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CENTRE OF PLANNING AND ECONOMIC RESEARCH 

The Centre of Planning and Economic Research (KEPE) was originally estab
lished as a research unit in 1959, with the title "Centre of Economic Research". 
Its primary aims were the scientific study of the problems of the Greek eco
nomy, the encouragement of economic research and cooperation with other 
scientific institutions. 

In 1964, the Centre acquired its present name and organizational structure, 
with the following additional objectives: first, the preparation of short, medium 
and long-term development plans, including plans for local and regional dev
elopment as well as public investment plans, in accordance with guidelines 
laid down by the Government; secondly, analysis of current developments in 
the Greek economy along with appropriate short and medium-term forecasts, 
the formulation of proposals for stabilization and development policies; and 
thirdly, the education of young economists, particularly in the fields of plan
ning and economic development. 

Today, KEPE focuses on applied research projects concerning the Greek 
economy and provides technical advice to the Greek government on economic 
and social policy issues. 

In the context of these activities, KEPE has produced more than 650 publi
cations since its inception. There are three series of publications, namely: 

Studies. These are research monographs. 

Reports. These are synthetic works with sectoral, regional and national di
mensions. 

Discussion Papers. These relate to ongoing research projects. 

KEPE also publishes a tri-annual journal, Greek Economic Outlook, which 
focuses on issues of current economic interest for Greece. 

The Centre is in continuous contact with foreign scientific institutions of a si
milar nature by exchanging publications, views and information on current eco
nomic topics and methods of economic research, thus furthering the ad
vancement of economics in the country. 
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PREFACE 

Travel constitutes a need and good of outmost significance for the work, 
leisure and other activities of consumers. The travel expenditure typically cov
ers a 10-15% of the total household budget in the OECD countries and it in
volves valuable information for the design and evaluation of transport policies. 
The increasing deregulation and interaction among transport services and 
interconnectivity and interoperability of various types of infrastructure have 
resulted in more complex patterns of travel consumption behavior and sub
stitution and complementarity between modes. In addition to these changing 
conditions in the travel market, the transport demand in Greece is strongly in
fluenced by both the intra-modal and inter-modal variability in consumption of 
public transport modes and its peculiar geo-morphological characteristics. 
Specifically, the existence of mountainous terrain and scattered island com
plexes, in conjunction with the highly uneven distribution of population, eco
nomic activities and infrastructure capital restrict regional accessibility and the 
range of choices for transport among regions. For these reasons, the current 
book puts forward a more integrated and theoretically sound approach for 
holistically investigating the competition relationships among all modes in the 
Greek travel market. 

The empirical econometric analysis takes into account both the temporal 
and spatial variability of travel consumption behavior. It builds on an extended 
Almost Ideal Demand System, which overcomes shortcomings of existing ap
proaches typically relying on a priori restrictions on the demand elasticities 
and intermodal substitutability. As indicated in the exploratory analysis, based 
on data originating from the Greek Household Budget Surveys, the significant 
increase of private vehicle usage over the past decades has adversely affected 
the budget shares of all other travel services; thus, appropriate policies are re
quired to be deployed to reverse this trend. The findings of the book suggest 
that policy-makers need to consider the broader effects of price changes as
sociated with each travel commodity in the whole transport system. In turn, a 
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bundle of place- and time-based strategies should be designed in the context 
of a national transport policy that will integrate all the modes which provide 
passenger transport services in the country. Such strategies encompass inte
grated pricing schemes to manage private vehicle usage and promote quality-
enhanced, combined public transport operations. 

Professor PANAGIOTIS G. KORURAS 
Chairman of the Board and 

Scientific Director 

Centre of Planning and 
Economic Research (KEPE) 
December 2010 
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This study provides an aggregate analysis of the consumption patterns as 
well as the substitution and complementarity relationships among all available 
passenger transport modes for domestic travel in Greece. First, the study dis
cusses the role of the transport expenditure analysis in the formation of transport 
policies and critically reviews existing approaches for modelling travel con
sumption demand. The presentation of the methodological background of the 
study follows, through the development of a complete system of budget share 
equations in consistency with the theory of consumer demand and choice. This 
system builds on the flexible Almost Ideal Demand System. The proposed de
mand system processes information concerning both the temporal and spatial 
variability of demand, as well as prices and additional factors influencing the 
travel budget allocation of households, including socio-demographic and geo
graphical attributes. 

The main trends of the consumption demand of Greek households for travel 
goods and services within the period 1974-2004 are then described. The study 
dataset is mainly based on information collected from the Household Budget 
Surveys of the years 1994, 1999 and 2004. Different specifications are pro
posed to demonstrate the significance of taking into account interactions be
tween modal and spatial fixed effects on modeling travel consumption demand. 
The results obtained from the implementation of the extended panel demand 
system reveal the different natures of distinct travel commodities. Also, they in
dicate the existence of statistically significant substitution as well as comple
mentarity relationships in the Greek passenger transport market. 

Specifically, the income compensated own-price elasticities of public trans
port services were found to be price elastic, while the fixed spatial effects con
siderably influence the consumers' responses to price changes. The urban 
travel market between private vehicle and urban public transport, and the inter-
urban public transport market, particularly between airplane, and coach and 
rail, demonstrate the most statistically significant competitive relationships. The 
findings of the study can provide useful insights into the formulation and as
sessment of transport policies, in the light of promoting the sustainable devel
opment of the transport system and peripheral areas. Such policies focus on 
managing travel demand by private vehicles and increasing the (integrated) 
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usage and economic vitality of public transport services. In particular, long-
range strategies, such as coordinated transport and land-use control and other 
planning and administrative regulatory measures, are recommended to be 
used as complements to subsidy and taxation policies. 

The author would like to express his gratitude to late Professor K. Prodro-
midis, former Director of KEPE, Professor A. Andrikopoulos, AUEB; and Mrs. 
Sophia Spathi, KEPE, for their imput comments on an earlier version of mate
rial presented in this study. 

THEODORE TSEKERIS 

November 2010 
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ABSTRACT 

This study provides an aggregate analysis of the consumption patterns as 
well as the substitution and complementarity relationships among all available 
passenger transport modes for domestic travel in Greece. First, the study dis
cusses the role of transport expenditure analysis in the formation of transport 
policies and critically reviews existing approaches for modelling travel con
sumption demand. The presentation of the methodological background of the 
study follows through the development of a complete system of budget share 
equations in consistency with the theory of consumer demand. This system 
builds on the flexible Almost Ideal Demand System. The proposed demand sys
tem processes information concerning both the temporal and spatial variabi
lity of demand, as well as prices and additional factors influencing the travel 
budget allocation of households. 

The main trends of the consumption demand of Greek households for trav
el goods and services within the period 1994-2004 are then presented. The 
study dataset is based primarily on information collected from the Household 
Budget Surveys for the years 1994, 1999 and 2004. Moreover, the main deter
minants of travel demand are identified and analyzed over the same period. 
The results obtained from the implementation of the extended panel demand 
system reveal the different natures of distinct travel commodities. Also, they in
dicate the existence of significant substitution as well as complementarity re
lationships in the Greek passenger transport market. The findings of the study 
can provide useful insights into the formulation and assessment of transport 
policies which focus on managing travel demand by private vehicles and in
creasing the (integrated) usage and economic vitality of public transport 
modes. 
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CHAPTER 1 

INTRODUCTION 

1.1. Policy objectives and competition in travel markets 

Contemporary societies are characterized by a growing demand for mobi
lity of passengers and goods. The fiscal restraints imposed on the public fund
ing of network industries, like those in the transport sector, and the requirements 
for upgrading their financial and operational performance, have led to the in
creased adoption of deregulation and privatization mechanisms. Nonetheless, 
the role of government (or regulator) still remains central for ensuring the ef
ficient and safe operation of transport systems. In terms of efficiency, current 
EU transport policy objectives (CEC, 2001) primarily concentrate on enhanc
ing the use of existing infrastructure capacity and internalizing the congestion 
and environmental externalities of passenger and freight movement. The cen
tral concept for promoting these objectives in the field of passenger transport 
relates to the reduction and management of the use of private vehicles, and 
the increase in ridership of public transportation. In this perspective, the issue 
of intermodality -that is, the combined use of transport modes throughout a 
journey- plays a key role in fostering the economic viability of public transport 
firms, the regional accessibility and the sustainable development of urban and 
rural transport systems. 

The operation of intermodal passenger transport services is strongly in
fluenced by the horizontal market structure, where competition may take place 
between different modes. Based on classical economic theory, transport 
modes can be considered as either competitive (or substitutive) or comple
mentary commodities, according to whether demand moves in the opposite 
or the same direction when the price of one changes. Knowledge of the exist
ence and size of substitution and complementarity is crucial for the regula
tion of the passenger transport (travel1) market. Moreover, the identification of 

1 In this study, travel is defined as any passenger movement by motorized modes, inde
pendent of the purpose or length of the movement. 
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the state of competition in the travel market can support the marketing and 
strategic planning of the public transport firms. Also, it can provide a valuable 
tool for supporting the decoupling of economic growth from travel intensity 
and promoting more energy-efficient and environmentally-friendly means of 
transport (CEC, 2006). 

In particular, there are ongoing efforts by European Union governments 
(KPMG, 1997) and other countries (NCP, 1999) to determine suitable measu
res for regulating the passenger transport market and assessing the impact of 
deregulation on market shares and the financial performance of transport 
firms. These policy initiatives stress the need for estimating relevant own- and 
cross-price elasticities for different transport modes. Furthermore, the increas
ing complexity of passenger travel patterns, the rapid growth of transport te
chnology and the policy initiatives for provision of integrated passenger 
transport services have resulted in changes in the traditional patterns of con
sumption and competition in the travel market, particularly with regard to the 
inter-urban public transport modes (Givoni and Banister, 2007). This situation 
underlines the need for the development and implementation of systematic 
approaches which enable the investigation of the travel consumption trends 
and the complementarity-substitution relationships among passenger trans
port modes. 

Such approaches have been typically based on earlier demand systems, 
rather than the more advanced Almost Ideal Demand System which is em
ployed in the current study (see subsection 2.3 and Chapter 3). In particular, 
Taplin (1980) implemented a system of Brandow-type demand functions for 
the consumer demand analysis of vacation air travel. Oum and Gillen (1983) 
used a translog function to derive direct demand equations, in terms of the in
come spent on three passenger transport modes (airline, railway and bus), 
goods and other services. Moreover, Andrikopoulos and Brox (1990) used a 
Generalized Linear Expenditure System (GLES) for estimating travel demand 
for four competitive passenger transport modes (airline, railway, bus and auto). 
Both of these studies focused on the nationwide aggregate modeling of the 
inter-city travel demand in Canada for all trip purposes and trip distances. 

1.2. The scope and structure of the study 

This study presents, analyzes and interprets the consumption trends and 
competition patterns in the Greek travel market in the period from 1994-2004. 
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Introduction 

It employs household travel expenditure shares as dependent variables, which 
constitute important transport policy variables and proxies for the demand for 
each transport mode. Several travel demand models have been employed to 
jointly estimate changes in both the levels and shares of demand for two or 
more passenger transport modes. These models mostly correspond to trip 
generation, abstract-mode, gravity-type, modal-split (see Ortuzar and Wil-
lumsen, 2001), discrete-choice (such as logit) (see Ben-Akiva and Lerman, 
1985; Liao, 1994; Hensher, 1997) and agent-based simulation approaches 
(Ivaldi and Vibes, 2008). 

Partial and generalized equilibrium models of the economy are also used 
to jointly estimate changes in the levels and shares of demand for alternative 
transport modes. The generalized computable equilibrium models concen
trate on the interaction between transport pricing and inefficiencies in the rest 
of the economy. For instance, Parry and Bento (2001) considered a series of 
generalized equilibrium models to illustrate how the existence of tax distor
tions in the labor market and public transport subsidies affect the overall wel
fare impacts of congestion taxes. In the partial equilibrium models, which are 
the most commonly adopted, the marginal-cost pricing produces optimal wel
fare when there are no pricing constraints in the transport sector. For instance, 
De Borger and Wouters (1998) employed a partial equilibrium model for the 
joint optimization of prices and supply decisions for road infrastructure and 
public bus services, taking into account relevant external effects. TREMOVE 
is an important partial equilibrium model, which is widely used in Europe for 
the evaluation of (environmental) policies in the transport sector. It uses nest
ed constant elasticity of substitution functions to simulate interactions between 
road and public transport pricing and demand profiles, assuming that the total 
labour supply is fixed (De Ceuster et al., 2007). 

All the aforementioned approaches typically rely on a priori restrictions on 
the demand elasticities and intermodal substitutability, which are not under
pinned by the economic theory of demand. This study presents the develop
ment and implementation of an analytical, system-wide modeling framework 
which is consistent with the theory of consumer demand. This framework al
lows determining the substitution and complementarity relationships among 
different travel modes, through the cross-price elasticity measures, together 
with the own-price and income effects. All these effects are identified through 
the estimation of an extended system of panel regression equations of travel 
demand. This approach encompasses both time series and cross-section (i.e. 
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panel) information for the demand by travel mode, transport prices and in
come at the regional level.2 The proposed panel demand system has an ex
tended form, in the sense that it includes the (marginal) effects of several 
factors influencing travel demand by different modes, other than those of prices 
and income, through the incorporation of appropriate control variables in the 
model specification. 

The application of the proposed methodology in the Greek travel market in
volves the processing of aggregate information obtained from the last three 
waves (1994, 1999 and 2004) of the Greek Household Budget Survey (HBS) 
conducted by the National Statistical Service of Greece (NSSG) for the thirteen 
Regions (NUTS II) of the country. Relevant information about the transport prices 
and the values of control variables which influence mobility in each Region 
also originates from the HBS, other sources of the NSSG and corresponding 
Ministries. Even though the present application refers to the market of pas
senger transport, the proposed system-wide modeling framework can be ef
ficiently employed for the consistent analysis of any other market of services/ 
goods consumed by households, such as retail clothing, telecommunications, 
electricity and leisure /entertainment. 

Chapter 2 presents a critical review of the application of consumer demand 
systems in the passenger transport sector. Chapter 3 describes the formulation 
of the proposed demand system and the relationships used for calculating the 
various elasticity measures. Chapter 4 provides descriptive information about 
the data used in the study and analyzes the status of travel consumption and 
competition in Greece over the last years. Chapter 5 presents and discusses 
the results of the model estimation, Chapter 6 discusses potential policy im
plications of these results, and Chapter 7 summarizes and concludes. 

2 This type of panel data analysis is sometimes referred to as pseudo-panel or synthetic-
panel data analysis, since it employs datasets of cohorts of individuals. 
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CHAPTER 2 

TRAVEL EXPENDITURE ANALYSIS: METHODS AND IMPLICATIONS 

2.1. Data sources and methods for travel expenditure analysis 

Transport expenses typically constitute a considerable portion of total house
hold expenditures, together with other commodities, such as, housing, health 
care and food. Specifically, Schäfer (2000) reports that, in recent decades, 
some 10-15% of household final consumption expenditures in most OECD 
countries has been spent on transport. Ausubel et al. (1998) and Moriarty 
(2002) have shown a similar, fairly constant range for the transport share of 
household expenditures over the past three decades for OECD countries. 
Household private vehicle ownership/usage costs have dominated the offi
cially measured total household travel costs, which nowadays typically ac
count for about 80% (United Nations, 2005). The trends in the total household 
travel budget shares and the shares of private vehicle-related travel expenses 
in Greece are similar (for more details, see subsection 4.3). 

Early studies concentrated on investigating the stability (or regularities) 
and possible variations in the transport share of household total expenditures 
(or income). In most cases, this analysis was undertaken jointly with the travel 
time expenditures, over diverse geographical and temporal resolution scales. 
The question of travel money (and time) stability was predominantly raised in 
late 1970s and inspired many discussions and empirical analyses, which can 
be summarized by the reviews of Gunn (1981) and Goodwin (1981) as well as 
in later studies, such as those of Schäfer (2000) and Choo et al. (2007). In 
general, transport budget shares have been found to exhibit much less var
iation than other types of expenses in most countries worldwide and, particu
larly, for those with high car ownership levels, such as 30% cars per capita. 
For instance, data from the United States have indicated that even during the 
two oil shocks in 1973/1974 and in 1978/1979, consumers have adjusted by 
buying more fuel-efficient cars and temporarily reducing automobile travel 
(Schäfer and Victor, 2000). 
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Recent studies have been predominantly based on descriptive statistics 
(Harding, 2001) or various forms of regression techniques (see Osula and 
Adebisi, 2001) to analyze the stability of the transport expenditure allocation 
mechanisms to short-term changes in travel cost, especially in terms of fuel 
prices. In addition, a number of studies has considered the variation of con
sumer demand for various durable goods (e.g., vehicle-related) and non
durable goods or services (e.g. trip-related or travel) in the transport sector 
with regard to household size, composition, employment and economic (income) 
characteristics. Such studies include cluster analysis of car petrol expenditu
res (Greening and Jeng, 1994), single-equation regression analysis of vaca
tion and pleasure travel (Fish and Waggle, 1996) and exploratory statistical 
analyses of the inequality of household transport expenditures with respect to 
different income groups (Olvera et al., 2001; Rice, 2004; Olvera et al., 2008). 

These recent studies focused on the time-invariant analysis of the transport 
spending behavior of families or individuals at the level of a particular region 
or metropolitan area. Thus, they do not adequately consider the spatial di
mension of the variation in the transport budget allocation mechanisms and 
underlying regional disparities in the demand pattern. Also, Miller et al. (2004) 
investigated the divergence of the transport money expenditures of house
holds in the Greater Toronto Area with regard to the residential density pattern 
and possible trade-offs with the housing costs. Their study was based on local 
travel surveys and spanned a period of a decade, through employing linear 
regression models, without accounting for the effect of changes in transport 
prices. 

The data sources employed in the analysis of transport expenditures can 
significantly affect the underlying assumptions and quality of estimation re
sults of the various methods. These sources can be generally distinguished 
into four categories: 

(a) Household Budget Surveys (HBS) or Consumer Expenditure Surveys 
(CES) at the level of households or individuals, 

(b) Household or personal travel surveys and travel diaries, 

(c) The system of National Accounts, 

(d) Revenues of public transport firms (or carriers) originated from fares. 

The use of Household Budget Surveys or Consumer Expenditure Surveys 
has been generally found to provide a more consistent analysis of the travel 
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consumption patterns, in comparison to the use of data from household or 
personal travel surveys or diaries and data from National Accounts. As men
tioned in Schäfer (2000), most travel surveys do not investigate consumer ex
penditure behavior, while others tend to overestimate travel budgets, since 
they concentrate only on local areas and, hence, they typically underestimate 
financial expenditures for long-distance trips. 

In addition, HBS are conducted on a factual basis, in comparison to the 
frequential basis of travel surveys, which lead to the overestimation of the most 
repeated and frequent expenditure items (typically, those related to private 
vehicle and public transport) (Olvera et al., 2001 ; Olvera et al., 2008). Besides, 
data originated from the National Accounts system is based on the Input-
Output analysis of the sectoral final demand. This process leads to unduly 
wide3 and perhaps ambiguous categorization of expenditure patterns, with
out being able to adequately capture changes in consumer preferences ac
cording to the economic and socio-demographic characteristics of different 
types of households. 

Finally, data referring to revenues of transport firms from fares is restricted 
to the analysis of travel demand for public transport modes. Also, for many 
public transport firms, revenue data typically involve monetary flows from ad
ditional sources, such as subsidies and advertisement. Based on the previously 
mentioned limitations and research needs, the current study employs expend
iture data from a series of nation-wide (Greek) HBS over different points in 
time, including information about different regions of the country. 

2.2. The role of travel expenditure analysis in policy making 

The analysis of travel expenditures can provide valuable insight into the 
formulation and evaluation of appropriate economic policies in the transport 
sector. More specifically, the affordability or willingness-to-pay for travel can 
be considered as a primary influence on motorized mobility and as a deter
minant of modal share. In turn, the knowledge of the demand for spending 
for travel goods or services can help understand changes in travel behavior 
and enhancing the economic appraisal of transport investment and pricing 
strategies. As mentioned in Venter and Behrens (2005), the level of house
hold expenditures for a specific transport service (e.g., urban bus) can be 

3 It typically involves a much less scope of domestic expenditures than those based on 
HBS. 
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used as a subjective benchmark for assessing the performance of the firm 
operating this service, in terms of satisfying the expectations of users while re
maining financially viable. 

Also, the analysis of consumer expenditures on travel enables the asses
sment of privatization and deregulation policies in the transport service indus
try. In particular, the variations in the consumer's annual expenditures have 
been used to estimate the effects of fare deregulation on prices and the con
sumers', producers' and total social welfare (Winston, 1993; Coto-Millan et 
al., 2005). In addition, such an analysis can support the transport planning 
process, improve the accuracy of travel demand forecasts and potentially af
fect marketing and social aspects of transport policies. 

The appropriate analysis of HBS can result in a more comprehensive pic
ture of possible trade-offs and competition forces between distinct types of 
travel expenditures as well as between expenditures on different commodity 
categories. The present study employs HBS data to carry out a system-wide 
analysis of the household travel expenditure patterns (see Chapter 3), in com
parison to the exploratory or single-equation analysis undertaken by most of 
the existing studies (subsection 2.1). It constitutes the first research effort for 
the analysis of travel consumption patterns in Greece, with implications for 
identifying possible complementarity and substitution relationships among 
transport modes. The next subsection concentrates on the few attempts that 
have been made hitherto for the system-wide analysis of transport expendi
tures and the theoretical background underlying such analysis. 

