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LIST OF ACRONYMS   

The following is a list of terms used in the Thesis. The objective of this list is to identify the entire name of 
each term used in the text.  

• BE: Built environment  

• CBD: Central business district 

• DCM: discrete choice model  

• GIS: Geographical information Systems (Sistemas de información geográfica) 

• EDM: Encuesta Domiciliaria de Movilidad  

• HCM: Hybrid choice model  

• JOM: Joint Mixed Ordered 

• LOS: Level of service  

• LU: Land-use  

• LV: Latent Variable  

• SE: Socio-economic  

• TB: Travel behaviour  

• TP: Public transport 

• PT: Propensity to travel 
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xv Resumen (Spanish) 

RESUMEN (SPANISH) 

Debido a la complejidad e interés que envuelve, la relación entre el entorno urbano y la movilidad ha sido 
estudiada en numerosas ocasiones. Sin embargo, los resultados obtenidos son poco concluyentes. La 
presente tesis tiene por objeto analizar la influencia del entorno urbano sobre la movilidad, 
específicamente sobre el número de viajes y la estructura del tour. Con este fin, se utiliza una base de 
datos proveniente de tres fuentes; y se analiza la influencia de las escalas geográficas y efectos 
intangibles en la modelización de la demanda de viajes.  

Se han desarrollado análisis empíricos para analizar el efecto de la “auto-selección”, la “propensión al 

viaje” y elementos entorno del urbano sobre la frecuencia de viajes y la estructura del tour. Se ha 
evaluado la “Auto-selección” a través de la estimación conjunta de las elecciones del tipo de barrio y 
número de viajes. Asimismo, se ha desarrollado un modelo multinomial-híbrido, compuesto por un modelo 
de elección discreta y la variable latente, “Propensión al Viaje”, medida a través del número de viajes. 

Los resultados obtenidos demuestran la importancia relativa de las variables socioeconómicas frente a las 
variables de entorno urbano. La “auto-selección” influye débilmente en la relación frecuencia de viajes - 
entorno urbano. Por otro lado, se ha verificado que la propensión al viaje influye sobre la estructura del 
tour y varía de acuerdo con las actividades realizadas en el mismo. Finalmente, se ha constatado que la 
bondad del ajuste mejora al añadir una variable latente, y que se obtienen parámetros más eficientes en 
la estimación simultánea con respecto a la estimación secuencial.  

Por tanto, las políticas de transporte a aplicar deberían enfocarse en el desarrollo de espacios urbanos 
mixtos, las zonas de trabajo y estudios, y evitar los desarrollos urbanos aislados. A su vez, se debe dotar 
a las áreas suburbanas de un servicio de transporte público adecuado que potencie los viajes multi-
etapas desde las zonas más alejadas del centro. Y finalmente, tomando en cuenta que las actitudes y 
percepciones influyen en la estructura del tour, las entidades del transporte deben optimizar el proceso de 
implementación de las medidas transporte para asegurar el éxito de las mismas.  
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xvii Abstract 

ABSTRACT  

Due to its complexity and interest for transport planning, the relationship between built environment and 
travel behaviour has been studied in a number of cases. However, there is no clear consensus about the 
results. The objective of this thesis is to analyze the impact of built environment on mobility patterns, 
specifically on trip-frequency and tour type. For this purpose, a data-base from 3 different data sources 
was used, and different geographical scales and unobserved effects are tested.  

A set of empirical analyses was carried out for analyzing the effect of “self-selection”, “propensity to travel” 
and built environment attributes in trip-frequency and tour type. Self-selection was tested by estimating 
jointly both residential location and trip frequency. Similarly, a multinomial-hybrid model was developed, it 
is composed by a discrete choice model and a latent variable called “Propensity to Travel”, which is 
measured by the number of trips.  

The results show the relative importance of demographic versus built-environment variables, demographic 
variables become irrelevant after controlling by built-environment. The influence of self-selection in the 
relationship between built environment and trip frequency was proved to be weak. By contrast, the results 
also show that propensity to travel influences tour complexity and it has different impact depending on the 
activities during a full-day tour. And finally, the goodness of fit improves by adding the latent variable, and 
simultaneous estimation leads to more efficient and consistent estimates.  

According to this, policy implications must consider the development of mixed areas (work, study and 
leisure facilities), and also avoid isolated urban developments. Policy makers must consider endowing 
outskirt areas with appropriate public transport for reducing simple trips from suburban areas. And, taking 
into account the influence of attitudes and perceptions in tour complexity, stakeholders must ponder how 
to optimize the implementation path of transport measures in order to ensure the acceptability.  

 



 

 

 
  



 

~ 1 ~ 

1 Chapter 1: Introduction 
 

 

  

 

 

 

 

CHAPTER 1: INTRODUCTION 

  



 

 

  



 

~ 3 ~ 

3 Chapter 1: Introduction 
 

 

CHAPTER: 1 INTRODUCTION  

Travel is a derived demand from the participation in activities located in places different from where we live 
or where we currently stay. The strong relationship between the land use characteristics of the areas 
where we move and the way we move is well known. Since 1954 (Mitchell and Rapkin, 1954) many 
researchers have studied the important and highly complex relationship between travel demand and land 
use. The relationship has been studied in a number of cases, using several methods - aggregate and 
disaggregate approaches - and different focuses – trip frequency, automobile use, vehicle miles travelled 
and so on. One of the major problems discussed in the past literature is the relative importance of urban 
form characteristics versus socio-economic characteristics in explaining trip frequency. The conclusion 
from these early studies was that the total number of trips is largely determined by demographic and 
socio-economic factors but it is not strongly associated with land use characteristics (Hanson, 1982; 
Kitamura et al., 1997). By contrast, other studies found that land use patterns affect trip frequency 
(Agyemang-Duah et  al., 1995), and that there is a little variation in trip frequency according to population 
density (ECOTEC 1993). Similarly, the proportion of shopping trips by public transport and the proportion 
of commuting trips by foot are positively linked with population density (Frank and Pivo, 1994). There are 
some reasons for these contradictory results: the effect depends on the type of journey studied (work, 
shopping, all and so on) and on the type of built environment (BE) variables included.  

More recently many studies have focused on better defining the characterisation of the built environment 
but each paper focuses on different phenomenon and different type of variables. The most typical way to 
characterize the BE is in terms of types of land uses and job accessibility. Many papers however have 
followed urban designers who argue that the legibility and shape of the local street pattern play a key role 
and have approached the urban design issue by contrasting classic with new urban neighbourhoods. 
Other works characterized the BE in terms of connectivity or in terms of accessibility by modes (mainly 
transit and car but also bike and walk). Other works have claimed that the effect of BE on travel behaviour 
tend to be cumulative. As an area becomes more urbanized (denser, more mixed, less parking), 
automobile ownership and use decline and more travel is by walking, cycling and public transit. Ewing 
(1996) pointed out that BE can have a different impact depending on whether BE measures are tested 
individually or in combination. Stead and Marshall (2001) found that considering only a single BE factor 
may exaggerate its effect on travel behaviour.  

To account for the cumulative impact, many studies characterize the BE using a combination of measures. 
A typical example of such measures is the “type” of the neighbourhood, but unfortunately this can have 
many different definitions: traditional versus modern neighbourhood, high versus low income 
neighbourhood, CBD versus suburban, urban-apartment versus suburban dwelling type. Other works have 
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used some more elaborated definitions of the neighbourhoods, such as in terms of street type, 
intersections type and year of foundation, street connectivity and commercial clustering. The major 
problem related to the cumulative characterization of the BE is that the effect of the different factors cannot 
be disentangled. Moreover, often used dummy variables are not useful to predict policies, because the 
effect of the different characteristics of each area cannot be highlighted. 

Unfortunately, these empirical works often report opposite results, because they refer to slightly different 
contexts and there is not a systematic comparison on how different characterisations of the BE affect 
travel behaviour (TB). 

Another crucial issue when defining BE attributes is the spatial levels used to measure them. Guo and 
Bhat (2007) have examined three alternative sets of operational units of neighbourhood definition and 
demonstrated the potential benefits of other spatial units out of administrative zones. Unfortunately the 
effect of the geographical scale has not received sufficient attentions in the literature and there is not 
evidence.  

Regarding the type of the phenomenon studied, the majority of the works has focused on the trip 
frequency, but works mainly refer only to specific purposes (Limanond and Niemeier, 2003) or to specific 
category of people (Schmöcker et al., 2005; Paez et al., 2007; Roorda, Páez, Morency, Mercado and 
Farber, 2009).  

As far as us aware Bhat (1999b) is one of few studies that use land use variables to model the number of 
stops in the tours. Similarly, Frank et al. (2008) analyzed land use patterns where people live and work 
impact modal choice and trip chaining patterns. And, Limanond and Niemeier (2004) analyzed shopping 
tours in three different neighbourhoods (Limanond and Niemeier, 2004); While Krizek (2003) analyzed the 
relationship between tour type and neighbourhood access but through regression analysis.  

Given the nature of the phenomenon, ordered models are so far the modelling approached most 
recommended in the literature. This kind of models have been already used to study the relation between 
travel demand and land use but they have mainly focused on automobile ownership and/or use or to some 
particular trip category, such as shopping trips; specific types of activities, i.e. weekend activities, or in the 
evening; or, specific groups of population (elderly mobility, disables and vulnerable categories). A crucial 
issue when these models are used is that they assume that relation has a unique defined direction. As 
discussed in Brownstone (2008) individuals and/or families choose where to live and work based, among 
other things, on their preferences for different types and durations of travel. Hence the most important 
methodological issue for all studies in this field is the self selection issue because the existence of self-
selection must be accounted for in the study of the relationship BE- TB, if we want to be able to produce 
valid estimates of the impact of land use policies on behaviour.   
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Finally, unobserved factors have been mostly studied in the typical discrete choices i.e. modal choice, car-
ownership level or number/type of cars to purchase. There is only one study related built environment and 
it analyzes latent lifestyle preferences and household location (Walker and Li, 2007). However, there is no 
study about the influence of latent constructs on tour complexity.  

1.1 RESEARCH MOTIVATION  

Based on the evidence described above and further defined later in the literature review, the thesis is 
motivated by the desire to contribute to better understanding and modelling the relationship between built 
environment and travel behaviour and in particular by the objective to contribute in: 

• Improving the attributes specification 

• Understanding the effect of measurement scale of the LU 

• Understanding the relative contribution of socio-economic variables (SE) versus BE 

• Understanding the different effect depending on the travel dimension modelled 

• Understanding the role of attitudes in the relation between BE and TB 

The selected case study corresponds to Madrid, which is a useful example of sprawling urban in Europe 
and have been recently involved in many urban projects that affect transport and vice-versa. In the last 
years, Madrid has suffered substantial changes in transportation network and system, which affect built 
environment and as consequence mobility patterns. There were significant changes during the decades 
1960s and 1970s, where the city transformed from a monocentric metropolitan model to high population 
densities in suburban municipalities. In the last 20 years a convulsive process of urban development can 
observed in the peripheral area of Madrid. Additionally, this phenomenon, urban sprawl, is especially 
frequent in several high density cities around the world. Thus, the case study of Madrid is a very timely 
and interesting subject for this dissertation. Additionally, Madrid was selected as case study because the 
data comes from a recently conducted survey, then the results of this research are kindly new.  
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1.2 OBJECTIVES  

Following the research gap described in the introduction this dissertation aims to:  

1. Contribute to the better understanding of the complex relationship between BE-TB, analyzing 
different dimensions of TB and different indicators of BE.  

2. To understand the role of unobserved attributes in the relationship between urban environment 
and type of tour.  
 

Therefore, the objective of this dissertation is divided into five key-points: 

1. To examine which dimension of BE influences which dimension of travel behaviour by an 
exhaustive research on measures of BE attributes.  

2. To demonstrate in detail the effect of neighbourhood representation on trip frequency. 

3. To test the differences in forecasting of trip frequency from different spatial levels of 
neighbourhood representation. 

4. To test self-selection in the context of travel behaviour and residential location.  

5. To verify whether unobserved factors impact travel behaviour, more specifically their impact on 
tour complexity.  

With these purposes this dissertation firstly investigates the relative importance of SE vs. BE and the 
adequate spatial level to produce the best forecasting of number of trips. Subsequently, it tests that the 
models estimated are not affected by self-selection problems. Secondly, the thesis analyzes unobserved 
factors that influence the tour schedule in different neighbourhood structure.  

1.3 OUTLINE OF THE THESIS  

This dissertation is organized as follows: 

Chapter 1 introduces the problem and explain the motivation behind the subject of the thesis and its 
general and specific objectives. 

Chapter 2 revises the literature on the relationship between urban environment and travel behaviour, with 
specific reference to the attribute definitions, the models specification and the self- selection problem. 

Chapter 3 describes the case study of Madrid and in detail the data used for the present study. In 
particular, the characteristics of the sample selected and the socioeconomic and built environment 
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attributes gathered are described. Many build environment attributes were computed via GIS tools, and 
described at the end of this chapter. 

Chapter 4 describes the analytical framework of the thesis. In particular, it starts with the description of the 
standard discrete choice models for unordered alternatives, such as MNL, NL and ML models; then 
discrete choice models for ordered alternatives are described, basically the ordinal logit and finally the 
hybrid discrete choice models that incorporate latent effect into the discrete choice models is illustrated.  

Chapter 5 reports the results from the estimation of Trip frequency and the comparisons among different 
travel dimensions. The objective is to contribute to the better understanding of the relative importance of 
SE vs. BE; and also contribute to the operationalization of the adequate spatial level to produce the best 
forecasting of number of trips. The comparison among the effect of the spatial scale and test for self-
selection effect are also reported.  

Chapter 6 reports the results of the HCM where the effect of unobserved factors is analyzed by 
incorporating a latent variable in a discrete choice model based on tour. This chapter also presents 
previous estimations that were tested before achieving the last estimation and the comparison with a MNL. 

Chapter 7 Provides a summary and directions for further research.  
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CHAPTER: 2 UNDERSTANDING THE RELATIONSHIP 
BETWEEN TRAVEL BEHAVIOUR (TB) AND BUILT 
ENVIRONMENT (BE) 

The phenomenon called Urban Sprawl is produced by the movement of population from the city centre to 
low density urban areas, with poorer accessibility and facilities, and as a consequence high car-
dependency. City structures are changing from mono-centric to polycentric cities (Gordon, 1986; Small, 
1992; Clark, 1994; McDonald, 1994; R. Cervero, 1997). This controversial term has received a lot of 
attention in recent years due to its association with the environment, health, transport and public 
investments, and to improve our understanding of the relationship between travel behaviour and urban 
structure (Giuliano, 1993; Handy, 1996). This phenomenon means low density developments which are 
more difficult and expensive to serve by more efficient transport modes. Urban Sprawl is also called the 
“development trap” that leads to further congestion and a higher proportion of our time spent in slow 
moving cars (Ortuzar and Willumsen, 2011).  

2.1 URBAN SPRAWL IN EUROPE: STATE OF THE POLICIES 

According to the Action Plan of Urban Mobility (European Commission 2009) urban mobility is an issue of 
growing concern to citizens. Nine out of ten EU citizens believe that the traffic situation in their area should 
be improved (European Commission (EC) 2007a). The choices that people make in the way they travel 
will affect not only future urban development but also the economic well-being of citizens and companies. 
It will also be essential for the success of the EU’s overall strategy to fight against climate change, achieve 
the 20-20-201 objective and to promote cohesion. 

Urban mobility is also a central component of long-distance transport. Most transport, both passengers 
and freight, starts and ends in urban areas and passes through several urban areas on its way. Urban 
areas should provide efficient interconnection points for the trans-European transport network and offer 
efficient ‘last mile’ transport for both freight and passengers. They are thus vital to the competitiveness and 
sustainability of our future European transport system.  

In the report “Green Paper of Urban Transport” (European Commission (EC) 2007b) the European 
Commission considers urban sprawl an important indicator of urban mobility in Europe. Urban sprawl and 
other factors, such as demography, congestion, the environment, employment, etc., form the diagnostic of 
urban and no-urban areas at EU level. As stated in the report, "Urban sprawl is commonly used to 

                                                           
1 Presidency Conclusions of the Brussels European Council (8/9 March 2007) 
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describe physically expanding urban areas”. The European Environmental Agency (EEA) has described 
sprawl as the physical pattern of low-density expansion of large urban areas, under market conditions, 
mainly into the surrounding agricultural areas. Sprawl city involves drawbacks related to urban growth and 
planning control of land subdivision. Development is separated, land-use is anything but mixed, and there 
is a tendency for discontinuity in urban structure. Summarizing, “Sprawling cities are the opposite of 
compact cities: full of empty spaces that indicate the inefficiencies in development and highlight the 
consequences of uncontrolled growth” (European Environment Agency EEA 2006).  

There is a clear sign of increase in urban sprawl phenomenon of European cities. Since the mid-1950s 
historical trends show that European cities have expanded on average by 78% while population has grown 
by only 33% (European Commission (EC) 2007b). And this phenomenon is mostly accompanied by 
negative connotations:  

• Negative environmental, social and economic impact and it seriously undermines efforts to meet 
the global challenge of climate change. 

• Major adverse impact in terms of increased use of land, increased energy consumption and 
increased soil erosion threaten boththe natural and rural environment, increasing GHG emissions 
and elevating air and noise pollution to levels that often exceed the agreed human safety limits. 

•  It has a direct effect on the quality of life for city dwellers. 

The extended geographical scope of urban sprawl makes this a timely research area. The report of Green 
Paper examined urban sprawl characteristics in cities at an European level, finding that sprawl is equally 
evident in the vast majority of the cities examined. It seems that the key issue is to develop sprawled cities 
in harmony with compact forms of urban extension. In order to achieve this objective, researchers and 
planner need to understand the magnitude and direction of the relationship travel behaviour (TB) and land 
use (LU). The complexity of this relationship and the adequate mathematical modelling framework is 
crucial to better understand this phenomenon.  

The present thesis develops an exhaustive search of the most important urban variables and their 
relationship with the most important travel dimensions. These variables are analyzed and the links are 
then identified. Afterwards, a robust econometric framework is developed, based on the existing theory 
and models of discrete choice models. For this reason, the rest of this section is an analysis of the 
relationship between urban environment and travel behaviour through the review of earlier works on three 
main contexts: complexity, neighbourhood representation and hybrid models.  
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2.2  EXPLAINING THE RELATIONSHIP BE – TB   

There are some important terms that need clarifying before beginning the literature review: 

1. A complex nature: As the literature review shows, a number of studies have empirically 
addressed this relationship. For example: Travel behaviour has been examined in terms of trip 
generation studies, in which total number of trips, shopping trips and non working trips were 
explained through socio-economical variables and neighbourhood features. However, the most 
important question is, specifically, what issues have been studied between travel pattern and 
urban form? What dimension of travel influence neighbourhood? Or what dimension or 
neighbourhood influence travel? 

2. The concept of ‘urban form’: refers to a group of characteristics and urban design features that 
include neighbourhood type, land use, public transport services, and others. It is often 
characterized for a neighbourhood as whole. However, it is preferable to measure ‘urban form’ in 
a disaggregated level, by household or individuals.  

3. The concept of ‘travel pattern’: refers to a description of travel, such as mode split, person trip 
rates, or trip purposes for one region or neighbourhood. In some cases, ‘travel patterns’ is used 
instead of ‘travel behaviour’, which is referred to individual choices. As a consequence the link 
with ‘travel behaviour’ will also be addressed. 

There are at least three elements characterizing the complex relationship between the BE and travel, as 
discussed below: 

• Multidimensional nature 

• Characteristics of decision maker, or socioeconomic characteristics  

• Spatial level of analysis  

One element of the complex relationship between the BE and travel is that both of these are 
multidimensional in nature. It is influenced by many factors, which depend on the considered dimension of 
travel demand, and the specific definition of land use. That is, there are many aspects to BE, including 
accessibility to transit stops, presence and connectivity of walk and bike paths, land-use mix, street 
network density (such as average length of links and number of intersections per unit area), block sizes, 
and proportion of street frontage with buildings. Similarly, there are many dimensions of travel, including 
car ownership, number of trips, time-of-day, route choice, travel mode choice, purpose of trips, and 
chaining of trips. 

  



 

~ 14 

14  14  Lissy La Paix Puello –  Doctoral Thesis 

 
Figure 2-1 Representation of multidimensional relationship between built environments – travel behaviour 

 

Many different factors influence the relationship between travel demand and BE. There is no clear 
consensus on which feasible measures of the BE really play a role in explaining individual mobility 
(Brownstone, 2008). There is also little background information to compare the influence of land use and 
socio-economic characteristics on different travel demand dimensions. Recent research focus on: vehicles 
miles driven or VMD (S. Handy et al., 2005), tour-frequency (Limanond and Niemeier, 2004), shopping 
tour (Agyemang-Duah et al., 1995), type of activity (Naess, 2006), modal choice or modal changes (Bento 

et al., 2005; Espino et al. 2007). Other studies (La Paix, 2010; La Paix et al., 2010; La Paix et al., 2012) 
have contributed to answer the above two questions.  

2.2.1 SOCIOECONOMIC CHARACTERISTICS  

Some authors have shown that household automobile ownership is correlated with residential density 
(Pushkarev and Zupan, 1977; Mogridge, 1985) and residential density was found to be associated with 
public transit level, household size, and household income (Alonso, 1964; Muth, 1969; Kitamura et al., 
1997). An studies of the effects of urban sprawl, car ownership and transport supply on change in the 
market  share of public transport supply explained the fact that the proportion of households with multiple 
cars is higher in suburban areas than in the central city (Bonnel and Cabanne, 2000; Kain, 2001). As a 
result, an urban area often exhibits a negative correlation between residential density and automobile use. 
As expected, vehicle ownership and license holding are both positively associated with vehicle use and 
negatively associated with the use of public transit and non-motorized modes.  

There is an interesting research field on the context of trip generation and elderly mobility, further more 
recently some authors are using ordered probit models adding spatial analysis. Roorda et al. (2009) 
studied the trip generation of three vulnerable groups in three Canadian urban areas using ordered probit 
models. They compared the mobility of: single-parents, low income family households, and the elderly 
population. The case study covered three cities: Hamilton, Montreal and Toronto. The spatial expansion 
shown that there are spatial mobility trends for elderly populations and low-income populations even after 
socio-economic attributes are accounted for.  
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Schmöcker et al. (2005) found that retired people tend to make more trips and that household structure 
and driver’s license affect trip frequency. Regarding household structure, Boarnet and Crane supports the 
findings by Schmöcker et al. (2005) and Boarnet and Sarmiento (1998); they found that the more children 
in a household tend to increase trip-making, contrary to other studies where the number of children at 
home negatively influences the number of trips (Agyemang-Duah and Hall, 1997). In that sense, the 
number of people in a household tends to increase trip-making (Ewing et al., 1994; Agyemang-Duah and 
Hall, 1997; Kitamura et al., 1997).  

In the same way, Páez et. al (2007) analyzed elderly mobility in the Hamilton Metropolitan Area. In this 
work they estimated an ordered probit model for total trips and non-work trips using socio-demographic 
variables and zone attributes. One lesson from this work is the advantage of using ordered probit models 
for trip generation modelling, because this type of model represents the latent variable (utility) as ordered 
responses, influenced by the independent variables. Another important point of this work, and linked to the 
present thesis, is the spatial differences in working trips. In more affluent zones people make more trips. In 
the present work a suburban zone with a lower level of income is included and the opposite effect occurs, 
a poor zone creates more trips.  

Howell and Páez (2009) studied car ownership levels in the Hamilton Census Metropolitan Area (CMA) in 
Canada. They included as explanatory variables: income, dwelling type, household socio-demographic 
and structure. The results confirm the positive relationship between car ownership and income, the role of 
suburban development on car ownership, but the relationship between car ownership and household 
structure was not completely clear. 

Bhat and Guo (2007) analyzed Residential Location Choice and Car ownership in Alameda County in the 
San Francisco Bay Area. A number of creative variables were used: zonal size, density measures, 
commute related, local transportation network variables. Additionally, similar to other authors, they also 
used household demographic variables as explanatory variables. Since they estimated a joint model, in 
which they considered observed and unobserved variations of the residential self-selection, this paper is 
an important contribution for clarifying the complex relationship, correlation link or causality. The results 
show that households in zones with transit availability are less likely to own cars than those in zones 
without transit availability, and this effect is particularly pronounced for households with low income 
earnings. This result does not coincide with the case study of this thesis, where low income 
neighbourhoods have at least one car. A longer transit access time at the residence end leads to higher 
car ownership propensity. There are socioeconomic (SE) factors which increase car ownership propensity 
(employment, income, owned dwelling).  Multiple individual household are reluctant to locate in areas with 
a high street block density, while single individuals prefer it.  
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2.2.2 NEIGHBOURHOOD REPRESENTATION  

Currently, the literature review shows that two questions are still open: which dimension of the urban 
environment impacts which dimension of travel behaviour? And, how dimensions of urban environment 
should be measured?  

Answering these questions is not straightforward because there are too many definitions of neighbourhood 
in the existing literature and too many ways in which the built environment (BE) can be described. It is 
difficult to define and measure the attributes that characterize land, because often the several dimensions 
that describe the urban environment are generally correlated among them. Considered in this thesis are 
the correlations among all the possible measures of the urban system with socioeconomics variables and 
the transport supply. For these reasons, the majority of studies in this fields use simple definitions of the 
land use, such as the “type” of the neighbourhood, or proxy variables such as the dwelling type. However, 
these dummy variables often include many characteristics, such as urban density, opportunity of activities, 
accessibility characteristics and so on, the effect of which cannot be disentangled. Moreover, dummy 
variables are not useful to predict policies, because we cannot single out the effect of the different 
characteristics of each area.  

Few authors studied the effect of land use in terms of characteristics of neighbourhoods. Some authors 
defined neighbourhoods in terms of level of income (Paez et al., 2007), others studied the effect of 
traditional versus suburban neighbourhoods (White Mountain Survey Company, 1991; Ewing et al., 1994; 
Friedman et al., 1994), defined in terms of gridded patterns, local shops and services, and residential 
densities. Handy and Clifton (2001) analyzed the relation between neighbourhood types and opportunity 
for local shopping and distinguished neighbourhoods in “traditional” area, developed in the early part of the 
century; “early modern”, mostly developed between 1950 and 1970; and “late modern”, developed after 
1970.  

A similar classification was also used by Handy et al. (2005), but they distinguished neighbourhoods in 
Northern California between traditional, those built mostly in the pre-World II, and suburban, those built 
more recently. Bhat and Srinivasan (2005) analyzed four location variables: land-use mix density, fractions 
of detached and non-detached dwelling units, area type variables (CBD, urban, suburban and rural), and 
residential county-specific variables. Of these, only residential area type and residential county-specific 
turned out to be statistically significant. However, the first were defined as dummy variables and the 
temporal framework was the weekend. Cervero and Gorham (1995) analyzed the effect on work trips by 
transit, and defined neighbourhood type based on street type, intersections type and year of foundation of 
the neighbourhood. Farber et. al (2009) distinguished between urban-apartment and suburban dweller, 
while Crane and Crepeau (1998) used a detailed definition for the shape of the street but only one dummy 
variable for the housing type.  
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Friedman et al. (1994) compared travel patterns in different neighbourhoods in the San Francisco Bay 
area. This study focused on trip frequency and mode split for four different types of trips: home-based 
work, home-based other, work based and non-home- based-other. Selected Traffic Analysis 
neighbourhoods were categorized as “suburban” or “traditional” 2 and travel data for households in those 
residence area types used for the analysis. The results showed higher percentages of transit and other 
non automobile use in traditional neighbourhoods with respect to suburban transit, providing evidence of 
different travel behaviour between neighbourhoods - for choices about modes- but no new conclusions 
were arrived at.    

Other authors conducted a micro-level analysis including personal/household attributes, residential 
environment and travel purposes to analyze modal choice and distance travelled (Dieleman et al., 2002). 
However, the residential variables in the analysis were a simple classification of cities. 

Some location variables became statistically significant because some correlation effects were present in 
Bhat and Srinivasan (2005). The results indicate a higher propensity for participation during the weekend 
for recreational purposes and a lower propensity for participation in pick-up/drop-off episodes, among 
households residing in CBD and urban areas relative to households in suburban and rural areas. Maybe 
these results indicate a reflection of greater opportunities for recreational activities, and better transit 
service, for children and all, in CBD and urban areas. They also found seasonal effects reflect a lower 
propensity to participate in recreational and maintenance shopping during winters compared to other 
seasons. And, there is a positive relationship among pick-up/drop-off episodes with adults and fall 
(autumn) or spring seasons, compared to winter and summer. Authors recommend a further exploration of 
these seasonal variations in stop-making. The absence of urban effects may also be a result of using 
aggregate spatial units (zones) as the basis of computing location characteristics. Results from Bhat and 
Srinivasan (2005) coincide with Handy (1996) indicating a necessity for more precision in the spatial 
analysis.  

