0.605)*** (0.698)***
TWO -5.554 -4.290 -5.012

(0.589)*** (0.605)*** (0.673)***
THREE -4.451 -3.176 -3.981

(0.590)*** (0.608)*** (0.660)***
FOUR -3.182 -2.644 -2.861

(0.602)*** (0.624)*** (0.670)***
FIVE -2.548 -2.055 -2.767

(0.595)*** (0.614)*** (0.643)***
DLR -0.158 0.852 0.339

(0.093)* (0.084)*** (0.238)
FINGAL -0.029 0.329 0.053

(0.095) (0.086)*** (0.308)
SCD -0.442 -0.012 -0.097

(0.086)*** (0.080) (0.270)
FEMALE 0.499 0.382 0.267

(0.064)*** (0.059)*** (0.182)
PRIME L760 4.394 -2.287

(0,132)*** (0.180)*** (0.630)***
SECl 1.570 3.387 -1.717

(0.124)*** (0.178)*** (0.397)***
SEC2 1.065 2.033 -1.257

(0.116)*** (0.175)*** (0.250)***
Number of Observations 
Log-Likelihood 
McFadden’s R-squared

10,610
-7,661.858

33.436
Notes: (i) Standard errors are reported in parentheses.

(ii) *** significant at 1% level; ** significant at 5% level; * significant at 10% level
(iii) Base Category is on foot/bicycle; Other includes car driver, motorcycle, lorry or van.

271



Table 7.16 Four-Alternative Multinomial Logit Model of Mode of Transport to School (Marginal Effects)

V ARIABLE ON F O O T /B IC Y C L E BUS/TRAIN CAR PASSEN G ER O T H E R
Constant -0.565 0.736 -0,178 0.006

(0.147)*** (0.081)*** (0.075)** (0.003)**
SEGABC -0.135 -0.071 0.205 0.001

(0.014)*** (0.012)*** (0.010)*** (0.001)
ONELESS 1.833 -1.148 -0.666 -0.020

(0.149)*** (0.079)*** (0.077)*** (0.005)***
TWO 1.229 -0.755 -0.458 -0.017

(0.148)*** (0.077)*** (0.078)*** (0.005)***
THREE 0.952 -0.620 -0.319 -0,013

(0.149)*** (0.077)*** (0.078)*** (0.004)***
FOUR 0.727 -0.422 -0.296 -0.009

(0.152)*** (0.077)*** (0.081)*** (0.003)***
FIVE 0.576 -0.341 -0.225 -0.010

(0.150)*** (0.075)*** (0.079)*** (0.003)***
DLR -0.087 -0.078 0.164 0.001

(0.019)*** (0.015)*** (0.014)*** (0.001)
FINGAL -0.037 -0.024 0.062 0.000

(0.019)* (0.016) (0.014)*** (0.002)
SCD 0.056 -0.079 0.023 0.000

(0.017)*** (0.014)*** (0.013)*** (0.002)
FEMALE -0.109 0.068 0.041 0.000

(0.013)*** (0.011)*** (0.010)* (0.001)
PRIME -0.752 0.071 0.705 -0.024

(0.033)*** (0.021)*** (0.029)*** (0.004)***
SECl -0.606 0.094 0.531 -0.018

(0.032)*** (0.019)*** (0.028)*** (0.004)***
SEC2 -0.378 0.079 0.312 -0.013

(0.031)*** (0.018)*** (0.029)*** (0.003)***
Number of Observations 
Log-Likelihood 
M cFadden’s R-squared

10,610
-7,661.858

33.436
Notes: (i) Standard errors are reported in parentheses.

(ii) *** significant at 1% level; ** significant at 5%  level; * significant at 10% level
(iii) Base Category is on foot/bicycle; Other includes car driver, motorcycle, lorry or van.
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Table 7.17 Six-Alternative Multinomial Logit Model of Mode of Transport to School (Estimated Coefficients)