2.3. The use of consumer demand theory in travel expenditure analysis 

2.3.1. Application of early demand systems 

A number of empirical studies can be found in the literature for the system-
wide analysis of transport consumption (expenditure) patterns. These studies 
employ either time series or cross-section data at the aggregate or disaggre
gate (individual or household) level. On the one hand, the analysis of travel ex
penditures with disaggregate information is typically based on the use of 
cross-section data from consumer or household sample surveys. In such stud
ies, the interest concentrates on the relationship, in terms of the aggregate 
elasticity value, between expenditure on a particular item and income, holding 
prices constant, employing the well-known Engel curve analysis, which was 
originally introduced in the studies of Engel (1857; 1895). Specifically, this kind 
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of analysis does not help determine the level of competition among alternative 
passenger transport modes, since price effects are considered as fixed. 

Examples of this approach are the use of different types of Engel functions 
to estimate the income elasticities of both transportation and communication 
expenses based on grouped data for different income and family size groups 
(Haque, 1992) and Engel functions with instrumental variables (Bergantino, 
1997). Non-systemic disaggregate approaches involve the use of discrete 
choice (limited dependent variable) models, such as Tobit, Heckit and Dou
ble Hurdle, for the analysis of household expenditures for urban and regional 
public transport and car petrol consumption (Asensio et al. 2003a; Asensio 
et al. 2003b; Nolan, 2003; Tsekeris and Dimitriou, 2008). Moreover, the use of 
disaggregate data from stated preference surveys (e.g., see Louviere and 
Street, 2000) concerning the willingness to pay for different travel services 
and goods, through employing discrete-choice models, might enrich existing 
knowledge on travel consumption behavior. Specifically, such data would fac
ilitate the representation of the effect of a range of hypothetical scenarios in
volving price variations as well as changes in other (personal, social, 
economic, institutional and regional) factors influencing demand on house
hold travel budget shares for specific (origin-destination) markets and sets of 
alternative modes of transport. 

On the other hand, the analysis of transport expenditures with aggregate 
information is traditionally based on grouped data from the system of Nation
al Accounts. The present study concentrates on the aggregate analysis of 
travel demand based on HBS data to provide a detailed investigation of sub
stitution and complementarity relationships between all available passenger 
transport modes. System-wide consumer demand models can be described 
as simultaneous systems of expenditure equations that approximate the uti
lity-maximizing behavior of consumers. The generalized theory of consumer 
demand provides a sound economic background and interpretation in the sys
tem-wide analysis of expenditure patterns with regard to consumer behavior 
when changes occur in variable factors such as own-price, income and sub
stitute goods (or services). In the current context, consumer demand models 
can allow the joint determination of different mode preferences by considering 
cross-price effects. 

A variety of aggregate demand systems for investigating of the budget al
location preferences of consumers has been in place for some time [for a 
comprehensive review, see Andrikopoulos and Brox (1997)]. These include 
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the Linear Expenditure System (LES) of Stone (1954), the translog system of 
Christensen et al. (1975) and the Rotterdam system of Theil (1976). However, 
the Almost Ideal Demand System, referred to here as Al (Deaton and Muell-
bauer, 1980), is considered to be the most empirically robust and consistent 
with the general theories of demand and choice. The Al system is based on a 
multi-stage budgeting process where, first, utility-maximizing consumers al
locate their total budget between travel and the other commodities, and, then, 
allocate expenditures among individual travel commodities (see subsection 
3.1). This process allows us to treat the travel market separately from the rest 
of the commodity market. Nonetheless, until now the only studies that have 
been developed and have tested models for competition between different 
transport modes are based on earlier demand systems, rather than that of the 
Al (see subsection 1.1). 

2.3.2. Applications of the Almost Ideal Demand System 

Existing studies for the aggregate analysis of transport demand using the 
Al system typically consider transport as a single commodity group, which is 
used in the model specification as part of a group of other commodities, such 
as those of food, clothing, communications, leisure, etc. (see Blanciforti and 
Green, 1983; Fujii et al., 1985). A number of studies have investigated con
sumer demand for transport together with other commodity groups in Gre
ece, based on expenditure data obtained from annual editions of the Greek 
National Accounts over a period of several decades. Gamaletsos (1984) im
plemented two different dynamic versions of the GLES, based on his earlier 
study (Gamaletsos, 1980), to show that, in these data, inflation rate conditions 
(reduces) habit effects and can better explain current consumer behaviour. 
Mergos and Donatos (1989) applied and compared static and dynamic (habit-
effect) Al demand models with each other to examine the effect of different 
specifications on the satisfaction of demand constraints. Andrikopoulos et al. 
(1993), who also used the Al approach, showed that transport is an income 
elastic but price inelastic commodity, which is adversely affected by taxation 
(VAT) in the short run. Karagiannis and Velentzas (1993) employed a dynamic 
Al demand system and showed the impact of habit formation on the reduction 
of the price and income elasticity of transport and communication. Further
more, Tridimas (2000) developed a general dynamic Al demand system with 
partial adjustment and first-order autoregressive terms and compared its per
formance with that of the static Al and the Rotterdam model. 
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Nonetheless, the expenditure data used in these studies, as well as in most 
of the studies concerning other countries, concentrate on the per capita con
sumption of the broad commodity of transport (usually, jointly with communi
cation) and include both durable and non-durable goods, such as car 
purchase and public transportation services. More recently, Choo et al. (2007) 
implemented the Al system for the analysis of substitution and complement
arity relationships between broad (capital, private and non-private) transport 
and communication expenditure categories, based on the U.S. National Ac
counts. Nevertheless, such estimates may be subject to the problem of ag
gregation, which means that expenditure categories are too broad for the 
comprehensive analysis of the consumption demand and the meaningful ap
plication and interpretation of the concept of utility maximization. Thus, no de
finitive and reliable conclusions can be drawn from such studies in relation to 
formulating and selecting suitable economic policies in the transport sector. 

More specifically, different forms of transport, such as those related to pri
vate vehicle usage and the various public transport services, involve different 
decision-making mechanisms concerning the allocation of household money 
expenditures. Private vehicle purchase expenses generally refer to durable 
goods and long-term investment decisions, and they should be distinguished 
from (non-durable) travel expenses, which are generally included in the daily 
activity participation process and vacation-making decisions. Moreover, urban 
and inter-city (or regional) public transport by different modes should be 
considered as separate commodities, since they involve different decision
making mechanisms and service characteristics. 

Furthermore, the Al approach has been used to investigate the consump
tion demand share in separate passenger transport markets, including those 
of railway passenger travel (Rolle, 1997), private road vehicle transport (Ola-
dosu, 2003) and passenger air travel for leisure purposes (Njegovan, 2006). 
Also, Elhorst and Oosterhaven (2006) employed an Al system using travel 
time units instead of monetary units to model the effect of improvements in the 
Dutch transport network on the commuters' relative share of private car, pub
lic transport (rail) and slow transport (walking and biking) in selected urban
ized regions of the country. However, the scope of these studies is restricted, 
in the sense that they do not cover the whole range of available mode choices 
and, hence, they cannot adequately consider substitution and complementarity 
effects in the complete transport market. The Al demand system used in this 
study includes demand equations corresponding to all available modes (private 
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car, urban public transport, taxi, coach, rail, coast-wise sea terry and airplane) 
to enable full examination of the degree of competition in the domestic pas
senger transport market in Greece. 

Additionally, existing consumer demand models have not yet adequately 
addressed the effects of important determinants of demand, other than in
come and prices, on transport expenditure allocation decisions. In particular, 
such determinants can be related to socio-demographic characteristics of 
households, the size of household vehicular stock, public infrastructure invest
ments, and factors related to congestion costs and (dis)economies of ag
glomeration, which can considerably affect the allocation of household 
mobility investments. All these additional influences can help explain travel 
consumption behavior in a more theoretically coherent and empirically robust 
way. The use of additional variables in the structure of Al system, along with 
the standard information about prices and income, results in the so-called ex-
tended Al demand system (Tridimas, 2002). 

In addition, the use of information about the geographic as well as time 
variability of the determinants of consumer demand has received limited at
tention in the existing aggregate demand systems (Denton et al., 1999). The 
inclusion of cross-sectional information facilitates the analysis of demand over 
a wide variety of areas with heterogeneous travel behavior (Andrikopoulos 
and Terovitis, 1983). The effects of the spatial variations in prices, income and 
other explanatory variables, such as household socio-demographic charac
teristics, on travel demand cannot be typically discernible in the standard for
mulation of the Al system. This is because of the usual shortness of available 
time series and the correlation between the long-run trend effects and the 
smoothly changing influences of the determinants of demand over time. The 
present modeling formulation suggests the use of panel information, which 
leads to the development of an extended panel Al demand system, allowing 
the representation of these regional variations in the demand equation of each 
transport mode. 
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CHAPTER 3 

THE ECONOMETRIC METHODOLOGY OF THE STUDY 

3.1. Formulation of the extended panel demand system 

3.1.1. Development of the demand model 

The present model provides a system of interrelated panel demand equa
tions for the aggregate estimation of the income and price elasticities related 
to each transport mode, in consistency with the utility-maximizing behavior of 
users and the constraints imposed by the demand theory. The theoretical 
background of the Al demand system adopts a general, multi-stage budgeting 
process, according to which consumers first allocate their expenditures to 
broad groups (and sub-groups) of commodities, and, then, to more detailed 
categories (branches) of goods and/or services. In the present context of the 
travel market, total household expenditures are sequentially allocated to (i) 
transport and other goods and services, (ii) travel and non-travel goods and 
services and (iii) travel by private vehicle, urban public transport, taxi and re
gional public transport. Here, the latter travel good is distinguished into inter
city coach, rail, aviation and coast-wise sea ferry services (see Figure 3.1). 

The key assumption of this approach is that the division of expenditure 
among the broad groups of goods or services can be done on the basis of 
total income and aggregate price indices for these groups only. The budget 
allocation to the branches within each group is done using total expenditures 
and within-branch prices only. The prices of other goods become irrelevant at 
the latter stage. In the current case where transport is the first-level broad 
group and travel is the second-level group of household expenditures, con
sumers are assumed to be able to select among different travel goods or serv
ices, e.g., between private vehicle and urban public transport usage, 
independently of their consumption of health services, education, electricity 
and everything else outside the travel group. By means of this assumption, the 
large model of total consumer expenditures can be broken up into a number 
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FIGURE 3.1 

Illustration of the multi-stage partitioning of household expenditures 
to groups of travel goods and services 
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of tractable sub-systems, each of which is much easier to handle than the ori

ginal one. 

The present model builds on the standard formulation of the Al demand 

system (Deaton and Muellbauer, 1980), which is derived from a flexible con

sumer expenditure function, known as price-independent generalized logarith

mic (PIGLOG) function. Based on Muellbauer (1975), the general form of the 

PIGLOG function of consumption of an average rational consumer in relation 

to the measures of utility u and price ρ can be expressed as follows: 

logx(u, p) = ( l - u) log [a(p)] + u log [/?(p)] (1) 

In equation (1), any positive, linearly homogeneous function for a(p) and 
j3(p) can be considered as the cost of subsistence and bliss respectively. By 
specifying the functions a(p) and jß(p) as: 
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1 r < M τ^\Μ 
" ( p ) = ° o + Σ > ° 9 Ρ ^ Σ ^ Χ Λ ^ ^ ( 2 ) 

2 

and 

ρ(ρ)-«(ΑΠΓ.,'Η ο) 

then, equation (1) reduces to the consumer expenditure function of the Al de
mand system, which is given as: 

logX(U,p) = a0 + Ha, logf> + \ Ι Ι ^ Υ ^ Ρ , ^ Ρ , + ψ „ [ £ ? ) ( 4 ) 

By employing Shephard's lemma in logarithmic form, the resulting demand 
functions in the form of expenditure shares can be derived from equation (4), 
as follows: 

aogx(np| M P Q , ) = M AnTWf) & 
â\ogPj X(u,p) Λ ' ' £"=^'i a ι Hl r ° l l ' = i / / ν ' 

where w, (p, X) is the expenditure (budget) share for good /', Q,· is the quantity de
manded for this particular good and y,y = 0.5 (y,*· + yy··). For a utility-maximizing 
consumer, total expenditures X are equal to consumption X {u, p), and this 
equality can be inverted to provide the indirect utility function, υ (ρ, X), as a func
tion of prices and total expenditures. By applying this inversion into equation (5), 
the indirect utility function of the Al demand system yields as: 

, x] ^ j > ^ X ! > ^ (6) 

Substituting (6) into (5) results in the budget share equation of the Al de
mand system for good /', as: 

w. (p,x) = a. + 2M

M Y« "ogP + ß, [ l o g * - logP] (7) 
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where Ρ expresses an average price index which is defined as: 

' ° g p = % + Σ Γ - , β / ^ + \ IUIY^P^PJ (β) 

This index is typically approximated by the Stone's geometric price index: 

logP = 2*>ylogP. ( 9 ) 

which allows the set of equations (7) to be estimated as a linear system of de
mand equations. 

Based on the methodological needs and directions which were mentioned 
in subsection 2.3, the standard form of the linearly approximated Al system 
can be augmented with a set of additional (linearly translated) factors affect
ing demand (Pollak and Wales, 1978; Pollak and Wales, 1981; Tridimas, 
2002). Furthermore, the inclusion of both temporal and spatial information (at 
the regional level) about the model variables results in an extended panel de
mand system. In the context of the present problem, each demand equation 
has a 3-way classification, where the budget share wf* for mode /' corresponds 
to a specific region r and time (year) period f. Then, the linearly approximated 
specification of the extended Al demand system with panel structure can be 
expressed as follows: 

< = α / + Σ Γ = ι η Ι ο < + ^ [ Ι ο 9 χ , ϊ - | ο 9 ρ Ί +2lAGï+nt
iï+e:sr+ui (io) 

where α, is the constant of the equation of each mode /'. The functional form 
of equation (10) expresses the household budget share w, for mode / as a 
function of prices Py, real travel expenditures, as they are provided by the dif
ference of the logarithms of the total travel expenditures X and the price index 
P, and a set of additional determinants G of demand, which implies Μ χ (K-1) 
additional δ,* independent parameters.4 Moreover, U refers to the dummies 
capturing region-invariant time-specific effects, which are common to all re
gions but vary across time (for instance, the rate of technological change, 
economic and political fluctuations, fiscal and development policies of the 
central government), and rj/ are the corresponding time dummy coefficients 

4 For brevity, the upper indexes of region r and year t are omitted from the notation of the 
variables in the remaining text. 
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for each mode /'. Also, Sr are time-invariant local-specific dummies corre
sponding to each region r, and Θ/ are the corresponding spatial dummy co
efficients for each mode /', which account for unobserved or omitted 
heterogeneity across regions that does not vary over time (e.g., geographical 
location, climate, and local transport and infrastructure conditions and poli
cies). The term u\ ~ Ν (0, σ2) denotes the random disturbances (shocks) of 
each modal equation, capturing possible departures from the utility-maximiz
ing behavior of consumers, e.g., due to lack of information and habits. The di
sturbance term of each equation is assumed to be serially uncorrelated, while 
heteroscedasticity across time and regions is handled within the iterative esti
mation of the system (see subsection 4.7). 

In addition to the generalized model specification in equation (10), which 
accounts for mode-specific local effects, that is, separate regional effects on 
the budget share of each mode of transport, regional (as well as temporal) 
dummy variables may be constrained to be common to all modal budget 
share equations in the system, i.e., Θ- = Of, V q Φ r (and qj = η?, V s Φ Χ). A 
comparison of the results obtained from employing different model specifica
tions with regard to regional dummy variables is provided in Chapter 5. 

3.1.2. Description of model restrictions 

Equation (10) suggests that the demand shares are functions of the vector 
of prices, (Pu ..., PM), real income (or real expenditures), X/P, and additional 
factors, (Gì, ..., GK). Holding prices, income and effects of additional factors 
constant implies that the demand shares also remain constant. For constant 
relative prices and additional factors, and variable expenditures, the demand-
share change depends on the magnitude and sign of the β, coefficients. In 
particular, if β-, >0, the w, will increase with an increase in expenditures, de
signating that the /th travel commodity is a luxury, and vice versa for j8;- <0, 
which indicates that the /th travel commodity is a necessity. The theory of de
mand implies that the following constraints should hold on the model para
meters: 

Aggregation constraints: 
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Homogeneity constraints: \M γ =o (12) 

Symmetry constraints: γ. =γ (13) 

Of the above constraints, aggregation is automatically satisfied, provided 
that the data add up, while the homogeneity and symmetry restrictions can be 
imposed in the form of cross-equation restrictions on the model parameters 
(for further discussion and analysis, see subsection 5.1). Homogeneity of de
gree zero denotes that doubling all prices and income will affect neither opti
mal quantities demanded nor the relative prices and purchasing power 
(utility). This assumption implies that consumption is not affected by inflation 
during which all prices and income rise proportionally. The symmetry condi
tions denote that the cross-substitution effect between good / and / is the 
same as the cross-substitution effect between good / and /, provided that there 
is no income effect of a price change. 

The Cournot aggregation of the coefficients of additional factors follows 
from the budget constraint. Beyond this restriction, further constraints may be 
considered as pertinent to the effects of additional factors on consumer de
mand, depending on the nature of the particular type of preferences invoked 
as possible characterizations of the utility function in equation (1). The nega
tivity constraint can be neither imposed nor ensured by any restriction on the 
α,, ßj and y,y parameters alone.5 

3.2. Derivation of elasticity measures from the demand system estimates 

By denoting as 0, the quantity demanded (e.g., number of trips or pas
senger kilometers) for travel commodity / and noting that w} = PjQJX is a 
function of X, then the expenditure elasticity of demand can be calculated as 
follows: 

aqx = aM)JL = 1 + ( ^ / , ) (14) 
dX Q dX PO **' ' 

/ / 

5 For this reason, the particular demand system is referred to as "Almost Ideal". 
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The above expenditure elasticity provides an indirect measure ot the in
come elasticity, since it demonstrates the effect of only a part of the total ex
penditures (or income) of households on travel demand. In order to adjust 
the value of e, such that a consistent measure of direct income elasticity is 
obtained, which distinguishes necessities and luxuries, the elasticity S of total 
travel expenditures X to an income {Ine) change is calculated by solving the 
following panel equation: 

logX = c0+c1 log/nc+ölogP+2^= iö / fG / f + r7 f/. f+ö rS r + £ (15) 

where c0 is a constant term, c-, is the coefficient of the logarithm of income Ine, 
b is the coefficient of the logarithm of Stone's price index and ε ~ Ν (0, σ2) is 
a random disturbance term. Then, the direct income elasticity eid is given by 
the product: 

e = , S = i ^ i (Mlnc\ ^Inc { 1 6 ) 
,d [dX Q.J [dine X ) dine Qj 

Furthermore, the present study estimates and compares two types of price 
elasticity, i.e., the uncompensated (Marshallian) and the compensated (Hick-
sian) own- and cross-price elasticities. The uncompensated price elasticities 
are based on maximizing utility under the budget constraint, while the com
pensated price elasticities are based on minimizing expenditures at a fixed 
utility level. Hence, the former comprises both substitution (transfer or diver
sion from or to other modes) and income (induction or generation of new de
mand) effects, due to changes in the total expenditures for the group of 
commodities of interest, i.e. total travel expenditures; the latter includes the 
substitution effect only. By representing the average (country-wide) inter
temporal budget share of mode / as wh the uncompensated own-price and 
cross-price elasticities are given through the following equations: 

eu = 30/ ^ = _ 1 ( IW) _ β ( 1 7 ) 

" dP. Q "' ' ' 

et = ^i-L = (γ./w.) - ß.(w./w.) (18) 
ν dP Q '' J' 
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The compensated own-price and cross-price elasticities are calculated 
through the following relationships: 

ec

K = ©; + * , ( 1 + β,/w,) = - 1 +(Yii/wi) + wi (19) 

e] = e»+ w}{\ + β,/w,) = (Yij/wi) + wj (20) 

By comparing these two types of own- and cross-price elasticities, it can be 
observed that they differ by a positive amount equal to wt (λ+ßjw,) and wy 

{λ+ßj/Wj) in the compensated own- and cross-price elasticities respectively. 
Therefore, when the uncompensated price elasticities are negative and the 
expenditure (income) elasticities are positive, which implies that travel com
modities are normal goods, i.e., fall in own price leads to increased consum
ption, the compensated price elasticities are less negative, i.e. less price 
elastic than the uncompensated ones. On the other hand, when the uncom
pensated price elasticities are positive and the travel commodities are normal 
goods, the compensated price elasticities are more positive, i.e. more price 
elastic than the uncompensated ones. A graphical analysis and more detailed 
explanation of the substitution and complementarity relationships associated 
with the uncompensated and compensated price elasticities are provided in 
the subsection 3.3. 

Based on the specification of equation (10), the marginal effects of the ad
ditional determinants of demand can be calculated as follows: 

" » * " * * / * , (21) 

The values of price elasticities show the percentage change in the demand 
share for mode / given a unitary percentage change in the price of using mode 
/. The value of mik indicates the percentage change in the household budget 
share for mode / following an incremental change in variable Gk. 

3.3. Theoretical discussion of complementarity and substitution 
relationships 

The substitution and complementarity relationships among different goods 
(or services) in the travel market can be described through hypothetical 
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moves on the demand curve. Let us assume a drop in the total price of serv
ices in a bi-modal travel market as a result of a drop in the price of mode 1. 
Then, the original and final total travel demand, T1 and T2 respectively, cor
respond to conditions of highest achievable output (or utility), before and 
after the redistribution of demand (reallocation of budget shares) among the 
two modes (1 and 2). The rays from the origin through points 1 and 2 denote 
the original and final modal splits. Along these rays, intersections with any 
constant total demand line (indifference curve) will indicate different equilibrium 
states or points. Specifically, point 0 will be produced by the shift of the 
modal share from the original value to point 1, without causing any change 
in the total demand (or total number of trips). On the contrary, the movement 
from point 0 to point 2 will result in a change in total demand (or total number 
of trips), holding modal shares constant. 