Boarnet and Crane (2001) analyzed the influence of land use on non-work car trips in two cities: Orange 
County and Los Angeles. Land use variables were defined as: street density, percentage of residential 
and commercial places, distance to CBD and others. On the other hand socio-demographic variables and 
time cost variables were added. The results indicated that households living further from the central 
business district tend to make more non-work car trips, but the effect reverses from a distance of 25 miles 
from downtown.  

                                                           
2Neighbourhood type was differentiated as traditional for areas built mostly in the pre-World War II era, 
and suburban for areas built more recently.  
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Farber and Paez (2009) studied the relationship between automobile use and social activity participation, 
such as episode classes: 0, 1, 2 or more; in-home amusements; out-of-home amusements. On the other 
hand, a few authors studied the effect of land use in terms of characteristics of neighbourhoods. A study of 
two traditional neighbourhoods in the City of Portsmouth, New Hampshire (1991) found lower trip rates for 
traditional neighbourhoods (gridded patterns, and local shops and services and residential densities). 
Comparing data compiled for this study, the White Mountain Company measure trip rates 50% lower than 
the general averages in the ITE- Trip Generation Handbook.  

Ewing et al. (1996) analyzed trip records obtained from six Palm Beach, Florida, communities exhibiting a 
variety of land use configuration for differences in trip frequency, mode choice, trip chaining, trip length, 
and overall vehicular travel. The “urban sprawl” community generated almost two thirds more vehicle 
hours of travel per person than the “traditional city” community. In general, the authors founds that total 
trips are not strongly influenced by urban factors, instead, car travel appear to be depressed by density, 
mixed use and central location. However, the authors suggested the presence of control variables related 
to socio-demographic characteristics (income, household size) and also recommend measuring 
accessibility and density separately. Because the total trip per household depends on the accessibility to 
activities and this is expressed in location, land use and transit service.  

The results support the theory of ‘inelastic demand’, meaning that the number of total trips does not 
increase substantially with better accessibility; and mode substitution is minimal. Consequently, trip 
generation models should consider trips by vehicle separately.  

Accessibility was found to have effect on trip schedule. Agyemang Duah et al. (1995) analyzed home-
based trip shopping and trip frequency from five selected zones in the Greater Toronto Metropolitan area. 
The study included socio-economic and dummy variables representing different zones. The statistical 
results show that, after controlling for household's socio-demographic characteristics, a household's 
location within the metropolitan area has some effect on weekday, home-based shopping trip generation. 
In particular, households located in the older urban area are likely to make fewer trips than those living in 
the suburbs. Thus, this study supports the theory that land use patterns affect trip frequency.  

Bhat (1999b) used land use variables to model the number of stops in tours during the evening, despite 
the use of random coefficients the implementation of neighbourhood attributes in the mode specification is 
limited. By contrast, previously, few papers included instrumental variable to model activity participation 
(Crane and Crepeau, 1998). Boarnet and Sarmiento (1998) and Boarnet and Crane (2001) selected four 
non-transportation neighbourhood amenities as instruments, and used the predicted values of various 
density measures on these instrumental variables to estimate the effect of BE measures on non-work 
automobile trips.  
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Similarly, Crane and Crepeau (1998) estimated an ordered logit for daily household car trip frequency, car 
trip and travel mode choice. They used GIS variables and numerical, such as: % of commercial, % vacant, 
distance from origin to CBD. On the one hand, the results showed that commercial land uses at the 
beginning are positively associated with car trips. On the other hand, the data do not generally support the 
argument that neighbourhood street pattern has any significant effect on car or pedestrian travel decision. 
This is a creative way of construct data on land uses, but the problem with this type of variables is that it is 
not applicable to discrete choice models without additional computations.  

Instrumental variables are further discussed in Section 2.3 and show a non-clear effect. Additionally, 
estimation problems could be faced when one works with instrumental variables and discrete choice 
models this is the reason why Boarnet and Sarmiento switched from an ordered response model to a 
simple linear regression model within the same paper when using the instrumental variable approach 
(Bhat and Guo, 2007).  

There are control functions and related approaches today to deal with the case of endogenous 
‘‘explanatory’’ variables in the context of discrete choice and other non-linear models (Berry, 1995; 
Louviere, 2005), but these methods need rather intensive computations to identify the error component in 
the predicted value of the endogenous BE attributes to obtain the correct standard errors in the main 
equation of interest.  

2.2.3 SPATIAL SCALE OF NEIGHBOURHOOD  

As stated above, the relationship between BE and TB is very complex, one of the key elements 
characterizing this complex relationship is the ‘‘neighbourhood’’ shape and scale used to measure the BE 
attributes (Guo and Bhat, 2007). In the literature we can find several definitions of neighbourhood. 
Similarly, neighbourhood can be analyzed through several spatial units. Most studies use administrative 
spatial units because urban form data is more readily available and easily matched to travel data at these 
scales. However, perception of neighbourhood involves psychological and intangible factors not 
interpretable in the “predefined” administrative divisions. Individuals filter spatial information when making 
spatial choice decisions (Golledge and Gärling, 2003; Krizek, 2003; Guo and Bhat, 2007).  

As stated in Guo and Bhat (2007), the researcher and planners should measure neighbourhood 
characteristics what matters to people over the area that really matters to people. Furthermore, it is 
possible that different BE attributes have different spatial extents of influence on travel choices, as 
empirically illustrated by Guo and Bhat (2007) and Boarnet and Sarmiento (1998). Therefore, measuring a 
set of variables in different spatial units could end in ambiguous results. One variable can be 
underestimated, or others overestimated. In that sense the study conducted by Guo and Bhat explore 
different conceptualizations to represent neighbourhoods in residential location choice models. However, 
up to our knowledge, no author has analyzed the impact of different spatial levels to represent 
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neighbourhoods on many specific dimensions of travel behaviour; such as trip frequency and modal 
choice.  

In the same line, other authors have analyzed interesting techniques to measure BE attributes, nearly all 
authors have focused on geographical analysis. As result, there is still a gap in mathematical modelling of 
individual behaviour. Additionally, the modelling behaviour must be extended to different dimensions of 
travel behaviour. Therefore, analyzing the research requirements in this field, the goal of the present 
thesis is threefold: 

• To examine which dimension of BE influences which dimension of travel behaviour by an 
exhaustive research on measures of BE attributes.  

• To demonstrate in detail the effect of neighbourhood representation scale on trip frequency. 

• To test the differences in forecasting 3 dimensions of travel behaviour (trips, car-trips and transit) 
from different spatial levels of neighbourhood representation. 

‘‘Neighbourhood’’ shape and scale used to measure the BE measures have been treated in many ways. 
However, it is anything but clear what representation of neighbourhood is in the existing literature. Some 
authors defined the neighbourhoods in terms of level of income (Paez et al., 2007), others (White 
Mountain Survey Company, 1991; Ewing et al., 1994; Friedman et al., 1994) studied the effect of 
traditional versus suburban neighbourhoods, defined in terms of gridded patterns, local shops and 
services, and residential densities. Handy and Clifton (2001) analyzed the relation between 
neighbourhood types and opportunity for local shopping and distinguished neighbourhoods in terms of: 
“traditional”, developed in the early part of the century; “early modern”, mostly developed between 1950 
and 1970; and “late modern”, developed after 1970. A similar classification was also used by Handy et al. 
(2005), but they distinguished neighbourhoods between traditional, those built mostly in the pre-World War 
II, and suburban, those built more recently. 

Bhat and Srinivasan (2005) analyzed neighbourhood type in a set of four land use variables: land-use mix 
density, fractions of detached and non-detached dwelling units, area type variables (CBD, urban, 
suburban and rural), and residential county-specific variables. Of these, only residential area type and 
residential county-specific turned out to be statistically significant. However, the first were defined as 
dummy variables and the temporal framework was weekend. Cervero and Gorham (1995) defined 
neighbourhood shape in terms of street type, intersections type and year of foundation of the 
neighbourhood; then they analyzed the effect on the work trips by transit. Farber et. al (2009) 
distinguished neighbourhood type in terms of dwelling type: urban-apartment and suburban dweller, while 
Crane and Crepeau (1998) used a detailed definition for the shape of the street but only one dummy 
variables for the housing type. 



 

~ 21 ~ 

Chapter 2: Understanding the relationship between travel behaviour (TB) and Built Environment (BE) 

Most studies use predefined spatial units based on census tracts, zip codes (postal codes), or transport 
analysis zones as operational replacement for neighbourhoods because urban form data is more available 
and easily matched to travel data at these scales. Coulton et .al (2001), examine the resident perception 
and mental maps, and found discrepancies between resident-defined neighbourhood and census 
geography. Among this, it is relatively unclear how individuals perceive the ‘‘neighbourhood’’ space and 
scale, and how they filter spatial information when making spatial choice decisions (Golledge and Gärling, 
2003; Krizek, 2003; Guo and Bhat, 2007). Additionally, it is possible that different BE attributes have 
different spatial extents of influence on travel choices, as empirically illustrated by Guo and Bhat (2007) 
and Boarnet and Sarmiento (Boarnet and Sarmiento, 1998). Guo and Bhat (2004) illustrated the concept 
of neighbourhood by examining three alternative sets of operational units of neighbourhood definition and 
tested these effects on household location choices. The study, among other findings, demonstrates 
potential benefits of other spatial units out of administrative zones.  

Some authors considered different levels for neighbourhood representation, such as circular scales 
centred on dwelling. Guo and Bhat (2007) considered 0.4 km, 1.6 km, and 3.2 km as the radii and band 
size for the three-scale circular-unit and network-bands representations. Frank et al. (2008) calculated 
land-use variables for a one kilometre area buffer, based on the distance that can be covered in about a 
ten-minute walk, approximating what can actually be accessed on the road network. In that sense, 
measuring TP by circular residential-units researchers assesses the accessibility to public transport from 
each residential unit (O'Neill et al., 1992; Zhao et al., 2003; Gutiérrez and García-Palomares, 2008; El-
Geneidy et al., 2009; Cardozo et al., 2010).  

Similarly, Boarnet and Sarmiento (1998) and Boarnet and Crane (2001) used two levels of geographical 
detail for three of the four land-use variables in their study (Retail employment, service employment and 
population density): zip code of the respondent’s residence, and census block group. Consistent with 
previous studies, they first measured all variables at the level which most closely corresponded to nearby 
neighbourhoods. They also measured the percentage of street grid within a quarter mile, but it was not 
measured at any other level because of the time-intensive nature. However, percentage of street grid is 
rather a general measure of street density, more specific measures could be taken into account, for 
example, intersection type. Additionally, the geographical scale to measure grid density was different from 
the scale to measure population density and retail employment. However, all variables were introduced in 
the same model. This work proved that modelling approach and geographical scale both matter. Boarnet 
and Crane (2001) found that division by postal code showed the relevance of smaller scales, which is 
something absent in the work.  

Analyzing Madrid City, the study by García Palomares (2008) presented an analysis of the relationship 
between journey to work and urban sprawl in the metropolitan area of Madrid but they centred the 
attention on suburban municipalities, excluding Madrid; therefore the spatial approach is municipalities. 
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As can be seen from this literature review, many different factors influence the relationship between travel 
demand and land use. These factors depend, of course, on which dimension (or characteristic) of the 
travel demand is considered and on how neighbourhood shape and geographical scale is defined. As 
pointed out by Brownstone et al. (2008), there is no clear consensus about which feasible measures of 
attributes of the built environment and land use are important. And, there is little background information to 
compare the influence of land use and socio-economic characteristics on different travel demand 
dimensions. Additionally, the issue of geographical scale has received less attention in the past.  

Summarizing, early works has proved that researchers should compare land-use and design patterns at 
different levels of geography, with more attention to larger areas. Thus, in order to fill this gap, this thesis 
will develop an exhaustive search on the most feasible and relevant characteristics (from BE, level of 
service, individual characteristics and so on) to explain the relationship BE and TB.  

2.3 SELF-SELECTION   

A large number of authors show that higher-density neighbourhood reduces motorized trips. However 
whether land-use configuration itself affects travel pattern or whether people with different travel behaviour 
preferences select different types of neighbourhoods in which to live is an issue open to discussion. This 
effect is called self-selectivity, some authors describe it as: “the tendency of people to choose locations 
based on their travel abilities, needs and preferences”, see Litman (2005). The importance of analyzing 
residential self-selection is because it may confound the association between BE-TB and, as a 
consequence, it could produce invalid results. Most studies have employed multivariate analysis and 
accounted for the sorting effect of socio economic characteristics (Abreu e Silva et al., 1977; Kitamura et 

al., 2001; Van Acker, 2007); while others focuses on the issue of attitude induced self-selection (Cao, 
2008).  

There are several methods to test for self-selection. Direct questioning, statistical control, instrumental 
variables, sample selection, propensity score, joint discrete choice models, structural equation models, 
mutually-dependent discrete choice models, and longitudinal designs. Cao et al. (2009) provide an 
excellent review of many empirical studies were self-selection is accounted for. A summary of these 
studies is reported below with the aim of defending the method used in the context of this thesis. 

Handy et al. (2005) used a quasi-longitudinal design to investigate the relationship between 
neighbourhood characteristics and travel behaviour while taking into account the role of travel preferences 
and neighbourhood preferences in explaining this relationship. The analysis shown differences in travel 
behaviour between suburban and traditional neighbourhoods, which are largely explained by attitudes. In 
particular, they found a “self-selection issue in levels of driving between different neighbourhoods”.  
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Some researchers use instrumental variable models to purge BE of its correlation with the error term. The 
endogenous ‘‘explanatory’’ BE attributes are first regressed on instruments that are related to the BE 
attributes, but have little correlation with the randomness in the primary travel behaviour of interest. The 
predicted values of the BE attributes from this first regression are next introduced as independent 
variables (along with other demographic attributes of the individual) in the travel behaviour relationship of 
interest.  Boarnet and Sarmiento (1998) and Boarnet and Crane (2001) considered instrumental variables 
of density and accessibility. They used an instrumental variable regression and changed in the same 
paper from the ordinal probit to the instrumental variable regression. Khattak and Rodríguez (2005) used a 
two stage regression model. The findings suggest that households in neo-traditional development 
substitute driving trips with walking trips. Thus, the residential preferences for stores within a walking 
distance are significantly associated with walking frequency.  

However, there are intrinsic limitations on the instrumental variable (IV) technique focus of discussion in 
this field (Bound et al. 1995; Cao, 2008; Bhat and Guo, 2007). A problem with the instrumental variable 
approach is that it is applicable to the case of discrete choice models, but the application of large 
computations is necessary in order to obtain correct standard errors (Bhat and Guo, 2007). The alternative 
of ignoring the sampling variance in the predicted values of the BE attributes, as done by Boarnet and 
Sarmiento, can lead to inconsistent estimates, and consequently incorrect results and conclusions about 
the statistical significance of the effects of the BE attributes.  

The basic idea of sample selection models is to represent the decision of residential location and the 
choice of travel behaviour as a function of that prior selection. However, a low-pseudo R² of the first 
equation could produce invalid results.   

Propensity score is the predicted probability of a binary choice model in which the explanatory variables 
are personal characteristics. Cao (2008) applied propensity score stratification to estimate the true effect 
of neighbourhood type on travel behaviour. Despite this, there are some multiple treatment conditions, the 
main problem with propensity score is that it is commonly used for a binary treatment variable (Oakes and 
Johnson, 2006).  

In other words, taking into account the consistency of estimated parameters and explicit representation of 
the phenomenon analyzed here, there are two best methods for accounting self-selection in this context: 
Joint mixed ordered model and joint discrete choice model:  

A joint discrete choice model applied in Salon (2009) consisted of estimating a three-tiered nested logit 
model of residential choice, auto ownership, and walking level. She estimated both simple and full joint 
models and computed the elasticities regarding population density. Self-selection is the difference 
between the elasticity of walking level and those conditional on residential location.  
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The model in Bhat and Guo (2007) formulation takes the form of a joint mixed ordered (JMO) response 
structure that controls for the self-selection of individuals into neighbourhoods based on car ownership 
preferences holding for both demographic characteristics and unobserved household factors.  

In this thesis there is an account for self-selection with the application of joint mixed-ordered (JMO) model, 
where residential choice is discrete and travel behaviour takes the discrete-ordered fashion, and then the 
joint probability is modelled. The reason for using this method is explained as follows:  

(1) Data were not collected for this purpose, so attitudinal questions were not possible to 
include in the survey, and as a consequence, it was not possible to evaluate it.  

(2) Since the survey is already conducted, there is no possibility for control groups as 
required by the propensity score method, explained below.  

(3) Due to the ordered structure of number of trips, analyzed in this thesis, mathematical 
performance of error structures are better covered by a joint mixed -ordered model, than 
standard multinomial model proposed by Salon (2009) 

(4) As stated by Cao et al. (2008) joint mixed models simultaneously correct for the 
endogeneity of the built environment characteristics and travel behaviour.  

This section includes a brief state-of-the research on the most important explanatory variables to 
represent the relationship between BE and TB, and how attitudinal factors can also explain the 
relationship BE-TB. In the next section are presented different analysis of travel behaviour concepts and 
other considerations. The aim of this section is to disentangle the most important travel behaviour 
dimension to be analyzed, and to identify the needs to represent the relationship between this and the BE 
characteristics.  
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2.4 CONCEPT OF TRAVEL BEHAVIOUR  

The base idea for testing the influence of land use and travel patterns is established on the theory that 
travel demand is generated by the necessity to carry out activities and reach services. There is little 
background to understand how mixed land uses can change the trip generation, or modal choices. People 
living in a neighbourhood with different types of local services (supermarket, grocery, drugstore, banks 
and so on) tend to develop a chain of trips different- and more complex- from other people living in a pure 
residential neighbourhood, because mixed-land use encourages walking trips and stops between trips.  

Along these lines, the link between travel behaviour and land-use can be focused from several 
dimensions, as stated in the Introduction of this thesis. Among all travel dimensions, trip frequency has 
also been the major focus in the recent literature, but authors mainly refer only to specific purposes 
(Limanond and Niemeier, 2004) or to specific category of people (Schmöcker et al., 2005; Paez et al., 
2007; Roorda, 2009; Morency et al., 2011). Few authors include the relationship between land use 
characteristics and tours, but they focus only on specific types of tours such as shopping tours 
(Agyemang-Duah et al., 1995) or type of activity (Naess, 2006). Bhat (1999a) instead uses land use 
variables to model the number of stops in the tours. These works will be further analyzed because those 
were very helpful at selecting the variables in the present thesis. 

Kitamura et. al (1997) analyzed the number of person trips, number of transit trips, number of non-
motorized trips, fraction of auto trips, fraction of transit trips and fraction of non-motorized trips. “Best” 
models are then developed introducing neighbourhood descriptors and socio-economic variables. The 
approach taken Kitamura et. al (1997) was to collect micro-scale land use, roadway network, and public 
transit information in a set of five San Francisco Bay Area neighbourhoods. Base models were first 
developed for the six measures of mobility using the demographic and socio-demographic descriptors of 
the individuals. This methodology can show the explanatory power of neighbourhood descriptors and their 
association with socio-economic variables.  

Agyemang-Duah and Hall (1997) investigated the spatial transferability of number of shopping-trips made 
by all members of a household in 5 cities in the Greater Toronto Area. They associated shopping-trips with 
individuals and household socio-demographic variables, such as household size, household member 
employment status, children, vehicle ownership and accessibility. A constraint of this paper is the focus on 
shopping trips; because transit-oriented neighbourhoods have the strongest tendency in the shopping or 
non-working trips.   

Limanond and Niemeier (2003) investigated the relationship between land uses and shopping tour 
frequency, tour scheduling and mode choice. They analyzed shopping travel as part of tours instead of 
discrete trips. They used a tour-based nested logit model, composed by five types of shopping tours, 
mode and destination choices linked to land use and shopping travel. As explanatory variables, they used 
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household structure and accessibility, as a function of day of week, the number of persons in the travelling 
group, and household income. 

The results support Agyemang-Duahl and Hall (1997) that land use patterns around residential location 
are linked to decisions related to making home-based shopping trips (called one-stop-shopping trip). The 
land use patterns have little effect on the number of overall shopping trips. However, accessibility was 
found to have effect on the type of shopping tour, indicating more one-stop-shopping tour in 
neighbourhoods with greater accessibility. Consequently, households with poorer accessibility tend to 
combine shopping trips with other purposes.  

Cervero and Gorham (1995) calculated the effect on the work trips by transit of the urban form defined as 
street type, intersections type and year of foundation of the neighbourhood. The case studies consisted of 
two types of neighbourhood: one transit oriented and the other auto-oriented. They analyzed the 
probability of commuting by automobile, on foot or bicycling, distance from home to workplace and number 
of automobiles at home. Both types of neighbourhoods were similar with respect to socio-economic 
characteristics and are located in San Francisco Bay area and Los Angeles area. In each group five 
neighbourhoods were included. The results show that effect of neighbourhood types on transit commuting 
was mixed: in the San Francisco Bay area, the transit neighbourhood showed higher transit rates than 
‘auto-oriented’ neighbourhoods except in one case; while in Los Angeles no clear tendency was 
suggested. The reason for those differences could be in the region characteristics (topography, extension 
of suburbs, and so on). According to Cervero and Groham (1995): “the form of macro-region may be too 
auto-dependent for the micro-pattern of any particular neighbourhood to matter”. The main findings of this 
paper are that mode split depends both on the neighbourhood characteristics and urban form at regional 
level.  

However, because Cervero and Gorham (1995) was focus on working trips, it was a constraint for the 
research, since transit-oriented neighbourhoods have the strongest tendency for shopping or non-working 
trips. Due to this limitation, in this thesis all trip purposes are analyzed.  

Handy (1996) reviewed alternative approaches to explore the link between urban form and travel 
behaviour, outlined issues and complexities that the research on urban design and transportation should 
address, and finally, the author suggested that the focus of this research should shift from the strategies to 
change behaviour and search for strategies to provide choices. A number of approaches were used to 
empirically address the question of how urban forms influences travel patterns. The paper is a 
methodological discussion. Handy el al. analyzed: simulation studies, aggregate analysis and 
disaggregate analyses. And, they concluded that a large segment of the research on the link between 
urban form and travel patterns, including many of the recent studies, falls into the category of aggregate 
analysis. This type of research applies comparison, correlations and regression procedures to show the 
significant relationship between density and trips. Those researches have become more sophisticated 
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over time, in terms of increasingly comprehensive characterization of urban form. Characterization of 
urban form of some aggregated analysis is criticized by Handy (1996) indicating that density and per-
capita gasoline consumption do not always represent zone characteristics. Since these characteristics 
could change between places and travel purposes, they mask differences between places within the same 
city.  

Handy et al. (2005) analyzed neighbourhood type, and differentiated traditional types, such as areas built 
mostly in the pre-World II, and suburban types, such as areas built more recently. It is an examination of 
the association between changes in neighbourhood and changes in driving. The model estimated these 
date and tested the hypothesis that moves to environments in which destination places are close to each 
other and residents have different transport alternatives are linked with a decrease in driving.  

Ewing et al . (2003) analyzed the average vehicle per household in 83 metropolitan areas of the U.S. They 
introduced accessibility variables such as block length, block size, % of small blocks. They constructed 
numerical variables such as percentage of employment, % metropolitan population, ratio density 
population.  This paper found a positive relationship between ‘mean time in journey to work’ and street 
factor. This variable (street factor) is a measure of meshed street network includes ‘block size’ and ‘% of 
small blocks’. This is a counterintuitive result because: (1) meshed street network (compact) is associated 
with mixed land-use, which should lead to shorter travel times; near destination shorter trips; (2) large 
blocks are associated with fewer numbers of intersections and low-density areas, but less intersections 
lead into less travel time as well. And, (3) time affected by network street pattern is mainly time for non-
work trips, which people ‘freely’ select. Since, the authors of this only consider the journey-time for working 
trips, the association is not completely clear. On the other hand, the unit of the study was the metropolitan 
area but travel behaviour would be better represented at individuals’ level.  

These studies contributed little background for research on urban design and commuting. These authors 
analyzed the probability to travel by one specific mode, but the present thesis includes an analysis of the 
number of total trips and tour complexity.  Three regional different neighbourhoods are tested in the 
present work disaggregating regional characteristics by individuals; and, adding innovative variables, 
significant for research, such as: density, transit accessibility, including distances to services, and dwelling 
type.  

While trip frequency has been the centre of attention for many studies, tour-based models have received 
less attention. Tour based systems were first developed in the late 1970s and 1980s in the Netherlands 
(Daly, Zwam and van der Valk, 1983; Gunn, 1994) and are being used extensively there and elsewhere. 
Recent tour-based model systems have been developed for Stockholm, Salerno, Italy (Cascetta, Nuzzolo 
and Velardi, 1993), the Italian Transportation System (Cascetta and Biggiero, 1995), Boise, Idaho, (Shiftan 
1995) and so on. These models group trips into tours based on the fact that all travel can be viewed in 
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terms of round-trip journeys based at from home. A tour is assumed to have a primary activity and 
destination that is the major motivation for the journey.  

The modelling of tour decisions provides an incremental improvement over trip-based model systems, 
incorporating an explicit representation of temporal-spatial constraints among activity stops within a tour 
(Bowman and Ben-Akiva, 2001). Shiftan (2008) and Shiftan (2000) analyzed the effect of land-use policies 
through an activity-based analysis. Particularly, Shiftan (2008) analyzes five sub-models describing: tour 
type, time of activities, choice of mode and primary destination, work-based sub-tour and choice of 
location of intermediate stops. Bowman et al. (1999) reported an operational implementation of an activity-
based travel demand model to represent total daily demand and travel as an activity pattern and a set of 
tours. However, there is still a research gap in the field of activity-based models and the behavioural 
representation through latent effects, more on this later.  

Following the latest findings in the field of activity based travel demand models, in the present thesis a 
tour-based analysis is studied, which better forecasts the future transport demand. The next section 
includes an analysis of the improvements in model estimation in this field in recent years. The objective of 
this section is to identify the best mathematical representation and contributes on the needs of it. The 
study starts from the existing studies and its findings.  

2.5  METHODOLOGICAL EVOLUTION TO STUDY THE RELATIONSHIP BE-TB 

As shown in the above literature review, trip generation has been studied with different methods and with 
different objectives. A notable methodological evolution was observed in the literature review, from the 
traditional regression models to more sophisticated discrete choice models. Several authors have used 
discrete choice models to study the relation between travel demand and land use.  

Friedman et al. (1994) compared travel pattern and the results provided evidence of difference in choices 
about modes. However, the analysis consisted of a basic comparison at an aggregate level: trips per 
household by mode for the four trip types were compared for the two residence area types.  

Hanson (1982) tested trip frequency using a step-wise regression procedure to estimate equations for trips 
frequency by purpose and for trip distance, forcing the spatial factors into the equation and then testing the 
significance of socio-demographic factors. This paper included important findings but the analysis is a 
simple regression model. Dieleman et al.  (2002) later conducted a micro-level analysis in the Netherlands 
and applied a Multinomial Logit Regression. Methodology in their paper was more innovative than that of 
Hanson (1982) but the additional land use variables added were a simple classification of 
neighbourhoods.  Similarly, Cervero and Ghoram (1995) used a logit regression for automobile trips, 
walking and cycling.  
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In that sense, recent authors have estimated models for both total trips and trips by purposes, using 
ordinal models (Agyemang-Duah et al., 1995; Agyemang-Duah and Hall, 1997; Boarnet and Crane, 2001; 
Paez et al., 2007; Roorda, Páez, Morency, Mercado and Farber, 2009). However, they have mainly 
focused on automobile ownership and/or use (Mogridge, 1985; S. Handy et al., 2005) or on some 
particular trip category, such as shopping trips (Agyemang-Duah et al., 1995), activities performed only 
during the weekend (Bhat and Srinivasan, 2005), or in the evening (Bhat, 1999a), mobility of elderly 
people (Paez et al., 2007), elderly and disabled people (Schmöcker et al., 2005); vulnerable categories 
(Morency et al., 2011) or type of activity (Naess, 2006). Bhat  (1999) applied land use variables to model 
specifically the number of stops in the tours. An ordinal model is also the first model in La Paix et al. 
(2010), with the aim to understand if land use and socio-economics have a different impact depending on 
the type of mobility characteristics (trips frequency, tour frequency, trips by mode). 