VARIABLE BICYCLE BUS TRAIN CAR PASSENGER OTHER
Constant 1.456 5.050 4.762 1.793 3.626

(1.230) (1.007)*** (1.020)*** (1.021)* (1.041)***
SEGABC 0.615 0.100 0.656 1.244 0.758

(0.097)*** (0.078) (0.146)*** (0.066)*** (0.194)***
ONELESS -2.691 -8.579 -12.101 -6.974 -7.622

(1.231)** (1.009)*** (1.169)*** (1.016)*** (1.072)***
TWO -0.726 -5.435 -8.481 -4.614 -5.461

(1.232) (1.008)*** (1.058)*** (1.017)*** (1.060)***
THREE 0.123 -3.888 -6.098 -3.030 -3.906

(1.238) (1.014)*** (1.040)*** (1.023)*** (1.057)***
FOUR 0.634 -2.210 -4.064 -2.061 -2.358

(1.278) (1.054)** (1.074)*** (1.065)* (1.094)**
FIVE 1.531 -0.884 -2.117 -0.704 -1.478

(1.299) (1.084) (1.090)* (1.093) (1.111)
DLR 0.484 -0.043 0.739 1.013 0.644

(0.117)*** (0.103) (0.190)*** (0.089)*** (0.242)***
HNGAL -0.869 -0.197 -0.045 0.216 -0.101

(0.164)*** (0.101)* (0.200) (0.089)** (0.310)
SCD -0.573 -0.514 -3.606 -0.124 -0.401

(0.121)*** (0.091)*** (0.528)*** (0.083) (0.276)
FEMALE -1.310 0.181 -0.097 0.135 -0.214

(0.098)*** (0.070)*** (0.141) (0.062)** (0.186)
PRIME -3.024 1.241 -2.318 3.670 -2.798

(0.276)*** (0.154)*** (1.021)** (0.195)*** (0.625)***
SECl -0.907 1.125 0.450 2.778 -2.158

(0.148)*** (0.148)*** (0.254)* (0.193)*** (0.396)***
SEC2 -0.382 0.771 0.641 1.653 -1.570

(0.139)*** (0.144)*** (0.196)*** (0.192)*** (0.261)***
Number of Observations 
Log-Likelihood 
McFadden’s R-squared

10,610
-9,683.077

34.159
Notes: (i) Standard errors are reported in parentheses.

(ii) *** significant at 1% level; ** significant at 5% level; * significant at 10% level
(iii) Base Category is on foot; Other includes car driver, motorcycle, lorry or van.
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Table 7.18 Six-Alternative Multinomial Logit Model of Mode of Transport to School (Marginal Effects)

VARIABLE ON FOOT BICYCLE BUS TRAIN CAR PASS. OTHER
Constant -0.733 -0.033 0.831 0.005 -0.082 0.012

(0.222)*** (0.040) (0.108)*** (0.002)** (0.107) (0.004)***
SEGABC -0.158 0.009 -0.096 0.000 0.242 0.002

(0.014)*** (0.005)** (0.014)*** (0.000) (0.012)*** (0.001)*
ONELESS 1.678 0.111 -1.072 -0.015 -0.680 -0.021

(0.212)*** (0.038)*** (0.100)*** (0.006)** (0.105)*** (0.005)***
TWO 1.067 0.124 -0.676 -0.011 -0.486 -0.018

(0.219)*** (0.038)*** (0.101)*** (0.005)** (0.109)*** (0.005)***
THREE 0.722 0.117 -0.516 -0.008 -0.301 -0.014

(0.224)*** (0.039)*** (0.103)*** (0.004)** (0.111)*** (0.005)***
FOUR 0.437 0.101 -0.273 -0.006 -0.251 -0.008

(0.237)* (0.040)** (0,106)** (0.003)** (0.119)** (0.004)**
nvE 0.139 0.105 -0.137 -0.003 -0.095 -0.008

(0.248) (0.041)** (0.110) (0,002)** (0.122) (0.004)**
DLR -0.116 0.009 -0.103 0.001 0.208 0.002

(0.019)*** (0.005) (0.018)*** (0,000)* (0.016)*** (0.002)
FINGAL 0.013 -0.045 -0.044 0.000 0.077 0.000

(0.018) (0.009)*** (0.017)** (0.000) (0.016)*** (0.002)
SCD 0.079 -0.019 -0.081 -0.007 0.030 -0.001

(0.016)*** (0.006)*** (0.016)*** (0.003)** (0.016)* (0.002)
FEMALE -0.007 -0.072 0.045 0.000 0.035 -0.002

(0.013) (0.007)*** (0.012)*** (0.000) (0.011)*** (0.001)
PRIME -0.450 -0.234 -0.007 -0.007 0.728 -0.030

(0.034)*** (0.015)*** (0.025) (0.002)*** (0.034)*** (0.005)***
SECl -0.387 -0.109 0.010 -0.001 0.511 -0.024