FIGURE 3.2 

The substitution-complementarity relationships in the travel market 
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Tota deman 

Modal demand t-, 
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The line connecting point 1 to point 0 contains the set of outcomes char
acterized by higher consumption of both modes, keeping the output level 
constant, following a drop in the price of either. These outcomes exhibit gross 
complementarity, as depicted in the upper area of the right-hand side of Figure 
3.2. The term 'gross' refers to the absence of any attempt to account for the 
implicit income change associated with the movement. By contrast, the lower 
area at the right-hand side of Figure 3.2 contains points exhibiting gross sub
stitution, because more of one modal service or good, tv is bought but less 
of the other good, t2, is purchased after a fall in the price of ?-,. 

Specifically, the conceptual decomposition from point 1 to point 0, which 
entails that a drop in the price Ρλ of mode 1 leads to a reduction of the quan
tity Q2 traveled by mode 2, is called diversion or transfer. The remaining com
ponent from point 0 to point 2, which entails that a drop in the price P1 of mode 
f-, leads to an increase of the quantity Q2 traveled by mode f2, is called in
duction or generation. Since 5Q1 / 3ΡΛ < 0, these decompositions allow defi
ning the domains of gross complementarities and substitutes as follows: 

(a) Goods are complements if — 2 . < ο => — 3 . — i · > 0 (22) 
οΡλ οΡλ 3Ρλ 

(b) Goods are substitutes if ^ > 0 ^ 2 £ 5 i < ο (23) 
ΒΡΛ dJ» BP, 

Namely, complements denote changes in the quantities demanded among 
alternative modes in the same direction, while substitutes denote changes in 
the opposite direction. The diversion effect (from point 1 to point 0) is typi
cally larger than the induction effect (from point 0 to point 2), and diversion is 
generally expected to account for most of the movement from point 1 to point 
2. 

Provided that, for normal goods, the compensated price elasticities are less 
negative or more positive than the uncompensated ones (see subsection 3.2), 
relationships (22) and (23) suggest that uncompensated cross-price elastici
ties are expected to demonstrate reduced substitutability and increased com
plementarity among transport modes, in comparison to the compensated 
ones. These differences between uncompensated and compensated cross-
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price elasticities are attributed to (real) income effects and denote the gener
ated (or induced) travel undertaken by consumers due to the increase of their 
purchasing power. 

More analytically, the substitution effects cause more quantity of travel to 
be consumed as individual moves along the indifference curve. During this 
movement, the price-compensated demand hold utility constant, i.e., change 
in prices is offset by allowing change in expenditures, in order to keep the 
'real' purchasing power of consumers constant. On the other hand, income 
effects cause more quantity of travel to be consumed as purchasing power 
increases, which implies movement to a higher indifference curve. Uncom
pensated demand, whose curve reflects both substitution and income effects, 
hold expenditures constant through change in the 'real' purchasing power. 
Therefore, the larger the income effects are, the bigger the difference between 
uncompensated and compensated elasticities is expected to be. 

The present system-wide consumer demand model allows identifying 
price- compensated and uncompensated complementarities and substitutions 
among travel goods (or services), through capturing diversion and induction 
as well as income effects. Furthermore, given the availability of more detailed 
data on travel behavior and trip characteristics, and analysis at a higher level 
of spatial resolution (e.g., including specific origin-destination markets), the 
model could be extended to distinctly account for additional, temporal or spa
tial, competition patterns. In particular, these substitutes can refer to alterna
tive choices at different trip stages, such as those related to time-of-day 
departure, schedule and service attributes, and decisions involving destina
tion and activity choices.6 

6 For instance, see Lo (1990) for a translog consumer demand model that accounts for 
spatial competition effects. 
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CHAPTER 4 

TRAVEL CONSUMPTION AND ITS DETERMINANTS IN GREECE 

4.1. General description of the Greek transport system 

The demand conditions in the passenger transport market in Greece are 
strongly influenced by the specific geo-morphological and regional socio
economic characteristics of the country. Mountainous terrain and scattered 
island complexes, in conjunction with the highly uneven distribution of popu
lation, economic activities and physical (including transport) infrastructure 
provision, restrict regional accessibility and the range of choices for commu
nication among regions. Specifically, the road transport network of Greece is 
consistently one of the lower density road networks among the 25 EU mem
ber countries over the past decades (EUROSTAT, 2004), with a density of ap
proximately 3.5 km of national and rural road network per 1,000 inhabitants in 
2004 (for more information about the road transport infrastructure provision in 
Greece, see subsection 4.5). Similarly, the railway network of the country, 
which belongs to and is operated by the state Greek Railway Organization 
(OSE), has one of the lowest densities in the EU, with approximately 22.2 km 
per 100,000 inhabitants in 2004. 

The road network is also publicly owned, with the exception of a few tolled 
motorways constructed by Public-Private Partnerships (PPPs - SDIT) under 
the Build-Operate-Transfer (BOT) concession schemes. The urban railway in
frastructure and services (ISAP, METRO, TRAM, PROASTIAKOS) are publicly 
owned and operated by state agencies. On the other hand, the inter-urban 
bus (coach) services are typically operated by private consortiums (Inter-
urban Buses Cooperatives - KTEL). The urban bus services are operating 
under diverse ownership structures, which can refer to state agencies, as is 
the case in Athens presently, local authorities and private firms. 

The domestic air transport network includes 40 airports, 27 of which are 
located in island regions, with the hub airports of Athens, Thessalonica, He-
raklion, Rhodes and Corfu to serve the large majority of air traffic demand. 
The deregulation of scheduled air passenger services to islands, which allow-
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ed for competition among domestic airlines in Greece, came into effect in the 
summer of 1998, taking away the privilege of Olympic to have a monopoly in 
the market. 

The short-sea (coast-wise) passenger transport network has a centralized 
structure, based on the port facilities of the Attica Region. There are currently 
91 port facilities servicing the coast-wise passenger transport demand 
(Christofakis, 2007). The short-sea passenger shipping market can be consid
ered as a diversified oligopoly, with significant state intervention and highly 
seasonal demand. The cabotage in the Greek sea passenger market was abo
lished in 2004, with the state retaining supervision of the market to ensure sa
fety as well as service quality, particularly to the low-demand islands. 

During the last years, especially the study period spanning 1994-2004, 
there have been significant advancements in the supply characteristics and 
the planning and design of the Greek transport system (specific details are 
analytically described in Tsekeris and Tsouma, 2010). In the second pro
gramming period 1994-1999 of the EU Community Support Framework (CSF 
-KPS II), 28% of the total amount of funds was allocated for basic infrastruc
ture projects, most of which relate to fixed capital investments for transport. 
Also, a significant proportion of the funds allocated for the regional and local 
development of the country did include transport-related investments. In the 
third programming period 2000-2006 of the EU Community Support Frame
work (CSF-KPS III), similar proportions of the total funds were allocated for 
large-scale transport infrastructure projects to support economic growth and 
the preparation process of the Athens Summer Olympics of 2004. In the cur
rent (fourth) programming period 2007-2013 of the National Strategic Devel
opment Plan (NSDP-ESPA), transport-related investments have been included 
in the program for accessibility enhancement, which amount to about 24% of 
the total funding resources (see Christofakis, 2007). 

These significant transport infrastructure investments, in combination with 
the changing travel demand conditions, technological advances, and privati
zation and deregulation mechanisms introduced in the market, have induced 
new patterns of competition in the passenger transport sector. Nonetheless, 
there is relatively limited attention in the current literature with regard to mo
deling the competition among passenger transport modes in Greece. In 
particular, Andrikopoulos and Terovitis (1983) implemented an abstract 
four-mode (air-ship-bus-rail) model to analyze the competition of Olympic Air
line with the other three modes along specific origin-destination (city-pair) 
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travel markets. Paravantis and Prevedouros (2001) used single-equation 
(auto-correlated) ordinary least squares (OLS) regression to investigate the 
railway transport market and the effect of attributes corresponding to com
petitive transport modes. Golias and Karlaftis (2001) used a simulation ap
proach to model the taxi market and its relationship with the private vehicle 
traffic and road network congestion. Deloukas et al. (2006) used a vector auto-
regressive and error correction (VAR-VEC) approach to analyze the urban pas
senger transport market in Athens, Greece. Finally, Spathi (2005) and Lekakou 
et al. (2007) employed VAR-VEC and dynamic regression models, respectiv
ely, to study the competition conditions between airline and sea ferry services 
in the travel market of the Aegean islands. 

4.2. Sources of travel expenditure data 

The data employed in the travel consumption demand model of the current 
study span the decade 1994-2004, since they have been obtained from the 
last three HBS of 1994, 1999 and 2004. These surveys are conducted at a reg
ular frequency by the Household Special Research Section of the Division of 
Population and Labor Market Statistics of the National Statistical Service of 
Greece (NSSG). 

The dataset encompasses information corresponding to each of the 13 re
gions7 (NUTS II level) of the country (see Figure 4.1), based on the current 
administrative division of Greece. Data obtained from previous waves of the 
HBS, before 1994, were based on a different regional aggregation system 
and, hence, could not be utilized for the purposes of this analysis. The Greek 
HBS includes information about average monthly household travel (and non-
travel) expenditures, as well as other household economic and socio-demo-
graphic characteristics (see subsection 4.5), based on a sample of about 
2/1000 of the total population, using a multilayer stratified sampling metho
dology to ensure the representation power of the given sample at the NUTS 
II level. More detailed information about the data collection, processing me
thodology and content of the HBS of Greece (and other EU countries) can be 
found in EUROSTAT (2005). 

7 The expenditure data at a higher level of spatial resolution (e.g., at the NUTS III level of 
each county- Nomos) is not available by the NSSG, due to confidentiality purposes. In ad
dition, data analysis at this level of detail would result in significant loss of the representa
tion power of the sample. 
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FIGURE 4.1 

The administrative division of Greece into 13 Regions (NUTS II) 
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4.3. Spatio-temporal trends in Greek travel consumption 

4.3.1. Inter-temporal evolution of modal travel consumption 

Figure 4.2 presents the inter-temporal evolution of the transport and travel 
expenditures of Greek households over a period of three decades 1974-
2004. These data are based on the consecutive HBS of 1974, 1982, 1988, 
1994, 1999 and 2004. The largest share of household transport expenditu
res relates to private vehicle maintenance and motoring costs. The travel ex
penditures encompass only those transport expenditures which are directly 
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associated with the marginal cost of additional consumption of a travel good 
or service (see below). Hence, the remaining (non-travel-related) transport 
expenditures involve the fixed costs of private vehicle purchase, mainte
nance and repair, license, insurance and parking fees, as well as goods trans
port and storage costs. 

The figure shows that the share of total transport expenditures to total ex
penditures at the household level manifested a significant increase from 9.4% 
in 1974 to 12.6% in 2004, which is generally in accordance with the corre
sponding trends of the other OECD countries in the same period (see sub
section 2.1). This increase can be mostly explained by the significant growth 
of car ownership during the specific period (see subsection 4.5), which stead
ily accounts for a considerable proportion of the total household transport ex
penditures. Alternatively, the share of travel budget expenditures to total 
household expenditures exhibits a different trend and relatively less variability 
(from 5.5% in 1974 to 5.1% in 2004), in comparison to the transport expendi
ture share. 

FIGURE 4.2 

The transport and travel budget shares of the total expenditures 
of Greek households in the period 1974-2004 

Sources: HBS 1974, 1982, 1988, 1994, 1999, 2004. 
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The household travel budget expenditures are separated here into six ca
tegories which represent the demand for travel by different transport modes 
and constitute the dependent variables of the extended panel Al system. In 
particular, the variable gas denotes the monthly average amount of money 
spent by households on private vehicle running expenses (fuel and lubri
cants) {category 1), which can directly depict the intensity of using (mostly) 
automobiles and, to a lesser extent, motorcycles. Based on the definition of 
the concept of travel expenditures mentioned previously, as well as most of 
the studies in the current literature, the variable gas directly relates to the mar
ginal additional cost of private vehicle usage. The effect of changes in this var
iable is of crucial importance when considering suitable policy measures for 
reducing congestion and other negative externalities of car use. 

The variable urb expresses the household expenditures for urban public 
transport, including the money spent for purchasing fares and travel cards for 
the urban bus (including trolleys) and railway8 {category 2). The variable taxi 
denotes the expenses for using taxi services {category 3). The variables air 
and sea denote the expenditures for domestic travel by airplane {category 4) 
and coast-wise sea ferries9 {category 5). The travel expenses for coach and 
rail, which are expressed by the variable land, have been aggregated into a 
single category {category 6), due to the very small portion of the household 
budget allocated for the use of inter-city railway services (<1% of total travel 
expenditures). 

Figure 4.3 demonstrates the travel expenditure shares across the three-de
cade period 1974-2004, in order to obtain deeper insight into the inter-tem
poral evolution of the travel budget allocation mechanisms of Greek 
households. The separation of travel expenditures into domestic air travel and 
international air travel was not possible before 1994. Hence, for consistency 
purposes, the data of this figure include the expenses made for air travel 
abroad in the category of regional public transport expenditures. In contrast 
with the more stable pattern of the total travel budget share (see Figure 4.2), 
the partial (modal) travel budget shares show a significant overall change in 
the given period. This change has been principally triggered by the dramatic 

8 In the Attica Region, urban railway includes the electric railway, metro (as of 2000), 
tramway (as of 2004) and suburban railway (as of 2004). 
9 In this study, coast-wise passenger shipping services correspond to all types of short-sea 
passenger maritime modes, including ro-ro ferry, catamaran ferries and hydrofoil/high
speed vessels. 
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FIGURE 4.3 

The temporal evolution of household travel budget shares 
in the period 1974-2004 
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increase of the household travel budget share for private vehicle travel, which 
has climbed from 29.7% in 1974 to 73.8% in 2004. This evident dominance 
of private vehicle usage in the Greek travel market has been also observed 
in earlier studies concerning past decades (see KEPE, 1980; KEPE, 1989), 
through using measures other than those of household expenditures, such 
as passenger-kilometers. 

By and large, the significant increase of private vehicle usage has adversely 
affected the budget shares of all other travel services. However, these adverse 
effects have been largely stabilized after 1994, i.e. in the period of the current 
study. The most detrimental impact is observed on the regional (coach, rail, 
air and sea) public transport share, which has fallen from 43.8% in 1974 to 
10.1% in 2004. Nonetheless, this fall is restricted to only 2.3% in the decade 
1994-2004. The household travel budget share for urban public transport serv
ices (mainly including the expenditures made for bus and rail services in the 
Attica Region) presents an overall decrease from 15.3% in 1974 to 8.1% in 
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2004. Similarly, the travel budget share for taxi services shows an overall re
duction from 11.2% in 1974 to 8.0% in 2004. 

These trends can be largely attributed to social and economic transforma
tions of the urban and peripheral regions, and institutional changes that took 
place in the structure of the inter-urban public transport market in Greece dur
ing the last two decades. Such changes principally concern the deregulation 
of the domestic airline industry in the 1990s (for more details, see Fragoudaki, 
2000; Papatheodorou and Arvanitis, 2009; Tsekeris, 2009) and the abolition of 
the 'cabotage' in the coast-wise ferry travel services in 2004 (for more details, 
see Chlomoudis et al., 2007a; Chlomoudis et al., 2007b; Sambracos and 
Rigas, 2007; Rigas, 2009). Other significant determinants of the demand 
(share) for inter-urban public transport services refer to the massive public in
vestments on the construction and operation of airport and seaport facilities, 
especially the new Athens international airport and the regional airports in is
land regions (see Spathi, 2005), as well as on major (inter-regional, large-
scale) road projects (see Tsekeris and Tsouma, 2010). 

FIGURE 4.4 

Greek household travel budget shares in the period 1994-2004 
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Figure 4.4 demonstrates the allocation of Greek household budget shares 
in the domestic travel market in the period 1994-2004. The household travel 
budget share for private vehicle usage presents a total increase from 73.7% 
in 1994 to 75.7% in 2004, although with a considerable drop to 68.9% in 1999. 
Alternatively, the household travel budget shares for taxi and regional public 
transport services show an overall reduction within the decade, despite their 
increase (particularly for taxis) in 1999. The urban public transport share in
dicates a short growth from 7.8% in 1994 to 8.3% in 2004, despite its reduc
tion by 1.5% between 1999 and 2004. 

Figure 4.5 and Figure 4.6 illustrate the household travel budget allocation 
for different trip consumption purposes, i.e., during non-vacation periods and 
vacation periods respectively, in order to better understand and interpret the 
related expenditure decisions. Figure 4.5 indicates that, during non-vacation 
periods, consumers generally tend to increase the private vehicle usage 
against the use of regional public transport services. In addition, there is a 

FIGURE 4.5 

Greek household travel budget shares during non-vacation periods 
in 1994-2004 

Sources: HBS 1994, 1999, 2004 
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small increase in the consumption of urban public transport services, while 
the consumption of taxi services does not significantly differ from the annual 
average monthly consumption. These observations verify the predominant 
role of private vehicle usage in the repetitive, daily activity patterns of consum
ers, which typically take place during non-vacation periods. 

On the other hand, the private vehicle travel consumption presents a sig
nificant drop (of about 50% on average during the study period), in compari
son to the annual average monthly consumption (see Figure 4.6). The 
consumption of taxi services also demonstrates a considerable drop, while 
the consumption of urban public transport falls below 1% during vacation pe
riods. These changes can be attributed to the considerable total growth of re
gional public transport consumption and reflect the increased demand of 
consumers to travel towards medium- and long-distance holiday destinations. 

Nevertheless, it should be noted that the reduced budget share of private 
vehicle usage in the Greek travel market during vacation periods does not sig-

FIGURE 4.6 

Greek household travel budget shares during vacation periods in 1994-2004 

Sources: HBS 1994, 1999, 2004 
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nificantly affect its corresponding total (annual average monthly) travel budg
et share. This fact is due to the small amount of household expenditures made 
for domestic vacation travel by private vehicle, as well as urban public trans
port and taxi, which are the most important transport modes, in terms of their 
budget shares. Figure 4.7 depicts the vacation travel budget shares of Greek 
households by mode category (private vehicle, urban public transport, taxi 
and regional public transport) in the period 1994-2004, including the three 
HBS years. The transport modes which are typically used for daily travel con
sumption, i.e., especially private vehicle, urban bus and rail, and taxis, com
prise vacation travel budget shares which are less than 5%, in relation to their 
corresponding total travel budget shares. On the contrary, the regional public 
transport modes comprise vacation travel budget shares which, on average, 
exceed the 50% of their corresponding total travel budget shares. 

As mentioned in subsection 2.3, transport modes involve different deci
sion-making mechanisms, and technological and operational service charac-

FIGURE4.7 

The vacation travel budget shares of Greek households for the three HBS years 

Sources: HBS 1994, 1999, 2004. 
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teristics. For this reason, a more detailed analysis of the travel budget alloca
tion mechanisms among regional public transport modes (coach, rail, air, sea) 
is required. Figure 4.8 illustrates the regional public transport expenditure 
shares of Greek households in the period 1994-2004 for the three HBS years. 
Short-sea passenger travel dominates in the regional public transport market 
since 1999, given that the usage of coach services has significantly declined 
in that period. Domestic air travel has a relatively stable consumption share of 
about 20% in the regional public transport market, while the rail travel con
sumption share is restricted to the 4.7% on average during the given study 
period. 

The comparison between Figure 4.9 and Figure 4.10, which illustrate the re
gional public transport shares during non-vacation periods and vacation pe
riods respectively, facilitates identifying significant substitution relationships 
between coach and sea ferry services. More specifically, coach services hold 
the largest consumption share in the regional public transport market during 

FIGURE 4.8 

Regional public transport expenditure shares of Greek households 
in the periods 1994-2004 
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FIGURE 4.9 

Regional public transport expenditure shares of Greek households 

during non-vacation periods in 1994-2004 
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non-vacation periods, while sea ferry services hold the largest consumption 

share in the given market during vacation periods. This significant substitution 

pattern is also depicted on the empirical results obtained from the estimation 

of the present demand system (see subsection 5.4). Moreover, the consum

ption of domestic air travel services presents a slight average increase during 

the vacation periods during the study decade, while the consumption of rail

way travel services shows a considerable drop during the vacation periods. 

Figure 4.11 illustrates the vacation travel budget shares of Greek house

holds by regional public transport mode category (coach, rail, airplane and 

sea ferry) in the period 1994-2004, including the three HBS years. By and 

large, a considerable proportion of the travel consumption by all regional public 

transport modes is spent in vacation periods, in comparison to the other 

modes (private vehicle, urban bus and rail, and taxi). The sea ferry and air-
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FIGURE 4.10 

Regional public transport expenditure shares of Greek households 
during vacation periods in 1994-2004 

Sources: HBS 1994, 1999, 2004. 

plane hold the largest vacation travel budget shares, in order, with propor
tions that exceed the 50%. The coach and railway have vacation travel budget 
shares ranging from 20% to 50%. In contrast with the other regional public 
transport modes, the vacation travel budget share of sea ferry travel is in
creasing across all HBS years. 