Other authors offered a more complex view and used a multivariate mixed ordered response (Bhat and 
Srinivasan, 2005). They studied the activity participation including location effects, the methodology 
proposed and applied in their paper was a Multivariate Mixed Ordered Response Logit (MMORL) model, 
where a normal multivariate mixing distribution is used to generate correlation in the unobserved terms 
affecting the propensity to participate in the different activity purposes. A maximum likelihood method with 
Halton draws was used. Similarly the stop-making propensity in the evening for shopping trips was 
analyzed by Bhat (Bhat, 1999a) using Random Coefficients Heteroscedastic Ordered Response Logit 
(RCHORL).  

In some cases a Poisson Regression or the Negative Binomial Regression (Schmöcker et al., 2005) could 
be used instead of ordinal models; this was also used by Stern (1993). Poisson distribution can be used 
for the number of events in specified intervals such as trips per day.  However, despite the large number 
of studies on this issue there is still a knowledge gap in the research on the adequate links among 
neighbourhood attributes, individual behaviour and their decisions. Only a few authors analyzed individual 
activity-travel decision process including psychological factors that may influence choices. 

There are some attitudinal studies with perceived neighbourhood characteristics and preferences to 
construct explanatory variables for the choice model (Kitamura et al., 1997; S. Handy et al., 2005).They ) 
tested the question: “Is the observed association between travel and land use real, or is it an artefact of 
the association between land use and the multitude of demographic, socio-economic, and transportation 
supply characteristics that are also associated with travel?”. In this study attitudinal variables are certainly 
more strongly associated with travel than are land use characteristics. This suggests that the effect of land 
policies will be produced if individuals change their attitudes. This effect can be explained as follows: each 
group of variables – socio-economical, neighbourhood and attitudinal- were fitted into six models, each 
group offered significant explanation, but the percentage of explanation by attitudinal factors was the 
highest.  
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The quasilongitudinal design applied by Handy et. al. (2005) taken into account travel and neighbourhood 
preferences and estimated an ordered model for change in driving. They also revealed association 
between vehicle miles driven and built environment. 

In the field of discrete choice models, researchers have tried to incorporate psychological factors in 
behavioural modelling. An extended framework for integrated discrete choice and latent variables models, 
called hybrid choice models (HCM), were proposed by Ben-Akiva et al. (1999), and Ben-Akiva et. al 

(2002b), and generalized by Walker and Ben-Akiva (2002).  

Some techniques are available to analyze individual behaviour and their propensities and attitudes in 
respect to their decision process. These techniques include measurement equations and latent variables 
(Joreskog, Sorbom and Magidson, 1979; Bentler, 1980; Golob, 2003). Hybrid choice models (HCM) 
integrate many types of discrete choice modelling methods, and latent variables. The objective is to 
explicitly model the choice behaviour relationship between unobserved (motivation, affect, attitude, 
constraints, etc.) and observed factors (characteristics of the decision-maker and attributes of the 
alternatives). See Ben-Akiva et. al (2002b) for further details.  

HCM framework was used in Atasoy et. al  (2010) and Hurtubia et. al  (2010) to integrate latent variables 
into the choice mode context. These studies show a strong relationship between individual choices and 
their perceptions and attitudes. Similarly, Yáñez et. al (2010) included latent variables in mixed logit 
models in a panel data context, also for the analysis of modal choice. Although this work uses the 
sequential estimation approach, the results affirm that hybrid choice models are clearly superior in fit to 
traditional choice models.   

Walker and Li (2007) and Kitrinou et al. (2010) used integrated choice and latent variable models for the 
residential location choice. Particularly, Walker and Li (2007) present an analysis of latent class choice 
models to represent lifestyle preferences. Where the latent classes are the lifestyles and the choice model 
is the choice of residential location. The focus of the analysis is residential location, and there are two 
latent life-styles: auto-oriented households and transit-oriented households. Although the study involves 
transport attributes (travel time and cost in different modes) and neighbourhood attributes (safety, dwelling 
type and price) as explanatory variables, the choice model consists of five alternatives of buildings to rent 
or buy. The work makes explicit connections between demographics, lifestyle and residential location; and 
the impact of urban forms on environment and health.  

The existing background demonstrates the potential of latent variables to capture significant effects that 
cannot be captured by observable variables in the choice models. Thus, the explanation of the decision 
making process is improved by adding latent variables. There are several approaches with which 
researchers have aimed to capture intangible factors in the modelling process. However there is still a gap 
in the empirical application of hybrid choice models, and this gap is even larger between the current 
application of hybrid choice models and the relationship built environment – travel behaviour. Some 
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authors have considered different travel dimensions, but they did not analyzed tour. The modelling of tour 
decisions provides an incremental improvement over trip-based model systems, incorporating an explicit 
representation of temporal-spatial constraints among activity stops within a tour (Bowman and Ben-Akiva, 
2001). No author, so far, seems to have analyzed the relationship between neighbourhood type and tour 
structure with hybrid choice models.  

Two approaches are now available on the estimation of hybrid choice models: Two-stage estimation – or 
sequential approach – and simultaneous estimation. Simultaneous approach allows estimating both latent 
variable and discrete choice model together. While the two-stage approach consists of estimation 
separately of the latent variable; and after use these parameters in the discrete choice model. See 
McFadden (1986), Train et al. (1987), and Morikawa et al. (1990) for more details on the sequential 
approach.  

Raveau et al. (2010)  used both simultaneous and sequential estimation method to estimate an hybrid 
model using two datasets. Differences between both approaches were found, as well as similarities not 
found in earlier studies. They concluded that both approaches result in unbiased estimators, but problems 
arose when value of time is calculated for forecasting and policy evaluation.  

The availability of estimation procedures is crucial for the development of hybrid choice models. In the 
past, due to the lack of appropriate simultaneous-estimation software most of the authors considered the 
sequential approach, specifically in the context of urban environment (Kitamura et  al., 1997; S. Handy et 

al., 2005). However, simultaneous estimation avoids any measurement error that may exist in the two 
stage approach, and results in consistent and efficient estimators (M. Ben-Akiva et al., 2002a) but it has 
been less used due to its higher complexity (Raveau et al., 2010). To solve this problem, other authors 
estimate a Mixed Logit (ML) model with random parameters on the latent variable (Yáñez et al., 2010).  

The author of this thesis believes that tour schedule could be influenced by urban environment but it also 
depends on individual perceptions and attitudes for each segment of the tour and type of tour. These 
perceptions and attitudes are unobserved elements, which directly influence the decision making process. 
Thus, these latent variables are unobserved but manifested and represented by other observed variables.  

As described before, tour-based demand models are well-known and successfully implemented but there 
is still a research gap on the development of hybrid choice models for tour-based analysis. Thus, a hybrid 
model for type of tour is developed in Chapter 6. The case study is Madrid. Discrete choice models for 
number of trips and test of self-selection issue are developed in Chapter 5. As far as the author of this 
thesis knows, this study is the first attempt to study the relationship between neighbourhood type and tour 
structure with hybrid choice models. 
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Summarizing, the present thesis is an analysis and improvement of the literature review in respect to 
variable definition and findings. And, subsequently contributes in the following extent:   

1. Selection of variables: based on the correlation analysis. One of the major problems of the 
research on this subject is the multicollinearity. Frequently, explanatory variables are correlated 
among them because they describe a specific type of neighbourhood. This dissertation thesis 
provides an exhaustive search of the most feasible and reliable variables to represent BE 
characteristics.  

2. In several cases the characteristics used to define BE attributes do not correspond to the zone 
where the trip is carried out. The present dissertation comprises three geographical levels: 
municipality, district and residence area, where the most accurate scale is the residence area.  

3. In order to ensure the effect of different urban structures, income level and public transport supply 
the database for this thesis includes observations from three neighbourhood types.  

4. Developing a hybrid choice model. From the two approaches described above and now available 
on the estimation of hybrid choice models, this dissertation uses the advantage of simultaneous 
estimation, by estimating jointly latent and choice model.   
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CHAPTER: 3 ANALYTICAL FRAMEWORK 

Despite the recent debate on their appropriateness, random utility models are still the most effective tools 
for simulating discrete choice in a transportation context.  Discrete choice models offer the major 
advantage of being justifiable in behavioural terms (McFadden, 1974; Domencich and McFadden, 1975; 
M. Ben-Akiva and Lerman, 1985), so “they effectively represent the decisions that consumers take when 
faced with different choices” (Domencich and McFadden, 1975). This behavioural theory states that the 
“homo economicus” assigns to each alternative a preference judgement, choosing the preference the 
person judges the most desirable. The preference judgement is represented by a utility index, which 
measures the maximum level of satisfaction a person can derive by choosing the alternative i under 
income and time constraints (indirect utility).  

Let C =  be a set of alternatives. A given individual n, belonging to the population N and 

having available the choice set C(n)  C, will choose alternative i if and only if this is the alternative with 

the highest utility ( ):  

 Eq. 3-1 

According to Lancaster’s theory (1966), the transport alternative per se does not yield satisfaction, but the 
characteristics defining each alternative are of utility to the individual. So, the utility that individual n 

derives from alternative i can be written as: 

 Eq. 3-2 

The utility a person assigns to each alternative is recognized as a random variable since: a) the 
“behaviourist” theory does not hold perfectly, or does not hold in a deterministic way in reality (Tversky, 

1972); and b) the modeller is able to observe only certain elements ( ) of the real vector of 
characteristics (Manski, 1977; McFadden, 1980). Thus the random utility can be rewritten:  

   Eq. 3-3 

 

because it depends on two components: 

- a vector of characteristics ( ) known and measurable by the modeller; 

- a random component  that contains all relevant aspects of the phenomenon that are not 
explicitly known by the modeller.  
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The underlying hypothesis is that random utility can be treated as the sum of the systematic, 

representative or observable part ( ), which is a function of the attributes , and the random 
component: 

        Eq. 3-4 

 

Depending on the nature of the set of alternatives, discrete choice models can be unordered or ordered. 
The most typical DCM, such as the multinomial (MNL), nested (NL) and mixed (ML) logit models, are 
unordered because they are based on the assumptions that the alternatives do not have a specific order 
(for example the choice among car, bus and walking). Ordinal Regression models are instead used when 
the dependent variable (i.e. the alternatives available) is ordinal in nature (for example the number of trips 
made). It is important to note that the MNL is based on the assumptions of independent errors for each 
alternative, which is inconsistent with the fact that the alternatives are ordered. The NL, and even more the 
ML, however, can account for the pattern of similarity and dissimilarity among the alternatives, hence in 
principle they can be used to simulate ordered responses. However, while such a specification might 
provide fine results, it does not actually fit the structure of the data, because the traditional derivation for 
these models starts with a specification of the utility associated with each alternative (Train, 2009). 

In the following two sections, first the typical unordered models (basically the MNL, NL and ML) are 
described and then the ordered model.  

3.1 UNORDERED MODELS: MNL, NL AND ML 

Based on Lancaster’s theory and using equations from 3-1 to 3-4, the unordered DCM probability of 
choosing i can be written as:  

 

Eq. 3-5 

To derive a discrete choice model, some hypotheses on the error terms distribution are necessary. If we 
denote by  the distribution of the difference of the residuals, the probability can be 
written as: 

   Eq. 3-6 

where    

 Eq. 3-7 



 

~ 37 ~ 

Chapter 3: Analytical Framework 

If we assume that the error terms are identically and independently distributed (i.i.d.) Extreme Value type 1 
(EV1), then the typical MNL model is obtained,  

  Eq. 3-8 

 

Where  >0 is the scale parameter of the EV1 distribution. This model or equivalent variants of it can be 
derived in a large number of ways. The choice of the EV1 distribution is motivated by two aspects. First, 
the distribution captures the maximum of many i.i.d. random variables. It is therefore assumed that the 
disturbance term of the utility function represents the largest among many unknown factors. This 
assumption is consistent with the concept of utility maximization. Second, it is analytically convenient, as a 
simple closed form probability is obtained.  

The MNL is characterised by the Independence from Irrelevant Alternatives Property (IIA), which states 
that, for each specific individual, the ratio of the choice probabilities of any two alternatives is entirely 
unaffected by the presence or absence of any other alternatives in the choice set and by systematic 
utilities of any other alternatives. The core of the problem is the assumption of logit model: all alternatives 
are mutually independent, and as a consequence the disturbances are mutually independent. McFadden 
et al. (1977) investigated a wide range of computationally feasible tests to detect violations of the IIA 
assumption. 

The nested logit relax this assumption, and then some unobserved factors can be shared by the error 
terms of the alternatives, but then they are not independent. The Nested logit (NL) (Williams, 1977; 
McFadden, 1978; A. Daly and Zachary, 1979)model is designed to capture the presence of this 
unobserved correlation. The idea behind the NL model is to partition the set of alternatives into mutually 
exclusive nests, called m. The main condition for nested logit is that one alternative belongs exactly to one 
nest, one and only one nest. The IIA property holds for any two alternatives in the same nest, while it does 
not hold for any two alternatives in different nests. Stated more explicitly, each nest is independent of the 
remainder, for any two statistically independent events the joint probability is equal to the individual 
probability. 
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Figure 3-1 Nested logit structure for transportation mode choice 

 

 

Stated more explicitly, nested logit is used to consider the effect in the probability of the chosen alternative 
by introducing an alternative that shares unobserved factors with another alternative in the choice set. 
Thus, the probability that individual n chooses the alternative i that belongs to the nest m, is given by:  

  Eq. 3-9 

The probability   of choosing the alternative i from the nest m is equal to the product between the 

conditional probability  of choosing the alternative i given that the nest m is chosen, and the 

marginal probability  of choosing nest m within the choice set C.  

   Eq. 3-10 

The advantages of the NL are that both probabilities are standard logit formulas. The first term probability 

involves the utility of the alternative in the nest scaled by the , which is the scale parameter of the nest 
m; where alternative i belongs to nest m. The second probability accounts for the maximum utility among 
all the alternatives inside each nest and it is obtained from the expected maximum utility (log sum). It 
involves the systematic utility of the nest in the choice set scaled by the correlation parameter of the nest. 
The denominator is the sum of all utilities in the choice set, considering all nests.  

When  , for all m, the NL becomes a MNL.  

In more general terms, the nested logit with m nest can be described as an instance of the Multivariate 
Extreme Value (MEV) or, also called, Generalized Extreme Value model (GEV) models, as: 

   Eq. 3-11 

The MEV models represent a family of closed form models accounting for the correlation among error 
terms of the utility functions. They are characterized by a generating function that can be used to define 
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the Cumulative Distribution Function (CDF) and consequently the choice model. The MEV was first 
proposed by McFadden (1978) under the name GEV model. Each instance of the MEV family is 
characterized and derived from a differentiable generating function G used to define the CFD given by:  

 Eq. 3-12 

 

The CDF of the error term of a MEV model is:    

 Eq. 3-13 

The generating function is called a -MEV function. In order for F to be a CDF, the -MEV function G must 
have the following properties:  

1. G is homogeneous of degree ,  

2. F must go to one when  goes to infinity and  
3. G must be differentiable.  

The MEV models can be interpreted as a MNL model where the utility of each alternative is adjusted to 
account for the correlation among the error terms. See McFadden (1978) and Ben-Akiva and François 
(1983) for more details on MEV models, and Bierlaire (2006) for Generalized Nested Logit Model. The 
most important instances of the family are the MNL, the NL and the cross-nested logit models; the latter 
allow capturing more general correlation structures.  

The maximum likelihood estimation of the nested logit model is slightly more difficult than for the MNL 
model. One of the consequences is that the formula of derivatives is more complex and difficult to 
implement. Another consequence is that the log-likelihood function is non concave anymore, and then the 
local maximum is not always the global maximum (as in the MNL model).  

3.2 MIXED LOGIT 

The Mixed Logit (ML) is a highly flexible model that can approximate any random utility model (McFadden 
and Train, 2000). The ML does not exhibit independence from irrelevant alternatives or the restrictive 
substitution of patterns of the MNL because the ratio of mixed logit probabilities Pni/Pnj depends on all the 
data, including attributes of alternatives other than i or j. The cross-elasticity is not the same for all i. Then, 
an improvement in one alternative does not affect proportionally the other alternatives.  

The ML has been known for many years and widely applied in the field of transport – econometrics (see 
as reference Bhat ,1998; Brownstone and Train, 1998) and Train, 1999). The mixed logit probability can 
be derived from utility-maximizing behaviour in several ways although formally equivalent, it provides 



 

~ 40 ~ 

40 Lissy La Paix Puello –  Doctoral Thesis 

 
different interpretations, i.e. error components and random coefficients. The ML probabilities are the 
integral of standard logit probabilities over a density of parameters. This is why it is called mixture, 
because it is the MNL model evaluated at different parameters β with f(β) as the mixing distribution. 
According to Train (2003), the ML is any model whose choice probabilities can be expressed in the form:  

  Eq. 3-14 

Where  is the logit probability evaluated at parameters β,   is the density function,  

  Eq. 3-15 

. is the deterministic part of the utility function, which is a function of β and x. 

Substituting  and  in the formula we obtain:  

   Eq. 3-16 

The density of  can be specified with mean b and covariance W. Then, the choice probability under this 
density becomes:  

                       Eq. 3-17 

Simulation is usually used to estimate the ML. Given the values that describe the population parameter of 

the individual parameters, R values of  are drawn from its distribution and the probability in eq. 3-13 or 3-
14 is calculated conditional on each realization. The simulated probability (SP) is the average of the 
conditional probabilities over the R draws:  

)  Eq. 3-18 

Then, the simulated log-likelihood function is constructed as  and the estimated 
parameters are those that maximize SLL. The bias is SLL decreases as the number of repetitions 
increases. 

3.3 ORDINAL MODELS  

The ordered logit model is a member of the ordinal model’s family, i.e. ordinal probit (Zavoina, 1975) but 
obtained under the assumption that the error term ε is distributed logistic instead of standard normal. Let 

 be the utility that an individual n facing ordinal decision associates to alternative i. The ordinal logit 
probability model is based on a latent regression: 
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 Eq. 3-19 

where  is the unobserved dependent variable decomposed into the usual systematic and random 

components;  is a vector of explanatory variables,  is a vector of coefficients or model parameters, 

and  is a logistic distributed error term which means that the cumulative distribution of ε is 

 . Following Ortúzar and Willumsen (2011), it is assumed that the discrete and ordered 

observations  =(0, 1, ..,i,…, I) are generated according to the following mechanism:   

 = 0      if < , Eq. 3-20 

 = 1     if  <  ≤ ,  

= i      if <  ≤ ,   

= I     if  >  

Where μ’s are threshold parameters estimated together with the vector of parameters . The thresholds 
depend on the problem at a hand. Trip frequency had a four-point numerical scale, so in the model is 

assumed the following specification for utility  of n-th individual choosing the alternative i is explained 
as:  

 = 0     if < , then Trip= 0  Eq. 3-21 

 = 1     if  <  ≤ , then Trip=1 and 2 

 = 2     if  <  ≤ , then Trip= 3 and  4 

= 3     if  > , then Trip is higher than 5 

In other words, the individual n does not travel if the utility  is lower than given threshold . Similarly, if 

the utility  is between  and , the individual makes 1 or 2 trips. If the utility  is between  and 

, then the individual makes 3 or 4 trips and finally, the individual n makes 5 trips or more if the utility  

is higher than .  

The probability of observing  taking the value i is given by: 

     Eq. 3-22 

 

  Eq. 3-23 
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Ordinal logit structure can be optimized via maximum likelihood using existing procedures for standard 
logit estimation but treated as binary logit. This model represents the choice as the outcome of a 
sequence of binary decisions. Thus, it is not based on global utility maximization of values. Since, one 
alternative encompasses several values, the decision consists on whether “take one more” or accept the 
current value, instead of choosing among alternatives. The maximization stops once the first local 
maximum is reached.  

3.4 JOINT MIXED ORDERED  

Ordinal, ML and MNL models have the capacity to represent a single decision process. However, choices 
are often taken jointly:  such as for example the choice of mode and destination or the choice of where to 
live and how much to travel. In the case of two simultaneous decision processes and individual tendencies 
or preferences, the modeller needs to jointly estimate both sets of parameters through a joint mixed 
model. The Nested logit model discussed in the previous section is also used to represent joint decisions 
but the limitation of NL is that only correlation across alternatives can be explicitly represented in the 
model. However, the NL model is based on the product of two MNL models and as such shares many of 
the limitations implicit in the MNL structure. More flexible joint models can be built using the ML 
framework. A good example is the model formulated by Bhat and Guo (2007) to jointly estimate residential 
location choice and car ownership.  

In this section, following Bhat and Guo (2007), the ML framework is used to derive a joint model for the 
specific case of the simultaneous decisions of Residential location Choice ( ) and Trip Frequency 

( ). The Residential Choice model would follow the typical multinomial logit structure, whereas, the 

Trips Frequency would follow the ordinal logit structure, as described in the previous section. In the  

model BE random parameters are included. At the same time, this model controls for the self-selection of 
individuals based on trip-frequency preferences stemming from both demographic and unobserved factors 
impacting residential location choice and number of trips. The unobserved factors are related to an 
individual’s sensitivity when faced with built environment (BE) components.   

Unobserved factors can be represented from two dimensions: unobserved factors impacting the decision 
of . These vary depending on circular residence area, and as a consequence, according to 

individuals. Secondly, unobserved factors affecting the choice of number of trips can also be represented, 
which mainly come from characteristics at destination area (i.e. public transport service). And thirdly, there 
are unobserved factors affecting both residential location choice and number of trips, that come from both 
circular residence area of individual n and trip track (qth origin/destination).  

This can be further stated more explicitly by analysing the influence ratio of facilities between origin and 
destination in  and . The number of facilities at the destination will affect the individual’s 

sensitivity to the number of trips. This sensitivity is also related to social and management commitments 
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(schools, eat-out places, services, etc.) within residence and destination areas. Thus, this sensitivity will 
also affect the residential location choice. Similarly, the ratio of BE between origin and destination will also 
affect both residential location choice and number of trips, because the origin corresponds to the 

residence area. These would be captured in .  

Similarly, street density may have an impact on residential location, because individuals with a more walk-
likely lifestyle will be more sensitivity sensitive to dense street network, and would prefer this as the place 
to live, while undertaking fewer car-trips (not directly affecting trip-frequency). This would be included in 

for the utility equation of . 

On the other hand, the number bus stops at destination, for example, will affect the sensitivity for number 
of trips, because individuals would more probably choose a destination q satisfactorily endowed with 
public transport service, while destination characteristics will not affect the residential location choice. This 
will be included in .   

Index  is used to represent the alternatives in the choice set of number of trips ( = 1,2,…, I),  
neighbourhood of residence , n to represent the individual, and the index  to represent 
the zones of origin and/or destination.  In an extended fashion, Trip-frequency of individual n between the 
qth pair OD, is expressed as:   

 Eq. 3-24  

In general terms, adding c-elements and k-elements to the equation:  

 Eq. 3-25  

Where,  

q is the pair Origin and Destination (O/D) 

n represents the individual 

 is a vector of SE characteristics with C elements (such as age, gender, worker, etc.) 

 is a vector of coefficients associated with the SE characteristics  

 is a vector of BE characteristics with K elements (such as facilities, public transport service, land-use 

percent, etc.) 

 is a vector of coefficients associated to the BE characteristics distributed across individuals n 

 represents the idiosyncratic error component logistic distributed across individuals n. 
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The BE attributes can be computed at different spatial levels. In this case, they are computed at 3 spatial 
levels: municipality, district and residence area. Hence the trip frequency model could also be rewritten as: 

 Eq. 3-26 

Where  is used to indicate that the BE attributes can be measured at 3 different levels (  =1,2,3) and 
different models can be estimated changing the levels at which the BE are measured.  

By Analogy the model for the residential location can be specified as:  

 Eq. 3-27 

Where all the terms have the same meaning as before and: 

 is a vector of coefficients associated to the BE characteristics distributed across individuals n.  

 is an idiosyncratic error term assumed to be identically and independently standard logistic distributed 
across individuals.  

Note that there can be attributes of the vector Z included only in Eq. 3-26 and some attributed included 
only in Eq. 3-27. But, for simplicity the vector of BE characteristics in equations 3-26 and 3-27 has been 
assumed to be the same. On the other hand, parameters associated to the BE attributes has been 
assumed to be different between the trip frequency model and the residential location model. However, in 
order to account for the simultaneous effect of BE attributes in both choices, the vector of parameters of 
the individual preferences for BE can be written as follows: 

  
    

 Eq. 3-28 

 Eq. 3-29
  

Where: 

 and  are the average preference for the k-th BE attributes, average over the population.  

 measures the preference for the k-th BE attribute, common between trip frequency and residential 
location choice. Also included is a set of common random parameters for both urban retails and facilities, 
ratio industrial, residential and commercial.  

 and  measure the preference for the k-th BE attribute, specific only for trip frequency and only for 
the residential location choice respectively.  

Substituting eq. 3-28 in eq. 3-26 and eq. 3-29 in eq. 3-27, the equation system for the joint residential and 
number of trips model can be written as follows:  
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Eq. 3-30 
 

 

 Eq. 3-31 
 
The above equations can be generalised assuming that only a subset of BE attributes share the common 
preferences between the 2 choices, and another subset of BE attributes have specific preferences for 
each of the 2 choices. The equations above can then be rewritten as: 

 

Eq. 3-32 

 

Eq. 3-33 

Finally, in this research three types of BE attributes were used, so the vector Zq of BE characteristics can 
be represented with three components  , where:  

-  a vector of the BE characteristics associated to land use (such as ratio industrial, residential 

and commercial).  
-  a vector of BE characteristics associated to the commercial urban retails and facilities (such 

as schools, parking, eat-out places, service and medical oriented places) .  
-  vector of the BE characteristics associated to public transport  
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3.5 HYBRID CHOICE MODEL: INTEGRATED DISCRETE CHOICE AND LATENT VARIABLE 

MODELS  

Following the methodology generalized in Walker (2001) for incorporating latent variables in discrete 
choice, the next figure shows the general framework of the integrated choice and latent variable model. 
The latent variable model includes socioeconomic and neighbourhood attributes. However, the discrete 
choice model is used to estimate the probability of each alternative given by travel attributes, some 
socioeconomic attributes and neighbourhood attributes.  

Figure 2 shows the framework of the integrated latent variable and choice model that was used in the 
formulation. Terms in ellipse represent unobservable (latent) constructs, while those in rectangles 
represent observable variables. The right portion of Figure 1 is the latent variable model. The latent 

variable is denoted by  for individual n.  is unobservable but the observable variable, indicator (I) is 
the materialization of the latent variable. The dashed arrow from the latent variable to the indicator is the 
measurement model. The indicator is only used to test the estimation of the latent variable, it is not used in 
the model estimation itself.  Thus, the indicator is used to identify the latent variable, and it is introduced, 
as unobserved construct in the discrete choice model by the structural equation, represented by the solid 
arrow from X* to choice model.  

Figure 3-2 General Framework of Integrated Choice and Latent Variable Model 

 

 

Explanatory variables are used to estimate the discrete choice. The solid arrow that links explanatory 
variables to the observed discrete decision represents the structural equation that control the decision 

CHOICE

Explanatory 
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Utilities U
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e
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making process. The error term is introduced in the choice process by a dashed arrow. This means that 
the disturbance term is part of the random utility of the choice model. 

3.5.1  EQUATIONS  

For the latent variable model, we need the distribution of the indicators conditional on the values of the 
latent variable, . And the indicator number of trips of the individual n is given by 

  Indicators of the latent variable ,  is an unknown parameter to be 

estimated, and is the error term 

     Eq. 3-34 

For the latent variable model, we need the distribution of the latent variables given the observed 
variables, .  . Propensity to travel is given by the formula:  

                                   Eq. 3-35  

Where  is propensity to travel, the latent variable.  are the unknown parameters to be estimated.   is 

the random disturbance term, normally distributed, with variance .  and   are explanatory 
variables. 

 The utility for choosing alternative i is a function of the explanatory variables , the attributes of 

the alternative  and the latent variable .  . The choice i by the 
individual n is expressed as the following structural equation:  

                             Eq. 3-36 

              

Where   is the utility for individual n for the alternative i. Utility is decomposed into systematic and 

random disturbance, and the systematic utility is a function of both observable and latent variables.  is a 

set of unknown parameters (to be estimated),  is the random disturbance term with variance  

The measurement equation of the probability of the individual n choosing the alternative i can be written 
as:  

    Eq. 3-37 

where  is the choice set of the individual n, in our case all alternatives are available.  