(0.034)*** (0.011)*** (0.024) (0.001)* (0.033)*** (0.005)***
SEC2 -0.243 -0.058 0.024 0.000 0.293 -0.017

(0.033)*** (0.008)*** (0.022) (0.000) (0.034)*** (0.004)***
Number of Observations 
Log-Likelihood 
McFadden’s R-squared

10,610
-9,683.077

34.159
Notes: (i) Standard errors are reported in parentheses.

(i) *** significant at 1% level; ** significant at 5% level; * significant at 10% level
(ii) Base Category is on foot; Other includes car driver, motorcycle, lorry or van.
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7B APPENDICES

7A Specification Tests for Independence from Irrelevant Alternatives

The Hausman likelihood ratio test is outlined in Hausman and McFadden (1984) and 

involves comparing parameter estimates under a restricted specification (omitting an 

altemative choice) and an unrestricted specification (including the full set of alternatives), 

i.e.,

where represent the parameter estimates based on the restricted sub-set of choices, 

(3 represents the parameter estimates based on the unrestricted full set of choices and

V and V are the estimated variance-covariance matrices for the restricted and
r ur

unrestricted models respectively. The test statistic is distributed as chi-squared with the 

number of degrees of freedom equal to the difference in the number of estimated 

parameters.

The Small-Hsiao likelihood ratio test is outlined in Small and Hsiao (1985) and involves 

randomly dividing the sample into two sub-sets, A and B. The model is then estimated in 

each sub-sample using the full choice set, C. Using the parameter estimates and /3^ ,

is formed as follows:

(7A.1)

(7A.2)
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The first sub-sam ple A is then discarded and the m odel is estim ated  for the restric ted  

choice set, D, in sub-sam ple B giving rise to param eter estim ates (5̂  ̂ . T he Sm all-H siao 

test statistic is then constructed  as:

SH ^ - 2 [log ) - log l ( / ? ^ )J  (7A .3)

w here log ) is the log-likeli hood evaluated at the w eighted average o f the full

choice set o f  estim ates (5 '̂  defined above [Fry and H arris (1998)]. T he test statistic  is

also d istributed as ch i-squared  w ith the num ber o f degrees o f freedom  equal to the 

d ifference in the num ber o f estim ated  param eters.

For the choice o f  m ode o f  transport to w ork and school/college, five restric ted  choice sets 

are constructed by elim inating  one choice at a tim e as well as the ind iv iduals that have 

m ade that c h o i c e . T a b l e s  7.3 and 7.4 present the results o f  the H ausm an and Sm all- 

Hsiao IIA tests for the work sam ple with six alternatives, w hile T ables 7.6 and 7.7 

present the Hausm an and Sm all-H siao  test results for the school sam ple w ith six 

alternatives. A failing o f the H ausm an test is that it often reports negative ch i-squared  test 

statistics. This results from  the fact that even though all m odels m ay converge and the 

estim ated variance-covariance m atrices are non-singular, taking the inverse o f the m atrix 

( V r ~ y J  may result in singularity  [see Sm all and H siao (1985) and H ausm an and

M cFadden (1984)|.

T h is  is carried out  a u to m a t ic a l ly  in S T A T A .
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While Fry and Harris (1998) and Hausman and McFadden (1984) interpret a negative test 

statistic as evidence for support of the null hypothesis of IIA, Small and Hsiao (1985) and 

Pagan and Vella (1989) favour the application of the Small-Hsiao test as it overcomes the 

problem of possible negative test statistics as well as overcom ing the bias towards not 

rejecting the null hypothesis of IIA that is associated with the Hausm an test. Tables 7.4 

and 7.7 show that the Small-Hsiao tests of IIA are rejected for all alternatives in the work 

and school samples with six alternatives. Based on intuition, some alternatives are 

merged and Tables 7.5 and 7.8 present the results of the Sm all-Hsiao tests on the final 

dependent variable specifications. As the Small-Hsiao tests of IIA are not rejected for any 

of the alternatives, the final dependent variable categories for the work and school 

samples may be considered as distinct alternatives. The final choice sets (presented in 