These observations suggest the existence of different levels of both intra-
modal and inter-modal variability in the travel consumption by (non-vacation 
and vacation) trip purpose. The knowledge of this variability more clearly 
explains the travel budget allocation mechanisms of Greek households and 
changes in the performance of passenger transport firms. It can also help 
understand and interpret the various patterns of substitution and comple
mentarity among passenger transport modes, as they will be estimated in 
Chapter 5. 
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FIGURE 4.11 

Regional public transport expenditure shares of Greek households 
for vacation travel in the period 1994-2004 

Sources: HBS 1994, 1999, 2004 

4.3.2. Spatio-temporal variations of travel expenditure and income data 

As was mentioned previously, household expenditure for travel may be 
subject to considerable variations over both time and space. In the case of 
Greece, temporal variations can be ascribed to, e.g., public investment poli
cies and institutional and market structure changes (see subsection 4.3.1), 
while spatial variations can be particularly explained by the geographical pe
culiarities of the country, such as the mountainous terrain and scattered is
land complexes. Table A2.1 (see Appendix) presents the inter-temporal (over 
the HBS years) and inter-regional (at the NUTS-II level) distribution of the an
nual average monthly total travel expenditures. These values have been trans
formed into constant values in Euros, based on the 2005 reference year. The 
highest level of travel expenditure in all HBS years is observed in the Attica Re
gion, while the lowest levels of travel expenditure are found in the North Ae
gean in 1994, and in Epirus in 1999 and 2004. These data demonstrate the 
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favourable impact of the geographical areas characterized by intense econo
mies of agglomeration, increased concentration of employment and enhanc
ed accessibility to transport hubs on the level of travel consumption. On the 
contrary, more remote (or less accessible) and economically deprived areas 
are associated with lower level of travel consumption. 

As mentioned in subsection 3.2, some variable of household income or 
total expenditures should be employed in the travel expenditure equation (15) 
in order to allow the estimation of direct income elasticities of various travel 
goods or services. Following a number of alternative specifications, the total 
net disposable income is selected to be used here for expressing the income 
variable. The specific measure was found to yield the best fit and most plau
sible results in the equation of total travel expenditures (see subsection 5.3). 
Also, the net disposable income can be regarded as a more theoretically 
sound and intuitive determinant of travel consumption, which concerns non
durable (mostly, daily trip-related) goods, in comparison to the total amount 
of household expenditures. The latter measure typically concerns the con
sumption of durable goods, such as housing and vehicular stock, and relates 
to the 'permanent' income hypothesis, dating back to the research of Fried
man (1957) and Ando and Modigliani (1963), which recognizes predictable 
life-cycle consumption patterns. 

Table A2.2 presents the temporal and spatial distribution of the household 
total net disposable income across the Greek regions over the three HBS 
years. These values have been also transformed into constant values in Euros 
based on the 2005 reference year. The table demonstrates significant income 
variations among the regions, which, in turn, can be associated with the var
iations observed in total household travel expenditures (see Table A2.1). 

Figure 4.12 depicts the spatio-temporal variation of the travel budget shares, 
i.e. the ratio of household total travel expenditures to total net disposable in
come, with respect to income for the three HBS years. The figure indicates 
that the travel budget shares generally decrease with respect to income in 
1999 and 2004, in comparison to 1994. However, there is a small increase of 
the household budget allocated for travel with respect to income in 2004, in 
contrast with 1999. Also, there is a generally increasing relationship between 
the travel budget share and the income level across the regions. Namely, the 
households who live in higher-income regions tend to spend a higher pro
portion of their income for travel in comparison to those living in lower-income 
regions. 
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FIGURE 4.12 

The relationship between net disposable household income and travel budget 
share across the Greek regions in the period 1994-2004 
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4.3.3. Spatio-temporal variations of modal travel budget shares 

Table A2.3 presents the spatio-temporal variations of the household travel 
budget share for private vehicle usage in Greece. The data provide supporting 
evidence of the relatively reduced private vehicle travel consumption in the 
more urbanized geographical areas, particularly in Attica, in comparison to 
the increased private vehicle travel budget shares in most of the peripheral 
mainland regions and islands. These observations can be attributed to the 
presence of such factors as congestion costs and, in general, diseconomies 
of agglomeration, which can adversely influence the demand for private vehi
cle travel in densely populated areas. 

As expected, by and large, opposite trends are depicted on the household 
travel budget shares for urban public transport (see Table A2.4). More speci
fically, the households in the Attica and Central Macedonia Regions, which 
are generally characterized by more dense public transport networks and 
higher frequency of transit services, allocate the largest travel budget shares 
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to urban public transport, in contrast with the corresponding travel budget 
shares in the peripheral mainland and island Regions. Table A2.5 shows the 
spatio-temporal variations of the taxi travel budget share of Greek households. 
Mostly similar to the allocation of the travel budget for urban public transport, 
the taxi travel budget shares are increased in the Attica and Central Macedo
nia Regions and, at a lesser extent, Western Greece and Western Macedonia 
Regions. Conversely, the other peripheral mainland and island areas present 
relatively decreased taxi travel budget shares. 

Table A2.6 indicates the spatio-temporal variations of the household travel 
budget share for inland inter-urban (coach and rail) transport services. The 
household travel budget share for inland inter-urban public transport is parti
cularly reduced in the Regions of the Aegean islands, as in the case of urban 
public transport. On the other hand, the largest travel budget shares for inland 
inter-urban public transport correspond to the northern peripheral mainland 
Regions, i.e. Eastern Macedonia and Thrace, and Western Macedonia. Ta
bles A2.7 and A2.8 present the spatio-temporal variations of the household 
travel budget shares for domestic air transport and short-sea transport serv
ices. For both services, the largest travel budget shares are observed in the 
Regions of (the Southern and Northern) Aegean islands, where sea and air 
transport connections provide the only feasible means of communication with 
the mainland. The lowest air and sea travel budget shares are observed in the 
peripheral mainland areas of the country. 

Summing up, the household expenditure data show significant spatial var
iations across different Greek regions over the given study period. By and 
large, these variations are found to exhibit similar patterns within three groups 
of regions: (a) the densely populated Regions of Attica and Central Macedo
nia, (b) the peripheral Regions in the mainland (northern, central and south
ern) Greece, and (c) the Regions of the Aegean islands. 

4.4. The price indices in the Greek travel market 

The price information is based on the (weighted average) country-level 
Consumer Price Indices (CPIs), P/, corresponding to each of the six categories, 
as obtained from the NSSG. Figure 4.13 depicts the inter-temporal evolution of 
the average CPIs for all travel goods and services in Greece between 1994 
and 2004. In this period, the CPIs of the short-sea travel and urban public 
transport services indicate the largest overall increase by 51.1% and 47.6% re-
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spectively. On the contrary, the CPIs of the railway travel and private vehicle 
running costs demonstrate the smallest overall increase by 22.8% and 27.6% 
respectively. 

FIGURE 4.13 

Inter-temporal evolution of the average CPIs for all travel goods and services 
in Greece between 1994 and 2004 

Sources: NSSG. 

The regional-level CPIs, P,-f, for each travel good or service / in region r at 
period f are obtained from the following relationship: 

( Drt\ -
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where p(

rtand ρ'refer to the region-specific and national average level of the 
absolute price of each travel good or service /'. In the case of private vehicle 
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transport, the spatial information on the vehicle running costs originate from 
the annual average regional variation of petrol prices (see Table A2.9), as ob
tained from the weighted aggregation of the petrol prices observed in different 
cities, which are included in the reports of the Greek Ministry of Development. 

In the case of the urban10 and inland inter-urban11 public transport, the spa
tial information on the CPIs has been based on the corresponding national 
average level of fares, as provided by the NSSG, and the regional average 
level of fares, as obtained from the price adjustments made in the urban and 
inter-urban bus fares and railway services by the Greek Ministry of Transport 
and Communications (see Table A2.10 and Table A2.11, respectively). 

The price information about the taxi services has been based on the country-
level CPI of taxi tariffs (see Table A2.12). This CPI was flat across the regions 
in the years 1994 and 1999, while, in year 2004, there has been a small overall 
upward adjustment in the CPI of the taxi services in Attica (Athens) and Central 
Macedonia (Thessalonica), which have been estimated to 93.12% and 93.14% 
respectively, based on the relevant information provided by the Greek Ministry 
of Transport and Communications. 

The price information concerning the air and short-sea travel has been 
based on the country-level CPIs of domestic airplane and coast-wise ferry ser
vices (see Tables A2.13 and A2.14, respectively). At the regional (NUTS II) 
level of analysis, the annual percentage CPI changes in the domestic air and 
sea travel markets can be considered as basically uniform across the coun
try. Influential factors, such as geographical location, local infrastructure and 
conditions of access to (hub) airport and port facilities, associated with the 
spatial differentiation of prices and, hence, regional variations of the country-
level CPIs, are captured here through the regional dummy variables of the de
mand system (see subsection 3.1). The effects of European and national 
policies, market structure changes and deregulation/privatization mechanisms 
on the temporal variations of the domestic air and short-sea travel market 
prices are captured by the time dummy variables of the model. 

10 The CPI for the category of urban public transport in the Attica Region has been calcu
lated through the weighted combination of the CPIs corresponding to urban bus and urban 
rail services (the weights were provided by the NSSG). 
11 The CPI for the combined category of inland inter-urban public transport has been cal
culated through the weighted combination of the CPIs corresponding to coach and railway 
services (the weights were provided by the NSSG). 
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4.5. Description of data on additional determinants of demand 

In addition to the travel expenditure, price and income variables, the pres
ent demand system is extended to include a set of additional explanatory 
variables that affect travel budget shares. These additional variables are se
lected on the basis of the following set of criteria: 

(a) Relevance with the theory of travel choice and consumption demand, 

(b) Satisfaction of the demand theoretic restrictions, 

(c) Validity of the econometric specification assumptions, 

(d) Increased model performance, in terms of the goodness-of-fit, 

(e) Plausibility of the model parameter estimates, and 

(t) Existence of constraints imposed on the use of regional dummy 
variables. 

The last criterion (f) relates to the incorporation of mode-specific local ef
fects. Namely, the inclusion of regional dummy variables for each particular 
mode of transport can implicitly account for unobserved or omitted factors as
sociated with the interaction between that mode and local conditions. On the 
other hand, the use of regional dummies which are common to all modal budg
et share equations in the system facilitates employing more detailed factors 
of local character, such as those concerning economies of density and con
gestion costs. The following paragraphs analytically present the various addi
tional determinants of demand for inclusion in the proposed demand system. 

Table A2.15 presents the spatial and temporal fluctuations of the variable 
earn, which denotes the household relative labor force, as obtained from the 
ratio of the economically active (actively occupied) household members {aom) 
to the average total household size {hhs), by region and HBS year. The parti
cipation of household members to the labor market, in conjunction with the 
household size, are related to intra-household consumption and time alloca
tion decisions and constraints, and the 'household technology', which affect 
the trip-making and modal preferences. 

Table A2.16 presents the spatial and temporal fluctuations of the variable 
gen, which is the gender composition of households, in terms of the female 
to male ratio, by region and HBS year. In addition, Table A2.17 presents the 
spatial and temporal fluctuations of the variable child, which shows the aver
age number of children per household, by region and HBS year. The latter 
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variable can provide a surrogate of the age structure of families in each region 
and period. The gen and child variables aim to represent the effect of intra-
household (money and time) budget allocation decisions and constraints as
sociated with female activities and preferences, child rearing and education on 
travel consumption patterns. 

Moreover, the variable tert denotes the portion of labor working in the ter
tiary production (services) sector. Table A2.18 shows the significant variations 
of ieri across the Greek regions and HBS years. This variable can roughly man
ifest the impact of structural (sectoral) transformation processes of regional 
economies on travel demand shares. It can also depict the relationship between 
the regional labor market conditions and job characteristics, and the travel 
consumption trends by different modes (see also McQuaid, 2003). 

Another variable which is employed here is referred to as the deurbaniza-
tion index (deurb), that expresses the ratio of the number of households 
staying in a one- or two-story housing unit to those staying in a multi-unit 
housing (apartment buildings). This index can help obtain an indication of 
whether agglomeration economies associated with (de)urbanization trends in 
a region have a positive or negative impact on household consumption de
mand for different modes. By and large, there is a long-established positive 
linkage between economies of urban agglomeration (urbanization) and travel 
demand, particularly by urban bus and rail. On the other hand, the development 
of lower density built environments is linked with agglomeration diseconomies 
and déconcentration forces (Krugman, 1996), which often entail increased de
mand for travel, particularly by private vehicle. Table A2.19 demonstrates the 
considerable overall reduction of the deurbanization index, which reflects the 
increased urbanization trends prevailing in most of the Greek regions within 
the given study period. 

Finally, an additional explanatory variable referred to as congestion index 
{cong) is introduced here to express the effects of the economies of density 
and congestion costs, in terms of the net effect of total car ownership and 
road infrastructure supply, on travel budget shares. Specifically, this index is 
constructed by the ratio of the total household vehicular stock (given by the 
product of the total number of households and the average number of cars per 
household) to the public road infrastructure stock (in terms of the road net
work length,12 in kilometers). The use of such an index helps avoid possible 

12 The road network data cover both the national highway and provincial road network. 
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problems of collinearity among the additional explanatory variables (also see 
below) and makes the model more parsimonious, since it circumvents the 
need for inclusion of a large number of individual variables, such as popula
tion, household density, network density and car ownership. 

Table A2.20 presents the spatial and temporal fluctuations of the conge
stion index by region and HBS year. These data clearly demonstrate the up
ward trend of congestion effects across all Greek regions. Such a trend 
signifies the imbalance existing between the demand for car ownership and 
the supply of road infrastructure, as it reflects the increasing rate of the num
ber of cars per capita (and household) and, in turn, the number of vehicles per 
network-km (see Figure 4.14). 

Also, the current expression of congestion index may capture costs ac
companied with both owning and using private vehicles. Therefore, it allows 
representing possible effects of fixed costs of private vehicle ownership on 
the demand (budget) share of different transport modes (see subsections 4.3 
and 5.5). Table 4.1 shows the matrix of correlations between the explanatory 

FIGURE 4.14 

Inter-temporal evolution of the number of vehicles per network-km and cars 
per 1000 capita in Greece between 1994 and 2004 
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Sources: NSSG, Greek Ministry of Environment, Physical Planning and Public Works. 
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variables mentioned previously, which is constructed in order to investigate 
potential problems of collinearity arising from the introduction of the addition
al demand factors. 

TABLE 4.1 
Matrix of correlations between the additional explanatory variables 

of travel demand 

hhs 

aom/hhs 

gen 

child 

tert 

deurb 

cong 

hhs 

1.000 

0.074 

0.479 

0.873 

-0.456 

0.117 

-0.142 

aom/hhs 

1.000 

0.139 

0.035 

0.140 

-0.267 

0.277 

gen 

1.000 

-0.286 

0.354 

-0.130 

0.139 

child 

1.000 

-0.275 

0.331 

-0.147 

tert 

1.000 

-0.246 

0.464 

deurb 

1.000 

-0.448 

cong 

1.000 

This matrix verifies that the additional explanatory variables used here are not 
highly correlated to each other; in all cases, the correlation coefficient is lower 
than 45%, except for the correlation coefficient between hhs and child (87%). 
Hence, the inclusion of all these variables in the extended demand system is not 
expected to lead to biased estimates due to multicollinearity problems. 

Based on the considerations mentioned at the beginning of this subsec
tion, and the correlation matrix results, two different sets of explanatory var
iables are used. First, the model that accounts for mode-specific local effects 
includes two additional determinants: household size (hhs) and participation 
in the tertiary production sector (tert). Second, the model that accounts for 
local effects common to all transport modes includes six additional deter
minants: ratio of economically active household members (earn), gender com
position (gen), number of children (child), participation in the tertiary 
production sector (tert), deurbanization (deurb) and congestion (cong). 

Summing up, the present dataset includes 39 observations, i.e. 3-year ob
servations over 13 regions, for five independent demand equations of travel 
commodities, namely, private vehicle, urban public transport, taxi, airplane 
and sea ferry (excluding the coach and rail category, given the adding-up con-
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straint). Consequently, this gives rise to a system composed of a total of 195 
observations. 

4.6. Discussion on the use of aggregate consumption data 

The use of aggregate data on the expenditure made for different commo
dities is widely employed in existing studies of consumption demand analysis. 
It should be noted that the solution of a demand system as the Al system, 
based on data originating from aggregation of expenditure over households 
on a regional basis, can potentially involve a bias in the results, since im
portant information at the individual or household level is lost because of 
averaging (e.g., see Pashardes, 1993; Mittelhammeretal., 1996; Denton and 
Mountain, 2004). However, the aim of the current solution procedure is to 
provide an aggregate analysis of the substitution-complementarity relation
ships among passenger transport modes, rather than undertake an analysis 
of the individual consumer behavior of travel choices. Besides, the inform
ation provided by the HSSG corresponds to monthly average consumption 
data through a multilayer stratified sampling methodology (as mentioned in 
subsection 4.1), rather than a simple averaging of household expenditure per 
region. This process can ensure the unbiased representation of the given 
sample at the level of each region while it circumvents possible problems of 
bias due to the well-known zero-expenditure problem.13 

The effect of any error possibly arising from the aggregation process can 
be assumed as fixed and hence incorporated in the constant terms of the 
budget share equations. Despite that such an assumption can be valid only 
as an approximation, it is practically applicable for many purposes (Denton 
and Mountain, 2001). In particular, for the one-decade period of this study 
and the regional (NUTS II) level of analysis, it can be plausibly considered that 
there are no such large changes in the distribution of income, e.g., compared 
to those would be expected between countries of different economic situations, 
that might cause significant shifts in the aggregation/disaggregation elasticity 
biases (e.g., see Lewbel, 1991). This relative stability also implies that meas
ures of income distribution (or inequality) are insensitive to changes over time 
in mean income (Lewbel, 1990, 1992). 

13 Alternative approaches for the treatment of the zero-expenditure and other related prob
lems in the analysis of travel consumption behavior at the household level in Greece are 
described in Tsekeris and Dimitriou (2008). 
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Finally, it is noted that the possibility of travel expenditure aggregation for 
distinct population groups with different socio-economic (e.g., by income, 
education and car ownership) and demographic (e.g., by gender, age of 
household head and number of household members) characteristics would 
provide further insight into the analysis of travel consumption and market 
competition conditions. For instance, estimation of income and price elasticities 
for various population groups would allow a more detailed examination of 
the distribution of the impact of a petrol price increase or public transport 
fare reduction on travel budget allocation among low, medium and high income 
households. In turn, this outcome might help support the formulation of spe
cific transport policies (e.g., subsidies and travel discounts) for target popu
lation groups (e.g., multi-member and low-income families, student). 

4.7. The estimation procedure of the demand system 

The formulation of the present panel demand system gives rise to a set of 
Least- Squares equations with Dummy Variables (LSDV) that leads to asym
ptotically efficient estimators, unlike Ordinary Least Squares (OLS) which do 
not guarantee efficient estimates of the system coefficients (Baltagi and Raj, 
1992). The LSDV approach constitutes a two-way (fixed group and time ef
fects) model, which can appropriately treat the panel effects of the current 
dataset and ensure consistent estimates of standard errors. 

The estimator which is employed to solve the present demand system of 
LSDV equations refers to Zellner's iterative method of Seemingly Unrelated 
Regressions (SUR), which is commonly used for the solution of standard Al 
demand systems. Adding-up implies that the covariance matrix of the system 
of budget share equations is singular. Hence, only M -1 of the M share equa
tions can be estimated directly. As Barten (1969) shows, the estimated coef
ficients are invariant to the equation dropped. During estimation, one modal 
equation is excluded from the system and then adding-up is used to derive its 
coefficients and standard errors. The iterative SUR estimation provides hete-
roscedasticity-robust parameter estimates for each modal equation, which, 
upon convergence, are equivalent to maximum likelihood estimates (Judge et 
al., 1985). 
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CHAPTER 5 

RESULTS OF THE ECONOMETRIC ANALYSIS 

5.1. Statistical tests of model restrictions 

5.1.1. The demand theoretic restrictions 

The present study aims to provide an analytical framework for the norma
tive analysis of complementarity and substitution relationships among different 
transport modes. Such a type of analysis requires the consistency of the linear 
system of the panel budget share equations with the demand theoretic con
straints, as they are described in relationships (11)-(13). Among these rela
tionships, the homogeneity and symmetry restrictions can be both imposed, 
in the form of cross-equation restrictions on the parameters, and tested, while 
additivity is imposed but it cannot be tested (see subsection 3.1). Hence, the 
cross-equation restrictions of homogeneity and symmetry are tested here to 
verify that the given econometric specifications do not violate the underlying 
theoretic assumptions of the model.14 

For this purpose, the likelihood ratio test is used to examine the alternative 
hypotheses (H-|) of no-restriction of homogeneity, no-restriction of symmetry 
and joint no-restriction of homogeneity and symmetry, under the null hypoth
esis (H0) of imposing both restrictions of homogeneity and symmetry. Based 
on previous studies (e.g., Maki, 1992; Mergos and Donatos, 1989), the log-
likelihood values Lr and Lu of the system estimates, under the H0 and H-\ hy
potheses, respectively, are used to obtain the likelihood ratio test statistic, LR. 
In the present case, the significance (p) value of the null hypothesis is obtain
ed from the asymptotic chi-square χ2 distribution where the LR statistic con
verges, with f degrees of freedom (d.f.), where f is the number of the omitted 
parametric restrictions of the system, namely: 

14 The process followed here differs from most of the empirical applications of such flexi
ble consumer demand systems which a priori adopt and impose the homogeneity and 
symmetry restrictions in the specification of the model. 
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LR = -2\ogL = -2(Lr-Lu) ^ χ2 (25) 

Based on the estimated ρ -values shown in Table 5.1 the results of the 
test statistics fail to reject the null hypothesis Η0 of the jointly (homogeneity 
and symmetry) restricted model, in relation to the alternative hypotheses of 
homogeneity unrestricted, symmetry unrestricted and jointly (homogeneity 
and symmetry) unrestricted model, at all conventional levels of confidence 
(i.e. those of 1%, 5% and 10%). Namely, the estimated parameters of both 
models (without and with mode-specific local effects), which reflect the long-
term steady structure of travel demand and level of competition among trans
port modes, are found to statistically satisfy the theoretic background of the 
average rational utility-maximizing consumer, on which the Almost Ideal De
mand System is based (Andrikopoulos and Brox, 1997). 