Since the model is composed by the choice (i) and the latent variable we have to estimate the joint 

probability of observing choice i and latent variable  . The latent variable is a function of the distribution 

of its error term. Then, the latent variable is fitted over the integral of the distribution of . Since the 
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indicator is the manifestation of the latent variable, and when the indicators are added the following 
expression is obtained:  

         Eq. 3-38 

                                                                                                                        

3.5.2 LIKELIHOOD FUNCTION  

The maximum likelihood must be obtained from maximizing the logarithm of the likelihood function (L) over 
the unknown parameters  

             Eq. 3-39 

 

The binary variable  characterize the individual decisions, taking values according to:         

                               Eq .3-40    

Structural and measurement equations are assumed to be normally and independently distributed. The 

indicators depend on latent variable and observed variables  . Then, the densities are given by the 
standard normal density function , and the standard deviation of the errors term in latent variable ( . 
The density function for the latent variable is given by:  
 

                                       Eq. 3-41 

                                           

Since there is one indicator, the function of that indicator is conditional on the latent variable, explanatory 
variables, and standard deviation of the error terms.   

 Eq. 3-42 

                                                                                               

3.5.3 ESTIMATION METHODS 

Two approaches are now available on the estimation of hybrid choice models: Two-stage estimation – or 
sequential approach – and simultaneous estimation. Simultaneous approach allows estimating both latent 
variable and discrete choice model together. While the two-stage approach consists of estimation 



 

~ 49 ~ 

Chapter 3: Analytical Framework 

separately of the latent variable; and after use these parameters in the discrete choice model. See 
McFadden (1986), Train et al. (1987), and Morikawa et al. (1990) for more details on the sequential 
approach.  The models were estimated using both methods with the objective to compare the results 
obtained. 

3.5.3.1 Sequential estimation  

There are three approaches from the sequential estimation: two-stage sequential approach without 
integration and two-stage sequential approach with integration, and the use of indicators directly in the 
choice model. The first one leads to measurement errors and results in inconsistent estimates. The 
second results in consistent but inefficient estimates. There is no significant advantage to estimating the 
model sequentially because the model also involves an integral as the simultaneous estimation procedure.  
The third procedure consists on the use of indicators as explanatory variables, this process is biased 
because there can be multicollinearity issues. In this thesis the three processes are considered and the 
best one is then chosen.  

Figure 3-3 Sequential estimation. Two stage approach with integration 

 

 

In the sequential estimation without integration the latent variable and the discrete choice are estimated in 
two separate stages. The estimated parameters of the latent model are calculated separately. Then, these 
parameters are used to calculate the expected values of the latent variable, which was added as 
explanatory variable to the utility of the discrete choice. To obtained unbiased estimators (Bollen, 2005), 
an error component (  was added to the latent variable and the probability of the discrete alternative 

was integrated over the variation of the latent variable. 
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Figure 3-4 Sequential estimation with indicators directly in the choice model 

 

A mixed logit (ML) model (Train, 2003) would be used to estimate sequentially an hybrid model. 
Simulations were used to approximate the integrals over the latent variable ( ). Therefore,  the sum of 
the logarithm of the resulting latent-value-specific is maximized by simulating likelihood functions with 
respect to the parameters to be estimated. This is achieved by computing the integral at different 

calculations of the  and its error component ( ), drawn from a normal distribution, and by averaging 
over different values of the integrand across the different calculations. The Monte-Carlo simulation method 

was used to draw the calculations for , and 1000 draws .  

3.5.3.2 Simultaneous estimation  

The simultaneous estimation is used to jointly estimate the latent variable and choice model. The 
measurement equation for choice model could be a multinomial logit (MNL), nested logit or any other 

function.  The logit function was used and the utility  was calculated for each alternative i and individual 
n of the sample. Also computed was the conditional probability of choosing the alternative i, given the 
indicator (I), as explained below. Similar to the sequential estimation, the indicator depends on the 
unknown error of the latent variable, but its distribution is known. The difference is that in the simultaneous 
estimation an integral is computed over the density function of the indicator, and as a consequence over 
the latent variable; while the sequential estimation involves simulation techniques to compute the integral 
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Figure 3-5 Simultaneous estimation: integrated Choice and Latent Model with indicators 

 

 

It is important to note that every simultaneous estimation method is computationally intensive and requires 
a highly complex simulated likelihood function and estimation time. However, a simultaneous estimation 
avoids any measurement error that may exist in the two stage approach, and results in consistent and 
efficient estimators (Ben-Akiva et al, 2002), but it has been used less often due to its higher complexity 
(Raveau et al., 2010).  

3.6 MEASURES OF FIT AND INFORMATION INDICES  

This section includes the explanation of most relevant fit measures for the discrete choice models 
implemented in the present dissertation, such as: likelihood ratio, rho-squared, adjusted rho-squared, 
McFadeen Pseudo-squared and deviance as measures of fit, and the Akaike information criterion (AIC) 
and Bayesian Information Criterion (BIC) as Information Criterion.  

• Likelihood ratio test  

Statistic used to test the null hypothesis that all the parameters are zero, and is defined as 

      Eq. 3-43  

It is asymptotically distributed as chi- squared with K degrees of freedom. However, it is not a very 
useful test because almost always this null hypothesis can be rejected at a low level of significance. It is 
more informative to test the null hypothesis that all the coefficients, except for the alternative-specific 
constants, are zero. In this case the t-statistic is 

     Eq. 3-44 
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With K-J-+1 degrees of freedom, where J is the number of alternatives in the universal choice set and 

 is the log likelihood of a model with only constants.  is obtained by either estimating a model 
with J-1 alternative-specific constant or (assuming that all observations have J alternatives) from 

  Eq. 3-45 

Where  is the number of observations selecting alternative and N is the total sample size.  

The most useful applications of the likelihood ratio test are for more specific hypotheses. The likelihood 
ratio is used to test the improvement in the fit model by adding another parameter. The test statistic is  

 Eq. 3-46 

 

Where denotes the estimated coefficients of the restricted model -the model that is true under the null 

hypothesis- and denotes the coefficient estimates of the unrestricted model. This statistic is also 

distributed with – degrees of freedom. Where and  are the number of estimated 
parameters in the unrestricted and restricted model respectively. The null hypothesis would be that two or 
more coefficients are jointly equal to zero or that two or more parameters are equal to each other.  

• Rho-squared 

Denoted by , it is an informal goodness of-fit index that measures the fraction of an initial log likelihood 
value explained by the model. It is defined as 

 Eq. 3-47 

For a binary choice model with an alternative specific constant,  must lie between 0 and 1. Values of  

depend on the type of model being estimated. There are no general guidelines for when a  is high. The 

specification with higher is better.  

• Adjusted  

For the same estimation data set, the  of a model increases or at least stays the same whenever new 
variables are added to the model, a limitation shared with regression statistic R2. For this reason the 

adjusted ratio rho bar squared is used. Denoted  is corrected by the number of parameters estimated. 
This measure is defined as  

 Eq. 3-48 
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Where   is the final log likelihood the value of the log likelihood function at its maximum. K denotes 

the number of unknown parameters in the model. This is quite similar to the one proposed by Horowitz 

(1982, 1983a). In Horowitz’s measure  is corrected only by subtracting K/2. The corrected factor will 

favour more parsimonious model specifications.  

• Akaike information criterion (AIC)  

The Akaike information criterion (AIC) (AKAIKE, 1973) is an approach where one should trades off the 
complexity of the model with its goodness of fit to the sample data. The model with the lowest AIC should 
be preferred.  

 Eq. 3-49 

where log L is the maximum log-likelihood and k is the number of parameters. 

• Bayesian Information Criterion (BIC) 

The Bayesian Information Criterion (BIC), also called Schwarz Criterion (SBC, SBIC), is a criterion for 
model selection among a class of parametric models with different numbers of parameters. Choosing a 
model to optimize BIC is a form of regularization. BIC= -2 log L + 2 log k. where log L is the maximum log-
likelihood and k is the number of parameters. 

Given any two estimated models, the model with the lower value of BIC is the one to be preferred. The 
BIC is an increasing function of RSS and an increasing function of k. That is, unexplained variations in the 
dependent variable and the number of explanatory variables increase the value of BIC. Hence, lower BIC 
implies either fewer explanatory variables, better fit, or both. The BIC penalizes free parameters more 
strongly than does the Akaike information criterion. 

3.6.1 USE OF MEASURES  

Test of Generic Attributes  

This is used for distinguishing alternative-specific and generic attributes. The likelihood ratio test statistic 
for the null hypothesis of generic attributes is:  

 Eq. 3-50 

 

Where G and AS denote the generic and alternative specific models, respectively. It is distributted with 
the number of degrees of freedom equal to the number of restrictions:  
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–   Eq. 3-51 

Asymptotic t-test  

The asymptotic t test is used to test whether a particular parameter in the model differs from known 
constant, or zero. It is used in the same way as t test in linear regression, except that in nonlinear models 
is valid only in large samples. The critical values for the test statistic are percentiles standardized normal 
distributions, which for two-tailed tests are 1.65 for the 0.10 level of significance (90% of confidence level) 
and 1.96 for 0.05 significance level (95% level of confidence):  

 Eq. 3-52 

Or 

 Eq. 3-53 

 

In summary, this chapter has shown the most relevant ideas from utility theory and discrete choice 
models. Chapter 4 describes the case study and explanatory variables for empirical implementation of this 
analytical framework. According to this, Chapter 5 and 6 present estimation and results from the 
econometric models of this thesis.  
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CHAPTER: 4 DESCRIPTION OF CASE STUDY  

The metropolitan area of Madrid is divided into four regions: CBD (Central Business District), Madrid City, 
Metropolitan Ring and Regional (see Figure 4-1). These four regions are partitioned into eight areas 
around the radial highways that go from the city centre to the periphery. Madrid City has 3.1 million 
inhabitants (INE-National Institute of Statistics 2010), while the Metropolitan Ring has a population of 2.3 
million. The demographic density varies considerably.  Its inner core (i.e. Madrid City) has 51 inhabitants 
per hectare whereas in its metropolitan ring the density is only 10.3. However, the Metropolitan Ring is 
growing and gaining population from Madrid municipality.  

Figure 4-1 Location Map of Madrid 

 

Population growth is one of the most important factors that encourage improvements in public transport 
network. In this context, Similar to this, we can find several cases of population growth and as a 
consequence an enlargement of public transport network to satisfy the new travel demand, such as transit 
oriented developments (Cervero, 1995). Such developments would be Curitiba in Brazil, Tram of 
Melbourne in Australia, Dual-track Tram in Zurich, the rail core in Munich, Tran-Santiago in Chile, etc., 
indicating a global and clear concern of transport planners for changing travel behaviour through urban 
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configuration. Therefore, it is crucial to investigate this field. The case of Madrid is only one example of 
urban sprawl around the world. 

4.1 THE ‘SPRAWLING’ PROCESS OF MADRID  
In the last 15 years, an important urban sprawl process has been taking place in Madrid. The city is 
moving from a concentric (mono-centre) city to a polycentric one, where work places and activities in 
general are always more dispersed. At the same time Madrid Community has been experiencing an 
exponential increase in population that leads to new urban developments, and substantial changes in 
mobility patterns. Urbanization is increasing while population density is decreasing over the years. This 
process is characterized by an increase of low density areas, more dispersed job areas and out edged 
commercial areas. As a result, journey distances and travel time are longer, and people are more 
automobile dependent. Consequently, the motorization rate in outskirt areas has substantially increased, 
reaching 0.31 automobiles per habitant in Madrid City, 0.37 automobiles per habitant in the Metropolitan 
Ring, and 0.40 in Madrid Region. Figure 4-2 shows the comparison between motorization rate during the 
year 1996 and 2004 according to results from Household Travel Survey of Madrid (EDM) conducted in 
1996 and 2004 (CRTM, 1998; CRTM, 2006).  

Figure 4-2  Automobiles per inhabitant in Madrid. Comparison between EDM results for 1996 and 2004 

 

Monzón and de la Hoz (2009) provide a descriptive analysis of the urban sprawl process of Madrid. They 
describe several changes that have occurred in Madrid urban structure. New urban developments and 
work-centres are taking place in the outskirt areas. Thus, people are travelling longer distances, basically 
on work related trips and as a consequence use more fuel and take longer travel time. The paper also 
show a comparative analysis for average travel time per habitant and speed by transport zones (rings) and 
the authors conclude that urban planning scheme in Madrid is supported by an effective public transport 
system. However, urban sprawl and new isolated attractor centres affect the system equilibrium. As a 
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consequence, integral solutions must be implemented in order to reach a sustainable development for 
future decades.    

García-Palomares (2009) carried out a spatial-aggregated analysis with the same objective. More 
specifically, the study by García Palomares (2009) analyses the relationship between journey to work and 
urban sprawl in the metropolitan area of Madrid. Three elements were considered: metropolitan 
expansion, low-density and work and leisure facilities in suburban areas. They focused on suburban 
municipalities, excluding Madrid; therefore the spatial approach is municipalities. Both dependent (place of 
work, travel time and transport mode) and independent variables (distance to central business district and 
population growth, SE variables, jobs/workers, % of workers by age group, % of workers by study level 
and so on) were grouped by municipalities.  A multivariate regression was done for both travel time and % 
of trips by mode.  

Results reported by García-Palomares (2009) indicate a substantial change in metropolitan mobility 
towards unsustainable patterns characterised by long trip-distances and high number of car-trips. The 
urban sprawl phenomenon has a close relationship with these unsustainable mobility patterns.  

Figure 4-3 shows that during the last 20 years people who lived in the Madrid municipality decreased from 
65% of the region population in 1995 to 52% in 2006, confirming the lost of demographic weight of Madrid 
CBD in favour of the periphery. Madrid City and Metropolitan Ring are now characterized by low density 
areas, the dwelling type is single family or buildings with no more than three floors, these characteristics 
produce a scattered and fragmented urban lay-out.  

Figure 4-3 Population Growth from 1985 to 2006 in Madrid Region  
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During the past 50 years Madrid changed from one-nuclear city to a poly-nuclear metropolis (Monzón and 
de la Hoz, 2009), as a consequence of an intense developing process accompanied by the dispersion in 
the land use: a phenomenon called urban sprawl.  

Figure 4-4. Urban land, Population and Urban Density 1992-2004 

 

Figure 4-4 shows the rapid increase in urban land in Madrid during the years 1992-2004, in contrast with 
the slower increase in the population. The separation between work places and residences contributes to 
the land fragmentation and to increase the mobility (Valdés, Monzón and Xue, 2008). Data from INE -
National Institute of Statistics3- show that in 2004 52.2% of employment was located in Madrid while in 
1998 this percent was 65%. At the same time, because of the lower public transport supply outside the 
CBD, the motorization rate increased in suburban areas as well as car dependency. Data from INE 
confirm that around 40% of the individuals living in urban areas do not have a car; while this percentage 
decreases to 19% in urban and suburban places. 

The EDM conducted in 1996 and 2004 (CRTM, 1998; CRTM, 2006) show that trips with origin and 
destination inside Madrid CBD have decreased from 57% in 1996 to 48% in 2004. The trips between 
Madrid CBD - Metropolitan ring and Metropolitan Ring-Periphery have slightly increased, but less than the 
radial trips. Therefore, it undergoes a backward movement. The trips between Madrid City and the 
Metropolitan Ring were 2.9 millions in 2004 while in 1996 were 37% more. The trips between Metropolitan 
Ring and Madrid Region were 216,885 in 2004 while in 1996 were 128% higher. By contrast, trips with 
origin and destination outside Madrid have increased considerably from 17% in 1996 to 23% in 2004.  

Figure 4-5 shows both public and private trips, in red and blue lines respectively. The figure clearly shows 
that high density areas exhibit more transit trips, i.e. 71.4% in Madrid CDB, due to a very competitive 
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public transport service. While peripheral residents carry out more private trips, then, the high car 
dependency is clear in the outskirt areas (light green coloured), i.e. 91.2% in the east region. Similarly, 
transversal trips among municipalities are also importantly done by car, while radial trips to Madrid CBD 
are done by public transport. This indicates that transport network is well-connected to Madrid, but this is 
not true for the other municipalities among them.  

Figure 4-5. Trips by Public and Private Transport between Ring Areas of Madrid – EDM04 

 

It seems that people are undertaking their activities near the municipality and avoiding longer trips to the 
CBD. People living in suburban and outer-edge areas usually work in other municipality nearby and they 
also usually travel for shopping to outskirts shopping malls. In fact, the actual life-style consists of living in 
peripherical regions, and working and participating in activities (leisure, shopping, sports, etc.) in other 
municipalities near the municipality of residency, i.e. the prevalent destination of these trips is the 
periphery rather than Madrid CBD.   
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Monzón et al. (2008a) analyzed the capability of urban transport systems to reduce car dependence in 
Madrid. They analyzed cost and time for car, walking and TP trips by origin and destination matrices. The 
methodology determines how many trips were susceptible of being transferred from car to more 
sustainable modes. The study followed a transfer process to the mode with the lowest external costs: 
walking, cycling and, finally, public transport. The authors concluded that it is possible to gauge 
sustainable transport policies targeted at reducing those car trips identified in the process.  

Table 4-1 TP use and travel time differences between TP and car shows the relationship between public 
transport patronage (TP) and its relative speed compared with the car.  In the ratios where bus trip time is 
only 40% higher than by car, the use of public transport accounts for 60-70 percent of motorized travel.  
By contrast, trip time by public transport is twice as much the trip time by car, then the use of TP use drops 
up to 20%.  

Table 4-1 TP use and travel time differences between TP and car 

 
Zone 

  Average 
trip time                
(minutes) 

  TP trip time/ 
car trip time 

Motorized 
trips by TP                           

% 
Origin Destination  TP car  

CBD CBD  31 22  1.41 74% 
CBD City periphery  41 28  1.46 71% 
CBD Metropolitan Ring  60 40  1.50 60% 
CBD Regional Ring  83 57  1.46 58% 
City periphery City periphery  39 21  1.86 49% 
City periphery Metropolitan Ring  60 34  1.76 41% 
City periphery Regional Ring  85 49  1.73 47% 
Metropolitan Ring Metropolitan Ring  37 19  1.95 27% 
Metropolitan Ring Regional Ring  54 30  1.80 24% 
Regional Ring Regional Ring  29 13   2.23 15% 

Source: Data from 2004 Madrid Mobility Survey (CRTM, 2006) and Monzón et. al 2008 

  

Consequently, as stated by Monzón et. al (2008a), if there is a desire to increase public transport trips, 
action must be taken on the speed and regularity of TP services in order to be able to compete on a 
rigorous basis with cars. The study by Monzón et al. (2008a) identified the existing potential for transfer 
trips from car to sustainable modes. This potential accounts for some 18% of the travel movements 
currently made to or from the Madrid CBD and divided into 10% on foot, 15% by bicycle and 75% on 
public transport, fulfilling all the conditions and without varying trip times. The study shows that 
automobile-oriented urban form should be reconfigured to become friendlier to transit, walking, and 
cycling. 
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Madrid City -as in many other cities in Europe- has begun to implement pull and push measures to 
improve public transport, such as the introduction of dedicated bus lanes for bus and taxi use and the 
construction of a network of transport interchanges for shared use by different TP modes. At the same 
time, the authorities are applying restrictive measures for private car use, especially in the CBD, through a 
pricing scheme for parking and incrementing pedestrian historical zones. 

The polycentric city model exhibited in Madrid is analogous to many European cities. Thus, Madrid is a 
suitable illustration of the phenomenon that occurs when the city grows, and different types of 
neighbourhood are developed. Some recent public transport measures carried out in Madrid include: 
extension of the metro network from Chamartín – T4 Barajas, extension of Metro Lines 2 and 9, and Bus-
Lane to Cuatro Vientos. It is, therefore, crucial to analyze the impact of new public transport services over 
urban mobility and over existing public transport supply. All these measures will affect mobility by 
attracting captive mobility, urban growth, and they will also affect residential selection because of the 
presence of transit in the neighbourhood district. Furthermore, these measures could also increase the 
price of property in the service zone. The relationship studied in this thesis is totally dynamic, interacts with 
other elements, such as urban structure, psychological factors, demographic growth, transport measures, 
and new urban developments. And, recent data analyzed here leads to timely problem specifications and 
results, according to the current situation. 

4.2 STUDY AREAS 
The study areas correspond to 3 neighbourhoods of Madrid, detailed as follows:  

• CBD: Zone of Transport 079-07-136, located in Central Business District of Madrid, the 
municipality of Chamberí.  

• Urban:  Zone of Transport 115-09, located in the municipality of Pozuelo de Alarcón, in the west 
of the first metropolitan ring of Madrid. 

• Suburban:  zone of transport 009-003, located in the municipality of Algete, in the East part of 
Madrid.  

Looking for a contrast between the first two zones and the third, the requirements in its selection are 
detailed as follows:  

1. Should be located in the Metropolitan Ring of Madrid 
2. Should have lower income level than the other 2 zones 
3. Should present low level of transit accessibility, lower than the two zones studied in 2006. 
4. Should not be endowed with interurban rail  
5. Should present median size population 
6. Medium density of population must be observed 
7. And, age distribution similar to the other two zones.  
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Those neighbourhoods are characterized by differences regarding transport service, urban structure and 
land-use. Two of the neighbourhoods selected are located in the municipalities outside Madrid CBD and 1 
in the district of Madrid (CBD). The reason for selecting 3 different neighbourhoods was to collect different 
travel patterns from residents. Figure 4-6  shows the geographical location of sampled neighbourhoods.  

Figure 4-6 Location Map of Study Areas 
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4.2.1 CBD 

This study area is located in the neighbourhood of Chamberí, which corresponds to one of the 22 
neighbourhoods of the Central Business District of Madrid. It is a traditional neighbourhood where several 
historical buildings are located and where people live mainly in apartments. The area is characterised by 
good transit (bus and metro) and rail services and by a gross income4 level that ranks the 4th of the 22 
neighbourhoods of Madrid City. In 2004 the income of Chamberí was also 40% higher than the mean of 
the Region of Madrid. 

Figure 4-7 Location Map Central Business District (CBD) – Chamberí 

                                                           
4 Gross income is defined as the total income from a person or company, before tax, superannuation or payroll 
deductions 
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4.2.2 URBAN 

This selected neighbourhood is part of the municipality of Pozuelo de Alarcón, that is located 15 km west 
to the Madrid CBD but it is inside Madrid City. This is a car-oriented municipality, where public transport 
service is limited. Urban residents tend to live in single family houses or detached houses. Pozuelo's 
average income level ranks the highest amongst the municipalities of the Region of Madrid. It was 66% 
higher than the mean of the Region of Madrid in 2004. 

Figure 4-8 Location Map Urban Area (Pozuelo de Alarcón) 
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4.2.3 SUBURBAN 

The selected area is a district of the municipality of Algete, that is located 30 km north-east to the Madrid 
CBD, in the Metropolitan Ring. This municipality has lower available gross income and fewer transit 
services than the other two selected areas. Algete’s average income level ranks the 15th amongst the 179 
municipalities of the Region of Madrid. It was 17% higher than the mean of the Region of Madrid in 2004. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-9   Location of Suburban Area (Algete) 
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As mentioned before, the three neighbourhoods have quite different characteristics. Their main differences 
stand in the type of housing, in income level, in family structure, in accessibility by public transport and, as 
a consequence, also in the motorization rate.  

Figure 4-10 Population density evolution 

 

Source: National Institute of Statistics – INE, 2010 

Figure 4-10 shows the clear difference among three zones of the study. Chamberí is located in Madrid; 
therefore the population density is much higher than in the other two municipalities. Similarly, Pozuelo’s 
population density is higher than Algete’s. Table 4-2 reports some general indicators of land-use and 
public transport characteristics for the three study areas. The table first includes the demographic 
measures: population, density, and available gross income. Then the urban indicators, and finally the 
indicators of public transport service: the number of commuter rail stations, metro stations, intermodal 
stations and so on. We can observe that the three neighbourhoods selected in this thesis have quite 
different characteristics. Their main differences stand in the dwelling type, in the income level, in the family 
structure, in the accessibility by public transport and, as a consequence, also in the motorization rate. 
Regarding public transport service, the CBD area (Chamberí) is endowed by a public transport network 
superior than the Urban (Pozuelo) and Suburban (Algete) area. 

 

 

 

3,000

4,000

5,000

6,000

7,000

8,000

9,000

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Po
pu

la
tio

n 

Year

Population Density Evolution 

Algete
Pozuelo de Alarcón
Madrid



 

~ 69 ~ 

Chapter 4: Description of Case Study 

Table4-2 Characteristics of the areas 

Site characteristics CBD Urban Suburban 

Demographic Indicators    
Population  145,934 81,365 19,345 

Density (Inhabitant/km²) 31,115 1,883 510 

Available Gross Income (2007) 22, 068 € 28,203 € 19,664€ 

Car/ inhabitants (2008) 0.465 0.560 0.564 

Urban Style Indicators    

Distance from CBD  0 15 Km 30 Km 

Area (km²) 4.69 43.20 37.88 

Urban Land  81 % 55.28 % 15.34 % 

Land use Factors    

- Retails/km² 68.66 0.63 1.90 

- Restaurants/Km² 112.15 2.31 0.55 

- Leisure places/km² 25.16 0.42 0.48 

Public Transport Service     

Commuter Rail stations  1 2 - 

Metro stations (#) 18 (12 lines) 17 (light rail) - 

Intermodal stations 2 - - 

Bus lines 22 19 9 

Interurban   - 19 8 

Connecting with CBD  17 7 

Connecting with other Municipalities  2 1 

Urban 22 - 1 

Night service 4 3 - 

Bus Stops 153 288 68 
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Figure 4-11 Motorization Rate of Chamberí, Pozuelo and Algete 1999-2009 

 

Source: Anuario La Caixa, 2011.  

Figure 4-11 shows the evolution of motorization rate for the 2 municipalities and 1 district for this study 
from 1996 to 2009. Analyzing these figures, we clearly observe differences among the three areas. In the 
case of both Algete and Pozuelo, motorization rate had increased over the last ten years, especially in 
Algete during 2003-2006. While motorization rate has always been lower in Madrid than in Pozuelo and 
Algete, there was a big decline in 2003.   

4.2.4 SURVEY PROCESS 

The survey was conducted in 2006 and then repeated (although not with the same individuals) one year 
later, in 2007. One of the reasons for repeating the survey was the need to enlarge the sample and to add 
a new type of neighbourhood. In 2006 in fact the survey included two Madrid neighbourhoods: CBD and 
urban; in 2007 the suburban area was added.  

Data come from a survey conducted with the aim to analyse the influence of the type of questionnaire 
(activity-based against travel-based, see Annex 1) on mobility patterns (Monzón and Madrigal,  2007; 
Monzón et. al , 2008b).  The two diaries used were arranged in two parts.  The first part, common to both 
diaries, consisted of a socio-economic questionnaire aimed at gathering data related to both the 
household and all its members. One member of the households participating was asked to provide 
information about the household, and about each of its members. The information collected was: age, sex, 
driving licence, cars per household, employment status and educational level. 
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The second part of the survey consisted of a questionnaire to collect mobility data. Each household was 
responsible for providing information on the travel movements, for those above four years old, during the 
day of reference. Two types of diary were used:   

• Trip-based (TB) questionnaire: this diary was not subjected to any innovative design. It was the 
same model used in travel survey in the Madrid Region, conducted in 2004. This diary went with 
an instructions sheet showing how to fill it in and with an introductory letter about the survey and 
explaining its aims. 

• Activity-based (AB) questionnaire, the diary layout came in a three-block design: 

o Which activities did I do? Endeavouring to reconstruct all the activities carried out 
outside the home by the respondent throughout the day. 

o Where did I go? Seeking to reconstruct the places where the activities were carried out 
and the time each activity started and finished. 

o How did I get there? Taking up the thread of the trip questionnaire: stages, modes, 
parking, etc. 

The interview was based on the following methodology:  

1. People were first contacted by phone and asked to participate in the study. 
2. After the first contact, they received a letter explaining the survey and the questionnaire.  
3. Respondents completed the questionnaire at home.  
4. Finally, once the questionnaire was completed, it was collected from the households. 

The sample included 345 households, for a total of 943 individuals. In particular 171 households (463 
Individuals) in the activity based questionnaire and 174 households (480 Individuals) in the travel based 
questionnaire were interviewed. Information on the dwelling was also gathered specifically for each family.  