Table 7.2) therefore comprise the sets of alternatives for which the IIA assumption cannot 

be rejected on the basis of the Small-Hsiao tests.
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7B Formulae for the Calculation of Marginal Effects and Elasticities in

the Multinomial Logit Model

Marginal effects for continuous independent variables in the M N L  model are calculated 

by differentiating the predicated probabilities given in (7B.1) below  with respect to each 

independent variable o f  interest :

P(y^ = j )  =
e x p ( x ’P^)

l + e x p ( X . ’P^) +  exp( X, ’ + .... + exp(X. ’P j  )

dP
~ ^  =  P  
dx I

(7B.2)

where is the parameter estimate for variable k. This enables the calculation of 

elasticities for the independent variables in the model as follows:



CHAPTER 8 

SUMMARY AND CONCLUSIONS

8.1 Overview

This thesis was concerned with exam ining the incom e and socio-econom ic determinants 

o f  transport demand, using Dublin as a case study. Chapter 1 set the context and detailed 

the aims and structure o f  the thesis. The problem o f  excessive car use in urban areas was 

d iscussed and the increasing m ovem ent away from  earlier policies concerned with 

expanding  road capacity towards a more integrated solution encom passing  investment in 

public transport and com plem entary measures, such as im proved cycle and bus lanes and 

road pricing, was documented. In this context, the need for a better understanding of the 

incom e and socio-economic factors influencing urban transport decisions was 

highlighted.

Chapter 2 discussed previous literature relevant to the analyses in this thesis, grouped into 

the three broad areas that form the basis o f the core chapters, nam ely car ownership and 

use (Chapter 5), public transport use (Chapter 6) and  modal choice (Chapter 7). Chapter 3 

m otivated the use of Dublin as a case study by docum enting  the rapid economic and 

demographic changes that have occurred in D ublin  over the last fifteen years and 

assessed the implications for patterns o f  travel to work, school and college. Chapter 4
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introduced the two micro-data sets that are employed in this thesis, namely the 

1987/1988, 1994/1995 and 1999/2000 Household Budget Surveys and the 1996 Census 

of Population. Issues such as sample sizes and the choice of dependent and independent 

variables were discussed and broad relationships between the dependent and independent 

variables were presented. This chapter also described the procedure whereby information 

from the 1994/1995 Household Budget Survey was used to supplement data from the 

1996 Census of Population for use in the analysis in Chapter 7.

In Chapter 5, the issues of household car ownership and use and changes in the 

relationship between these issues and the income and socio-economic characteristics of 

the household over the period 1987-1999 were examined using probit and Tobit 

econometric methodologies. Chapter 6 extended the analysis in Chapter 5 to incorporate 

household decisions about bus and taxi use. This was the first time in published research 

that public transport was decomposed into its separate components, as well as the first 

time that public transport use was analysed for separate samples of households, namely, 

non car-owning and car-owning households. Chapter 7 estimated multinomial logit 

models of the modal choice decisions of workers and students in an attempt to ascertain 

whether the factors influencing overall levels of transport use found in Chapters 5 and 6 

were any different to those influencing travel for two specific purposes, i.e., the journeys 

to work and school/college. A new development was the extension of the analysis to 

incorporate the journey to school/college, a journey purpose overlooked in previous 

papers that have modelled modal choice; these papers have primarily concentrated on the 

journey to work.
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Section 8.2 summarises the main findings and discusses the policy implications that arise 

from the research. Section 8.3 concludes and suggests areas for future research.

8.2 Summary and Policy Implications

8.2.1 Car Ownership and Use

In com m on with previous research discussed in Section 2.3, incom e was found to have 

positive and significant effects on car ow nership and use. The result that cars were luxury 

items in 1987 and 1994 but that by 1999, they had becom e necessities is in agreement 

with trends in private car registrations in Dublin over the last fifteen years where the 

major growth in car registrations o ccu n ed  over the latter part o f  the 1990s, but slowed 

after 2000. This would suggest that as car ow nership increases to levels found in other 

European countries, the importance o f  income in determ ining differences in car 

ownership levels is decreasing. In terms of forecasting future levels o f  growth, this 

implies that an increase in income will lead to a sm aller proportionate change in car 

ownership levels, reflecting the already high rates o f  car ow nership  in the Dublin area. In 

addition, our results suggest that, since 1994, car ow nership  has becom e m ore prevalent 

among other family types, such as households headed by a single female, with no 

working members and with lower levels o f  education.