TABLE 5.1 

Hypothesis tests (p-values) for the restrictions of the demand system 

H0 

Homogeneity and 

symmetry 

Homogeneity and 

symmetry 

Homogeneity and 

symmetry 

Hi 

No homogeneity 

No symmetry 

No homogeneity 

No symmetry 

Without mode-specific 

local effects 

0.705 

0.334 

0.143 

With mode-specific 

local effects 

0.805 

0.446 

0.204 

Note: Log likelihood of the full restricted model Lr =604.123 for the demand system without 
mode-specific local effects and Lr =645.240 for the demand system with mode-specific 
local effects. 

From the econometric point of view, the imposition of these theoretical re
strictions on the model structure allows reducing the number of unknown pa
rameters and improving the efficiency of the estimation. In the policy context, 
the restricted type of model specification, in accordance with the principles of 
demand theory, facilitates the rational long-range planning and functional eval
uation of the whole transport system, and the formulation of appropriate pol
icy recommendations. 
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5.1.2. The restrictions on the additional demand factors 

In addition to the statistical test of the demand theoretic restrictions, the 
model specification is tested with respect to the significance of the vector of 
additional factors (G-i ..., GK) of demand. The solution of the demand system 
without these additional factors results in a smaller log-likelihood value 
(Lr=580.522 for the demand system without mode-specific local effects, and 
Lr=625.793 for the demand system with mode-specific local effects), in com
parison to the unrestricted case of the extended demand system including 
these factors (see the note in Table 5.1). Based on the formula (25), the results 
of the LR test statistics do not fail to reject the non-existence of a systematic 
difference between the two models, in favor of the unrestricted case, at the 
conventional levels of 5% and 10% (significance value p = 0.024 for the de
mand system without mode-specific local effects, and p=0.000 for the de
mand system with mode-specific local effects). These results provide a 
statistical basis for the justification of the inclusion of additional determinants 
of demand other than those related to income (expenditures) and prices. 

5.2. Estimates of model parameters and dummy variables 

This subsection presents the empirical results obtained from the model im
plementation in the Greek travel market. It also provides an interpretation of 
the estimated coefficients and the resulting elasticities in accordance with the 
relevant economic theory of consumption demand. Tables 5.2 and 5.3 report 
the estimates of the model coefficients for the demand system without and 
with mode-specific local effects, respectively. The demand system with mode-
specific local effects, which includes regional dummies specific to each trans
port mode, is found to considerably overperform the demand system without 
mode-specific local effects, which includes regional dummies common to all 
transport modes. In particular, the coefficient of determination {R2) of the in
dependent demand equations of the former system is higher (ranging from 
61% to 87%) than that of the latter system (ranging from 40% to 74%). Addi
tionally, the results of the LR test statistics do not fail to reject the non-exi
stence of a systematic difference between the two demand systems, in favor 
of that with mode-specific local effects (significance value p = 0.003). 

In contrast with the income coefficients {β), the price coefficients (y) of the 
model with regional dummies common to all transport modes (see Table 5.2) 
are generally more statistically significant, in terms of the conventional confi-
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TABLE 5.2 

Estimated coefficients of the demand system with regional dummies common 

to all transport modes 

a, 

Υ/Ί 

Y/2 

Y/3 

Y/4 

Y/5 

Y/6 

Jß/ 

®i,eam 

*i,gen 

Si,child 

5j,tert 

àj,deurb 

Oi,cong 

Ft2 

gas 

9.88E-01** 

2.70E-01** 

1.94E-02 

-3.39E-02 

1.57E-03 

-1.05E-01* 

-1.53E-01** 

-6.72E-02* 

3.29E-01* 

-4.41 E-02 

-9.18E-05** 

-2.12E-01** 

-2.92E-03 

-2.57E-01** 

63.860 

urban 

7.66E-02 

1.94E-02 

-7.29E-02** 

4.64E-02 

-3.41 E-02** 

6.11 E-02* 

-1.99E-02* 

2.24E-02 

-2.36E-01** 

-9.96E-02** 

5.91 E-05** 

6.49E-02 

-2.68E-03* 

1.22E-01** 

72.458 

taxi 

2.14E-01** 

-3.39E-02 

4.64E-02 

4.15E-03 

-6.48E-02** 

-2.17E-02 

6.99E-02* 

6.57E-02** 

-2.46E-01** 

-6.35E-02* 

2.45E-05 

-5.42E-03 

-2.04E-03 

-8.18E-03 

39.840 

air 

-1.15E-01** 

1.57E-03 

-3.41 E-02** 

-6.48E-02** 

-9.58E-03 

3.02E-02* 

7.68E-02 

-1.45E-02 

1.78E-02 

6.35E-02** 

-2.18E-05 

4.17E-02 

4.31 E-05 

7.46E-02** 

43.206 

sea 

-1.96E-01** 

-1.05E-01* 

6.11 E-02* 

-2.17E-02 

3.02E-02* 

-1.03E-01** 

1.38E-01** 

-2.28E-02 

1.66E-01* 

8.09E-02** 

4.27E-05** 

4.72E-02 

3.33E-03** 

6.04E-02** 

73.790 

land 

3.20E-02 

-1.53E-01** 

-1.99E-02* 

6.99E-02* 

7.68E-02 

1.38E-01** 

-1.12E-01** 

1.65E-02 

-2.98E-02 

6.39E-02** 

8.05E-03 

6.29E-02** 

4.26E-03 

-1.26E-05 

60.995 

* indicates 0.05 < p-value < 0.1, ** indicates p-value < 0.05, using the f-test statistics. 
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dence levels of the f-test statistics, than those of the model with regional dum
mies specific to each transport mode (see Table 5.3). By and large, this out
come denotes the significant impact of fixed spatial effects on the budget 
share of each transport mode (also see below). It mostly underlines the im
portance of service characteristics as well as operating and geographical con
straints, which are closely connected with the local (infrastructure, equipment, 
environmental, political, institutional and other) conditions of each region, on 
the demand for travel by each mode. In other words, the effect of such local 
conditions is largely overwhelming the effect of prices on travel consumption 
demand. 

The direction (positive or negative) of the effect of real income (expend
itures), X/P, on the various travel commodity shares depends on the nature of 
these commodities and the particular conditions prevailing in the market 
under study. Specifically, for the model with regional dummies common to all 
transport modes (see Table 5.2), an increase in the real income, with other 
things being equal, will reduce (since j8/<0) the expenditure shares for private 
vehicle travel consumption, along with air and coast-wise sea passenger trans
port services, and will increase (since j3/>0) the shares for all other passenger 
transport services. On the other hand, the results of the model with regional 
dummies specific to each transport mode shows that an increase in the real 
income will increase (j8/>0) the budget share of air travel and reduce (j3,<0) 
the budget share of urban public transport. A discussion of the implication of 
that sign for characterizing a transport mode as a necessity or luxury through 
calculating income elasticity is provided in subsection 5.3. 

Regarding the effect of prices, the results of the model with regional dum
mies common to all transport modes (see Table 5.2) signify a moderate de
gree of price sensitivity of travel budget shares, based on the statistical 
significance of the estimated y,y coefficients. In terms of the own-price elasti
cities, the figures in Table 5.2 indicate that, with the exception of taxi and air
line services, all the other y;/ values are found to be statistically significant. 
Similarly, the majority of the y,y coefficients corresponding to the cross-price 
effects are found to be statistically significant. On the other hand, only a few 
of the y,-,- values in the model with regional dummies specific to each transport 
mode are found to be statistically significant at the conventional levels of con
fidence. Namely, the effect of the (here, omitted) mode-specific regional 
(mainly, service-related) factors overwhelms the effect of prices on the allo
cation of household travel budget. The degree (or intensity) of each cross-
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TABLE 5.3 

Estimated coefficients of the demand system with regional dummies specific 

to each transport mode 

a/ 

Υ/Ί 

Y/2 

Y/3 

Y/4 

Y/5 

Y/6 

A 

àj,hhs 

^i.tert 

R2 

gas 

7.34E-01** 

-3.85E-01* 

6.28E-02* 

4.39E-01 

1.55E-01 

-1.43E-01 

-1.29E-01 

-2.63E-02 

9.63E-03 

-5.33E-02 

64.655 

urban 

-1.23E-01* 

6.28E-02* 

-6.80E-02* 

-6.40E-02 

-2.75E-02 

7.37E-03* 

8.94E-02 

-5.82E-02** 

7.16E-02** 

6.30E-02* 

83.454 

taxi 

2.24E-01** 

4.39E-01 

-6.40E-02 

-3.60E-01 

-1.50E-01 

1.01E-01 

3.38E-02 

7.92E-03* 

-5.88E-02* 

5.42E-02 

61.245 

air 

1.10E-01* 

1.55E-01 

-2.75E-02 

-1.50E-01 

-7.44E-02 

2.94E-02 

6.76E-02* 

6.19E-02** 

-3.51 E-02* 

-2.32E-02 

78.609 

sea 

7.54E-02 

-1.43E-01 

7.37E-03* 

1.01E-01 

2.94E-02 

-9.97E-02* 

1.05E-01 

-1.78E-02* 

1.08E-02* 

-6.98E-02* 

86.508 

land 

-2.19E-02 

-1.29E-01 

8.94E-02 

3.38E-02 

6.76E-02* 

1.05E-01 

-1.67E-01 

2.81 E-02* 

1.79E-03 

2.90E-02* 

77.021 

indicates 0.05 < p-value<0.1, **indicates p-value < 0.05, using the f-test statistics. 

price effect on the budget shares depends on the nature of the travel com
modities, namely, on whether they are complements or substitutes for each 
other, as it is further discussed in subsection 5.4. 

In addition, inspection of the impact of additional factors on budget shares 
reveals that, in both models, at least half of the estimated 5jk coefficients are 
statistically significant at the conventional confidence levels. More specifically, 
the travel budget share in each one of the independent demand equations is 
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significantly affected by at least two of these additional factors. A discussion 
of the direction and magnitude of their estimated marginal effects is provided 
in subsection 5.5. 

Based on the results of the joint Wald test for the model with regional dum
mies common to all transport modes (see Table 5.4), the region-specific fixed 
effects are generally found to be statistically different from zero, which pro
vides theoretical justification of the LSDV approach. Most of these fixed ef
fects (excluding those of East Macedonia and Thrace, Epirus, North Aegean 
and Peloponnesos) on the travel budget shares are statistically significant at 
the conventional levels of confidence. Similarly, for the model with regional 
dummies specific to each transport mode, the region-specific fixed effects are 

TABLE 5.4 

Statistical tests of the cross-section effects of the demand system 
with regional dummies common to all transport modes 

Region 

Attica 

Central Greece 

Central Macedonia 

Crete 

Eastern Macedonia and Thrace 

Epirus 

Ionian Islands 

North Aegean 

Peloponnesos 

South Aegean 

Thessaly 

Western Greece 

Joint Wald test (χ2, d.f.) p-value 

Cross-section effects 

0.019** 

0.006** 

0.009** 

0.012** 

-0.001 

0.003 

0.015** 

0.005 

-0.002 

0.018** 

0.005** 

0.008** 

(64.865, 12) 0.000 

* indicates 0.05 < p-value<0.1, ** indicates p-value < 0.05, using the f-test statistics. 
Base regional dummy: Western Macedonia. 
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jointly found to be statistically different from zero, at the conventional levels of 
confidence, for all modes of transport (see Table 5.5). The most statistically 
significant region-specific effects refer to the short-sea and urban public trans
port shares. Specifically, the consumption demand for these modes is mostly 
influenced by the local conditions pertaining to each region, compared to the 
consumption demand for the other modes. There are also statistically signifi
cant fixed spatial effects on the private vehicle and air transport shares. The 
above outcomes signify the importance of the regional dimension in the anal
ysis of travel consumption behavior, which has been typically ignored in most 
of the existing studies (see subsection 2.1). 

TABLE 5.5 

Estimates of the spatial dummy variables of the demand system with 
regional dummies specific to each transport mode 

Region 

Central Greece 

Central Macedonia 

Crete 

Eastern Macedonia and 

Thrace 

Epirus 

Ionian Islands 

North Aegean 

Peloponnesos 

South Aegean 

Thessaly 

Western Greece 

Western Macedonia 

Joint Wald test (χ2, d.f.) 

p-value 

gas 

0.075* 

0.045 

0.111** 

0.028 

0.096**-

0.087 

0.066* 

0.084** 

0.050 

0.051 

0.024 

0.041 

(19.270, 12) 

0.082 

urban 

-0.066** 

-0.045** 

-0.077** 

-0.065** 

-0.076** 

-0.085** 

-0.109** 

-0.083** 

-0.101** 

-0.066** 

-0.042** 

-0.078** 

(73.355, 12) 

0.000 

taxi 

0.006 

-0.007 

-0.060 

-0.005* 

-0.035 

-0.040 

-0.033 

0.016 

-0.041 

-0.001 

0.030* 

0.033 

(24.265, 12) 

0.019 

air 

0.009 

0.025 

0.018 

0.047** 

0.034** 

0.042* 

0.055* 

0.019 

0.058** 

0.027* 

0.020 

0.041** 

(63.705, 12) 

0.000 

sea 

-0.062** 

-0.052** 

-0.023 

-0.058** 

-0.054** 

-0.021 

-0.015** 

-0.064 

0.026* 

-0.059** 

-0.059** 

-0.079** 

(87.176, 12) 

0.000 

* indicates 0.05 < p-value < 0.1, ** indicates p-value < 0.05, using the f-test statistics. 
Base regional dummy: Attica. 
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In Table 5.6, the joint Wald tests reject, for all regions, at the conventional 
levels of confidence, the null hypothesis H0 of the equality of cross-section ef
fects among transport modes. This outcome verifies the need for employing 
region-mode interaction effects (i.e., regional dummies specific to each trans
port mode) in the structure of the demand system. It also reflects the signifi
cant differences in the aggregate behavior of households in consuming 
different types of services in the Greek travel market. 

Finally, Table 5.7 indicates, for both models, the statistically significant fixed 
time effects on the household travel budget shares. These results verify the im
portant role of region-invariant economic and political fluctuations, as well as 
year-specific events, on travel demand conditions. Therefore, the considera
tion of both regional and temporal fixed effects, which may involve a set of 
omitted or unobserved factors influencing travel demand, is crucial for un
derstanding and modeling the allocation of the household budget in the do
mestic transport market. 

TABLE 5.6 

Statistical tests of the equality of cross-section effects among 
transport modes (d.f.= 4) 

Region 

Attica 

Central Greece 

Central Macedonia 

Crete 

Eastern Macedonia and Thrace 

Epirus 

Ionian Islands 

North Aegean 

Peloponnesos 

South Aegean 

Thessaly 

Western Greece 

χ2 statistic [p-value] 

45.91 [0.000] 

20.93 [0.000] 

13.44 [0.009] 

16.09 [0.003] 

9.72 [0.045] 

7.92 [0.095] 

11.58 [0.021] 

20.63 [0.000] 

14.82 [0.005] 

58.57 [0.000] 

18.84 [0.001] 

31.48 [0.000] 

Base regional dummy: Western Macedonia. 
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TABLE 5.7 

Statistical tests of the period effects of the demand system 

Year 

1994 

1999 

Joint Wald test (χ2, d.f.) p-value 

Without mode-specific 

local effects 

-0.019** 

-0.013** 

(8.078, 2) 0.018 

With mode-specific 

local effects 

-0.018** 

-0.009* 

(6.578, 2) 0.037 

* indicates 0.05 < p-value < 0.1, ** indicates p-value < 0.05, using the f-test statistics. 
Base time dummy: 2004. 

5.3. Estimates of income elasticities 

The estimation of the direct income elasticities (see subsection 3.2) requires 
the solution of the total travel expenditure equation (15) with respect to in
come, price and other additional factors influencing travel demand. The pre
sent single-equation panel formulation first requires testing the statistical 
significance of the time-specific and region-specific effects, as represented 
by the variables Lf and Sr, respectively. Table 5.8 demonstrates, for the two 
model specifications, the results of the redundant fixed effects test, in terms 
of the statistical significance (p-value) of the null hypothesis that cross-section, 
period and both cross-section and period effects are zero. 

TABLE 5.8 

Statistical tests of cross-section and period effects of the total 
travel expenditure equation 

Effects test 

No cross-section effects 

No period effects 

Neither cross-section nor period 

effects 

Model with six 

additional factors1 

(34.815, 12) 0.000 

(13.970, 2) 0.001 

(42.516, 14) 0.000 

Model with two 

additional factors2 

(36.156, 12) 0.000 

(8.579, 2) 0.014 

(44.833, 14) 0.000 

Note: Figures show (χ2 value, d.f.) p-value, based on asymptotic χ2 distribution of the redundant fixed 
effects test. 
1 The additional factors include the variables earn, gen, child, tert, deurb, cong. 
2 The additional factors include the variables hhs, tert. 
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The results of the redundant fixed effects test signify, for both models, the 
statistically significant influence of the cross-section (region-specific) and pe
riod (time-specific) effects, both individually and jointly, on the total amount of 
household travel expenditures. This outcome is consistent with the findings of 
the estimation of the travel budget share equation system (see subsection 
5.2) that both region-specific and time-specific effects have a statistically sig
nificant impact on the allocation of household travel expenditures. 

TABLE 5.9 

Estimates of the total travel expenditure equation under LSDV, 
fixed and random effects with six additional variables 

Variable 

logP 

log/nc 

earn 

gen 

child 

tert 

cong 

deurb 

R2 

LSDV 

-0.470* 

Fixed effects 

-0.764* 

0.920** 

-0.197 

-0.350** 

0.849** 

0.640** 

-0.0008** 

0.025** 

98.265 

0.930** 

-0.190 

-0.369* 

0.082 

0.655** 

0.0001 

-0.024 

92.231 

Random effects 

-0.621 

0.999** 

-0.172 

-0.412** 

0.100 

0.224** 

0.0001 

-0.015 

80.496 

indicates 0.05 < p-value < 0.1, **indicates p-value < 0.05, using the i-test statistics. 

TABLE 5.10 

Estimates of the total travel expenditure equation under LSDV, 
fixed and random effects with two additional variables 

Variable 

logP 

log/ne 

hhs 

tert 

R2 

LSDV 

-0.569** 

0.648** 

0.544** 

1.014** 

94.372 

Fixed effects 

-2.774** 

0.525** 

0.606** 

1.090** 

91.356 

Random effects 

-1.310** 

0.929** 

0.250** 

0.565** 

78.285 

indicates 0.05 < p-value<0.1, **indicates p-value < 0.05, using the i-test statistics. 
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Tables 5.9 and 5.10 indicate the robust (heteroscedasticity-consistent) co
efficients of the total travel expenditure equation for the two model specifica
tions, as estimated from the solution of a single panel regression with LSDV, 
(within-group) fixed and random effects. In both cases, the results verify the 
predominant, statistically significant role of household net disposable income 
on total travel expenditure. Specifically, the income elasticity of total travel ex
penditure ranges from 0.65 (for the LSDV model with two additional variables) 
to 1.00 (for the random-effects model with six additional variables). The neg
ative effect of price on total travel expenditures is found to be statistically sig
nificant and smaller in magnitude (except for the fixed- and random-effects 
models with two additional variables) than the positive effect of income, based 
on the corresponding demand elasticities with respect to Stone's price index 
and net disposable income, respectively. This outcome results in expectations 
for increased future levels of total travel spending, by all passenger transport 
modes (for further discussion and policy implications, see Chapter 6). 

Regarding the model with six additional variables (see Table 5.9), there is 
a negative (but statistically insignificant) marginal effect of the proportion of 
household labor force (earn) on total travel expenditures. The amount of child
ren (child) and the participation in the tertiary production sector (tert) are 
found to positively influence household travel expenditures, while the pro
portion of females (gen) is found to have a statistically significant negative im
pact. In contrast with the fixed- and random-effects models, the LSDV model 
shows that the marginal congestion effects {cong) negatively and statistically 
significantly influence the amount of money spent for travel, while the effect of 
deurbanization (deurb) is positive and statistically significant. 

Regarding the model specification with two additional variables (see Table 
5.10), the marginal effects of the total number of household members (hhs) 
and participation in the tertiary production sector (tert) on total travel expend
itures have been found to be positive and statistically significant. These re
sults denote the predominant role of household size, as well as the type of 
occupational participation, on mobility needs and total spending for travel. A 
detailed presentation and analytical discussion of the marginal effects of ad
ditional demand factors on the budget shares of each transport mode are pro
vided in subsection 5.5. 

The Hausman test (Hausman, 1978) provides little evidence about the non-
systematic difference between the fixed-effects and random-effects models, 
for the specification with six additional variables (p=0.358) and, particularly, 

77 



Travel consumption and market competition in Greece 

with two additional variables (p=0.157), based on the asymptotic chi-square 
χ2 distribution. Besides, the results indicate a better fit of the LSDV model, in 
comparison to the fixed- and random-effects models. Hence, direct income 
elasticities will be calculated by using the elasticities S=0.920 and S=0.648 of 
the LSDV expenditure equation with six and two additional variables, respect
ively. The latter elasticity estimate (S=0.648) implies that total travel expend
iture is relatively inelastic to income changes, compared with the former one 
(S=0.920) which implies that total travel expenditure is perfectly elastic^5 to in
come changes and there is no statistically significant difference between di
rect (e,) and indirect (e/cy) income elasticities of travel spending. 