Table4-3 Sample size  

Zone 
Activity based (AB) Travel based (TB) 

Total 
Households Respondents Households Respondents 

CBD (2006/2007) 58 145 59 143 288 

Urban (2006/2007) 64 179 61 193 372 

Suburban (2007) 52 139 51 144 283 
Total 174 463 171 480 943 

Although originally gathered for a different purpose, to test the effect of the type of survey, the survey 
appeared very suitable for the purpose of this thesis, as the sample is evenly distributed among zones 
with different urban structure, different land use characteristics and activity opportunities, and different 
level of accessibility to public transport and private vehicles.  
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4.3 DESCRIPTIVE ANALYSIS  
This section includes a detailed analysis of all the variables used or at least tested in the model 
specifications. Most of the variables come directly from the survey, other are instead specifically built for 
the purposes of the present thesis.  

4.3.1 ENDOGENOUS VARIABLES 

An objective of this thesis is to understand the relationship between specific dimensions of travel 
behaviour and built environment. For this purpose, the number of trips (frequency) made by each 
individual is analyzed; and structure of the tours, tour purpose chosen, and number of stops are also 
tested.  

4.3.1.1 Number of Trips  

The number of trips were analysed as the total number of trips made during the survey day by each 
individual and as the number of trips by mode. Table 4-4 shows the descriptive statistics for trips rates 
grouped by residence area. Unexpectedly, the highest trip rate corresponds to the suburban area, while 
the lowest corresponds to the CBD. A possible explanation could be the age of respondent, because, as 
reported below in the descriptive analysis of socio economic characteristics, Chamberí has the largest 
elderly population among the 3 neighbourhoods. Additionally, trips shorter than 5 minutes, common in the 
CBD, were not registered in the questionnaire. Finally, it is important to mention that the statistics below 
are computed based on the whole sample (943 respondents), i.e. including also the no-travellers, i.e. 
people who declared no-trips during the study day. 

From Table 4-4 we can note that the total trips vary between 0 (minimum) and 10 (maximum), which 
means there is at least one individual with 10 trips. The range is a descriptive statistics that indicates the 
scattering of the sample. In this case, both CBD and Suburban residents have the maximum range. 
Kurtosis is larger than 2 for both CBD and Suburban neighbourhoods, which means that those 
observations do not follow a normal distribution. As can be seen in the table, there are 1959 trips, 567 
(28.94%) from CBD, 768 (39.20%) from urban and 624 for suburban (31.85%).  

The box and whisker plot for total trips is presented in Figure 4-12, the stars in the plot indicates the 
outliers. As can be seen the mean is equal to 2 trips, and the 25 and 75 percentile are also equal to 2, 
therefore, the box is barely visible. The number beside the stars is the number of the observation.  

 

 

 

 



 

~ 73 ~ 

Chapter 4: Description of Case Study 

Table 4-4 Descriptive Statistics for Total Trips 

Endogenous Variable Total Trips 

Residence Area CBD Urban Suburban Total 

Sample Size 288.00 372.00 283.00 943.00 
Mean 1.97 2.06 2.20 2.08 
Median 2.00 2.00 2.00 2.00 
Sum 567.00 768.00 624.00 1959.00 
Minimum 0.00 0.00 0.00 0.00 
Maximum 10.00 8.00 10.00 10.00 
Range 10.00 8.00 10.00 10.00 
Standard Deviation 1.51 1.46 1.59 1.52 
Variance 2.28 2.13 2.53 2.30 
Curtosis 2.64 0.91 2.53 2.03 
Skewness 0.93 0.52 1.02 0.82 
% of total 28.94 39.20 31.85 100.00 

Figure 4-12  Box and Whisker Plot for Total Trips 
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4.3.1.2 Public transport trips  

The box and whisker plot for total trips is presented in Figure 4 13, where, as mentioned before, the stars 
in the plot indicates the outliers. As can be seen the mean is equal to 2 trips, and the 25 and 75 percentile 
are also equal to 2, therefore, the box for urban and suburban area is barely visible. The number next to 
the stars is the number of the observation. The whisker up to 5 indicates the interquartile range. The 
interquartile range (IQR) is a statistical measure obtained from the difference between the quartile 3 (75%) 
and 1 (25%). It means that for urban and suburban populations the probability density function (PDF) will 
not be equal to Normal population, because several observations are equal to zero-trips in the sub-
sample.  This is consistent with modal split by residence area. Table 4-5 shows a sum of 526 trips, 242 
(46.01%) from CBD, 180(34.22%) from urban and 104 for suburban (19.77%).  

Table4-5 Descriptive Statistics for Public Transport Trips 

Endogenous Variable  Public Transport Trips 
Residence Area CBD Urban Suburban Total 

Sample Size 288.00 372.00 283.00 943.00 
Mean 0.84 0.48 0.37 0.56 
Median 0.00 0.00 0.00 0.00 
Sum 242.00 180.00 104.00 526.00 
Minimum 0.00 0.00 0.00 0.00 
Maximum 5.00 4.00 4.00 5.00 
Range 5.00 4.00 4.00 5.00 
Standard Deviation 1.10 0.93 0.88 0.99 
Variance 1.21 0.86 0.77 0.98 
Kurtosis 0.10 1.94 4.75 1.54 
Skewness 0.94 1.71 2.34 1.55 
% of total 46.01 34.22 19.77 100.00 
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Figure 4-13 Box and Whisker Plot or Public Transport trips  

 

4.3.1.3 Car trips  

Table 4-6 shows the descriptive statistics for car-trips grouped by residence area. The table shows that 
the highest car-trip rate corresponds to the suburban area, which is exactly the opposite situation we 
found in the public transport analysis by residence area.  

Similar to total trips, the global range is between 0 and 10, which means that there is at least one 
individual that carried out 10 trips, with Algete exhibiting the maximum range. Contrary to the analysis of 
the trips by transit, the kurtosis is larger than 2 for CBD neighbourhood, which again indicated that the 
CBD population does not have a probability density function (PDF) equal to Normal population, because 
several observations are equal to zero-trips in the sample.   

As can be seen in the Table 4-6 there are 1009 trips, 136 (13.48%) from CBD, 469 (46.48%) from urban 
and 404 (40.04%) from suburban areas. The box and whisker plot for total trips is presented in Figure 4-
14. The stars in the plot indicate the outliers, and there are more outliers in CBD than in the other 2 
neighbourhoods. As can be seen the mean of car-trips for CBD is close to zero, and the 25 and 75 
percentile are also close to zero, therefore, the box for the CBD area is hardly able to be seen. In the case 
of urban and suburban, the box indicates that 50% of individuals are between 0 and 2 car-trips. The 
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whisker until 5 indicates the difference between the interquartile ranges, and then urban and suburban 
population would construct a Normal PDF.   

Table 4-6 Descriptive Statistics for Car-Trips 

Endogenous Variable Car- Trips 

Residence Area CBD  Urban  Suburban  Total 

Sample Size 288.00 372.00 283.00 943.00 
Mean 0.47 1.26 1.43 1.07 
Median 0.00 1.00 2.00 0.00 
Sum 136.00 469.00 404.00 1009.00 
Minimum 0.00 0.00 0.00 0.00 
Maximum 5.00 8.00 10.00 10.00 
Range 5.00 8.00 10.00 10.00 
Standard Deviation 0.96 1.47 1.60 1.44 
Variance 0.93 2.17 2.55 2.06 
Kurtosis 3.57 1.83 3.11 3.10 
Skewness 2.00 1.17 1.33 1.48 
% of total 13.48 46.48 40.04 100.00 

Figure 4-14 Box and Whisker lot for Car-Trips 
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4.3.1.4 Tour complexity  

In our context tours are defined as a sequence of trip segments in the full day activity pattern. According to 
this definition stops at home during the day are considered as intermediate stops inside the daily tour and 
not as the end of the tour. A stop is considered as an intermediate (secondary) activity undertaken 
between the primary activity and home, or vice versa, between home and the primary activity. In general it 
is possible for tours with intermediate stops to have more than one purpose and mode for each segment. 
To define a tour it is then important to identify the segments that compose it and the activities performed.  

In particular, first a tour track was defined for each individual, and the number of stops during the tour 
accounted for. Then, a hierarchy of activities was created and used to identify the primary activity among 
all activities made during the day.  

In the survey individuals were given the following list of origin and destination places:  

1. Home  
2. Work  
3. Work related  
4. Study  
5. Shopping  
6. Leisure  
7. Sports  
8. Medical  
9. Personal business  
10. Other home/place to live  
11. Accompanying a person  
12. Other  

Based on the answers provided by each person, activities were later grouped as follows: 

1. Home  
2. Work and Work-related 
3. Studies: University or school  
4. Shopping 
5. Others: social, entertaining trips and sports, medical,  pick-up/drop-off to someone 

There is one primary activity, composed by two trip segments. And, one or more secondary activities, 
carried out at intermediate stops that are also composed by a set of trip segments. According to this 
hierarchy, the primary activity is used to classify the tour into five categories that compose the alternatives 
of the choice model, as follows: 

1. HOME: no trips during the day.  
2.  HWH is a simple tour (without any additional stops) between Home and Work/School and 

back home.  
3. HWHs is a Work/School tour with at least 1 additional stop to perform another activity.  
4. HOH is a Simple tour from home to any other activities other than work or school and back 

home. 
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5. HOHs is a tour with main purpose any other activities other than work or school and at least 

1 additional stop for another activity.  

Therefore, the model involves five alternatives mutually independent. Let’s suppose that an individual 
carries out the following sequence of trips: Home – accompanying – study – accompanying – Home – 
sport – Home. Following previously established hierarchy of purposes: the primary activity in the first tour 
is study, and the secondary activity (also called intermediate stop) is accompanying someone. Table 4-7 
illustrates some statistics for the frequency of each type of tour, classified according to the hierarchy and 
list of 5 tours explained before.  

Table 4-7 Descriptive Statistics for Type of Tour 
Endogenous Variable Tour Choice 

Residence Area CBD Urban Suburban Total 
 Count % Count %   Count % 

HOME 70 24.31% 82 22.04% 54 19.08% 206 21.85% 
HWH 129 44.79% 169 45.43% 139 49.12% 437 46.34% 
HWHs 41 14.24% 59 15.86% 46 16.25% 146 15.48% 
HOH 33 11.46% 30 8.06% 22 7.77% 85 9.01% 
HOHs 15 5.21% 32 8.60% 22 7.77% 69 7.32% 
Total general 288 100% 372 100% 283 100% 943 100% 

 

Table 4-8 reports the descriptive statistics for number of stops grouped by residence area. The number of 
stops is the sum of all the intermediate stops made in tours. As can be seen (line “Sum”), there are in total 
127 stops, of which 31 (24.41%) are from CBD, 52 (40.94%) are from urban, and 44 (34.65%) are from 
suburban area. Additionally, the highest mean corresponds to suburban area. It means that people living 
in outskirt areas are likely to be multistage tours. A possible reason for this is that in the same trip people 
carry out many activities before returning back home.  The sample size is the number of individuals 
interviewed in each neighbourhood.  

The mean represents the average number of intermediate stops done by individuals residing in a 
neighbourhood. The table shows that residents from Algete carried out more stops than residents from 
CBD. This is unexpected because CBD is endowed by more commercial retail outlets and facilities; a 
possible explanation for this is that the survey only considered trips longer than 5 minutes. The skewness 
is positive in all the 3 areas, which indicates that in all the 3 neighbourhoods tours are mainly 
characterised by few or zero stop, or that there are many individuals who did not travel during the survey 
day. 
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Table 4-8 Descriptive Statistics for Number of Stops 

 

 

Figure 4-15 Box and Whisker lot of Number of Stops 

 

  

Endogenous Variable Number of Stops  

Residence Area CBD Urban Suburban Total 

Sample Size 288 372 283 943 

Mean 0.11 0.14 0.16 0.13 

Median 0.00 0.00 0.00 0.00 

Sum 31.00 52.00 44.00 127.00 

Minimum 0.00 0.00 0.00 0.00 

Maximum 3.00 3.00 4.00 4.00 

Range 3.00 3.00 4.00 4.00 

Standard Deviation 0.44 0.44 0.56 0.48 

Variance 0.19 0.19 0.31 0.23 

Kurtosis 23.62 14.71 21.89 21.49 

Skewness 4.71 3.62 4.41 4.33 

% of total 24.41 40.94 34.65 100.00 
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4.3.2 EXPLANATORY VARIABLES 

4.3.2.1 Socio-economic Characteristics  

These include all the typical SE, such as age, gender, occupation, car ownership, driving licence, marital 
status and number of children. Almost the same percent of female and male (see Table 4-9) were 
gathered for all neighbourhoods. Age, marital status and occupation were also not very different among 
the 3 zones. 

Table 4-9 Percent of Respondents by Gender and Residence Area Type  

Gender CBD  Urban Suburban Total  

Male 48% 49% 54% 50% 
Female 52% 51% 46% 50% 

Total general 100% 100% 100% 100% 

 

As mentioned before the average age does not vary among neighbourhoods, however a more 
disaggregated analysis reveals that the distribution of the age is instead quite different. Table 4-10 and 
Figure 4-15 show in fact that the individuals between 22-29 years old and between 50-64 years old are 
mainly located in the Urban area and in the CBD than in the Suburban, while individuals aged 30-49 and 
14-21 mainly live in the Suburban area.  

Table 4-10 Respondents by Age Group and Residence Area Type 

Age CBD Urban  Suburban  Total  

4-13 years 5% 5% 8% 6% 

14-21 years 12% 11% 18% 13% 

22-29 years 11% 15% 8% 12% 

30-49 years 25% 23% 37% 27% 

50-64 years 30% 37% 19% 30% 

Greater than 65 years 17% 9% 10% 12% 

The result above might be related to the fact that families with children might prefer to live in the Suburban 
and Urban areas. In fact, there are some differences in the household size among the three zones. Table 
4-10 shows that households with 4 members are much more frequent in urban and suburban areas than in 
CBD. According to the Census data, the municipality of Algete presents an average of 3.29 members per 
household and Pozuelo de Alarcón 3.38; both are higher than the Madrid Community average, of 2.88 and 
higher that the average for Metropolitan-North (3.20). Thus, despite of the outliers observed in CDB, on 
average, larger household sizes are observed for urban and suburban area.   
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Figure 4-16 Household size by residence area  

Household size seems to be related to the selection of the neighbourhood. And of course the structure of 
the family and the status of the individuals are also related with the type of neighbourhood they live. 
Usually families with children prefer a bigger house and, as a consequence, lower density area. In fact, the 
Suburban area shows a higher percentage of married people (see Table 4-11) and similarly a higher 
percent of households with children and consequently of females married with children.  

Table 4-11 Respondents by Marital Status and Residence Area Type 
Marital Status CBD Urban Suburban Total 

Single 43% 38% 31% 38% 

Married 51% 57% 64% 58% 

Widow 4% 3% 1% 3% 

Divorced 2% 1% 3% 2% 

Total  100% 100% 100% 100% 

Table 4-12 Presence of children 
Presence of child CBD Urban Suburban 

Frequency    
No Child 231 273 177 
One or more 57 99 106 
Total 288 372 283 
Percentage    
No Child 80.2 73.4 177 
One or more 19.8 26.6 106 
Total 100 100 283 
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Table 4-13 Female Married with Children 

Zone   Frequency Percentage 

Chamberí 
  

No (0) 278 96.5 
Yes (1) 10 3.5 
Total 288 100.0 

Pozuelo 
  

No (0) 354 95.2 
Yes (1) 18 4.8 
Total 372 100.0 

Algete 
No (0) 258 91.2 
Yes (1) 25 8.8 
Total 283 100.0 

The Employment Status is an important socioeconomic characteristic in the model estimation, because it 
usually determines the type of activities performed during the day. In this research individuals are 
classified into: workers, students and retired. Retired people include unemployed, people who do not have 
a first job and people less than 6 years old. In summary, there are Workers (Workers and Students) and 
Non-Workers; the occupied group includes workers and students. Working people have less free-time for 
leisure activities and fewer non-working trips; however working people will undertake at least two trips per 
day. Many studies in the field of built environment and travel behaviour have focused only on one type of 
trip, i.e. working-trips. In this study all the categories will be considered.  

Table 4-14 shows that there are no important differences among the three zones regarding occupation of 
the respondents. The most important difference is in unemployed and retired group that is more 
represented in CBD than in the other 2 zones. This is reasonable because the CBD has the highest 
percentage of people 64 years old or more, which is associated with retired and unemployed people.  

Table 4-14 Employment Status 
  CBD Urban Suburban Total 

Worker 51% 51% 55% 52% 

Work/study 2% 2% 1% 2% 

Student 20% 21% 19% 20% 

Retired/ Unemployed 20% 16% 18% 18% 

Other Occupation 7% 10% 7% 8% 

 
The number automobiles available per each household are also an important variable for a model 
estimation focused on travel behaviour. This variable acts an ‘intermediate link’ between household 
location and travel behaviour, because individuals who choose to live or work in a low density area, will 
have more automobile per household and will make most of their trips by car (Badoe and Miller, 2000).  

Figure 4-17 shows the exploratory analysis for car ownership by neighbourhood. The figure shows that the 
number of cars per household is clearly higher in Pozuelo and Algete than in Chamberí. The percent of 
households with no-car in Pozuelo and Algete is equal 3% and 5% respectively. While in Chamberí 20% 
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of resident do not have a car. Similarly, people in Algete and Pozuelo almost always have more than one 
car, 75% and 60% respectively; contrary to Chamberí, this percentage is 32%.  

Figure 4-17 Number of automobile per household  

 

Table 4-15 Descriptive Statistics for Car Ownership 

Car Ownership CBD 
(Chamberí) 

Urban 
(Pozuelo) 

Suburban 
(Algete) 

Total general 

Mean  1.163 2.067 1.749 1.696 
Median  1.000 2.000 2.000 2.000 
Variance  0.611 0.920 0.706 0.902 
Standard Dev. 0.782 0.959 0.840 0.950 
Minimum 0.000 0.000 0.000 0.000 
Maximum 3.000 4.000 4.000 4.000 
Range 3.000 4.000 4.000 4.000 
Skewness 0.190 0.031 0.538 0.290 
Kurtosis -0.459 -0.128 0.121 -0.130 

 
In line with the car-ownership analysis, Table 4-16 shows that Algete presents the highest percentage of 
individuals holding a driver license, while CBD the lowest. Holding a driver license was recorded in the 
questionnaire as a categorical variable, i.e. in terms of types of driver license:  

1. No driver license 
2. Cycle-motor driver license 
3. Motorcycle driver license 
4. Automobile type B or superior (C,D or E) 
5. Car and Motorcycle driver license 
6. No response  
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Table 4-16 reports only the percentage of individuals holding a driver license. Hence, the option “NO” 
corresponds to the categories 1 to 3; and the option “Yes” to the categories 4 or 5 from the above list. 

Table 4-16 Holding driver license 

Neighbourhood  Yes No Total 

CBD (Chamberí) 64.24% 35.76% 100.00% 
Urban (Pozuelo) 74.73% 25.27% 100.00% 
Suburban (Algete) 74.20% 25.80% 100.00% 
Total general 71.37% 28.63% 100.00% 

 

Table 4-17 shows the t-test analysis on the statistical difference between the number of trips for one 
category and the reference category. The table presents the dimension of each category (N), the average 
trip-frequency (mean) and standard deviation in each category, and the t-statistic and the p-value against 
the reference category. The t-statistic, shows that there are significant differences between the number of 
trips in the 30-49 years old cohort and the reference group, because people between 30-49 years 
undertake more trips. Similarly, the group of 50-64 years old undertake on average more trips than 22-29 
years old group.  

The Worker group proves the highest person-trip rate (1.16), as expected, and it is significantly higher 
than the reference group mean; while the reference group presents the lowest trip rate (0.83). Similarly, 
the student average trip-rate is higher than the reference group.  

Looking at the travel characteristics, Table 4-17 show the average trip rate for “leisure respondents”. This 
term means that individual undertake more than the 50 percent of her/his trips for leisure purposes. The 
mean of “Leisure Respondents” indicates a notable tendency to make more trips than “Non-Leisure 
Respondents”. Analogously, public transport users have a propensity for higher trip-frequency than non-
transit users. And, inner trips are significantly associated with higher trip-frequency.  

Table 4-17 T-test for Trip Frequency 

Variables 
N Mean Std. Dev. t-statistic p-value 

Age groups  
4-13 years 55 1.09 0.701 0.997 0.320 
14-21 years 120 1.05 0.532 0.883 0.378 
22-29 years  103 0.98 0.641   
30-49 years  245 1.20 0.780 2.675 0.008 
50-64 years 265 1.11 0.846 1.529 0.128 
Greater than 65 years 105 0.80 0.965 -1.593 0.113 
Occupation       
Worker 491 1.16 0.712 4.232 0.000 
Work and student 15 0.93 0.704 0.436 0.663 
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Variables 
N Mean Std. Dev. t-statistic p-value 

Student 189 1.04 0.591 2.575 0.011 
Retired/ Unemployed 166 0.83 0.934  
Other occupation 79 1.08 1.035 1.895 0.059 
Driver License       

Yes  
No 

270 0.92 0.720 -3.57 0.000 
673 1.12 0.790   

Travel related characteristics      

Leisure category       

Non- Leisure Respondents (<50% 
leisure purposes) 
 
Leisure Respondents ( 50% leisure 
purposes) 

928 1.06 0.775 -2.371 0.018 

15 1.53 0.640   

Public Transport use 
 

     
0= < 50%  transit- trips 
 1>= 50% transit- trips 

747 1.03 0.838 -3.282 0.001 
196 1.18 0.446  

Internal Trips      

0= < 50%  inner trips 
1>= 50% inner trips 

700 0.94 0.773 -8.845 0.000 
243 1.43 0.660   

 
4.3.2.2 Internal trips 

This measures whether the trip has origin and destination in the same district where the respondent lives 
(Internal trips). Several variable were tested: a dummy variable that is equal to 1 if the first trip is internal, 
zero otherwise; a dummy variable that is equal to 1 if the longest trip is internal, zero otherwise; a dummy 
variable that is equal to 1 if the trips for work/study is internal, zero otherwise; the fraction of internal trip 
during the survey day. 

Table 4-18 shows that 40% of the trips in CBD, 39% in the urban and 44% in suburban area, are “internal” 
(carried out inside the municipality or district). Internal trips can be explained (and at the same time are an 
indicator) of mixed land uses and the proximity to destinations, which leads for a preference for places 
near the zone and activities in nearby places (shopping, and work activities). As expected the CBD is 
characterized by mixed land-use and by a much higher numbers of opportunities for leisure activities. 
Hence, in principle, we should expect more internal trips in CBD than in the other two areas. However, the 
exploratory analysis shows a slightly different figure, as internal trips are higher in the suburban. This can 
be explained by the distance of the suburban area from other district with competitive opportunity.  
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Table 4-18 Modal Split for Internal trips 

Characteristics CBD Urban Suburban Total 

Public Transport 22% 7% 5% 10% 

Car  8% 54% 54% 41% 

Non-Motorized 69% 39% 41% 48% 

 

More interesting is to analyze modal split by trip purpose. The exploratory analysis shows that 54% (while 
only 8% in the CBD) of the internal trips in urban and suburban areas are made by car, which means that 
driving is a matter of proximity, i.e. local places reduce total driving. The result does not support Handy 
and Clifton (2001) who found that local shopping does not reduce total driving significantly.  

4.3.2.3 Transport Mode  

Figure 4-18 shows the modal split by residence area type. As we can see Public transport is more used in 
CBD (Chamberí), than the other two residence areas, while car-use is preferable in Urban and Suburban 
resident areas. 

Figure 4-18 Modal split by Residence Area
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4.3.2.4 Travel time 

This analysis is based on a database of 2,048 trips. Several measures of travel time were tested.  

 Average travel time during the study day  
 Total travel time during the study day 
 Travel Time for the longest trip 
 Travel Time for the longest working trip  
 2 categorical variables: Time Cat 1 and Time Cat 2.  

Total travel time is the total time spent travelling during the day of the interview. Categories Time Cat 1 
and Time Cat 2 are also based on total travel time. In order to test these, thresholds were fixed at 60 
minutes. The reason for fixing this threshold is that in our sample 45 % of the individuals had a total travel 
time around one hour. As a result, two dummy variables were tested:  

 Time Cat 1 = 1 if the travel time is equal to 1 hour, zero otherwise;  
 Time Cat 2 = 1 if the travel time is greater than 1hour, zero otherwise  

Table 4-19 shows the descriptive statistics for travel time. Average travel time for working trips (see row of 
“travel time longest working trip”) is higher as broader neighbourhood from CBD. Standard deviation of all 
those measures indicates the dispersion, and then travel time is more dispersed with suburban residents. 
This means that suburban residents make both short and long trips, while CBD residents make more short 
trips, average travel time is 22 minutes and standard deviation is equal to 18. Since Time Cat 1 and Time 
Cat 2 are categorical variables they are not included in this table.  

It is worth noting that the similarity between average travel times for CBD and urban area, may be due to 
the descriptive statistics not being segmented by modal choice. The exploratory analysis for modal choice 
(see Figure 4-19) shows that car-trips for urban neighbourhoods tend to be shorter than public transport 
trips, thus reducing the average travel time.  

Table 4-19 Descriptive Statistics for Travel time  

Neighbourhood  Variables N Minimum Maximum Mean Std. Dev. 

CBD 
(Chamberí, 079-07-

136) 

Travel Time Longest 
working Trip 

288 0.00 135 22.10 23.47 

Travel Time First Trip 288 0.00 100 23.38 19.79 
Travel Time Longest 
Trip 

288 0.00 135 27.62 22.80 

Average Travel Time  288 0.00 85 22.87 18.17 
Total Travel Time 288 0.00 330 57.82 51.26 
N valid (sample) 288         

Urban Travel Time Longest 
working Trip 

372 0.00 135 23.87 25032.00 



 

~ 88 ~ 

88  Lissy La Paix Puello –  Doctoral Thesis 

 

Neighbourhood  Variables N Minimum Maximum Mean Std. Dev. 
(Pozuelo, 115-009) Travel Time First Trip 372 0.00 120 23.52 21197.00 

Travel Time Longest 
Trip 

372 0.00 135 30.62 26263.00 

Average Travel Time  372 0.00 120 24.78 20.43 
Total Travel Time 372 0.00 270 61.60 52.23 
N valid (sample) 372         

Suburban 
(Algete,009-003) 

Travel Time Longest 
working Trip 

283 0.00 150 28.25 31.23 

Travel Time First Trip 283 0.00 150 28.18 28.18 
Travel Time Longest 
Trip 

283 0.00 150 33.83 30.96 

Average Travel Time  283 0.00 135 27.82 25.61 
Total Travel Time 283 0.00 365 70.65 66.79 
N valid (sample) 283         

Figure 4-19 Average travel time by Transport Modes 
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4.4 BUILT ENVIRONMENT VARIABLES  
The set of built environment (BE) variables includes all variables that are able to describe the 
characteristics of the neighbourhoods. One of the variables most used in the earlier literature is a simple 
dummy variable associated with each type of neighbourhood considered (in this case CBD, Urban and 
Suburban). However, one problem with this variable is that it represents too many characteristics, whose 
effect cannot be disentangled.  

Several variables are measured and/or computed in this thesis to try to specify and differentiate the BE 
characteristics. These include the typical measures such as residential and employment density, but also 
include measures less used such as transport accessibility, jobs, other opportunity activity, and also 
characteristics of the streets. Depending on their availability, these variables were measured at the 
residential zone, which usually corresponds to the origin of the first trip, and/or at origin and/or destination 
of each individual trip. Computing BE variables at both origin and destination zones made it possible to 
build composite variables (such as ratios between the same variable measured at origin and destination) 
to capture the relative effect of each characteristic between origin and destination. Similarly, the dimension 
(in squared kilometres) of each zone was computed in order to normalize those variables whose value is 
strictly correlated with the dimension of the zone. The normalized measures enable a correct comparison 
among the different spatial dimensions considered in this thesis. 

BE variables were measured at three different zone levels: by municipalities, by District and in a radius of 
600 meters around the household location (called “residential level”). Madrid is divided into 179 
municipalities and each Municipality is divided into several Districts, the number of which varies among 
municipalities from a minimum of one and a maximum of 21. The residential level, instead, was defined as 
the area in the 600 meters radio around the residence of each person interviewed. According to the 
pedestrian accessibility measures of the Consorcio Regional de Transporte de Madrid, 600 meter buffer is 
the area that can be travelled in all directions along the street network. In the public transport industry, 400 
meter (0.25 miles) buffers around bus stops and 800 meters (0.5 miles) around rail stations are commonly 
used to identify the area from which most transit users will access the system by foot (O'Neill et al., 1992; 
Zhao et al., 2003; Cardozo et al., 2010). Particularly in Spain, buffers of 300 meters and 600 meters 
around public transport (Gutiérrez and García-Palomares, 2008) identify the distance most transit users 
will be likely to walk.  