In contrast to the changing effect o f  incom e on the probability  o f  car ownership  over 

time, car use was consistently found to be a necessity. O nce the expense o f  acquiring a 

car has been undertaken, economic considerations are, therefore, less important in 

determining variations in car use. This would suggest that non-econom ic measures, such
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as parking restrictions and priority on road space for public transport vehicles, may be 

jus t  as effective in reducing car use as economic measures, such as increased car parking 

charges or road pricing. The results for the additional socio-econom ic characteristics 

indicate that households that own and use cars are most likely to be traditional family 

types, i.e., headed by a middle-aged male with children and with at least one person in 

employment. The socio-econom ic composition o f  car ow ners and users suggest that these 

households would be m ost affected by measures such as parking restrictions, road pricing 

or tolling. The importance o f  country-specific factors is highlighted by the divergent 

effects o f  age on car ow nership and use with older households m ost likely to own cars yet 

using their cars the least. Higher insurance costs for young people in Ireland m ay explain 

the form er result, which is in direct contrast to many studies in the area [see Section 2.3],

8.2.2 Public Transport Use

hi terms of bus use, income was found to be an insignificant factor in determining 

variations in use among households that own one or more cars.'^"* In contrast, incom e had 

a positive and significant, albeit inelastic, effect on bus use in households that do not own 

a car. In terms o f  public transport use, most studies o f  public transport dem and find that 

incom e has a significantly positive effect on public transport use [Bergantino (1997) and 

FitzRoy and Smith (1998, 1994)] but our findings suggest that an increase in incomes 

will only lead to an increase in bus use among the population of households that do not 

own a car.''^^ With ever increasing rates o f  car ownership, this does not bode well for

W ith the exception  o f  1999 w here incom e w as sign ifican t at the 10 per cen t leve l.
W h ile  W'e cannot infer anything about the effect o f  increasing in com e on the p o ssib ility  that non car- 

o w n in g  households w ill acquire a car, this p o ssib ility  w ou ld  further reduce the potentia l for increased bus 
use in the future.
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future modal split between car and bus use. This result highlights the im portance of our 

analysis o f  bus use decisions for two separate samples o f  households.

hi terms o f  taxi use, the effect o f  income was positive and significant in all years for both 

non car-owning and car-owing households, with ev idence to show that the income 

elasticity has been increasing over time to the ex tent that by 1999, taxis were luxuries. 

The increasing significance o f  incom e in explaining variations in taxi use is consistent 

with aggregate trends in taxi use in Dublin, where taxi use has increased significantly in 

recent years due to economic growth, parking restrictions in the city centre, a 

strengthening of the drink driving legislation [Oscar Faber (1998)] and the deregulation 

o f  the market in 2000, which substantially increased supply. In addition, the 

insignificance of income in determining bus use in households with one or m ore cars, as 

well as the higher elasticities for taxi use in com parison with those for bus use, suggest 

that changes in income will lead to much greater changes in taxi use than in bus use. This 

result is consistent with the fact that taxis are considered a closer substitute for the car 

than buses, meaning that as car ownership increases and restrictions on car use in the city 

centre strengthen, the shift will be towards taxis ra ther than towards buses. This  has key 

implications for urban transport p lanning and the regulation o f  the bus and taxi markets in 

the future. Households with high levels o f  taxi use have similar socio-econom ic 

characteristics to households that have a high level o f  bus use (i.e., no  children, young, at 

least one working m em ber) except that there is no significant gender difference. In 

addition, the fact that single females are still m ore likely to use the bus even when they
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have access to a car suggests that males should be targeted in prom otional campaigns to 

encourage increased use o f  the bus.