More specifically, Tables 5.11 and 5.12 show the estimated indirect (ex
penditure) e, and direct income e,y mean point elasticities, as derived from 
the relationships (14) and (16) respectively. For comparison purposes, the di
rect income elasticity eld values obtained from the elasticity of the fixed- and 
random-effects models of total travel expenditure are also presented. The in
come elasticities obtained from the Al model parameter estimates (see sub
section 5.2) are tested under the null hypotheses of zero and unit values, in 
order to determine whether the demand is perfectly inelastic (e„ eid = 0), rel
atively inelastic (0< e„ eid < 1), unit elastic (e„ eid = 1) or relatively elastic (θ/, 
θ/ö >1) in relation to changes in total travel expenditure and income. 

TABLE 5.11 

The estimated indirect and direct income elasticities of the demand system 
with regional dummies common to all transport modes 

Indirect 

Direct3 

Directb 

Direct0 

gas 

0.908**+ 

0.835**+ 

0.844**+ 

0.907**t 

urban 

1.259**f 

1.158**+ 

1.171**+ 

1.258**+ 

taxi 

1.692** 

1.557** 

1.574** 

1.690** 

air 

0.213 

0.196 

0.198 

0.213 

sea 

0.381 

0.351 

0.354 

0.381 

land 

1.460**+ 

1.343**+ 

1.358**+ 

1.458**+ 

* Elasticity significantly different from zero with 0.05 < p-value < 0.1. 
** Elasticity significantly different from zero with p-value < 0.05. 
t Elasticity non-significantly different from unity with p-value < 0.05. 
a'b'c Elasticities based on the income elasticity of LSDV, fixed- and random-effects model, 

respectively. 

15 Specifically, a given percentage change in income will lead to a nearly equal percentage 
change in the total expenditure spent for travel. 
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TABLE 5.12 

The estimated indirect and direct income elasticities of the demand system 
with regional dummies specific to each transport mode 

Indirect 

Direct8 

Directb 

Direct0 

gas 

0.964"+ 

0.625"+ 

0.506" 

0.895"+ 

urban 

0.325 

0.210 

0.170 

0.302 

taxi 

1.083"+ 

0.702"+ 

0.569" 

1.007"+ 

air 

4.350" 

2.819" 

2.284" 

4.041" 

sea 

0.516 

0.334 

0.271 

0.479 

land 

1.911" 

1.238"+ 

1.003"+ 

1.775" 

* Elasticity significantly different from zero with 0.05 < p-value < 0.1. 
** Elasticity significantly different from zero with p-value < 0.05. 
t Elasticity non-significantly different from unity with p-value < 0.05. 
a b c Elasticities based on the income elasticity of LSDV, fixed- and rand ο m-effects model, 

respectively. 

All travel commodities are found to be normal goods, since e, > 0, in con
sistency with the demand theory. The results show a distinction among ne
cessity commodities, with income elasticity values statistically significantly 
lower than unity (β# < 1), and luxury commodities, with income elasticity va
lues statistically significantly greater than unity {eid > 1). The output of the de
mand system with regional dummies specific to each transport mode (see 
Table 5.12) implies that travel by urban public transport and sea ferry are ne
cessity goods, while air travel is a luxury good. Despite that travel by private 
vehicle and taxi have income elasticities lower than unity, and travel by inter-
urban inland public transport modes (coach and rail) have income elasticities 
higher than unity, their values are not found to be statistically significantly dif
ferent from unity at the conventional levels of confidence. Namely, a percent
age income change does not significantly deviate from a percentage change 
in household spending for travel by private vehicle, taxi and inter-urban in
land public transport modes. The above results signify that the sensitivity of 
the travel consumed by users to changes in disposable income can vary sig
nificantly between different transport modes. Moreover, the fact that the sys
tem with the alternative specification (with regional dummies common to all 
transport modes) produces income elasticities of urban public transport and 
taxi higher than unity, and air transport lower than unity (see Table 5.11) stres
ses the important role of mode-specific regional fixed effects on the estimated 
level of income elasticities. 
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The relatively low (below unity) income elasticity of the private vehicle trav
el, which is within the range of other income elasticities found in the literature 
(Ingram and Liu, 1999; Oum and Waters, 2000; Goodwin et al., 2004; Graham 
and Glaister, 2004), reflects the relevant benefits (e.g., comfort, flexibility, 
door-to-door movement) as well as the increased dependence of consumers 
on car use. The even lower income elasticity of short-sea travel can be largely 
attributed to the existence of scattered island peripheries (Ionian Islands, 
North Aegean, South Aegean and Crete), which render ferry usage as an in
dispensable mode of communication. The urban public transport services 
have the lowest income elasticity, which denotes their importance for the oper
ation of everyday life activities through the trip to work, school, shopping, etc. 
Such a low level of urban mass transit elasticity has been also found in sev
eral other studies carried out worldwide (see Litman, 2004; Paulley et al., 
2006; Holmgren, 2007). 

On the other hand, the values of income elasticity for the use of domestic 
air and inter-urban inland public transport services can be considered as rel
atively high, at the upper level of the corresponding elasticity values typically 
found in the literature.16 These relatively high income elasticities possibly imply 
the usage of such modes along both business and leisure routes, and that 
their services are also consumed by higher income population groups. Espe
cially regarding the domestic air transport, such elasticity values can be attri
buted to the influence of higher income population groups which prefer to use 
air travel due to the significantly shorter travel times in long-distance trips (par
ticularly, against private vehicle or ferry for island destinations) and avoid the 
stress and effort of driving (also see subsection 5.4.2). The values of income 
elasticity for the use of inter-urban inland public transport imply that consu
mers prefer coach and rail services for both business17 and leisure purposes, 
including short-break and weekend trips in peripheral regions. 

The relatively increased income elasticities of domestic air and inter-urban 
inland public transport can be also attributed to the fact that these values re
flect long-term elasticities, the aggregation of different types of transport serv-

16 See Gillen et al. (2002) for a comprehensive review of income elasticities in air transport 
and Litman (2004), Paulley et al. (2006) and Holmgren (2007) for reviews of income ela
sticities in inter-urban inland public transport. 
17 As mentioned in Wardman (2006), the level of economic activity (which is closely related 
to income) has a significant influence upon rail trip rates for business purposes, with high 
elasticity value (1.95) in Great Britain. 
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ices,18 and the combination of travel consumption for all trip purposes, pe
riods of the year (i.e. peak and off-peak periods), and geographical areas within 
the boundary of a region, including both urban, suburban and rural areas. 
Furthermore, it should be noted that the systemic and panel-type methodo
logy used here differs from other econometric approaches typically adopted 
in the past. Also, the indicator of demand which is employed in (almost) all of 
the existing studies refers to some measure of the quantity or amount of travel 
rather than consumption. Thus, no direct comparison between the resulting 
elasticity estimates and those existing in the literature can be readily made 
here. 

5.4. Estimates of price elasticities 

Similar to the case of income elasticities, the mean point own- and cross-
price elasticities obtained from the model parameter estimates (see subsec
tion 5.2) are tested under the null hypotheses of zero and unit values, in order 
to determine whether the demand is perfectly inelastic {βα,θη = 0), relatively 
inelastic (0<e/y,e/y<1), unit elastic (θ//,θ// = 1) or relatively elastic (e//,e,y >1) 
in relation to changes in prices. Tables 5.13 and 5.14 present the estimates of 
the uncompensated (Marshallian) price elasticities of the demand system 
with regional dummies common to all transport modes and regional dum
mies specific to each transport mode, respectively, based on relationships 
(17) and (18). Also, Tables 5.15 and 5.16 show the estimates of the compens
ated (Hicksian) price elasticities of the demand system with regional dummies 
common to all transport modes and regional dummies specific to each trans
port mode, respectively, based on relationships (19) and (20). Summing up, 
Tables 5.17 and 5.18 illustrate the resulting substitution (denoted by S) and 
complementarity (denoted by C) pattern among travel commodities as im
plied by the estimated elasticities of the demand system with mode-specific 
regional fixed effects, and point out differences between the results of the two 
systems, in terms of relationships with different direction (sign). 

18 In the case of urban public transport, there is an aggregation of the consumed services 
of buses, trolleys, metro, electric rail, tram and suburban railway in the Attica Region. In the 
case of inter-urban inland public transport, there is an aggregation of the consumed serv
ices of coaches and railways. 
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5.4.1. The own-price elasticity estimates 

Regarding the inferences that can be made about the sign of own-price 
elasticity estimates, the findings are reassuring to the relevant demand theory. 
All uncompensated own-price elasticities in both demand systems are found 
to be negative, with most of them (i.e. those of private vehicle, urban public 
transport, short-sea transport and inter-urban overland public transport) being 
statistically significant (see Tables 5.13 and 5.14). Similarly, all compensated 
own-price elasticities in both demand systems are found to be negative, ex
cept for that relating to private road vehicles in the system with regional dum
mies common to all transport modes (see Table 5.15). In this case, the 
estimated value is positive but statistically insignificant and close to zero. This 
result is consistent with findings of empirical studies which do not incorpo
rate region-specific fixed effects (Harding, 2001; Osula and Adebisi, 2001) 
showing the stability of private vehicular travel expenditures relative to changes 
in fuel prices, through cutting back expenditure on other commodities. In the 
demand system with mode-specific local effects, the compensated own-price 
elasticities corresponding to private vehicle, urban public transport, short-sea 
transport and inter-urban overland public transport are found to be statisti
cally significant, as the uncompensated own-price elasticities. 

In terms of the magnitude of the own-price elasticity estimates, the values 
of uncompensated and compensated elasticities are, more or less, the same 
for all transport modes, with the exception of those for private vehicles. The 

TABLE 5.13 

The uncompensated (Marshallian) price elasticities of the demand system 
with regional dummies common to all transport modes 

gas 

urban 

taxi 

air 

sea 

land 

gas 

-0.561** 

0.037 

-0.86r 

0.658 

-2.391 

-4.601* 

urban 

0.035 

-1.867** 

0.429 

-1.778** 

1.711* 

-0.596 

taxi 

-0.038 

0.513 

-1.022+ 

-3.431** 

-0.530 

1.909* 

air 

0.004 

-0.400** 

-0.695** 

-1.504 

0.830*+ 

2.136* 

sea 

-0.141* 

0.699* 

-0.254 

1.661* 

-3.771* 

3.843* 

land 

-0.206* 

0.238 

0.711* 

4.181** 

3.770* 

-4.152* 

* Elasticity significantly different from zero with 0.05 < p-value < 0.1. 
** Elasticity significantly different from zero with p-value < 0.05. 
t Elasticity non-significantly different from -1 or 1 with p-value < 0.05. 
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TABLE 5.14 
The uncompensated (Marshallian) price elasticities of the demand system 

with regional dummies specific to each transport mode 

gas 

urban 

taxi 

air 

sea 

land 

gas 

-1.502* 

1.219*· 

4.568 

5.926 

-3.528 

-4.256 

urban 

0.089* 

-1.731** 

-0.682 

-1.775 

0.242 

2.419 

taxi 

0.607 

-0.678 

-4.801 

-8.416 

2.775 

0.857 

air 

0.213 

-0.306 

-1.578 

-5.089 

0.807f 

1.871* 

sea 

-0.195 

0.110 

1.057+ 

1.467 

-3.686** 

2.909 

land 

-0.175 

1.023^ 

0.353 

3.536* 

2.875 

-5.710* 

* Elasticity significantly different from zero with 0.05 < p-value < 0.1. 
** Elasticity significantly different from zero with p-value < 0.05. 
f Elasticity non-significantly different from -1 or 1 with p-value < 0.05. 

large difference between the uncompensated (-0.561 for the demand system 
with regional dummies common to all transport modes and -1.502 for the de
mand system with mode-specific local effects) and compensated (0.099 for 
the demand system with regional dummies common to all transport modes 
and -0.801 for the demand system with mode-specific local effects) own-price 
elasticities of private vehicles reflects the importance of income effects on pri
vate transport. Specifically, a change in the purchasing power of consumers 
is expected to have a significant impact on the consumption of private vehi
cle travel. This impact also reflects on the considerable difference between 
the uncompensated and compensated cross-price elasticity values among 
private vehicle and urban public transport (from 0.089 to 0.173), airplane and 
private vehicle (from 5.926 to 9.091) and inter-urban inland public transport 
and private vehicle (from -4.256 to -2.866) (see subsection 5.4.2). 

The small own-price elasticity values of private vehicle use (or fuel con
sumption) resulting from the demand system with regional dummies common 
to all modes are close to many of those found in the literature (e.g., see Oum 
and Waters, 2000; Goodwin et al., 2004; Graham and Glaister, 2004), mostly 
based on studies ignoring region-specific fixed effects. The incorporation of 
local effects specific to the private vehicle budget share significantly raises 
own-price elasticity values, which implies that consumers become more sen
sitive to changes in gasoline prices when accounting for local (economic, in
frastructure, environmental and other) conditions prevailing in region they live. 
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TABLE 5.15 

The compensated (Hicksian) price elasticities of the demand system 
with regional dummies common to all transport modes 

gas 

urban 

taxi 

air 

sea 

land 

gas 

0.099 

0.953t 

0.370 

0.813t 

-2.114 

-3.538" 

urban 

0.113* 

-1.759" 

0.575 

-1.759" 

1.744* 

-0.470 

taxi 

0.048 

0.633 

-0.861 + 

-3.410" 

-0.494 

2.048* 

air 

0.021 

-0.377" 

0.664" 

-1.500* 

0.837*+ 

2.163" 

sea 

-0.107 

0.745* 

-0.192 

1.668* 

-3.757** 

3.897** 

land 

-0.174" 

-0.195 

0.772* 

4.189" 

3.784** 

-4.100" 

* Elasticity significantly different from zero with 0.05 < p-value < 0.1. 
** Elasticity significantly different from zero with p-value < 0.05. 
t Elasticity non-significantly different from -1 or 1 with p-value < 0.05. 

TABLE 5.16 
The compensated (Hicksian) price elasticities of the demand system 

with regional dummies specific to each transport mode 

gas 

urban 

taxi 

air 

sea 

land 

gas 

-0.801*+ 

1.456** 

5.356 

9.091 

-3.153 

-2.866 

urban 

0.173" 

-1.703" 

-0.588 

-1.400* 

0.286 

2.583 

taxi 

0.699 

-0.647 

-4.698 

-8.003 

2.824 

1.039+ 

air 

0.231 

-0.300 

-1.558 

-5.008 

0.816+ 

1.906" 

sea 

-0.160 

0.122 

1.097+ 

1.628 

-3.667** 

2.980 

land 

-0.141 

1.072+ 

0.392 

3.692** 

2.893 

-5.642* 

* Elasticity significantly different from zero with 0.05 < p-value < 0.1. 
** Elasticity significantly different from zero with p-value < 0.05. 
t Elasticity non-significantly different from -1 or 1 with p-value < 0.05. 

On the other hand, the consumption demand for public transport modes 
(i.e. urban public transport, inter-urban overland public transport, domestic 
air and sea transport) in both demand systems is found to be price elastic 
(>1). In the demand system with regional dummies common to all transport 
modes the own-price elasticities of taxi services are found to be non-signifi
cantly different from unity, i.e. they are unit elastic. By and large, the own- as 
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well as cross-price elasticity values of public transport modes resulting from 
the demand system with mode-specific local effects are higher in absolute 
magnitude than those resulting from the demand system with regional dum
mies common to all modes. These differences are particularly evident for taxi 
usage and air travel. Conversely, the cross-price elasticity values for inter-
urban inland public transport in the demand system with mode-specific local 
effects are lower than those in the demand system with regional dummies 
common to all modes, except for the cross-price elasticities with urban public 
transport (also see subsection 5.4.2). In other words, the consideration of local 
fixed effects is found to reduce the sensitivity of consumers to changes in the 
fare level of coach and rail services with respect to other transport modes (ex
cept for urban public transport). 

The relatively large price elasticity values estimated for public transport 
modes, especially those of sea ferry, and urban and inter-urban bus and rail 
(see Nijkamp et al., 2000; Litman, 2004; Paulley et al., 2006; Holmgren, 2007; 
Hensher, 2008) can be largely attributed to the same factors as those analyzed 
in the subsection 5.3 for the income elasticity values. In addition, the increased 
price elasticity estimates can be explained by the consideration of different 
types of payment, including single-use and multi-use fares and travel cards, 
and, especially, the lack of the representation of travel time (or speed) and 
quality attributes (e.g., reliability, frequency, passenger capacity, comfort and 
safety) between specific origin-destination pairs of public transport services 
that affect the modal choice. These attributes may exhibit considerable varia
tions among different routes at higher levels of spatial resolution than that of 
the present analysis (NUTS II). 

Furthermore, changes in level-of-service attributes, such as kilometres trav
elled, frequency, geographical coverage, seat capacity and availability, can 
have an endogenous relationship with demand and, hence, prices. In other 
words, the increased sensitivity of the consumption demand of public trans
port users to prices may be inflated due to the latent influence of changes in 
some of these service attributes on travel decisions at specific regions during 
the given study period. Also, the results verify that the demand tends to be 
more elastic in the long-run, as consumers often need time to adjust their 
spending patterns, e.g. through finding suitable travel substitutes, or even re
arranging their habitual activity participation and location decisions at the re
gional level. 
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5.4.2. The cross-price elasticity estimates 

As was expected from the theory (see Chapter 3), the uncompensated cross-
price elasticities (see Tables 5.13 and 5.14) show reduced substitutability (degree 
of competition) and increased complementarity among transport modes, in 
comparison to the compensated cross-price elasticities (see Tables 5.15 and 
5.16). The cross-price elasticity values of the demand system with regional dum
mies common to all transport modes are generally more statistically significant, 
in terms of the conventional confidence levels, than those of the system with 
regional dummies specific to each mode. As was also noted in subsection 5.2, 
this outcome demonstrates the significant impact of fixed spatial effects, mostly 
associated with quality-of-service attributes between specific origin-destination 
markets, and operating and geographical constraints, on the modal selection 
responses of consumers to changes in relevant market prices. 

More specifically, based on the estimates of the uncompensated cross-
price elasticities of the demand system with regional dummies common to all 
transport modes (see Table 5.13), statistically significant complementarity re
lationships, i.e. induction effects, are found from private vehicle transport to 
short-sea transport, and between private vehicle transport and inter-urban 
overland public transport, urban public transport and air transport, and taxi 
services and airtransport. Non-significant complementarities are found between 
taxi services and private vehicle usage, taxi services and short-sea transport, 
and urban public transport and inter-urban overland public transport. On the 
other hand, statistically significant substitution relationships are found between 
urban public transport and short-sea transport, taxi services and inter-urban 
surface public transport, air transport and short-sea transport, air transport 
and inter-urban surface public transport, and short-sea transport and inter-urban 
surface public transport. Private vehicle and urban public transport, private 
vehicle and air transport, and taxi services and urban public transport are 
found to be statistically non-significant substitutes. 

The estimates of the compensated cross-price elasticities of the demand 
system with regional dummies common to all transport modes (see Table 
5.15) imply basically similar substitution-complementarity relationships among 
transport modes to those obtained from the uncompensated cross-price elas
ticities of the same system (see Table 5.13). Specifically, private vehicle trans
port and inter-urban overland public transport, urban public transport and 
air transport, and taxi services and air transport are found to be significant 
complements. Also, complementarities but without statistical significance are 
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found between private vehicle transport and short-sea transport, urban public 
transport and inter-urban overland public transport, and taxi services and 
short-sea transport. On the other hand, the compensated cross-price elasticity 
estimates imply statistically significant substitutions (i.e. diversion effects) from 
private vehicle transport to urban public transport, and between urban public 
transport and short-sea transport, taxi services and inter-urban overland pub
lic transport, air transport and short-sea transport, air transport and inter-urban 
overland public transport, and short-sea transport and inter-urban overland 
public transport. Other, statistically non-significant diversion (or transfer) ef
fects are found from urban public transport to private vehicle transport, and 
between private vehicle transport and taxi services, private vehicle and air 
transport, and urban public transport and taxi services. 

Regarding both the uncompensated and compensated cross-price elasti
city values of the demand system with regional dummies specific to each 
mode, the statistically significant (substitution) relationships can be regarded 
as being concentrated on two specific travel markets: (a) the urban travel mar
ket, particularly, the private vehicle usage and urban public transport, and (b) 
the inter-urban public transport market. In the first market, the results assert 
the significant competitive interrelationship between private vehicle usage and 
urban public transport. In the second market, air transport and inter-urban 
surface public transport are found to be statistically significantly substitutive, 
while short-sea transport and inter-urban surface public transport, as well 
as air transport and short-sea transport, are found to be statistically non-sign
ificant substitutive. In addition, there is no statistically significant (substitutive 
or complementary) relationship between taxi usage and all the other modes. 
In general, no statistically significant interactions due to pricing are found 
between the modes mainly used in (sub)urban areas for short-distance trips 
on a daily basis, i.e. private vehicle, urban bus (and metro for Attica) and taxi, 
and those mainly used for medium- and long-distance (inter-regional) travel, 
i.e., coach and rail, ferry and airplane. 