Whenever possible, the same variable was measured at all the three levels, but in some cases the 
variables were available, or made sense, only at some of the three levels. The next sections describe in 
details all the variables measured in this thesis and at which level they were measured. In particular, 
variables have been classified as follows:  

• Variables only available at Municipality  level but at both origin and destination  
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• Variables available at both Municipality  and District level but only at destination  

• Variables available at Municipality , District and Residence level but only at origin  

• Variables available only at Residential level.  

Variables at Municipality and District levels were computed using the National Institute of Statistics – INE 
(Spanish acronym of Instituto National de Estadistica) database, which contains information about urban 
and public transport characteristics of all the municipalities and Districts of the Madrid Community for the 
last 10 years. The public transport (PT) network details were made available by the Department of Human 
Geography at the Complutense University of Madrid. All information collected from INE refers to the years 
2006, for consistency with the years when the survey was collected. In some cases, however, some 
information was missing for that specific year, and then information from 2008 was used instead. 
However, no major changes occurred between 2006 and 2008, and this was carefully verified.  

Household locations of each person interviewed, as well as the origin and destinations of each trip 
performed, were address-matched with the INE database and integrated into a Geographic Information 
System (GIS), which included both public transport supply and network street data. Households and trips 
ends were first geo-referenced into a Google Earth Plus application and imported into Arc-GIS 9.2 
software. The PT network was imported in Arc-GIS and registered with the geo-referenced households 
and trips ends. After having added all this information to the GIS database, the BE variables were built 
using buffer and intersect tools from the ArcToolbox – Analysis Tools of Arc Gis software. The buffer 
creates a new feature class of buffer polygons around specified Input Features. Features can be polygons, 
lines or points. The results of the buffer are used as input to an overlay operation called Intersect, which 
computes a geometric intersection of the Input Features. Features or portions of features which overlap in 
all layers and/or feature classes were written to the Output Feature Class. 

The following sections is a details description of the BE variables that were measured and report some 
basic descriptive statistics (such as mean, standard deviation, maximum and minimum value) of each 
variable for each of the three spatial levels. A detailed correlation analysis was carried out among all 
variables in the database to avoid multicollinearity problems and, as consequence, biased results.  

4.4.1 MUNICIPALITY LEVEL AT ORIGIN AND DESTINATION  

The BE variables that was possible to measure only at Municipality level at both the origin and the 
destination of each trip reported in the survey are: 

o Urban land-use 

• Area in hectares of urban land-use  

• Percentage of urban land-use 

• Ratio of Urban Land-use 
o Commercial land-use 
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• Area in hectares of Commercial  land-use  

• Percentage of Commercial Land. 

• Ratio of Commercial  Land-use between origin and destination 
o Residential land-use  

• Area in hectares of residential land-use  

• Percentage of Residential Land  

• Ratio of residential land-use between origin and destination 
o Industrial land-use  

• Area in hectares of industrial land-use  

• Percentage of Industrial Land  

• Ratio of Industrial land-use between origin and destination 
o Employed population   

• Number of workers  

• Percentage of workers  

• Ratio of percentage of workers between origin and destination 

• Employed density (employed/sqkm) 

• Ratio of percentage of the employed population O/D 

• Ratio O/D employed density 
o Gross domestic product (GDP; or PIB in Spanish ) 

• GDP per capita over Madrid (%) average. The difference between the GDP of a 
municipality and the average GDP of the whole Autonomous Region of Madrid.  

• GDP per capita  

• Ratio GDP per capita O/D 

• Ratio GDP O/D over Madrid  
o Public transport 

• Interurban bus lines 
o Interurban bus lines per squared kilometres 

• Urban bus lines 
o Urban bus lines per squared kilometres 

• Number of bus connecting to Madrid  
o Number of bus connecting to Madrid per squared kilometres 

• Bus lines connecting to other municipalities 
o Bus lines connecting to other municipalities per squared kilometres 

• Number of night buses 
o Number of night bus per squared kilometres 
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4.4.1.1 Urban Land-use 

In this thesis, Urban Land-use means the portion of land which is urbanized or suitable to be completely 
built-up, and is endowed with the minimum facilities such as electricity, water supply, health services and 
street lighting. According to the Spanish zoning laws, all territories under urban development process are 
also included in this definition5.  

The values reported in Table 4-20 are computed using the INE dataset but considering only the zones 
declared by individuals in the survey as origin or destination of their first trip of the day. Hence they 
represent an average values among all the municipalities where, from the sample, there are trips starting 
from or ending to. Note that, since the sample was gathered only in 3 neighbourhoods the values in origin 
are the average values of only these 3 municipalities; while trip destinations are spread across all the 
municipalities in the Madrid area. Hence there will be in general more variability in the descriptive statistics 
at destination than at origin. 

The percentage of urban land-use is computed as the hectare of urban land-use divided by the hectare of 
the Municipality. The Ratio instead is obtained dividing the percentage of urban land at origin by the 
percentage of urban land at destination.  

Table 4-20 Descriptive statistics for Urban Land-use at Municipality level (origin and destination) 
Description Minimum Maximum Mean Std. Dev. 

Area of Urban Land-use      

At origin (in ha) 637 21,321 7,642 9,103 

At destination (in ha) 0.00 21321 11,780 9,925 

Percentage Urban Land-use 
At origin  0.17 0.55 0.38 0.16 

At destination  0.00 60.47 3.40 10.13 

Ratio of Urban Land-use     

% Origin /  
% Destination 

0.00 3.28 0.93 0.44 

Source: INE, 2006.  

Table 4-20 includes a report of the aggregate value of the Urban Land-use, without distinction among 
functions. However, for the purpose of this thesis, it is important to disaggregate the land-use 
characteristics according to the function, such as Commercial, Residential and Industrial. All the values 
referring to these Land-use functions are computed using the INE dataset but, as before, considering only 
the zones that individuals in the survey have indicated as origin or destination of their first trip of the day.  

 

                                                           
5 http://www.madrid.org/wleg/servlet/Servidor?opcion=VerHtml&nmnorma=520&cdestado=P#_CAPÍTULO_II  

http://www.madrid.org/wleg/servlet/Servidor?opcion=VerHtml&nmnorma=520&cdestado=P#_CAPÍTULO_II
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4.4.1.1.1 Commercial Land-use 
Definition of Commercial Land-use in this context includes all urban stores selling merchandise and/or 
service such as: eat-out places, supermarkets, clothes shops, public services, hotels or similar and other 
leisure related activities. This variable is a measurement of the portion of the land-use allocated to 
Commercial purposes. 

In particular, the Percentage of Commercial Land in origin ( ) is computed 
as the ratio between the hectares of Commercial land in origin and the hectares of Urban land in origin. 
Analogous for the destination: 

   Eq. 4-1 

The Ratio of Commercial Land-use ( ) instead is computed as the Percentage of 

Commercial land at origin divided by the Percentage of Commercial Land at destination. Both measured at 
Municipality level: 

  Eq. 4-2 

These same expressions are used to compute the Residential and Industrial land-use variables. All these 
measures are calculated for each individual, and then the average among individual observations is 
computed, as well as the minimum and maximum values. The statistics are shown in the table below.   

Table 4-21. Descriptive statistics for Commercial Land-use at Municipality level (origin and destination) 
Description Minimum Maximum Mean Std. Dev. 

Area of Commercial Land-use  
    

At origin (in ha) 24.53 205.59 113.45 70.54 

At destination (in ha) 0.00 205.59 139.95 75.85 

Percentage of Commercial Land 
    

At origin 0.01 0.05 0.03 0.02 

At destination 0.00 0.07 0.02 0.02 

Ratio of Commercial Land –use Percentage 
% Origin / % Destination  

 

0.00 

 

15.09 

 

1.90 

 

1.69 

Source: INE, year 2006.  

Table 4-21 clearly shows that the main problem with measuring Commercial Land-use at Municipality 
values is the lack of variability among observations. Moreover, in case of large municipalities, such as 
Madrid, most of the trips starts and ends in the same Municipality. Hence it is impossible to disentangle 
the effect in the transport mobility due to differences in the Land-Use characteristics at origin and 
destination. However, of course, large municipalities are not perfectly homogenous, but some areas have 
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higher concentration of Commercial activities than others. However, to some extent, the Ratio captures 
better the variability at the Municipality level.  

Table 4-22  Commercial Land-use at Municipality Level by neighbourhood of residence 

Description CBD  Urban Suburban 

Area of Commercial Land-use     
At origin (in ha) 205.59 24.53 109.77 

At destination (in ha) 187.56 84.23 143.13 

Percentage of Commercial Land    
At origin 0.01 0.04 0.05 

At destination 0.01 0.03 0.03 

Ratio of Commercial Land -use 
% Origin / % Destination 

1.02 1.89 2.55 

Source: INE, year 2006.  

4.4.1.1.2 Residential Land-use  
Residential Land-use refers to the portion of land that has residential buildings. This variable is 
analogously measured to Commercial Land-use; Table 4-23 is a report of the descriptive measures. 
Consistent with the results from the previous analysis of Commercial Land-use, the Ratio shows higher 
variability, though less than the Commercial Land-use.  

Table 4-23 Descriptive statistics for Residential Land-use at Municipality level (origin and destination) 

Description Minimum Maximum Mean Std. Dev. 

Area of Residential Land-use     

At origin (in ha) 32.79 9,390 5,370 4,227 

At destination (in ha) 422.39 9,390 3,636 3,849 

Percentage of Residential 
Land 

    

At origin   0.44 0.68 0.60 0.11 

At destination   0.15 0.97 0.53 0.13 

Ratio of Residential Land-
use Percentage 

    

% Origin / % Destination 0.45 4.45 1.19 0.35 

Source: INE, 2006.  

Table 4-5 illustrates the average residential land-use for each neighbourhood of residence. This table 
illustrates the differences among the three neighbourhoods of residence included in this study. The values 
are calculated from residential land-use at municipality of origin and destination in the trip-track of each 
individual. Individuals are grouped according to the residence area (CBD, urban and suburban), and 
measures are averaged.  



 

~ 95 ~ 

Chapter 4: Description of Case Study 

Table 4-24  Average of Residential Land-use at Municipality level (origin and destination) grouped individual’s 
neighbourhood of residence 

Description CBD Urban  Suburban 

Area of Residential Land-use    

At origin (in ha) 9,390 1,626 422 

At destination (in ha) 8,321 4,680 3,130 

Percentage of Residential Land    

At origin   0.44 0.68 0.66 

At destination   0.44 0.57 0.55 

Ratio of Residential Land-use 
Percentage 

   

% Origin / % Destination  1.02 1.26 1.28 

Source: INE, 2006 

4.4.1.1.3 Industrial Land-use 
Industrial Land-use represents the area of land used for any type of manufacturing activities, plants, 
industrial parks, factories or office developments that are located apart from the residential zones. 
Analogously to the measures of Commercial and Residential Land-use, the Percentage of Industrial Land 
is calculated at origin and destination for all tour tracks in the survey.  

Table 4-25 Descriptive statistics for Industrial Land-use at Municipality level (origin and destination)  

Description  Minimum Maximum Mean Std. Dev. 

Area of Industrial Land-use     

At origin (in ha) 6.18 1.468 480 657 

At destination (in ha) 0.00 1.468 802 700 

Percentage of Industrial Land     

At origin   0.00 0.55 0.08 0.08 

At destination   0.00 0.15 0.07 0.06 

Ratio of Industrial Land-use 
Percentage 

    

% Origin / % Destination 0.00 58.55 1.16 2.77 

Source: INE, 2006.  
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Table 4-26 Average of Industrial Land-Use at Municipality level (origin and destination) grouped by individual’s 
neighbourhood of residence 

Area of Area of Industrial Land-use CBD Urban Suburban 

At origin (in ha) 1,468 6.18 96 

At destination (in ha) 1,310 610 517 

Percentage of Industrial Land 
At origin   0.07 0.00 0.15 

At destination   0.08 0.04 0.13 

Ratio of Industrial Land-use Percentage 
   

% Origin / % Destination 1.43 1.73 0.53 

 

4.4.1.1.4 Correlation analysis of Land-use variables at Municipality level 
As mentioned in the beginning of this section, a detailed correlation analysis was carried out among all the 
variables measured, because unfortunately most of them are highly correlated and cannot then be used 
together into the model specification. The Pearson’s coefficient was used to test for correlation. This is 
defined as the ratio between the covariance of the variables and the product of their standard deviations. 
The range of the correlation coefficient is from -1 to 1 and measures the association between variables. As 
a first screening of the variables available, a 50% threshold was established for Pearson’s correlation. 

Table 4-27 shows the correlation analysis for Land-use variables at Municipality level measured at origin 
of the first trip. This trip is home-based, and this information corresponds to Municipality of residence. The 
table presents two kinds of data: land-use in hectares and percent of land-use. We can observe that 
almost all variables are correlated in more than 50%. This means that none of them can be used for 
explaining the relationship BE-TB in future model estimations.  

Table 4-28 shows the land-use variables measured at destination and ratio between origin and 
destination. It is clear that the ratio is more useful, because none of the Ratio O/D variables are correlated.  
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Table 4-27 Pearson’s correlations for LU variables at Origin by Municipality  

Municipality 

Land-use (ha) Percent of land-use 
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Land-use (ha) 
Urban   1.00 1.00 0.90 0.99 -0.02 -0.99 -0.96 -0.07 
Residential  1.00 0.92 0.98  -0.98 -0.94 -0.12 
Commercial     1.00 0.84   -0.75 -0.49 
Industrial     1.00    0.07 
Percent of Land-use 
Urban   -0.02 0.03 0.41 -0.15 1.00 0.18 0.30 -1.00 
Residential  -0.98 -0.82 -1.00  1.00 0.99 -0.09 
Commercial     -0.75 -0.99   1.00 -0.22 
Industrial     0.07    1.00 

 

Table 4-28 Pearson’s correlations for LU variables measured at destination and Ratio between Origin and 
Destination by Municipality  

Municipality 

Land-use (ha) Percent of land-use Ratio O/D 
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Urban   1.00 1.00 0.93 0.99 -0.30 -0.62 -0.82 -0.18 0.38 0.19 0.49 -0.09 

Residential  1.00 0.94 0.99  -0.60 -0.81 -0.22  0.17 0.49 -0.08 

Commercial     1.00 0.89   -0.63 -0.40   0.42 -0.04 

Industrial     1.00    -0.07    -0.11 

Percent of Land-use 

Urban   -0.30 -0.33 -0.22 -0.27 1.00 -0.15 0.29 0.18 -0.63 0.35 -0.14 0.02 

Residential  -0.60 -0.52 -0.67  1.00 0.63 -0.26  -0.62 -0.23 0.12 

Commercial     -0.63 -0.84   1.00 -0.02   -0.46 0.11 

Industrial     -0.07    1.00    -0.12 

Ratio of Land-use Percent 

Urban   0.38 0.39 0.38 0.34 -0.63 0.03 -0.26 -0.31 1.00 -0.12 0.33 -0.20 

Residential  0.17 0.15 0.24  -0.62 -0.19 0.38  1.00 0.49 -0.14 

Commercial     0.42 0.49   -0.46 -0.08   1.00 -0.13 

Industrial     -0.11    -0.12    1.00 
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4.4.1.2 Employed Population  

The employed population was measured as the total number of employed in each Municipality as the 
percent of workers in each Municipality and as the ratio of those percentages.. As before, only the 
municipalities origin and destination of the first trips declared by each individual were considered.  

The percentage of workers at origin and destination was calculated based on the total inhabitants for the 
origin/destination Municipality. The municipalities taken into account are those linked to the first trip carried 
out during the day, as stated in the following formula6:  

  Eq. 4-3 

The ratio of worker is calculated by dividing the Percent of workers in the Municipality of origin by the 
Percent of workers in the Municipality of destination.  

 Eq. 4-4 

Table 4-29 reports the descriptive statistics for the employed population. Note that since the first trip starts 
at home. The number of workers at origin corresponds to the Municipality of residence. Then, lower 
variability is expected from this measure. By contrast, the percentage of workers at destination presents 
higher standard deviation. Similarly, the ratio of Workers presents more variability and is more useful for 
representing differences in built environment on the trip track.   

Table 4-29 Statistics for Worker density at Municipality level (origin and destination) 

Description Minimum Maximum Mean Std. Dev. 

Quantity of workers     
At origin 7.351 1.287.388 405.255 582.424 

At Destination 484 1.287.388 683.944 631.730 

Percentage of workers     
At origin 0.39 0.41 0.40 0.01 

At Destination 0.29 0.46 0.40 0.02 

Ratio of workers Percentage     

% Origin /  

% Destination 

0.86 1.37 0.99 0.04 

Source: INE, year 2006.  

 

                                                           
6 Employed population in 2001 

Total inhabitants in 2008 
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Table 4-30 Statistics for Worker density at Municipality level (origin and destination) by neighbourhood  

 CBD URBAN SUBURBAN 

Quantity of workers    

At origin 1,278,968 31,343 7,609 

At destination 1,134,765 540,802 395,831 

Percentage of workers     

At origin 0.41 0.39 0.40 

At Destination 0.41 0.40 0.40 

Ratio of workers    

% Origin /  
% Destination  

0.99 0.97 0.99 

4.4.1.3 Population   

Table 4-31 shows the statistics for population (inhabitants) for the origin and destination reported in the 
survey.  

Table 4-31 Descriptive Statistics for Population at origin and destination 

Description Minimum Maximum Mean Std. Dev. 

Population Density      

At origin 479.58 5164.41 2447.88 1888.11 

At destination 53.42 6936.08 3340.39 2020.04 

Ratio of Population Density     

% Origin / % Destination 0.07 77.27 1.17 3.33 

 

Table 4-32 presents the statistics for population by neighbourhood of residence. The cases were 
segmented by neighbourhood of residence. Thus, the average of Municipality’s population was separately 
calculated at origin for CBD, urban and suburban residents. The same procedure was carried out to 
calculate the population at destination: from the segmented sample, the average of Municipality’s 
population was calculated at destination.   

As can be observed in Table 4-32, the largest population is from CBD, as expected, and CBD dwellers 
travel to municipalities with larger population. A possible reason for this is the internal trips within Madrid 
City, where the population is larger than other Madrid municipalities. The table also shows the ratio of 
population between origin and destination. Consistently with the last measures, and complementary to the 
previous conclusion, this ratio shows that CBD dwellers seem to travel to more inhabited areas. Almost 
twice populated than Madrid (ratio is equal to 1.91).  
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Table 4-32 Average of Population at origin and destination by neighbourhood of residence 

Variables CBD URBAN SUBURBAN 

Quantity of inhabitants    
At origin  5164.41 1842.15 479.58 

At destination  4724.29 3172.14 2059.87 

Ratio of inhabitants    

% Origin / % Destination 1.91 0.93 0.75 

 

4.4.1.4 Gross domestic product (GDP)  

The Gross Domestic Product (GDP; PIB in Spanish), refers to the market value of all final goods and 
services produced within a country in a given period. In macroeconomics, GDP per capita represents a 
measure of the standard of living of a country. The GDP was measured by municipalities, from two 
approaches: GDP per capita by Municipality and the difference between the Municipality GDP per capita 
and the Madrid GDP.  

Since the INE is a Municipality database, this variable is only available at Municipality level. Both 
measures at origin and destination were calculated.  

The Percentage of GDP per capita over Madrid (%) is a proportional measure. In order to calculate this 
variable a ratio for each Municipality was computed. The numerator is equal to Municipality’s GDP and the 
denominator is equal to Madrid’s Region GDP. The ratio is expressed in the following formula:  

                 Eq. 4-5 

This measure is equal to one hundred (100) for Madrid’s Region GDP. And each Municipality could take 
values over or under than one hundred (100).  

Table 4-33 Descriptive statistics for Gross domestic product (GDP) at origin and destination 

Variable Minimum Maximum Mean Std. Dev. 

GDP per capita (in Euros) 
    

At origin  34,103 51,895 42,496 7789 

At destination  11,811 84,315 40,095 9149 

GDP per capita over Madrid (%)   
    

At origin  57.48 164.35 134.01 25.29 

At destination  37.40 267.01 126.98 28.98 

Ratio of Percentages 
    

% Origin / % Destination 0.40 4.36 1.11 0.37 
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Table 4-34 shows the GDP by neighbourhood of residence. The table shows that urban areas have the 
highest GDP per capita over Madrid (%) among the three study areas. However, the suburban area has 
the lowest neighbourhood of residence.  

Table 4-34 Average Gross domestic product (GDP) at origin and destination grouped by individual’s neighbourhood 
of residence  

 CBD URBAN SUBURBAN 

Gross Domestic Product (GDP) (in Euros)    

At origin  38,603 51,895 34,103 

At destination  37,678 43,846 36,338 

Ratio     

 Origin / Destination 1.06 1.25 0.98 

Difference GDP and Madrid's GDP    

At origin (in %) 121.86 163.34 107.82 

At destination (in %) 119.32 138.86 115.08 

Ratio of Percentages     

% Origin / % Destination 1.6 1.25 0.98 

 

Population, workers and GDP share the same unit (inhabitants), thus Table 4-35 and 4-36 jointly shows 
the Pearson’s correlation analysis of these three sub-groups. We can observe in the table the information 
for both origin and destination municipalities. As explained in the previous section, the measure for origin 
represents the residence Municipality. This analysis enables us to exclude the following variables from the 
future analysis:  

• Population density (inhabitants/sqkm) is correlated to workers at both origin and destination by 
more than 50%. However, workers/sqkm variable was kept from the group of ratio variables.  

• Percentage of workers at origin is correlated to workers/sqkm as expected at 96%.  

• GDP per capita in Euros is strongly correlated to GDP per capita over Madrid at origin. The GDP 

variable per capita in Euros at origin and destination and exclude the GDP per capita over 

Madrid.  
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Table 4-35 Pearson’s Correlations at origin and destination by Municipality  

Municipality 

Origin  
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Origin      

Population density (inhab./Km²) 1.00 0.96 0.99   

Workers  0.96 1.00 0.96   

Workers/sqkm 0.99 0.96 1.00   

GDP (euros) -0.04 -0.31 -0.05 1.00  
GDP over Madrid -0.03 -0.29 -0.06 0.96 1.00 

Destination       

Population density (inhab./Km²) 0.51 0.46 0.51 0.06 0.05 

Workers 0.49 0.48 0.48 -0.07 -0.05 

Workers /sqkm 0.51 0.47 0.51 0.05 0.04 

GDP (euros) -0.04 -0.13 -0.06 0.34 0.37 

GDP over Madrid -0.04 -0.13 -0.06 0.34 0.37 

Ratio OD       

Population density (inhab./Km²) 0.15 0.15 0.14 -0.03 -0.03 

Workers  0.06 0.08 0.05 -0.09 -0.07 

Workers /sqkm 0.13 0.13 0.13 -0.03 -0.03 

GDP per capita (Euros) 0.00 -0.09 0.02 0.31 0.23 

GDP over Madrid (%) 0.00 -0.08 0.00 0.31 0.31 

 

Table 4-36 Pearson’s Correlations at origin and destination by Municipality (cont.) 

Municipality 
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Destination  
     

Population density (inhab./Km²) 1.00 0.95 1.00 -0.02 -0.02 

Workers  0.95 1.00 0.95 -0.11 -0.11 

Workers /sqkm 1.00 0.95 1.00 -0.11 -0.11 

GDP (euros) -0.02 -0.11 -0.11 1.00 1.00 
GDP over Madrid -0.02 -0.11 -0.11 1.00 1.00 

Ratio OD  
     



 

~ 103 ~ 

Chapter 4: Description of Case Study 

Municipality 

Destination 
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Population density (inhab./Km²) -0.22 -0.17 -0.22 -0.05 -0.05 

Workers  0.00 -0.01 -0.38 0.35 0.35 

Workers /sqkm -0.20 -0.15 -0.19 -0.04 -0.04 

GDP per capita (Euros) -0.01 -0.07 0.00 -0.62 -0.62 
GDP over Madrid (%) -0.02 -0.05 -0.01 -0.60 -0.60 

 

Table 4-37 Pearson’s correlations for ratios by Municipality  

 

Municipality 

Ratio OD Percentage over 
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Ratio OD 

Population density (inhab./sqkm) 1.00 0.48 0.99 0.19 0.21 0.10 -0.37 

Workers  
 

1.00 0.47 -0.02 0.03 0.10 0.73 
Workers /sqkm 

  
1.00 0.17 0.18 0.09 -0.37 

GDP per capita (Euros) 
   

1.00 0.95 -0.27 -0.09 

GDP per capita over Madrid (%) 
    

1.00 -0.26 -0.14 

Percentage over population 

% Workers (origin) 
     

1.00 0.10 

% Workers (destination) 
      

1.00 
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4.4.1.5 Public transport 

This section shows the public transport variables that were only available at Municipality level. In particular 
the measures computed were divided by the total number of square kilometres in a municipality in order to 
be able to compare them among different Municipalities.  

Table 4-38 Descriptive statistics for public transport variables at destination by Municipality level 

Variable  Minimum Maximum Mean Std. Dev. 

Interurban bus lines7  0.00 196.00 91.93 93.36 
Urban bus lines  0.00 11.00 0.45 1.47 
Bus lines connecting to Madrid8  0.00 29.00 4.80 7.98 
Bus lines connecting to Madrid per squared 
kilometres 

 0.00 0.75 0.11 0.18 

Bus lines connecting to other municipalities  0.00 21.00 1.46 3.62 

Bus lines connecting to other municipalities per 
squared kilometres 

 0.00 0.48 0.03 0.07 

Number of night bus lines in total  0.00 17.00 8.03 8.08 

Source: INE, 2008.  

Table 4-39 Average of public transport variables at destination by Municipality level and neighbourhood of residence.  
Description CBD Urban Suburban 

Quantity  
   

Number of urban bus lines 0.26 0.19 1.00 

Number of interurban bus lines 126.24 86.17 64.59 

Number of bus lines connecting to Madrid 1.67 6.54 5.72 

Number of bus lines connecting to other municipalities 0.85 1.18 2.46 

Number of night bus in total  10.97 7.83 5.32 

Quantity per squared kilometres  
   

Number of urban bus lines   0.00 0.00 0.02 

Number of interurban bus lines   0.24 0.29 0.23 

Number of bus lines connecting to Madrid  0.03 0.15 0.13 

Number of bus lines connecting to other municipalities  0.02 0.03 0.05 

Number of night bus in total   0.02 0.03 0.01 

 

                                                           
7 Urban routes are accounted for municipality level, not only for CBD.  
8 Madrid: there is no E.M.T data collected, either routes connecting from Madrid to other Municipalities.  
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Analyzing, the statistics of public transport supply, a large number of municipalities are not endowed by a 
night bus service; this variable is equal to zero. This produces a very low variance for the number of night 
buses across the municipalities at destination (63). By contrast, the variance of number of interurban 
buses is very high (8.72). As a consequence the correlation coefficient is extremely close to one. 
However, this does not indicate dependency between these two variables.  