8.2.3 Modal Choice

In Chapter 7, it was found that an increase in household  incom e leads to an increase in 

the probability o f  travelling by car to work and consequently  reduces the probability  that 

the individual will travel on foot or by bicycle, by public transport or as a passenger in a 

car. The largest decrease in probability occurs for the public transport category. While 

this incom e effect obviously includes the effect o f  increased car ow nersh ip  probability, 

the results indicate that future rises in income in the Dublin area are likely to perpetuate 

the shift aw ay from walking, cycling and public transport towards the private  car. The 

results from the six-alternative model (while they m ust be interpreted with caution since 

the IIA axiom  is rejected), suggest that an increase in incom e w ould  not significantly 

change the probability o f  travelling by train, reflecting the ability o f  the train to compete 

with the private car in terms o f  speed. These results are consistent with travel patterns to 

work from 1996-2000 [presented in Table 3.10] where the proportions driv ing to work 

increased substantially at the expense of those cycling, using the bus and travelling as a 

passenger in a car. The fact that the proportions travelling by train increased slighUy is in 

agreement with the forecasts from our model where increases in incom e w ould  have no 

significant effect on the probability o f  travelling by train. This  m ay reflect the fact that 

the train generally has a better image than the bus [W ebster and Bly (1980)[, perhaps due 

to its com parative time and com fort advantages. These results, along with the results for 

distance, highlight the potential that exists to attract car drivers to m odes that have similar
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speed and com fort characteristics. This would suggest continu ing  investm ent in measures 

such as Q B C s and express bus services for com m uters, which can significantly improve 

the attractiveness o f  the bus, as well as improved park and ride facilities at train stations.

While income data were unavailable for students, the effect o f  socio-econom ic group on 

modal choice for students mirrors that of  incom e for workers with the probability of  

travelling as a passenger in a car increasing with socio-econom ic group at the expense of 

walking, cycling and using public transport. While data  for travel patterns to 

school/college since 1996 are not yet available, it expected  that this prediction for modal 

choice for students is an accurate reflection o f  changes since 1996. For the journey  to 

school/college, safety concerns are most evident in the significantly reduced probability 

o f  young schoolchildren walking or cycling to school. This highlights the need to allay 

parental concerns with safety through the provision o f  dedicated  bus routes to school and 

more assistance at road crossings. A final area in need o f  reform  is the urgent need to 

increase the attractiveness o f  cycling. Measures to increase safety such as im proved cycle 

lanes as well as measures to ease practical difficulties associated with cycling such as 

changing and washing facilities at work and more secure parking facilities are necessary 

if  the substantial shift away from cycling is to be halted or reversed.

8.3 Concluding Comments and Future Research

In this thesis, the income and socio-economic determ inants  o f  the dem and for car 

ownership, car use and public transport use as well as the choice o f  m ode o f  transport to 

work and school/college were exam ined  in detail. This was the first time that the demand
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for transport has been analysed at the micro-level in Ireland. In addition, it was the first 

time that public transport use as proxied by expenditure has been disaggregated into more 

detailed categories (i.e., bus vs. taxi). In addition, the exam ination o f  public transport 

expenditure for households o f  differing car ownership status highlighted significant 

differences in behaviour, in particular for the bus use case. In term s o f  m odal choice, 

while international literature has tended to focus on the journey  to work, this thesis 

exploits the availability of  data on the journey  to school/college and consequently  

examines choice of mode of transport for this journey.

In terms o f  future work, the release o f  the 2002 Census of Population will aid in 

exam ining  the substantial changes that have occurred in recent times in the incom e and 

socio-econom ic influences on modal choice for the journeys to work and school/college. 

In addition, the availability o f  household car ow nership  status in the 2002 Census is a 

significant developm ent and will enable household car ow nership  status to be explicitly 

included in future models of  modal choice. An extension to the Tobit m odels  in Chapters 

5 and 6 may consider the possibility that there are alternative explanations for zero 

observations on transport expenditures and exam ine the appropriateness o f  applying 

methodologies such as the double hurdle and infrequency o f  purchase to these decisions. 

In addition, an extension to the analysis in Chapter 6 might consider the possibility of  

exam ining bus and taxi fare expenditures as part o f  a system, thus allow ing for 

substitutions/complementarities betw een the two decisions. Finally, it w ould  be useful to 

examine the travel decisions o f  all those living in the G reater Dublin A rea  (i.e., including 

residents o f  Kildare, Meath and Wicklow), as it is these areas that experienced  the most 

rapid econom ic and demographic change over the period 1986-2000.
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