Most of the cross-price elasticities of the demand system with mode-spe
cific local effects have the same sign to those of the demand system without 
mode-specific local effects, i.e. with regional dummies common to all trans
port modes. In particular, the uncompensated cross-price elasticities of the 
demand system with mode-specific local effects have a different sign for the 
relationships between private vehicles and taxis (substitutive), urban public 
transport and taxis (complementary), short-sea transport and taxis (substitu-
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tive), and urban public transport and inter-urban overland public transport 
(substitutive) (see Table 5.17). The above comparisons also hold for the 
compensated cross-price elasticities, except for the substitutive relationship 
between private vehicles and taxis (see Table 5.18). Therefore, the modes 

TABLE 5.17 

Summary of the substitution-complementarity relationships among transport 
modes based on uncompensated elasticities of the demand system 

with regional dummies specific to each transport mode 

gas 

urban 

taxi 

air 

sea 

land 

gas 

S* 

S 

S 

c 
c 

urban 

S* 

C 
• H n n i c 

s 

taxi 

S 

C 

C 

s 

s s 

air 

S 

C 

C 

S 

S* 

sea land 

C C 
S NIM 
s s* 

S 

S 

* Elasticity significantly different from zero with 0.05 < p-value < 0.1. 
Notes: (C) indicates complementarity and (S) indicates substitution. Shadowed cells denote that the 

demand system with regional dummies common to all transport modes results in a relation
ship with different direction (sign). 

TABLE 5.18 

Summary of the substitution-complementarity relationships among transport 
modes based on compensated elasticities of the demand system 

with regional dummies specific to each transport mode 

gas 

urban 

taxi 

air 

sea 

land 

gas 

S** 

S 

S 

C 

C 

urban 

S** 

taxi 

S 

C 

C 

C C 

S s 

s s 

air 

S 

C 

C 

S 

S" 

sea 

C 

S 

S 

S 

land 

C 

S 
S" 

S 

* Elasticity significantly different from zero with 0.05 < p-value < 0.1. 
** Elasticity significantly different from zero with p-value < 0.05. 
Notes: (C) indicates complementarity and (S) indicates substitution. Shadowed cells denote 

that the demand system with regional dummies common to all transport modes results in 
a relationship with different direction (sign). 
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which are typically associated with more local coverage of transport services, 
i.e. urban public transport and taxis, present the larger differences in the sign 
of the estimated cross-price elasticities between the two demand systems. 

5.4.3. Interpretation of the cross-price elasticity estimates 

In addition to the data and methodological issues discussed in subsec
tions 5.3 and 5.4.1, the relatively high magnitude of some cross-price elasti
cities can be associated with the narrow bundle of feasible alternative modal 
choices of consumers in specific travel markets, particularly when accounting 
for mode-specific regional fixed effects. For instance, the relatively high (com
plementary) cross-price elasticity values between air and taxi services, com
pared to those between air and urban public transport services, can be 
attributed to the shortage of (reliable) public transport alternatives to provide 
ground access services to the Greek airports (except for the case of the new 
Athens airport since 2004). Based on the results of the demand system with 
mode-specific local effects, the estimated complementarity relationships 
between urban public transport and taxis can be ascribed to the low quality, 
limited coverage and/or temporal unavailability of the services offered by 
buses (and other fixed-route modes in Attica) in urban areas. 

The induction effects between private vehicle and sea ferry travel imply that 
private vehicle users have an increased propensity to select ferries, since such 
a mode allows origin and destination circulation travel by their own car or mo
torcycle. The complementarity between private vehicles and inter-urban over
land public transport modes can be related to access provision. Besides, the 
complementarity between private vehicles and coaches, which use shared in
frastructure facilities, i.e. the road network, may be attributed to economies of 
scale from the demand side, i.e. network effects. Specifically, the increase of 
consumption demand for road travel by such vehicular modes as car and 
coach causes the need for providing more supply (accumulation of road ca
pacity) for servicing it, which, in turn, leads to more road-based accessibility 
and increases demand for road travel in the long run (induced demand). The 
aggregate economic growth caused by increased road transport does also 
increase the returns to the regional overland public transport services. Fur
thermore, different road transport modes may complement one another by 
relieving road network congestion in the long run. 

The substitution relationship between private vehicle and urban public 
transport verifies the existence of diversion effects between these two modes 
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in (sub)urban areas, as they are both mostly used for the daily activity partici
pation of consumers (also see Acutt and Dodgson, 1995). The positive sign 
of cross-price elasticities between urban public transport and short-sea trans
port can be attributed to the destination-based and, particularly, activity-based 
substitution relationship among these two modes, since their consumption is 
largely associated with different periods of the year, i.e., the vacation period 
for short-sea transport and the non-vacation period for urban public transport 
(see subsection 4.3.1). The same interpretation holds for the substitutive re
lationships among urban public transport (as well as taxis) and inter-urban 
overland public transport services. These relationships also signify the lack 
of synergy, in terms of combined (interconnected and/or interoperable) trans
port operations, between the urban and inter-urban overland public transport 
markets. 

Moreover, the competitive relationships among inter-urban public transport 
modes, including the surface transport modes (coach and rail), airplane and 
sea ferry, can be attributed to price-based as well as service-based and des
tination-based substitutions. Finally, the positive cross-price elasticities between 
private vehicle usage and air transport mostly indicate the existence of price-
based and service-based substitution for long-distance trips in the country. 

5.5. Marginal effects of additional factors 

As mentioned in subsection 4.5, while the incorporation of mode-specific 
local effects can implicitly account for unobserved or omitted factors asso
ciated with interactions between transport modes and local conditions, the 
use of regional dummies common to all modes allows employing and under
standing the effect of more detailed factors of local character, such as those 
concerning economies of density and congestion costs. Tables 5.19 and 5.20 
present the estimated marginal effects of the additional factors of household 
travel budget shares and their statistical significance based on the null hypo
thesis of zero value for the demand systems without and with mode-specific 
local effects, respectively. 

Regarding the results of the demand system with regional dummies com
mon to all modes (see Table 5.19), most of the marginal effects on demand 
shares are found to be statistically significant at the conventional levels of con
fidence. In addition, these results indicate some important differences, in 
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terms of the direction of influence (sign) and the statistical significance, between 
the estimates of the marginal effects obtained from the system-wide demand 
modeling approach and those obtained from the single equation of total trav
el expenditures (see subsection 5.3). These differences signify the need for 
employing such analytical system-wide models, based on the consumer de
mand theory, to identify the major determinants of travel expenditures, com
pared to the use of simplified, single-equation models, which cannot provide 
information on the effect of determinants on mode-specific travel consumption 
and competition conditions. 

TABLE 5.19 
The estimated marginal effects of the additional determinants of the demand 

system with regional dummies common to all transport modes 

earn 

gen 

child 

tert 

deurb 

cong 

gas 

0.452* 

-0.292" 

-0.353" 

-0.061 

-0.004 

-0.0001" 

urban 

-2.740" 

0.752 

1.417" 

-1.155" 

-0.031* 

0.0007" 

taxi 

-2.596** 

-0.057 

-0.086 

-0.669* 

-0.021 

0.0003 

air 

0.963 

2.258 

4.038** 

3.436** 

0.002 

-0.0012 

sea 

4.491* 

1.280 

1.640* 

2.194" 

0.090" 

0.0012" 

land 

-0.833 

1.785 

0.225 

1.759" 

0.119" 

-0.0004 

* indicates 0.05 < p-value < 0.1, ** indicates p-value < 0.05. 

In particular, the proportion of household labor force (earn) is found here 
to favorably and significantly affect the private vehicle travel, while it signifi
cantly reduces the share of urban public transport and taxi services. In addi
tion, the proportion of household labor force is found to increase the demand 
share of domestic air and sea travel, while it decreases the share of overland 
passenger public transport modes (coach and train). This outcome implies 
that an increase in the average number of working adults, for a given house
hold size, will shift more passengers from public transport and taxis to private 
vehicles, especially for urban trips, and from coaches and trains to airplanes 
and sea-ferries, for inter-city or regional trips. Also, it may reflect the increased 
usage of domestic airline and coast-wise ferry services for business trip pur
poses, in comparison to the use of coach and railway services. 
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The proportion of females (gen) decreases the demand share of private 
vehicle and taxi travel, while it positively affects the share of all (urban and re
gional) public transport modes. This outcome denotes the gender-oriented 
nature of the various travel commodities. However, the effect of gender is sta
tistically significant only in the case of private vehicle transport. On the con
trary, the presence of children (child) is generally found to more statistically 
significantly affect the allocation of travel budget shares. The direction of its 
impact is the same to that of the proportion of females, i.e., negative for pri
vate vehicle and taxi travel, and positive for all public transport modes. This 
fact arguably reveals the existence of intra-household activity allocation me
chanisms and constraints related to child care and escort trips. 

The occupational participation in the tertiary production sector (tert) is 
found to positively influence the share of inter-urban public transport modes, 
i.e. coach and rail, airplane and sea ferry, while it adversely affects (as shown 
by the negative sign) the demand share of private vehicle, taxi and urban pu
blic transport. This outcome implies that socio-economic transformation me
chanisms which favor the service industry are expected to enhance travel 
demand for long-distance, inter-city or inter-regional (business or leisure) trips 
undertaken by public transport modes. 

Similar to the effect of the tertiary sector variable (tert), the deurbanization 
trends (deurb) are found to negatively affect the demand share of private ve
hicle, taxi and urban public transport. The latter outcome verifies the favora
ble impact of the economies of urban agglomeration (urbanization) on travel 
consumption demand, particularly in relation to urban public transport servi
ces. On the other side, the agglomeration diseconomies and déconcentration 
forces of deurbanization positively affect the budget share of inter-urban pub
lic transport modes, i.e. coach and rail, airplane and sea ferry services. 

Finally, the increase of the measure of the congestion index (cong), which 
is typically amplified in urban areas, due to the growing car ownership and 
use, is found to significantly reduce the demand share of private vehicle trav
el and favorably influence the demand share of urban public transport. Specific
ally, the decline of the space allocated for private road vehicles is expected to 
shift urban passenger demand from private vehicles towards public transport 
in the long run. This negative sign of the congestion index may also reflect 
the adverse effect of car ownership (or holding) costs, such as license fees, 
insurance, maintenance and repair costs, which are not normally included in 
the variable private vehicle costs, on the demand for private vehicle usage. 
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The impact of the congestion index is found to be negative on the air trav
el and surface regional public transport (coach and rail) shares and positive 
on the taxi and sea ferry travel shares, but statistically significant only in the 
latter case. The effects of the congestion index on the regional public trans
port demand can be generally separated into two categories. The first cate
gory includes the direct effects, where the congestion index can influence 
both the participation in and consumption of a transport service. These effects 
arise from the degradation of a sufficient level-of-service required to access a 
passenger transport terminal (or station) or use a specific mode, e.g. an inter-
urban bus, without significant schedule delay costs. The second category in
cludes the indirect effects which are related to diseconomies of agglomeration 
as resulted from congestion costs, which can enhance decentralization trends, 
increase travel distances and, in turn, promote the consumption of inter-urban 
transport services. 

Regarding the results of the demand system with mode-specific regional 
dummies (see Table 5.20), the marginal effects of the household size {hhs) 
and occupational participation in the tertiary production sector (tert) are both 
found to be positive and statistically significant only on urban public transport 
services. In relation to the household size, this positive effect principally re
flects the role of local population growth and children (also see above) on the 
mass transit ridership. The direction of this effect is the same but statistically 
non-significant for private vehicle, short-sea transport and inter-urban inland 
public transport. On the contrary, the impact of increasing household size is 
negative and statistically significant on taxi and air transport services. Specif
ically, as the number of household members increases, the relative budget 
shares of taxi and airplane use decline, indicating decreasing economies of 
scale in the household for these travel modes. 

TABLE 5.20 
The estimated marginal effects of the additional determinants of the demand 

system with regional dummies specific to each transport mode 

hhs 

tert 

gas 

0.013 

-0.073 

urban 

0.831" 

0.731* 

taxi 

-0.619* 

0.571 

air 

-1.898* 

-1.256 

sea 

0.292 

-1.893* 

land 

0.050 

0.811 

* indicates 0.05 < p-value < 0.1, ** indicates p-value < 0.05. 
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In relation to the role of participation in the tertiary production sector, its ef
fect on household travel budget shares changes for most of the modes (i.e., 
urban public transport, taxi, airplane and sea ferry) when adopting the de
mand system with mode-specific regional dummies. Specifically, expanding 
service industry favors household expenditure on modes mostly consumed in 
(sub)urban areas, i.e. urban bus (and metro for Attica) and taxi, as well as on 
coach and rail, which serve both intra-regional and inter-regional trips. On the 
other hand, it reduces the corresponding budget share of modes mostly con
sumed for long-distance trips, such as airplane and ferry, as well as private ve
hicle. The above findings signify the importance of alternative specifications 
of the consumer demand system on the estimated effect of other determinants 
of household travel expenditures, other than price and income. 
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CHAPTER 6 

CONCLUSIONS AND POLICY IMPLICATIONS 

6.1. Summary of the results and concluding remarks 

This study provided a detailed analysis of the aggregate consumption 
trends and substitution and complementarity relationships of transport modes 
in the domestic travel market of Greece over the period 1994-2004, based on 
the data of the Household Budget Surveys. The observed trends indicate the 
dominance of the private vehicle travel over the consumption of public trans
port services in the study period as well as the past decades; however, these 
trends appear more stabilized since 1994. The most declining trends are ob
served on the non-urban (coach, rail, air and sea) public transport budget 
share. The travel budget shares of urban public transport and taxi services 
presented smaller overall reductions between 1974-2004. 

Also, the observations suggest the existence of different levels of intra-
modal and inter-modal variability in travel consumption by region and trip pur
pose (non-vacation and vacation). The spatial variations were systematically 
distinguished into three groups of Regions: (a) the densely populated Regions 
of Attica and Central Macedonia, (b) the peripheral Regions in the mainland 
Greece, and (c) the Regions of the Aegean islands. Regarding the variations 
with respect to the non-vacation and vacation periods, the modes which are 
typically used for daily travel consumption, i.e., private vehicle, urban bus and 
rail, and taxi, concentrate vacation travel budget shares which are less than 
5%, in relation to their corresponding annual average monthly shares. In con
trast, the regional public transport modes concentrate vacation travel budget 
shares which, on average, exceed the 50% of their corresponding annual aver
age monthly shares. These findings suggest the necessity for incorporating 
both time and spatial dimensions in the analysis of consumption demand and 
the policy-making process in the travel market. 

The econometric analysis of travel consumption is based here on the de
velopment and implementation of an extended pseudo-panel demand system, 
which builds on the analytically rigorous Almost Ideal Demand System. The 
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proposed model can provide a theoretically sound mechanism, consistent 
with the general theories of demand and choice, for identifying and testing 
complex substitution and complementary relationships involved in the travel 
market. It accounts for both temporal and spatial data variations, and helps 
determine the effects of additional factors, other than income and price, on the 
travel budget allocation decisions of households. 

For comparison purposes, two alternative consumer demand system spe
cifications are employed, i.e., with and without mode-specific regional fixed ef
fects. The inclusion of regional dummy variables for each particular mode 
accounts for unobserved or omitted factors associated with the interaction 
between that mode and local conditions. On the other hand, the use of re
gional dummies common to all modal budget share equations allows em
ploying more detailed factors of local character in the demand system. The 
model estimation resulted in the classification of the different travel commo
dities into: (a) necessities, luxuries and unit elastic to income changes, based 
on the (direct and indirect) income elasticities, (b) price inelastic and price 
elastic, based on the own-price elasticities, and (c) substitutes and comple
ments between each other, based on the cross-price elasticities. Specifically, 
the results demonstrated the existence of travel commodities of different na
tures, with regard to their income elasticities. 

The output of the demand system with mode-specific local effects showed 
that travel by urban public transport and sea ferry are necessity goods, while 
air travel is a luxury good. Travel by private vehicle, taxi and inter-urban in
land public transport modes were found to be unit elastic to income changes. 
These findings show the importance of considering all distinct travel commo
dities in analyzing the degree of modal competition in the travel market, in 
comparison to current practices which focus on individual travel commodity 
markets separately from the others, or combined categories (e.g. of private 
and public transport) of such commodities. 

Based on the demand system with mode-specific local effects, all com
pensated own-price elasticities were found to be price elastic, except for that 
of private vehicles. The cross-price elasticities of the demand system with re
gional dummies common to all modes were generally found to be more sta
tistically significant than those of the system with regional dummies specific 
to each mode. This outcome denotes the considerable influence of fixed spa
tial effects, mainly associated with quality-of-service attributes between spe
cific origin-destination markets, and operating and geographical constraints, 
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on the consumers' responses to price changes. Regarding both the uncom
pensated and compensated cross-price elasticities of the demand system with 
mode-specific local effects, the statistically significant relationships were 
found to be concentrated on two competitive travel markets, i.e., the urban 
travel market between private vehicle and urban public transport, and the 
inter-urban public transport market, particularly between airplane, and coach 
and rail. 

6.2. Policy implications of the study 

The present study suggests the importance of Household Budget Surveys 
(or other expenditure data) as a valuable source of information for investigat
ing spatio-temporal trends of travel demand, and designing and evaluating 
economic policies in the transport sector. The results signify that policy-makers 
need to consider the broader benefits (and costs) associated with each travel 
commodity in the whole transport system and possible spillovers, in the form 
of diversion or induction effects, of projects concerning individual modes. In 
addition to prices, critical for these considerations is the role of the local fixed 
effects in each region, which may be related to the quality attributes, spatial 
coverage and temporal profile of the services offered by the available modes. 
These findings denote the need for designing place-based (as well as time-
based) transport strategies in the context of a national transport policy that 
will integrate all the modes which provide passenger transport services in the 
country. 

The following paragraphs present a number of policy recommendations 
that can be made specifically in relation to the private vehicle and public trans
port services. These recommendations primarily rely on the sign, indicating 
substitution or complementarity, and, to a lesser extent - due to current data 
limitations - on the statistical significance and order of magnitude of income 
and price elasticities. 

Private vehicle transport: The empirical results have several policy impli
cations concerning the management of private road vehicle usage, in light of 
promoting the sustainable development of the transport system. The fact that 
the positive effect of income on private vehicle travel is larger (in absolute 
value) and more statistically significant than the negative (income compen
sated) effect of price denotes the need for considering a bundle of manage-
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ment strategies to address the expected increase of the future level of de
mand for private vehicle travel. First, measures directly related to the mone
tary cost of private vehicle usage,19 such as fuel taxation, and pollutant 
emission and/or road user congestion (or travel distance-based) charging, 
are not expected to have a considerable long-term impact on the budget 
share of private vehicle travel (also, see Small and van Dender, 2007). 

Also, measures which can help mitigate the levels of congestion, such as 
parking pricing policies and investment strategies of expansion of the road 
network, and improve fuel efficiency will possibly lead to a growth of private 
vehicle travel in the long run. The outcome that private vehicle travel is relati
vely inelastic when accounting for income effects suggests the need for con
sidering long-range strategies as complementary measures. These strategies 
can include coordinated transport and land-use control policies and other 
planning and administrative regulatory measures. In addition, they must take 
into account induced demand and network effects on other road-based trans
port services. Finally, it should be noted that the reference made here to 
long-run policies corresponds only to a sample of a wide range of possible 
alternatives.20 

Public transport services: The empirical results can provide valuable in
sights into the formulation and assessment of policies which aim at promoting 
(both urban and inter-urban) public transport ridership, development of inter-
modal public transport services and economic viability of public transport 
firms. More specifically, subsidization policies implemented to reduce the fare 
of urban and inter-urban public transport services are likely to positively affect 
the demand share of these modes and, hence, the revenues of the corre
sponding transport firms. These policies will mostly influence inter-urban pub
lic transport, which was generally found to include more price-elastic travel 
commodities. Nonetheless, subsidization can be considered appropriate only 
if the subsidies actually reflect in lower prices, obviously not if the subsidies 
are absorbed by inefficiencies. 

Based on the current results, the (as of 2008) Greek government policy of re
ducing the price of travel cards of urban bus and rail services is expected to at
tract more users (mostly, commuters) to these modes and slightly reduce the 
demand for travel by private vehicles. Additionally, the promotion of integrated 

19 For a comprehensive review, see Tsekeris and Voss (2009a). 
20 For an analytical presentation of such policies, see Tsekeris and Tsouma (2010). 
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fare policies is anticipated to decrease the generalized travel cost21 and, hence, 
enforce the usage of urban public transport modes. The present system-wide 
modeling approach allows jointly examining the interplay between various urban 
public transport and road pricing regimes. In turn, it can lead to the develop
ment of suitably designed policy packages to efficiently manage private vehicle 
demand and raise public transport ridership (see Tsekeris and Voss, 2009b). 

Potential implications of such integrated urban transport policies for the 
labor market conditions, especially in the tertiary production sector, should 
also betaken into account for the complete evaluation of the proposed schemes. 
By and large, the consideration of additional socio-demographic and regional 
factors influencing the travel budget allocation of Greek households (other 
than price and income) can provide useful information for the analysis and 
forecasting of travel demand and the inter-modal planning of transport systems. 
Ferry, coach and rail are expected to expecially benefit from targeted measures 
concerning multi-member families. 

Another policy issue highlighted by the results is the importance of enhancing 
the (absent or weak in several areas) interconnectivity and interoperability 
between the urban and inter-urban public transport systems. The connection 
and schedule coordination of new or improved (sub)urban bus services with 
such public transport facilities as inter-urban bus stations, railway stations, 
ports and airports, and the development of (sub)urban (light) railway con
nections to these facilities, especially ports and airports, will promote the com
bined transport operations between inter-regional and intra-regional, and 
urban public transport modes. 

Regarding the inter-urban public transport market, the evolution of libera
lization in the Greek short-sea passenger transport market (since 2004), in 
combination with the deregulated air passenger transport market (since 1992), 
and the development of upgraded, high-speed railway services are likely to in
voke significant inter-modal substitution effects. Nevertheless, only changes 
in the air fares are expected to adversely affect the budget share of private 
vehicle transport. The location of inter-urban bus stations adjacent to inter-
urban railway stations as well as port and airport facilities will help to restrain 
the observed substitution relationships and develop synergistic effects in the 
consumption of inter-urban public transport modes. 