Table 4-40 Pearson’s Correlations for public transport variables at destination by Municipality level 
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Quantity 
     

Urban bus lines 1.00 -0.24 0.54 0.84 -0.26 

Interurban bus lines 
 

1.00 -0.48 -0.31 1.00 

Bus lines connecting to Madrid 
  

1.00 0.76 -0.45 

Bus lines connecting to other municipalities 
   

1.00 -0.32 

Night bus lines   
    

1.00 

Quantity per squared kilometres 
     

Urban bus lines 0.91 -0.28 0.54 0.77 -0.30 

Interurban bus lines 
 

0.44 0.52 0.35 0.47 

Bus lines connecting to Madrid 
  

0.96 0.64 -0.47 

Bus lines connecting to other municipalities 
   

0.95 -0.35 

Night bus lines   
    

0.29 

Table 4-41 Pearson’s Correlations for public transport variables at destination by Municipality level (cont.) 
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Urban bus lines 0.91 0.20 0.43 0.74 0.03 

Interurban bus lines 
 

0.44 -0.50 -0.35 0.24 

Bus lines connecting to Madrid 
  

0.96 0.76 0.55 

Bus lines connecting to other municipalities 
   

0.95 0.18 

Night bus lines   
    

0.29 

Quantity per squared kilometres 
     

Urban bus lines 1.00 0.26 0.52 0.77 0.07 

Interurban bus lines 
 

1.00 0.54 0.39 0.82 

Bus lines connecting to Madrid 
  

1.00 0.71 0.57 

Bus lines connecting to other municipalities 
   

1.00 0.20 

Night bus lines   
    

1.00 
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4.4.2 MUNICIPALITY AND DISTRICT LEVEL AT DESTINATION  

In this section, variables that could be measured at both the Municipality and District level are analyzed, 
but only at destination. These are:  

• Public transport:  

 Number of bus stations 
 Number of bus-stations per squared kilometre at destination  
 Number of Metro stations  
 Number of Metro stations per squared kilometre  
 Number of rail stations  
 Number of rail stations per squared kilometre 

• Commercial  urban retail shops  

 
4.4.2.1 Public Transport Supply  

This section includes a set of six variables to describe the accessibility level of destination zones regarding 
to three different public transport modes: bus, Metro and rail (Cercanías). The number bus stops, Metro 
and rail stations operating in 2008 by District and Municipality are included here. Table 4-42 shows four 
statistics as above. The six variables are calculated for both the number of units and ratio per squared 
kilometre. The main conclusion that emerges from here is that there is a huge gap among destination 
zones; see for example in the number of bus stops by Municipality. The standard deviation is almost equal 
to the mean. As can be seen, n the case of rail stations per squared kilometres by District, statistical 
measures by squared kilometres follow the same pattern: the distribution is more scattered because the 
standard deviation is twice the mean value.  

Table 4-42 Descriptive statistics for public transport supply at destination by Municipality  

Municipality Minimum Maximum Mean Std. Dev. 

Number of bus stops 0.00 3038.00 1511.14 1391.81 

Number of bus stops per squared 
kilometres 

0.00 23.30 5.93 6.17 

Number of Metro stations 0.00 255.00 115.49 124.92 

Number of Metro stations per 
squared kilometres 

0.00 0.42 0.24 0.20 

Number of rail stations 0.00 35.00 15.85 17.15 

Number of rail stations per squared 
kilometres 

0.00 0.17 0.03 0.03 
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Table 4-43 Descriptive statistics for public transport supply at destination by District 

Variables Minimum Maximum Mean Std. Dev. 

District     

Number of bus stops 0.00 709.00 219.15 225.01 

Number of bus stops per squared 
kilometres 

0.17 64.36 12.85 10.44 

Number of Metro stations 0.00 79.00 24.87 28.91 

Number of Metro stations per 
squared kilometres 

0.00 0.15 0.05 0.07 

Number of rail stations 0.00 16.00 2.58 3.53 

Number of rail stations per squared 
kilometres 

0.00 2.44 0.23 0.43 

 Source: INE, 2008. 

Regarding to the correlation analysis for the above mentioned public transport variables by Municipality at 
destination, Table 4-44 shows two kinds of measures: quantity and quantity per squared kilometres. As 
can be seen in the table, the researcher must choose between one of the measures because both 
indicates the same variable. From this table it can be concluded that measures by squared kilometres are 
preferable over the quantity. Metro and rail stations by Municipality were strongly associated between 
them; the Pearson’s coefficient is equal to 0.78. For future analysis, Metro stations and bus stops are kept.  

Table 4-44 Pearson’s Correlations for public transport variables PT by Municipality at destination  

Municipality   
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Quantity  

Bus stop 1.00 0.99 0.99 0.06 0.90 0.88 
Metro stations  

 
1.00 1.00 

 
0.84 0.84 

Rail stations  
  

1.00 
  

0.86 

Quantity per squared kilometres 

Bus stop 0.06 -0.09 -0.11 1.00 0.42 0.20 

Metro stations  
 

0.84 0.82 
 

1.00 0.78 
Rail stations  

  
0.86 

  
1.00 

 

Table 4-45 shows the Pearson’s correlations for the above described variables by District at destination. 
Supporting the analysis by Municipality, it can be concluded that measuring bus stops, Metro and rail 
stations per squared kilometres leads to uncorrelated variables. The table shows that Pearson’s 
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Correlations for all variables measured by squared kilometres are lower than 50%. Thus, these three 
variables are kept for future analysis.  

Table 4-45 Pearson’s Correlations for public transport variables by District at destination  
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Quantity  

Bus stop 1.00 -0.30 0.33 0.42 -0.55 -0.17 

Metro stations  
 

1.00 0.13 
 

0.93 0.25 

Rail stations  
  

1.00 
  

0.64 

Quantity per squared kilometres  

Bus stop 0.42 -0.44 0.13 1.00 -0.49 0.15 

Metro stations  
 

0.93 -0.08 
 

1.00 0.22 

Rail stations  
  

0.64 
  

1.00 

 

4.4.2.2 Commercial Urban Retail shops and other Facilities   

In the case of Commercial Urban Retail shops and Facilities, a classification was defined, based on the 
type of activity conducted at each place, such as: leisure, sports, personal business, study and/or work. 
Although several types of urban retail shops were collected for the database, based on the reliability of the 
information and the relevance for this thesis the places were reduced to five groups. Each group is 
described as:  

1. Eat out places: this group includes i.e. bars, cafes, fast food and restaurants.  
2. Medical services: this group includes i.e. clinics, crematoria, dentists, doctors, Accident and 

Emergency, Hospitals, medical doctors, pharmacies and veterinary services.  
3. Parking corresponds to the number of parking facilities.  
4. Schools and Universities: this group includes colleges, kindergartens, language schools, libraries, 

schools and universities.  
5. Service oriented places: this group includes: ATMs, banks, churches, car mechanics, 

telecommunication services, petrol stations, laundry services and post offices.  

Table 4-46 includes some descriptive statistics for Commercial Urban Retail Shops and Facilities at 
destination by Municipality and District. The main conclusion that emerges from Table 4-46 is the large 
differences between values among municipalities. And, it is important to point out the absence of facilities 
in some municipalities manifested in the minimum equal to zero. Thus, every trip with origin or destination 
to this municipality will not have information available. The values on this table will be compared with 
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Table 4-54 that shows the descriptive statistics for commercial urban retail shops and facilities at origin for 
the three spatial levels.  

Table 4-46 Descriptive statistics for Commercial Urban Retail shops and Facilities at destination by Municipality and 
District 

 Variable  Minimum Maximum Mean Std. Dev. 

Municipality  at destination    

Number of service oriented places 0 467.00 211.16 228.98 

Number of service oriented places per 
squared kilometres 

0 1.00 0.45 0.50 

Number of schools and university  0 1555.00 705.99 759.96 

Number of schools and university per 
squared kilometres 

0 4.00 1.68 1.36 

Total number of eat-out places  0 429.00 192.92 211.28 

Total number of eat-out places per squared 
kilometres 

0 2.38 0.37 0.34 

Total number of parking facilities 0 38.00 16.91 18.87 

Total number of parking facilities per 
squared kilometres 

0 0 0.06 0.03 

Total number of medical service oriented 
places 

0 83.00 37.02 41.14 

Total number of medical service oriented 
places per squared kilometres 

0 0.24 0.07 0.07 

District  

Number of service oriented places 0 53.00 15.55 17.60 

Number of service oriented places per 
squared kilometres 

0 11.11 2.05 3.51 

Number of schools and university  0 124.00 44.32 38.51 

Number of schools and university per 
squared kilometres 

0 14.94 4.06 4.87 

Total number of eat-out places  0 98.00 15.24 23.35 

Total number of eat-out places per squared 
kilometres 

0 18.79 1.71 4.06 

Total number of parking facilities 0 12.00 1.65 2.99 

Total number of parking facilities per 
squared kilometres 

0 2.30 0.22 0.53 

Total number of medical service oriented 
places 

0 17.00 2.23 3.32 

Total number of medical service oriented 
places per squared kilometres 

0 1.42 0.24 0.42 

The following figures show different kind of commercial urban retail shops and facilities within the 
Residential Areas: CBD (Chamberí), Urban (Pozuelo) and Suburban (Algete). 
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Figure 4-20 Commercial Urban Retail Shops and Facilities in CBD (Chamberí)  
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Figure 4-21 Commercial Urban Retail Shops and Facilities in Urban (Pozuelo)  
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Figure 4-22 Commercial Urban Retail Shops and Facilities in Suburban (Algete)  
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The correlation analysis among facilities by municipalities indicates that for both the Municipality and the 
District level all these variables measured at origin are extremely correlated. For most of the variables 
reported from Table 4-47 to Table 4-50, the correlation is higher than 50 percent. Thus, all these 
measures cannot be used in the future estimation. Afterward, Table 4-55 shows ratio measures.  

Table 4-47 Pearson’s Correlations Commercial Urban Retail Shops and Facilities by Municipality at Destination 

Municipality 
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Quantity           
Service 1.00 1.00 1.00 1.00 1.00 0.91 0.88 0.91 0.99 0.96 
School  1.00 1.00 1.00 1.00  0.89 0.91 0.99 0.96 
Eat out place   1.00 1.00 1.00   0.91 0.99 0.96 
Parking    1.00 1.00    0.99 0.96 
Medical     1.00     0.96 

Quantity per squared kilometres 

Service 0.91 0.91 0.91 0.90 0.90 1.00 0.99 0.95 0.90 0.90 
School  0.89 0.88 0.87 0.88  1.00 0.92 0.88 0.89 
Eat out place   0.91 0.90 0.91   1.00 0.90 0.91 
Parking    0.99 0.99    1.00 0.96 
Medical     0.96     1.00 

 

Table 4-48 Pearson’s Correlations for Commercial Urban Retail Shops and Facilities by District at Destination 

District 

Quantity Quantity per squared kilometres 
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Service 1.00 0.61 0.71 0.59 0.78 0.87 0.79 0.67 0.63 0.84 
School  1.00 0.65 0.45 0.72  0.52 0.32 0.25 0.37 

Eat out place   1.00 0.87 0.72   0.84 0.76 0.61 
Parking    1.00 0.47    0.88 0.63 
Medical     1.00     0.55 

Quantity per squared kilometres            

Service 0.87 0.29 0.52 0.57 0.46 1.00 0.86 0.72 0.72 0.94 
School  0.52 0.55 0.57 0.46  1.00 0.71 0.71 0.85 
Eat out place   0.84 0.83 0.43   1.00 0.94 0.78 
Parking    0.88 0.38    1.00 0.75 
Medical     0.55     1.00 
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Schools and Universities by Municipality at Destination 

Figure 4-23 shows the number of schools by Municipality and the number of trips by public transport. 
Colours on the right differentiate the three neighbourhoods. Each colour is associated with a 
neighbourhood: CBD in green, Urban in yellow, and Suburban in blue. Increasing number of stops is 
associated to higher number of trips. As can be seen in the figure the maximum number of schools is 
1500; while the minimum is zero. In addition, there are some values between zero and two hundred.  

Figure 4-4 also shows that, measured at Municipality level, the number of schools would have no 
variations across observations. This indicates the need for testing another spatial scale. Additionally, the 
figure shows a large number of zero public transport trips (Y-axis) with zero Schools (X-axis), because for 
those who did not travel during the study day (no-trips) the values of the number of schools at destination 
is of course zero, and this can be confounded with zero activities at destination. Therefore a further 
analysis will be made, based on travellers only.  

Figure 4-23 Number of schools and universities Commercial Urban Retail Shops and Facilities by Municipality at 
Destination 
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One conclusion that emerges from the analysis of travellers is the highest rate of trips by public transport 
that occurs in the municipalities provided by larger number of schools; see the top part of the scatter-plot. 
Thus, it seems that schools are attractors of public transport trips. At the same time, the statistic analysis 
show that higher urban density areas are endowed with a larger number of schools and therefore higher 
public transport trip-rates.  

Figure 4-24 shows more variations across the number of schools. Furthermore, Residence Area can be 
clearly distinguished. There are more schools in CBD than in the other two neighbourhoods and the figure 
shows its relationship with the numbers of schools at residential area, i.e. higher number of trips by public 
transport. Residents from Chamberí exhibit the highest number of trips by public transport (5) and the 
highest number of schools.  

Figure 4-24 Number of schools and universities by residential area 
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Eat out places by Municipality at Destination 

The following figure shows the dispersion of the both number of car-trips and the number of eat out places 
by District. Eat out places are measured at destination. Colours on the right differentiate the 3 
neighbourhoods: CBD, Urban and Suburban. The CBD area exhibits more eat out places and lower car-
trips. While Suburban area (in blue) takes zero values in the x-edge of eat out places and higher values of 
car-trips. It indicates that people living in Suburban and Urban area use car for every trip, and this is not 
associated with the lack eat out places at destination. 

Figure 4-25 Number of eat out places and number of car trips 
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4.4.3 MUNICIPALITY, DISTRICT AND RESIDENCE AREA AT ORIGIN  

This section is a description of all the variables available at all the three spatial scales: Municipality, 
District and Residence Area. It is important to highlitht that only households were geo-coded, because 
several destinations’ postal addresses were missing in the database. For this reason, these variables are 
analysed only at the zone of origin of each trip. These variables are:  

o Public transport 

 Number of bus stations 
 Number of bus-stations per squared kilometre at destination  
 Number of Metro stations  
 Number of Metro stations per squared kilometre  
 Number of rail stations  
 Number of rail stations per squared kilometre 

o Commercial  Urban Retail Shops  and Facilities  

4.4.3.1 Public transport Supply at Origin  

This section presents a set of six variables that describe the accessibility level of each zone (which is the 
zone of origin of the trips) by three different public transport modes: bus, metro and rail (Cercanías). The 
next Table shows the statistics for the six public transport supply measures. Similar to the tables 
presented before, this table starts with the broader geographical scale. The information included in the 
table corresponds to trip-origin; it includes 943 observations.  

The main reason to present Table 4-49 is to show the differences in variability among the three 
geographic levels. Since the study areas are located at three municipalities, this variable is a constant 
when the individual lives in the same area. Secondly, the table shows the large difference among transport 
supply in the three study areas. Stated more explicitly, having a look at the number of Metro stations by 
Municipality of origin we see that the minimum is zero while the maximum is 255. The standard deviation 
of all these variables is high. This could confuse the analysis, indicating this variable is a feasible measure 
of the relationship between BE and TB. However, this variable indicates sample dissection into three 
different blocks of individuals who live in three different neighbourhoods.  

Comparing the number of bus stops at Municipality and Residence Area, we see that the minimum 
number of bus stops at Municipality is 4 bus stops per squared kilometres; while the minimum by 
Residence Area is zero. In this case, Municipality measures could lead to very optimistic results. And it 
shows the limitations of representing land-use characteristics through administrative zones. The limitation 
consists in that characteristics do not necessarily represent the zone were the trip-track because the 
administrative zone level leads to rather huge areas.  
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In summary, the variables measured at origin of the first trip perform as substitute for neighbourhood type. 
A more helpful measure must be the representation of public transport supply at destination or the ratio 
between origin and destination public transport supply.  

Table 4-49 Statistics for public transport by Municipality, District and Residence Area at Origin 

Variables  Minimum Maximum Mean Std. Dev. 

Municipality      

Number of bus stops  138 3038 1323 1180 

Number of bus stops per squared kilometres 4 21 11 8 

Number of Metro stations  0 255 85 113 

Number of Metro stations per squared kilometres 0 0 0 0 

Number of rail stations  0 35 11 16 

Number of rail stations per squared kilometres 0 0 0 0 

District      
Number of bus stops  0 638 144 108 

Number of bus stops per squared kilometres 4 28 17 12 

Number of Metro stations  0 71 22 33 

Number of Metro stations per squared kilometres 0 15 5 7 

Number of rail stations  0 2 1 1 

Number of rail stations per squared kilometres 0 0 0 0 

Residence Area       
Number of bus stops  0 48 17 19 

Number of bus stops per squared kilometres 0 42 15 16 

Number of Metro stations  0 24 6 9 

Number of Metro stations per squared kilometres 0 21 5 8 

Number of rail stations  0 2 0 1 

Number of rail stations per squared kilometres 0 2 0 1 
 
Approaching the correlation analysis for public transport variables by Municipality, District and Residence 
Area. Table 4-50 shows the Pearson’s correlation for public transport variables by Municipality at origin. 
As can be seen, there is a high correlation level within the group of quantity variables, to a large extent 
higher than 50 percent. In contrast, measuring the same variables per squared kilometres results in less 
correlated variables, but the researcher must choose between Metro and bus stops at Municipality level.  
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Table 4-50 Pearson’s Correlations for public transport by Municipality at Origin  

Municipality 
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Bus stop 1.00 0.98 0.97 -0.23 0.71 1.00 

Metro stations  
 

1.00 1.00 
 

0.55 0.96 
Rail stations  

  
1.00 

  
0.95 

Quantity per squared kilometres 

Bus stop -0.23 -0.42 -0.45 1.00 0.53 -0.14 

Metro stations  
 

0.55 0.52 
 

1.00 0.76 
Rail stations  

  
0.95 

  
1.00 

 
On the other hand, Table 4-51 shows the Pearson’s correlations within variables measured by District; we 
can observe high levels of correlations. Thus, these variables are excluded for future analysis.  

Table 4-51 shows the correlations within Residence Area level, and analyzing this table, it can be 
concluded that Metro stations are positively associated with the number of bus stops. Thus, both bus and 
rail are kept for future analysis.  

Table 4-51 Pearson’s Correlations for public transport by District at Origin  

District 
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Bus stop 1.00 -0.88 0.85 0.91 -0.88 0.85 
Metro stations  

 
1.00 -0.53 

 
1.00 -0.53 

Rail stations  
  

1.00 
  

1.00 

Quantity per squared kilometres 

Bus stop 0.91 -0.62 0.99 1.00 -0.62 0.99 
Metro stations  

 
1.00 -0.53 

 
1.00 -0.53 

Rail stations  
  

1.00 
  

1.00 
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Table 4-52 Pearson’s Correlations for public transport by Residence Area at Origin  

Residence Quantity Quantity per squared kilometres 
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Bus stop 1.00 0.70 -0.27 1.00 0.70 -0.27 

Metro stations   1.00 -0.23  1.00 -0.23 

Rail stations    1.00   1.00 

Quantity per squared kilometres  

Bus stop 1.00 0.70 -0.27 1.00 0.70 -0.27 

Metro stations   1.00 -0.23  1.00 -0.23 

Rail stations    1.00   1.00 
 
Table 4-53 shows the statistics for public transport supply by neighbourhood type. These measures are 
calculated at Residence Area level, i.e. 600m buffer around the residence. The average values show that 
dwellings in Pozuelo are situated close to an urban rail station; while most of dwellers in the CBD are 
located close to Metro stations; there are 18 Metro stations on average around each CDB dwelling. 
Similarly, we can observe that availability of bus stops is really low in Pozuelo.  

Table 4-53 Statistics for public transport supply by neighbourhood type   

Variable 
CBD URBAN SUBURBAN 

Average Standard 
Deviation 

Average Standard 
Deviation 

Average Standard 
Deviation 

Number of Metro stations within 
1.2km of the dwelling 

18.51 4.73 0.00 0.00 0.00 0.00 

Number of bus stops within 1.2 
km of the dwelling 

33.83 21.81 1.35 6.19 20.14 7.94 

Number of rail stations within 
1.2km of the dwelling 

0.00 0.00 0.58 0.91 0.00 0.00 
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Figure 4-26 CBD Public Transport Supply 
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Figure 4-27 Urban Public Transport Supply 
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Figure 4-28 Suburban Public Transport Supply 
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4.4.3.2 Commercial Urban Retail Shops and Facilities at Origin  

The following tables show the statistics of Facilities related variables for the three spatial levels. Variables 
are measured by unit and ratios of origin. The table shows that the maximum values of the variables 
measured at destination and at Municipality level are close to the maximum values of the same variables 
measured at origin because, as mentioned before, most of the tour starts and ends in the same 
Municipality. Thus, Municipality measures may not be able to capture the effect of changes in built 
environment characteristics during the tour. Regarding the ratio between origin and destination, the mean 
is lower than one in four of the five variables, which means that availability of facilities per squared 
kilometres is higher at destination than at origin. Thus, most individuals travel to more urban developed 
areas.  

Table 4-54 Descriptive Statistics for Commercial Urban Retail Shops and Facilities at origin by Municipality, District 
and Residence Area. (Values in units) 

 Minimum Maximum Mean Std. Dev. 

Municipality     

Service oriented places 0 467.00 114.60 193.52 

Service oriented places per squared 
kilometres 

0 0.77 0.33 0.30 

Schools and university  0 1555.00 384.52 642.70 

Schools and university per squared 
kilometres 

0 2.57 1.19 0.96 

Eat-out places  0 428.00 102.94 178.43 

Eat-out places per squared kilometres 0 0.71 0.26 0.28 

Parking facilities 0 38.00 8.78 16.03 

Parking facilities per squared 
kilometres 

0 0.06 0.01 0.03 

Medical service oriented places 0 83.00 19.19 35.01 

Medical service oriented places per 
squared kilometres 

0 0.14 0.03 0.06 

District  

Service oriented places 0 52.00 15.89 20.28 

Service oriented places per squared 
kilometres 

0 70.63 1.90 4.03 

Schools and university  0 57.00 27.13 20.01 

Schools and university per squared 
kilometres 

0 77.42 2.92 4.73 

Eat-out places  0 19.00 5.32 7.62 

Eat-out places per squared kilometres 0 25.81 0.65 1.48 

Parking facilities 0 6.00 1.39 2.53 

Parking facilities per squared 
kilometres 

0 8.15 0.18 0.47 
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 Minimum Maximum Mean Std. Dev. 

Medical service oriented places 0 3.00 0.69 1.27 

Medical service oriented places per 
squared kilometres 

0 4.07 0.09 0.24 

Residence Area      

Service oriented places 0 34.00 6.75 9.11 

Service oriented places per squared 
kilometres 

0 30.06 5.97 8.05 

Schools and university  0 27.00 11.68 5.10 

Schools and university per squared 
kilometres 

0 23.87 10.32 4.51 

Eat-out places  0 16.00 3.32 4.33 

Eat-out places per squared kilometres 0 14.15 2.94 3.83 

Parking facilities 0 5.00 0.98 1.27 

Parking facilities per squared 
kilometres 

0 4.42 0.86 1.12 

Medical service oriented places 0 8.00 0.43 0.91 

Medical service oriented places per 
squared kilometres 

0 7.07 0.38 0.80 

Table 4-55  Descriptive Statistics for Ratio O/D of Commercial Urban Retail Shops and Facilities  

 Variable  Minimum Maximum Mean Std. Dev. 

Municipality    

Service oriented places per squared 
kilometres 

0.06 25.67 1.09 1.77 

Schools and university per squared 
kilometres 

0.00 39.71 0.86 2.07 

Eat-out places per squared kilometres 0.00 55.64 0.83 4.17 

Parking facilities per squared kilometres 0.00 4.94 0.22 0.49 

Medical service oriented places per 
squared kilometres 

0.00 11.02 0.27 0.78 

District  

Service oriented places per squared 
kilometres 

0 52.00 1.36 3.14 

Schools and university per squared 
kilometres 

0 32.00 0.77 1.59 

Eat-out places per squared kilometres 0 19.00 0.60 1.88 

Parking facilities per squared kilometres 0 3.00 0.23 0.66 

Medical service oriented places per 
squared kilometres 

0 6.00 0.42 1.13 

4.4.3.2.1 Correlation Analysis for Commercial Urban Retail Shops and Facilities at 
Municipality level in Origin 



 

~ 126 ~ 

126  Lissy La Paix Puello –  Doctoral Thesis 

 
Table 4-56 shows the correlation analysis for facilities at Municipality level. As can be seen, all facilities 
are correlated at origin, as expected, since households are located in the same Municipality. However, the 
variables measured as the ratio of facilities between origin and destination is less correlated. We can 
observe that services and parking could not be included in future models because they are too correlated.  

Table 4-56 Pearson’s Correlations for Commercial Urban Retail Shops and Facilities by Municipality at origin  

Municipality  Quantity Quantity per squared kilometres 
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Quantity           
Service 1.00 1.00 1.00 1.00 1.00 0.81 0.81 0.91 1.00 1.00 
School  1.00 1.00 1.00 1.00  0.81 0.91 1.00 1.00 
Eat out place  

 
1.00 1.00 1.00   0.90 1.00 1.00 

Parking  
 

 1.00 1.00   
 

1.00 1.00 
Medical  

 
  1.00   

  
1.00 

Quantity per squared kilometres  
 

     
  

 

Service 0.81 0.81 0.81 0.79 0.79 1.00 0.99 0.98 0.79 0.79 
School  0.81 0.80 0.79 0.79  1.00 0.97 0.79 0.79 
Eat out place  

 
0.90 0.89 0.89   1.00 0.89 0.89 

Parking  
 

 1.00 1.00   
 

1.00 1.00 
Medical  

 
  1.00   

  
1.00 

 

Having a look to the scatter plot for facilities per squared kilometres (Figure 4-29). This figure shows the 
scatter plots of eat-out places per squared kilometres versus each kind of facility (medical services, 
service-oriented, parking and schools). We can observe a repetitive pattern in the chart for parking 
facilities. The variance is low, 0.244, the lowest among the five variables of facilities. After analysing the 
statistics it can conclude that the availability of parking facilities, at least in this sample, is too low. And this 
is consistent with the analysis from Residence Area level.  

The measure of ratio eat-out places indicates the highest variance. The correlation of this variable 
regarding the remaining facilities is very low, between 0.22 and 0.45.Thus.  Another conclusion from this is 
the ratio of eat-places at origin and destination for one trip unrelated to the ratio of parking facilities or 
medical services. Therefore, for the chosen destination area each built environment characteristic 
independently influences the decision-maker by itself.  
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Figure 4-29 Ratio O/D eat-out places vs ratio o/d of Commercial Urban Retail Shops and Facilities at Municipality 
level 

 

Since we now rely on correlation analysis for variables measured at origin. Table 4-57 shows the 
correlation analysis for facilities according to the ratios. The table shows strong dependency between 
parking and medical facilities. Since parking presents the lowest variance in the previous analysis, this 
variable is excluded for future analysis. Similarly, service facilities are strongly associated with school and 
eat-out places, and then service facilities is also excluded.  

Table 4-57 Pearson’s Correlations for Ratio O/D of Commercial Urban Retail Shops and Facilities by Municipality    
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4.4.3.2.2 Correlations Analysis for Commercial Urban Retail Shops and Facilities at District 

level in Origin 
The correlation analysis at District level indicates that the Pearson’s correlation between service, school, 
parking and medical-oriented facilities is lower than 50 percent (still acceptable), while eat-out places is 
strongly associated with service-oriented places. A possible reason for this is the natural closeness of the 
places included in both categories. Stated more explicitly, service places include banks, laundry, post, 
etc.; while eat-out places include restaurants and bars, but also include fast-food, bakery, and take-way. 
Thus, both service and eat-out places can be included as intermediate stop in a tour, and absorb short-
time.  

Table 4-58 Pearson’s Correlations for Commercial Urban Retail Shops and Facilities at District in origin   
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Quantity           

Service 1.00 0.91 1.00 0.98 0.98 0.65 0.55 0.66 0.67 0.67 
School  1.00 0.89 0.82 0.82 0.59 0.55 0.58 0.56 0.56 
Eat out place   1.00 0.98 0.98 0.65 0.54 0.66 0.68 0.68 
Parking    1.00 1.00 0.65 0.51 0.66 0.69 0.69 
Medical     1.00 0.65 0.51 0.66 0.69 0.69 

Quantity per squared kilometres           

Service 0.65 0.59 0.65 0.65 0.65 1.00 0.93 1.00 0.98 0.98 
School 0.55 0.55 0.54 0.51 0.51  1.00 0.91 0.85 0.85 
Eat out place 0.66 0.58 0.66 0.66 0.66   1.00 0.99 0.99 
Parking 0.67 0.56 0.68 0.69 0.69    1.00 1.00 
Medical 0.67 0.56 0.68 0.69 0.69     1.00 

Table 4-59 Pearson’s Correlations for ratio O/D Commercial Urban Retail Shops and Facilities by District   

Se
rv

ice
 

Sc
ho

ol
 

Ea
t o

ut
 p

lac
e 

Pa
rk

in
g 

Me
di

ca
l 

Quantity per squared kilometres      

Service 1.00 0.29 0.51 0.23 0.33 

School 
 

1.00 0.23 0.04 0.09 

Eat out place 
  

1.00 0.18 0.21 

Parking 
   

1.00 0.47 

Medical 
    

1.00 
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As in the previous sections, this section shows the scatter plot of the facility variables and a discussion on 
the correlation and covariance values among them. In general, analyzing the ratios of facilities by District 
level we find that almost all ratio variables are suitable for modelling trip and tour. Figure 10 shows the 
scatter plot for ratios O/D by pairs of variables. For consistency purposes with the analysis below, the 
reference variable is eat-out places.  