21 The generalized cost includes both the monetary and non-monetary (e.g., mean and 
variance of time for travel, mode interchange and waiting) cost components of passenger 
transport. 
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TABLE A1 

Symbols and descriptions of variables used in the study 

Symbol 

a (p) 

ß(p) 
α, 

β, 

Va 

δ 

ε 

η 

θ 

b 

Co 

Cl 

β « 

β/ 

e» 

e</ 

G 

Ine 

Κ 

k 

L 

M 

m 

Ρ 

Ρ 

Descr/ρί/Όπ 

Cost of subsistence 

Cost of bliss 

Constant of the model for good / 

Coefficient of real expenditures for good / 

Coefficient of price effect between goods / and j 

Coefficient of additional factor of demand 

Random disturbance of income equation 

Time dummy coefficient 

Spatial dummy coefficient 

Coefficient of the logarithm of Stone's price index 

Constant term of income equation 

Coefficient of the logarithm of income 

Direct income elasticity for good / 

Expenditure elasticity for good i 

Own-price elasticity of good i 

Cross-price elasticity between goods / and j 

Vector of additional variables of demand 

Income 

Number of additional variables of demand 

Index of additional variable of demand 

Time-specific dummies 

Number of alternative goods 

Marginal effect of additional variable 

Price vector 

Average price index 
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TABLE A1 (continued) 

Symbol 

Q, 

r 

S 

t 

υ 

u, 

Wj 

X 

Description 

Quantity of good / 

Region index 

Region-specific dummies 

Year index 

Utility 

Random disturbance of share equation of mode / 

Budget share for good / 

Total expenditures 

TABLE A2.1 

Average annual monthly total household travel expenditures 

by region and HBS year 

Region 

Attica 

Central Greece 

Central Macedonia 

Crete 

Eastern Macedonia and Thrace 

Epirus 

Ionian Islands 

North Aegean 

Peloponnesos 

South Aegean 

Thessaly 

Western Greece 

Western Macedonia 

7994 

90.54 

64.33 

58.89 

66.58 

58.11 

59.39 

58.44 

42.17 

54.28 

59.93 

63.35 

64.55 

45.19 

7999 

93.12 

67.14 

65.13 

58.83 

45.86 

45.64 

62.98 

50.07 

54.83 

63.99 

56.73 

59.10 

54.42 

2004 

106.68 

68.34 

90.28 

79.20 

75.30 

55.95 

72.49 

62.13 

71.42 

92.46 

77.35 

76.62 

81.08 

Sources: HBS 1994, 1999, 2004. 
All expenditures are expressed as constant values in Euro with base year 2005. 
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TABLE A2.2 

Household total net disposable income by region and HBS year 

Region 

Attica 

Central Greece 

Central Macedonia 

Crete 

Eastern Macedonia and Thrace 

Epirus 

Ionian Islands 

North Aegean 

Peloponnesos 

South Aegean 

Thessaly 

Western Greece 

Western Macedonia 

1994 

1760.50 

1457.52 

1442.88 

1512.44 

1280.78 

1367.58 

1572.41 

1375.70 

1505.16 

1568.11 

1323.56 

1420.21 

1273.02 

1999 

2193.46 

1707.29 

1735.76 

1761.94 

1553.12 

1464.41 

1841.15 

1579.66 

1777.56 

1751.36 

1655.40 

1659.32 

1688.31 

2004 

2786.35 

2266.27 

2291.66 

2301.23 

2099.31 

1775.11 

2494.80 

1937.52 

2082.01 

2715.83 

2209.06 

2065.57 

2121.92 

Sources: HBS 1994, 1999, 2004. 
All expenditures are expressed as constant values in Euro with base year 2005. 
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TABLE A2.3 

Household private vehicle travel budget shares by region 

and H BS year 

Region 

Attica 

Central Greece 

Central Macedonia 

Crete 

Eastern Macedonia and Thrace 

Epirus 

Ionian Islands 

North Aegean 

Peloponnesos 

South Aegean 

Thessaly 

Western Greece 

Western Macedonia 

Average 

1994 

70.48 

79.61 

75.66 

82.01 

74.65 

75.48 

78.68 

68.90 

78.90 

73.58 

79.03 

76.36 

73.61 

73.65 

1999 

64.13 

72.20 

75.96 

75.26 

73.46 

79.40 

77.75 

79.57 

80.07 

73.59 

74.14 

71.78 

81.69 

68.94 

2004 

72.77 

84.92 

74.52 

80.82 

78.93 

86.14 

81.46 

81.22 

84.60 

75.65 

77.60 

78.32 

75.87 

75.72 

Sources: HBS 1994, 1999, 2004. 
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TABLE A2.4 

Household travel budget shares for urban public transport 

by region and HBS year 

Region 

Attica 

Central Greece 

Central Macedonia 

Crete 

Eastern Macedonia and Thrace 

Epirus 

Ionian Islands 

North Aegean 

Peloponnesos 

South Aegean 

Thessaly 

Western Greece 

Western Macedonia 

Average 

1994 

9.16 

7.05 

8.04 

3.46 

5.86 

6.94 

5.07 

4.71 

4.59 

4.84 

5.42 

7.20 

9.03 

7.76 

1999 

12.64 

5.61 

7.43 

4.75 

5.15 

5.53 

5.58 

1.00 

4.77 

4.13 

5.78 

9.88 

4.80 

9.79 

2004 

11.31 

3.91 

8.90 

4.14 

3.23 

1.72 

2.91 

1.12 

1.75 

1.77 

7.54 

6.30 

4.87 

8.33 

Sources: HBS 1994, 1999, 2004. 
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TABLE A2.5 

Household travel budget shares for taxi services by region 

and HBS year 

Region 

Attica 

Central Greece 

Central Macedonia 

Crete 

Eastern Macedonia and Thrace 

Epirus 

Ionian Islands 

North Aegean 

Peloponnesos 

South Aegean 

Thessaly 

Western Greece 

Western Macedonia 

Average 

1994 

11.30 

6.01 

6.98 

4.54 

5.86 

6.72 

4.89 

6.14 

9.79 

4.99 

6.19 

8.72 

11.95 

9.08 

1999 

13.23 

13.08 

8.69 

7.40 

7.29 

8.21 

5.98 

7.20 

7.54 

7.99 

8.31 

10.60 

5.42 

11.20 

2004 

8.22 

7.27 

9.10 

6.48 

8.43 

6.83 

7.23 

7.42 

9.00 

4.57 

7.93 

8.85 

8.70 

8.19 

Sources: HBS 1994, 1999, 2004. 
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TABLE A2.6 

Household travel budget shares for inland inter-urban 

public transport services by region and HBS year 

Region 

Attica 

Central Greece 

Central Macedonia 

Crete 

Eastern Macedonia and Thrace 

Epirus 

Ionian Islands 

North Aegean 

Peloponnesos 

South Aegean 

Thessaly 

Western Greece 

Western Macedonia 

Average 

1994 

3.06 

5.88 

5.37 

3.88 

7.91 

5.69 

5.89 

3.46 

5.15 

2.74 

7.35 

6.23 

3.91 

4.34 

1999 

2.67 

6.66 

3.49 

3.48 

9.16 

3.50 

4.74 

2.64 

5.09 

0.98 

6.12 

5.65 

5.71 

3.56 

2004 

2.08 

2.73 

2.95 

1.83 

4.43 

4.66 

3.00 

1.02 

3.28 

3.83 

4.79 

4.05 

6.46 

2.83 

Sources: HBS 1994, 1999, 2004. 
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TABLE A2.7 

Household travel budget shares for domestic air transport services 

by region and HBS year 

Region 

Attica 

Central Greece 

Central Macedonia 

Crete 

Eastern Macedonia and Thrace 

Epirus 

Ionian Islands 

North Aegean 

Peloponnesos 

South Aegean 

Thessaly 

Western Greece 

Western Macedonia 

Average 

1994 

1.77 

0.01 

2.09 

2.46 

3.69 

3.36 

0.26 

5.99 

0.02 

4.87 

0.38 

0.44 

0.00 

1.81 

1999 

1.86 

0.20 

2.15 

2.51 

1.96 

1.66 

4.82 

4.34 

0.12 

6.29 

3.42 

0.07 

1.42 

2.17 

2004 

1.07 

0.09 

2.80 

2.72 

3.70 

0.41 

2.29 

3.48 

0.12 

3.76 

0.52 

0.20 

3.22 

1.57 

Sources: HBS 1994, 1999, 2004. 
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TABLE A2.8 

Household travel budget shares for short-sea transport services 

by region and HBS year 

Region 

Attica 

Central Greece 

Central Macedonia 

Crete 

Eastern Macedonia and Thrace 

Epirus 

Ionian Islands 

North Aegean 

Peloponnesos 

South Aegean 

Thessaly 

Western Greece 

Western Macedonia 

Average 

1994 

4.23 

1.44 

1.86 

3.66 

2.03 

1.81 

5.22 

10.80 

1.55 

8.99 

1.63 

1.04 

1.50 

3.36 

1999 

5.47 

2.25 

2.27 

6.60 

2.97 

1.70 

1.14 

5.25 

2.41 

7.02 

2.22 

2.02 

0.95 

4.33 

2004 

4.55 

1.08 

1.74 

4.00 

1.28 

0.24 

3.11 

5.75 

1.25 

10.42 

1.62 

2.27 

0.88 

3.36 

Sources: HBS 1994, 1999, 2004. 
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TABLE A2.9 

The CPIs for private vehicle fuel costs by region 
and HBS year 

Region 

Attica 

Central Greece 

Central Macedonia 

Crete 

Eastern Macedonia and Thrace 

Epirus 

Ionian Islands 

North Aegean 

Peloponnesos 

South Aegean 

Thessaly 

Western Greece 

Western Macedonia 

Average 

1994 

63.27 

64.99 

61.90 

67.34 

63.16 

65.51 

66.65 

63.73 

62.93 

65.68 

63.16 

62.53 

63.45 

64.18 

1999 

70.90 

72.82 

69.36 

75.45 

70.77 

73.40 

74.68 

71.41 

70.51 

73.59 

70.77 

70.06 

71.09 

77.97 

2004 

90.24 

92.69 

88.28 

96.04 

90.08 

93.43 

95.06 

90.90 

89.75 

93.67 

90.08 

89.18 

90.49 

97.53 

Sources: Annual CPI Reports of NSSG, Ministry of Development, and own calculations. 
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TABLE A2.10 

The CPIs for urban public transport by region 
and HBS year 

Region 

Attica 

Central Greece 

Central Macedonia 

Crete 

Eastern Macedonia and Thrace 

Epirus 

Ionian Islands 

North Aegean 

Peloponnesos 

South Aegean 

Thessaly 

Western Greece 

Western Macedonia 

Average 

1994 

44.38 

52.04 

45.91 

52.10 

52.04 

52.04 

52.04 

52.04 

52.04 

52.04 

45.91 

52.04 

52.04 

50.51 

1999 

56.21 

78.06 

59.33 

78.06 

79.62 

78.06 

78.06 

78.06 

78.06 

78.06 

70.26 

78.06 

78.06 

74.46 

2004 

81.57 

101.96 

76.86 

101.96 

103.53 

101.96 

101.96 

101.96 

101.96 

101.96 

95.69 

101.96 

101.96 

98.10 

Sources: Annual CPI Reports of NSSG, Ministry of Transport and Communications, and own 
calculations. 
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TABLE A2.11 

The CPIs for inland inter-urban public transport by region 
and HBS year 

Region 

Attica 

Central Greece 

Central Macedonia 

Crete 

Eastern Macedonia and Thrace 

Epirus 

Ionian Islands 

North Aegean 

Peloponnesos 

South Aegean 

Thessaly 

Western Greece 

Western Macedonia 

Average 

1994 

59.78 

63.11 

63.36 

68.54 

61.77 

62.44 

57.55 

73.27 

62.15 

65.22 

62.47 

60.25 

63.53 

63.22 

1999 

76.16 

80.45 

80.84 

86.57 

78.84 

79.58 

73.33 

92.50 

79.27 

81.76 

79.61 

76.65 

81.17 

80.43 

2004 

89.53 

94.61 

94.43 

100.69 

92.08 

92.80 

87.95 

108.00 

94.10 

97.09 

92.84 

92.75 

94.65 

94.78 

Sources: Annual CPI Reports of NSSG, Ministry of Transport and Communications, and own 
calculations. 
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TABLE A2.12 

The CPIs for taxi services by region and HBS year 

Region 

Attica 

Central Greece 

Central Macedonia 

Crete 

Eastern Macedonia and Thrace 

Epirus 

Ionian Islands 

North Aegean 

Peloponnesos 

South Aegean 

Thessaly 

Western Greece 

Western Macedonia 

Average 

1994 

59.12 

59.12 

59.12 

59.12 

59.12 

59.12 

59.12 

59.12 

59.12 

59.12 

59.12 

59.12 

59.12 

59.72 

1999 

70.60 

70.60 

70.60 

70.60 

70.60 

70.60 

70.60 

70.60 

70.60 

70.60 

70.60 

70.60 

70.60 

70.60 

2004 

93.12 

92.22 

93.14 

92.22 

92.22 

92.22 

92.22 

92.22 

92.22 

92.22 

92.22 

92.22 

92.22 

92.85 

Sources: Annual CPI Reports of NSSG, Ministry of Transport and Communications, and own 
calculations. 
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TABLE A2.13 

The CPIs for domestic air travel services by region 
and HBS year 

Region 

Attica 

Central Greece 

Central Macedonia 

Crete 

Eastern Macedonia and Thrace 

Epirus 

Ionian Islands 

North Aegean 

Peloponnesos 

South Aegean 

Thessaly 

Western Greece 

Western Macedonia 

Average 

1994 

56.72 

56.72 

56.72 

56.72 

56.72 

56.72 

56.72 

56.72 

56.72 

56.72 

56.72 

56.72 

56.72 

56.72 

1999 

65.27 

65.27 

65.27 

65.27 

65.27 

65.27 

65.27 

65.27 

65.27 

65.27 

65.27 

65.27 

65.27 

65.27 

2004 

94.47 

94.47 

94.47 

94.47 

94.47 

94.47 

94.47 

94.47 

94.47 

94.47 

94.47 

94.47 

94.47 

94.47 

Sources: Annual CPI Reports of NSSG, Ministry of Transport and Communications, and own 
calculations. 
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TABLE A2.14 

The CPIs for short-sea travel services by region 
and HBS year 

Region 

Attica 

Central Greece 

Central Macedonia 

Crete 

Eastern Macedonia and Thrace 

Epirus 

Ionian Islands 

North Aegean 

Peloponnesos 

South Aegean 

Thessaly 

Western Greece 

Western Macedonia 

Average 

1994 

45.88 

45.88 

45.88 

45.88 

45.88 

45.88 

45.88 

45.88 

45.88 

45.88 

45.88 

45.88 

45.88 

45.88 

1999 

71.79 

71.79 

71.79 

71.79 

71.79 

71.79 

71.79 

71.79 

71.79 

71.79 

71.79 

71.79 

71.79 

77.79 

2004 

96.95 

96.95 

96.95 

96.95 

96.95 

96.95 

96.95 

96.95 

96.95 

96.95 

96.95 

96.95 

96.95 

96.95 

Sources: Annual CPI Reports of NSSG, Ministry of Transport and Communications, and own 
calculations. 
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TABLE A2.15 

The actively occupied household members (aom) and average 

total household size (hhs) in Greece by region and HBS year 

Region 

Attica 

Central Greece 

Central Macedonia 

Crete 

Eastern Macedonia and Thrace 

Epirus 

Ionian Islands 

North Aegean 

Peloponnesos 

South Aegean 

Thessaly 

Western Greece 

Western Macedonia 

Variable 

aom 

hhs 

aom 

hhs 

aom 

hhs 

aom 

hhs 

aom 

hhs 

aom 

hhs 

aom 

hhs 

aom 

hhs 

aom 

hhs 

aom 

hhs 

aom 

hhs 

aom 

hhs 

aom 

hhs 

1994 

1.14 

2.80 

1.29 

3.28 

1.18 

2.94 

1.26 

2.82 

1.31 

3.01 

1.13 

3.06 

1.33 

3.19 

1.05 

2.74 

1.32 

3.00 

1.24 

2.98 

1.29 

3.19 

1.27 

3.18 

1.22 

3.33 

1999 

1.23 

2.80 

1.06 

2.81 

1.19 

2.81 

1.08 

2.74 

1.13 

2.74 

0.98 

2.61 

1.05 

2.87 

1.02 

2.64 

1.31 

2.90 

1.30 

2.99 

1.11 

2.86 

1.22 

3.01 

1.38 

3.26 

2004 

1.22 

2.76 

1.13 

2.75 

1.10 

2.71 

1.09 

2.48 

1.17 

2.66 

0.88 

2.36 

1.25 

2.78 

0.87 

2.49 

1.13 

2.77 

1.27 

2.93 

1.18 

2.88 

1.01 

2.79 

1.17 

2.98 

Sources: HBS 1994, 1999, 2004. 
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TABLE A2.16 

The female to male ratio (gen) in Greece by region 

and HBS year 

Region 

Attica 

Central Greece 

Central Macedonia 

Crete 

Eastern Macedonia and Thrace 

Epirus 

Ionian Islands 

North Aegean 

Peloponnesos 

South Aegean 

Thessaly 

Western Greece 

Western Macedonia 

Average 

1994 

1.08 

0.99 

1.13 

1.06 

1.08 

1.00 

0.98 

1.13 

1.02 

1.16 

1.08 

1.08 

0.98 

1.07 

1999 

1.12 

1.01 

1.10 

0.99 

1.14 

1.12 

1.01 

1.18 

1.09 

1.01 

1.09 

1.10 

0.93 

1.10 

2004 

1.07 

1.04 

1.08 

1.19 

1.08 

1.11 

1.07 

1.09 

0.91 

1.12 

1.03 

1.03 

0.99 

7.07 

Sources: HBS 1994, 1999, 2004. 
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TABLE A2.17 

The average number of children per household (child) 

in Greece by region and HBS year 

Region 

Attica 

Central Greece 

Central Macedonia 

Crete 

Eastern Macedonia and Thrace 

Epirus 

Ionian Islands 

North Aegean 

Peloponnesos 

South Aegean 

Thessaly 

Western Greece 

Western Macedonia 

Average 

1994 

0.45 

0.61 

0.46 

0.52 

0.54 

0.57 

0.62 

0.48 

0.51 

0.60 

0.51 

0.63 

0.64 

0.49 

1999 

0.41 

0.38 

0.40 

0.45 

0.39 

0.35 

0.46 

0.34 

0.41 

0.59 

0.41 

0.48 

0.56 

0.42 

2004 

0.34 

0.34 

0.33 

0.27 

0.30 

0.19 

0.29 

0.29 

0.25 

0.47 

0.37 

0.34 

0.45 

0.33 

Sources: HBS 1994, 1999, 2004. 
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TABLE A2.18 

The portion of labor force in the tertiary production sector 

in Greece by region and HBS year 

Region 

Attica 

Central Greece 

Central Macedonia 

Crete 

Eastern Macedonia and Thrace 

Epirus 

Ionian Islands 

North Aegean 

Peloponnesos 

South Aegean 

Thessaly 

Western Greece 

Western Macedonia 

Average 

1994 

0.67 

0.40 

0.53 

0.53 

0.42 

0.54 

0.57 

0.44 

0.49 

0.69 

0.42 

0.44 

0.28 

0.55 

1999 

0.67 

0.46 

0.50 

0.51 

0.43 

0.53 

0.60 

0.55 

0.41 

0.65 

0.45 

0.48 

0.32 

0.57 

2004 

0.69 

0.41 

0.61 

0.56 

0.46 

0.63 

0.69 

0.66 

0.42 

0.62 

0.52 

0.48 

0.53 

0.67 

Sources: HBS 1994, 1999, 2004. 
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TABLE A2.19 

The deurbanization index (deurb) in Greece by region 

and HBS year 

Region 

Attica 

Central Greece 

Central Macedonia 

Crete 

Eastern Macedonia and Thrace 

Epirus 

Ionian Islands 

North Aegean 

Peloponnesos 

South Aegean 

Thessaly 

Western Greece 

Western Macedonia 

Average 

1994 

0.63 

6.20 

0.95 

4.44 

3.15 

3.15 

6.72 

8.40 

3.77 

5.79 

4.28 

4.53 

2.25 

1.42 

1999 

0.61 

8.27 

1.19 

5.05 

3.21 

3.79 

5.29 

6.06 

4.10 

3.44 

3.79 

3.10 

2.27 

1.37 

2004 

0.32 

2.68 

0.52 

1.19 

1.75 

2.25 

2.43 

3.00 

4.26 

2.09 

1.66 

1.65 

1.60 

0.79 

Sources: HBS 1994, 1999, 2004. 
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TABLE A2.20 

The congestion index (cong) in Greece by region 
and HBS year 

Region 

Attica 

Central Greece 

Central Macedonia 

Crete 

Eastern Macedonia and Thrace 

Epirus 

Ionian Islands 

North Aegean 

Peloponnesos 

South Aegean 

Thessaly 

Western Greece 

Western Macedonia 

1994 

6.39 

0.19 

0.65 

0.26 

0.32 

0.15 

0.18 

0.22 

0.16 

0.32 

0.34 

0.18 

0.18 

1999 

7.76 

0.26 

0.92 

0.28 

0.34 

0.17 

0.27 

0.32 

0.21 

0.37 

0.40 

0.22 

0.21 

2004 

10.01 

0.33 

1.30 

0.55 

0.51 

0.28 

0.43 

0.37 

0.28 

0.56 

0.64 

0.39 

0.32 

Sources: HBS 1994, 1999, 2004, NSSG, Greek Ministry of Environment, Physical Planning and 
Public Works. 
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