Figure 4-30 Ratio O/D eat-out places vs ratio o/d of facilities at District level 

 

 
The highest covariance was found between school facilities and service, 3.02. And, this pair of variables 
presents the highest coefficient of correlation, 0.51. This is consistent with the analyses at both Residence 
and Municipality level. The second highest covariance value was found between school and service 
facilities, 1.44. Thus, there is a high level of dependency between the ratio of availability of schools at 
origin/destination and service-oriented facilities. Both ratios simultaneously change for individual’s trips, 
and then both are determinant for trip-frequency. A possible reason for this could be found in an adult 
multistage tour, i.e. the person picks up the children at school and after makes a stop at some service-
oriented place (bank, laundry, etc.).  

 

 

 

0 

1 

2 

3 

4 

5 

6 

7 

0 5 10 15 20 

Medical/km² and eat_places

0 

1 

1 

2 

2 

3 

3 

4 

0 5 10 15 20 

Parking/km2 and eat_places 

0 

5 

10 

15 

20 

25 

30 

35 

0 5 10 15 20 

School/km² and eat_places/Km² 

0 

10 

20 

30 

40 

50 

60 

0 5 10 15 20 

Service/km²and eat_places



 

~ 130 ~ 

130  Lissy La Paix Puello –  Doctoral Thesis 

 
4.4.3.2.3 Correlations Analysis for Commercial Urban Retail Shops and Facilities at 

Residence Level in Origin  
This section is an analysis of the correlations between types of urban facilities at the three different spatial 
levels. The objective of this analysis is to show which variables are correlated more than 50 percent. 
Pearson’s correlations for residence facilities are shown in the next table. As we can observe, the entire 
group has a correlation higher than 50 percent. Thus, none of these variables can be used for the model 
estimation, and consequently they will not be analysed further.  

Table 4-60 Pearson’s Correlations for Commercial Urban Retail Shops and Facilities at Residence Area  
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Quantity  

Service 1.00 0.73 0.92 0.81 0.81 1.00 0.73 0.92 0.81 0.81 

School  1.00 0.80 0.59 0.68  1.00 0.80 0.59 0.68 

Eat out place   1.00 0.79 0.84   1.00 0.78 0.84 

Parking    1.00 0.69    1.00 0.69 

Medical     1.00     1.00 

Quantity per squared kilometres  

Service 1.00 0.73 0.92 0.81 0.81 1.00 0.73 0.92 0.81 0.81 

School  1.00 0.80 0.59 0.68  1.00 0.80 0.59 0.68 

Eat out place   1.00 0.79 0.84   1.00 0.78 0.84 

Parking    1.00 0.69    1.00 0.69 

Medical      1.00     1.00 
 
Figure 4-31 shows the scatter plot of eat out places versus each type of Commercial urban retail shop. We 
can observe in Table 4-61 correlation effects in all the scatter plots, especially for service/km² and eat out 
places/km². This is confirmed by the Pearson R-squared, for all cases it is higher than 0.60. And for the 
case of service and eat-out places the Pearson R-squared is 0.92. The covariance between eat-out places 
and service is 28.22, indicating a high level of dependency. While the covariance for parking and eat-out 
places are equal to 2.40. The correlation coefficient is equal to 0.79. Then, in Therefore in the case of this 
thesis, the strong correlation between parking and eat-out places at Residence Area is produced by with 
the low variance of one these variables. Furthermore, in this case the variable of parking facilities presents 
the lowest variance, 0.64.  

It is important to analyse the effect of variance, correlation and covariance because correlated variables 
could reflect a spurious association attributable to the simultaneous effect of both variables representing 
the same characteristic. i.e., the more service places (cashiers. banks. post-offices. etc) the more eat out 
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places are available. This is reasonable because both are indicators of high density urban-areas. 
Therefore, we need to choose one of these for modelling purposes. High level of correlation was obtained 
at both Municipality and District level. Therefore, the availability of facilities is calculated by ratios of origin 
and destination. The results are shown in the next following sections.  

Figure 4-31 Ratio O/D eat-out places vs. Ratio o/d of Commercial Urban Retail Shops and Facilities 

 

Table 4-62 shows the average and standard deviation for facilities and commercial urban retail shops, 
grouped by individual residence area. As can be seen the highest numbers of all kinds of Commercial 
Urban Retail Shops and Facilities are reached at CBD.   

Table 4-62 Average of Commercial Urban Retail Shops and Facilities grouped by Individual’s Residence Area 

Number of places 

within 1.2km of the dwelling 

CBD 

N = 288 

URBAN 

N = 372 

SUBURBAN 

N = 283 

Average St. Dev. Average St. Dev. Average St. Dev. 

Eat out places  9.54 2.05 1.03 0.77 0.00 0.00 

Medical facilities  2.60 0.82 0.46 0.73 0.00 0.00 

Parking facilities  1.39 1.16 0.00 0.00 0.00 0.00 

Schools and universities  17.74 2.24 10.58 2.50 6.95 3.50 

Service oriented places  18.19 8.70 2.84 1.70 0.24 0.43 
 

The number of eat out places can be associated with the location of Residence Area and the proximity to 
downtown. The number of monuments and recreational places can, to a higher extent, be explained by the 
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location of the residence relative to downtown. Residents of the outer of the two zones (Algete and 
Pozuelo) live further away from medical facilities than of the CBD (Chamberí). The average number of 
medical facilities within 1.2km is 2.6 in CBD are (Chamberí), 0.4 in the Urban area (Pozuelo) and zero in 
the Suburban area (Algete), respectively. The average number of service oriented places decreases with 
the distance from the residence to downtown. The high standard deviation indicates that almost all 
dwelling in the areas have a service oriented place, but only residents of some parts of the neighbourhood 
have the opportunity to choose among several service oriented places to the dwelling. The number of 
primary schools or universities is somewhat lower in the Suburban area (Algete) than in the Urban area 
(Pozuelo), 6 and 10 respectively. While in CBD (Chamberí) is equal to 17.  

4.4.4 RESIDENCE AREA ONLY  

4.4.4.1 Direct questioning variables: Dwelling type  

Dwelling type is considered as an indicator of the density area. In particular: 

1. Single and detached buildings are associated with low density area, while apartments are linked 
with high density area. The analysis shows, in fact, that the CBD has the highest density while 
the suburban the lowest. Likewise, single dwelling type is associated with more affluent zones, 
such as Pozuelo (urban area). Single house is an independent structure intended for one 
household, separated by an open space or walls from all other structures. 

2. Terraced house is a style of medium-density housing, where a row of identical or mirror-image 
houses share side walls. 

3. Detached house is a free-standing or separate house. Typically only members of a single family 
live in this type of house.  

4. Apartment or flat is a self-contained housing unit that occupies only part of a building. A room or 
suite of rooms designed as a residence and generally located in a building occupied by more 
than one household. 

5. Condominium is a collection of individual home units along with the land upon which they sit. It is 
the form of housing tenure where an apartment house is individually owned, while hallways, 
heating system, elevators and exterior areas are common facilities in the piece.  

The next table shows that CBD is characterized by apartment, while the urban and suburban areas are 
characterized by single family. People residing in urban and suburban areas tend to live in terraced 
houses and single family buildings. 
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Table 4-63 Dwelling Type by Neighbourhood Type  

Dwelling type CBD Urban Suburban Total 

Single family  2% 32% 29% 22% 

Terraced House 0% 48% 33% 29% 

Detached 0% 4% 7% 4% 

Apartment 93% 14% 23% 41% 

Condominium  5% 2% 4% 4% 

Other dwelling  0% 0% 4% 1% 

Table 4-64 T-tests for Neighbourhood Type and Dwelling Type 

Neighbourhood Type Mean Std. Dev. t-statistic p-value 

CBD  1.00 0.761 -1.846 0.065 

Urban 1.07 0.770 -0.816 0.415 
Suburban  1.12 0.794 Reference 
Dwelling Type    
Terraced House 1.12 0.766 -1.490 0.137 
Detached House 1.09 0.562 -0.531 0.596 
Apartment  1.05 0.782 -0.540 0.590 
Condominium 1.17 0.785 -1.092 0.276 

 
4.4.4.2 Measured variables 

The group of measured variables is composed by those variables that were directly calculated by the GIS, 
and were not obtained from the survey. These variables were:  

o Distance to CBD  
o Street density  

4.4.4.2.1 Distance to CBD  
The distance to CBD was calculated as the distance between the residence of each household and the 
city centre in kilometres. It was calculated from household location to Madrid City centre (Km zero at Sol) 
through a Google Earth Application Plus (5.1version).  

Figure 4-32 and Figure 4-33 show the average distance from CBD calculated for each household, and 
grouped by category of car and public transport trips, respectively, undertaken during the day by 
household members. The number of public transport and car-trips were previously analyzed, following the 
explanation in Section 4.3.1, car and public transport categories of trips are grouped in four categories as 
follows:  

1. Zero trips 
2. 1 or 2 trips 
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3. 3 or 4 trips 
4. 5 or more. 

Figure 4-32 Category of Car-trips and distance to CBD 

 

Figure 4-33 Category of Public Transport Trips and distance to CBD 

 

As can be seen in Figure 4-32, the farther the household location is from CBD it increases the propensity 
to undertake more trips by car. The fourth category (5 trips or more) shows the highest average distance 
of household from CBD. On the other hand, Figure 4-33 shows that the relationship between trips by 
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public transport and distance to CBD is less clear, demonstrating the importance of analyzing different 
travel dimensions regarding to urban environment attributes.    

4.4.4.2.2 Street density  
The variables describing the street network of the neighbourhood are based on GIS street network within 
1.2 km of the household. This process was time-intensive and carried for 4 categories of intersection: Cul 
de sac, 3 way intersection, 4 way intersection and 5 or more way-intersection. The reason for dividing into 
4 categories is that cul de sac characterizes low density areas; while 3-way intersection and 4-way 
intersection characterize high density area, with Grid or Mixed network. Finally, 5-way intersections were 
found to be infrequent in the sample, and were not further analysed. The network was then classified as 
‘connected street' network, ‘cul-de-sac' network, or a mixture of the two. The following table shows the 
average, minimum and maximum number of intersection by type. The highest standard deviation is for 
intersections with 3-way streets, because this type of intersection mainly distinguishes areas of low street-
network density (See Pozuelo and Algete in Table 4-65). It indicates that this variable captures the effect 
of different street density among the 3 neighbourhoods.  

Table 4-65 Statistics for intersection density  

Variables  Minimum Maximum Mean Std. Dev. 

Number of Intersection Cul-de-sac 0.00 36.00 8.97 9.58 

Number of Intersections 3-way street 0.00 177.00 87.61 42.15 

Number of Intersection 4-way street 0.00 87.00 38.86 20.59 

Number of Intersection 5-way 0.00 12.00 2.99 2.86 
 
Table 4-66 shows for each neighbourhood the average number of intersections within 1.2k around the 
household. The CBD is mainly composed of 3 and 4-way intersections denoting high density areas. 
Municipality of Pozuelo shows the highest percentage of cul-de-sacs, followed by Algete, which in fact is a 
low density area. Figures 4-36 to 4-38 show the maps of street density in the 3 neighbourhoods, obtained 
from Arc-Gis for the georeferenced households.  

Table 4-66 Statistics for intersection density by neighbourhood type  
Variable CBD (N = 288) URBAN (N = 372) SUBURBAN (N = 283) 

Mean  Std. Dev  Mean  Std. Dev  Mean  Std. Dev.  
Number of 3-way intersections 
within 1.2km 47.46 10.81 127.46 29.55 76.12 28.22 
Number of  4-way 
intersections within 1.2km 65.67 9.56 34.18 6.54 17.74 7.58 
Number of 5-wayintersections 
within 1.2km  2.08 0.84 5.31 3.27 0.87 0.36 
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Figure 4-34 CBD Intersections 
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Figure 4-35 Urban Intersections 
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Figure 4-36 Suburban Intersections 
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Figure 4-37 indicates the number of trips by car related to the number of cul-de-sacs by residence area. It 
seems that the number of car-trips decreasing with an increased number of cul-de-sacs. Categories of 1 
or 2 car-trips tend to be higher while categories of no trips tend to decrease.   

Figure 4-37 Car-Trips and Cul-de-Sacs in Residence Area 

 

Table 4-67 shows the Pearson’s correlations for the density variables. Both quantities and percentages 
are shown in the table. As can be observed, the quantities are less correlated than the percentages. There 
is a high level of correlation between 4-way and 3-way intersections. This negative correlation is also 
explained by the characteristics of the urban area.  

The urban area in this study, (Pozuelo), is endowed only by the rail system, there are no Metro stations, 
and the street configuration is basically characterized by 3-way intersections. Similarly, 4-way intersections 
are highly correlated to cul-de-sacs, though the correlation is negative. By contrast, measuring the 
intersections by quantities, we find 3-way intersections are correlated to cul-de-sacs and 3-way 
intersections. Thus, for future analysis, the values measured as quantities are kept, but the variable cul-
de-sac are excluded.  
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Table 4-67 Pearson’s Correlations for Street Density variables  
 Quantity Percent 
  Cul-de-sac 3street 4street 5street Cul-de-sac 3street 4street 5street 
Quantity 
Cul-de-sac 1.00 0.88 -0.22 0.31 0.96 0.38 -0.57 0.09 
3street  1.00 -0.23 0.20  0.51 -0.63 -0.03 
4street   1.00 -0.07   0.88 -0.06 
5street    1.00    0.95 
Percent 
Cul-de-sac 0.96 0.82 -0.37 0.40 1.00 0.48 -0.68 0.19 
3street 0.38 0.51 -0.89 -0.03  1.00 -0.95 -0.12 
4street -0.57 -0.63 0.88 -0.17   1.00 -0.04 
5street 0.09 -0.03 -0.06 0.95    1.00 

 

4.4.5 PEARSON’S CORRELATIONS FOR SELECTED VARIABLES  

This section presents the set of selected variables from the previous descriptive statistic and correlation 
analyses. This set is classified according to the typology and scale of measurement. The classification is 
shown in Table 4-68.  

Table 4-68 Classification of selected variables 

Group Name Group Label 

Percent of land-use  

A,C 
% Industrial at origin 

% Residential at origin 

B % Residential destination 

B,D % Industrial at destination 

C % Commercial origin 

D % Commercial destination 

E 

Ratio O/D of % Commercial 

Ratio O/D of % Industrial 

Ratio O/D of % Residential 

Quantity over Population F 

% Workers at Destination 

% Workers at Origin 

GDP per capita  at destination 

GDP per capita  at origin 

Ratio O/D G 

GDP per capita 

Ratio GDP per capita O/D 

Workers/sqkm  

Public transport by Municipality  (only) H 
Interurban bus/sqkm 

Urban bus/sqkm 

Public transport by Municipality  I-1 Bus stops 

  
Metro stations   



 

~ 141 ~ 

Chapter 4: Description of Case Study 

Group Name Group Label 

Public transport by District I-2 Bus stops 

  
Metro stations   

  
Rail stations  

Public transport by Residence Area I-3 Bus stops 

  
Metro stations   

  
Rail stations  

Ratio OD of commercial urban retail 
shops and facilities by Municipality   J-1 

Eat out place 

Medical 

Parking 

School 

Service 

Ratio OD of commercial urban retail 
shops and facilities by District  J-2 

Eat out place 

Medical 

Parking 

School 

Service 

Ratio OD of commercial urban retail 
shops and facilities by Residence Area  J-3 

Eat out place 

Medical 

Parking 

School 

Service 

Street density  K 

3street 

4street 

5street 

  
Gender 

  
Female married 

Socio-economic variables L 

Age 4-13 

Age 14-21 

Age 22-29 

Age 30-39 

Age 40-49 

Age 50-64 

Age 64 or more 

Workers  

Student 

Driver 

Own car 

CBD 
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Group Name Group Label 

Urban   

Suburban  

Single-family 

Terraced house 

Detached 

Apartment 

Condominium 

 

Subsequently, correlation was tested among the variables listed by groups accordingly to the nature and 
their acceptable level of correlation, i.e. on one side variables related to land-use ratio, on other side land-
use variables measured as a percentage. Finally, a combination between ratio and percent variables was 
also tested because those were not highly correlated. Thus, there are five cases to start with:  

1. Case 1: Group E and G 
2. Case 2: Group A and B Excluding percentage of workers at origin, the GDP per capita at origin. 
3. Case 3: Group C and D. Excluding percentage of workers at origin, the GDP per capita at origin. 
4. Case 4: Group C, D and F, exclude Percentage of Commercial Land at origin, and Percentage of 

Industrial Land at origin. Including GDP per capita at origin. 

Table 4-69 to Table 4-72 show the correlation for cases one to four, respectively. From the correlation 
analysis the feasible variables were chosen to be used together in the subsequent analysis. There were 
no multicollinearity problems in any case; none of these variables present a correlation coefficient larger 
than 50% (or 0.50).  

Table 4-69 Pearson’s Correlations for variables for Case 1 (Group E and G) 

 
Ratio OD 
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Ratio OD 
  

Industrial -0.19 0.00 

Commercial 0.26 -0.12 

Residential  0.08 -0.05 
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Table 4-70 Pearson’s Correlations for variables for Case 2 (Group A, B, F)  
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Percentage of Land-use     

% Residential at origin -0.81 -0.08 0.41 0.16 

% Residential at destination -0.34 0.17 0.19 0.25 

% Industrial at origin 0.67 0.07 -0.95 -0.32 

% Industrial at destination 0.32 0.11 -0.45 -0.28 

 

Table 4-71 Pearson’s Correlations for variables for Case 3 (C and D) 

Municipality 
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% Commercial at origin -0.09 0.20 

% Commercial at destination 0.01 0.38 

% Industrial origin 0.07 -0.32 

% Industrial at destination  0.11 -0.28 

 

Table 4-72 Pearson’s Correlations for variables for Case 4(C, D and F) 

 Percentage of Land-use 
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Percentage of Land-use     

Commercial origin -0.87 -0.09 0.52 0.20 

Commercial destination -0.32 0.01 0.15 0.38 

Industrial at origin 0.67 0.07 -0.95 -0.32 

Industrial at destination 0.32 0.11 -0.45 -0.28 

 

We first chose a set of variables from the public transport supply variables (H and I), Ratio OD Facilities 
(Quantity per squared kilometres) (J), street density (K) and socioeconomic variables (L). Then,  Pearson’s 
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correlation for the selected variables was tested. To avoid high levels of correlation, some specific 
variables were excluded. The set of selected variables is tested by groups, given the nature of variables 
included, the four cases presented before take the following form:   

1. Case 1: correlation analysis is done for variables from the previously explained Case 1 and the 
rest of the selected variables of public transport and facilities. 

2. Case 2: correlation analysis is done for variables from the previously explained Case 2 and the 
rest of the selected variables of public transport and facilities.  

3. Case 3: correlation analysis is done for variables from the previously explained Case 3 and the 
rest of the selected variables of public transport and facilities.  

4. Case 4: correlation analysis is done for selected variables of the previously explained Case 4 and 
the rest of the variables of public transport and facilities. Fr 

Tables 4-73 to 4-75 show the correlation analyses for Case 1 with respect to the entire set of selected 
variables of public transport. The public transport supply and the facilities variables are measured at 
district level. As can be observed, the variable “school” presents multicollinearity problems with the 
“workers/sqkm”. Thus, one of them must be included in the model estimation.  

Table 4-75 shows the correlation analysis for Case 1 with respect to the entire set of selected variables of 
public transport, facilities and street density. Analogously to the district case, public transport, facilities and 
street density variables are measured at residence area level. As can be observed in the table, there is no 
multicollinearity problems within this spatial level.  
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Table 4-73 Pearson’s Correlations for Case 1 – By Municipality  

Municipality 

Quantity per sqkm at Destination Quantity per square 
kilometres of Ratio OD  

By Municipality 
(only) By Municipality  Facilities 
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Ratio of Land-use Percentage               

Industrial -0.02 0.08 0.18 0.03 -0.01 -0.01 -0.04 

Commercial -0.18 0.19 -0.09 0.46 -0.06 -0.18 -0.21 

Residential 0.30 0.27 -0.01 0.17 -0.04 -0.06 -0.09 

Percent over population 
       

Workers/sqkm  -0.01 -0.10 -0.04 -0.15 0.86 0.28 0.10 

GDP per capita 0.23 0.06 0.03 -0.07 0.38 0.22 0.03 

Quantity per sqkm at Destination 
       

By Municipality (only) 
       

Urban bus 
  

0.16 -0.35 0.04 0.09 0.11 

Interurban bus 
  

0.76 0.69 0.05 -0.07 0.14 

By Municipality  
       

Bus stops 
    

0.05 0.00 0.01 

Metro stations   
    

-0.05 -0.26 0.14 

 

Table 4-74 Pearson’s Correlations for Case 1 – District  

District 

Quantity per square kilometres at Destination 
Ratio OD Facilities (Quantity per square 

kilometres) By Municipality 
(only) By District 
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Ratio of Land-use 
Percentage   

        

Industrial -0.02 0.08 -0.06 0.09 -0.03 -0.03 0.00 0.02 -0.02 0.14 

Commercial -0.18 0.19 0.11 -0.12 0.25 -0.21 -0.13 -0.14 -0.19 -0.18 

Residential 0.30 0.27 -0.02 -0.07 0.12 -0.17 0.05 -0.05 -0.18 -0.13 

Ratio OD 
  

        

Workers/sqkm  -0.01 -0.10 -0.07 -0.06 -0.07 0.06 0.62 0.20 0.00 0.37 

GDP per capita 0.23 0.06 -0.08 0.02 0.00 -0.05 0.45 0.25 -0.07 0.12 

Quantity per square kilometres at Destination 

By Municipality (only)  

Urban bus 
  

-0.23 0.06 -0.14 -0.03 0.17 0.22 -0.08 0.07 

Interurban bus 
  

-0.11 0.17 0.17 0.16 0.13 0.19 0.14 0.16 
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District 

Quantity per square kilometres at Destination 
Ratio OD Facilities (Quantity per square 

kilometres) By Municipality 
(only) By District 

Ur
ba

n 
bu

s 

In
te

ru
rb

an
 

bu
s 

Me
tro

 
st

at
io

ns
 

Bu
s s

to
ps

 

Ra
il 

st
at

io
ns

 

Me
di

ca
l 

Sc
ho

ol
 

Se
rv

ice
 

Pa
rk

in
g 

Ea
t o

ut
 

pl
ac

e 

   
             

Metro stations   
  

   0.14 -0.12 -0.14 0.14 -0.06 

Bus stops 
  

   -0.11 -0.03 0.11 -0.05 0.04 

Rail stations  
  

   0.09 -0.05 -0.06 0.12 -0.03 
 

Table 4-75 Pearson’s Correlations for Case 1 – Residence Area  

Residence Area 

Quantity per Km²  at Destination    

By Municipality (only) By Residence Area - Origin Street density  
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Ratio of Land-use Percentage        

Commercial 0.19 -0.18 0.14 -0.36 0.28 -0.25 0.16 

Residential 0.27 0.30 0.07 -0.30 0.19 -0.30 0.05 

Industrial 0.08 -0.02 -0.08 0.05 -0.14 -0.01 -0.12 

Ratio OD     

   
GDP per capita 0.06 0.23 0.13 -0.11 0.22 0.02 0.20 

Workers/sqkm  -0.10 -0.01 -0.01 0.11 -0.06 0.13 -0.03 

Quantity per Km² at Destination 
       

By Municipality (only) 
       

Interurban bus 
  

0.10 -0.04 0.13 0.00 0.06 

Urban bus 
  

-0.08 -0.11 -0.05 -0.18 -0.13 

By Residence Area - Origin 
       

Metro stations   
    

-0.62 0.82 -0.18 

Rail stations  
    

0.63 0.01 -0.17 
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Moving on to Case 2, Tables 4-74 to 4-76 show the correlation analysis. Analyzing the municipality level 
we note that “medical facilities’” and the Percentage of Residential Land are correlated at more than 50 
percent. Similarly, the number of interurban bus stops per square kilometres is associated with the number 
of Metro stations per square kilometres. Then, it was preferable to keep the public transport variables, for 
comparison purposes among spatial levels.  

Table 4-76 Pearson’s correlations for Case 2 – By Municipality  

Municipality  

Quantity per square kilometres 
Destination Ratio OD Facilities 

(Quantity per 
squared kilometres) By Municipality 

(only) By municipality  

Ur
ba

n 
bu

s 

Int
er

ur
ba

n b
us

 

Bu
s 

sto
ps

 

Me
tro

 
sta

tio
ns

   

Sc
ho

ol 

Ea
t o

ut 
pla

ce
 

Me
dic

al 

Percentage of land-use                

Industrial at origin 0.25 -0.14 -0.31 -0.30 -0.06 -0.02 0.01 

Residential at origin 0.09 0.07 0.20 -0.11 -0.10 -0.17 -0.52 
Residential destination -0.11 -0.26 0.22 -0.32 0.06 -0.03 -0.27 

Industrial at destination 0.35 -0.10 -0.23 -0.32 0.20 0.15 0.27 

Percentage over population               

GDP per capita  at destination -0.18 0.10 0.33 0.16 -0.14 -0.21 -0.11 

% Workers at destination 0.29 0.24 0.04 0.18 -0.09 -0.01 0.05 

Quantity per square kilometres at Destination               

By Municipality (only)               

Urban bus 
  

0.16 -0.35 0.04 0.09 0.11 

Interurban bus 
  

0.76 0.69 0.05 -0.07 0.14 

By municipality                

Bus stops 0.16 0.76 
  

0.05 0.00 0.01 

Metro stations   -0.35 0.69 
  

-0.05 -0.26 0.14 
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Table 4-77 Pearson’s correlations for Case 2 – District  

District 

Quantity per square kilometres at Destination Ratio OD Facilities 
(Quantity per square 

kilometres) 
By Municipality 

(only) By District 

Ur
ba

n b
us

 

Int
er

ur
ba

n b
us

 

Me
tro

 st
ati

on
s  

 

Bu
s  

sto
ps

 

Ra
il  

sta
tio

ns
  

Me
dic

al 

Sc
ho

ol 

Se
rvi

ce
 

Pa
rki

ng
 

Percentage of Land-Use 

         Industrial at destination 0.35 -0.10 -0.10 -0.35 -0.13 0.10 0.30 0.23 -0.02 

Residential at destination -0.11 -0.26 -0.46 0.36 -0.20 -0.24 0.03 -0.10 -0.21 

Industrial at origin 0.25 -0.14 -0.06 -0.48 -0.14 0.01 -0.03 -0.04 0.01 

Residential at origin 0.09 0.07 -0.51 0.31 -0.02 -0.56 -0.06 -0.35 -0.52 

Percentage over population 
         GDP per capita  at destination -0.18 0.10 -0.11 0.44 0.02 -0.06 -0.15 -0.16 -0.07 

% Workers at destination 0.29 0.24 0.28 -0.01 0.11 0.07 -0.06 0.05 0.08 

Quantity per square 
kilometres at Destination 

         By Municipality (only) 
         Urban bus 

  

-0.23 0.06 -0.14 -0.03 0.17 0.22 -0.08 

Interurban bus 

  
-0.11 0.17 0.17 0.16 0.13 0.19 0.14 

By District 
         Metro stations   

     

0.14 -0.12 -0.14 0.14 

Bus stops 

     

-0.11 -0.03 0.11 -0.05 

Rail stations  

     
0.09 -0.05 -0.06 0.12 

Table 4-78 Pearson’s Correlations for Case 2-Residence Area 

Residence Area 

Quantity per square kilometres at 
Destination 

Street density 
By Municipality 

(only) 
By Residence Area 

- Origin 

Ur
ba

n b
us

/sq
km

 

Int
er

ur
ba

n 
bu

s/s
qk

m
 

Me
tro

 st
ati

on
s  

 

Ra
il s

tat
ion

s  

3s
tre

et 

4s
tre

et 

5s
tre

et 

Percentage of land-use                
Industrial at origin 0.25 -0.14 0.01 -0.38 -0.51 -0.32 -0.64 
Residential at origin 0.09 0.07 -0.95 0.27 0.67 -0.83 0.26 

Residential destination -0.11 -0.26 -0.41 0.12 0.28 -0.33 0.11 

Industrial at destination 0.35 -0.10 0.02 -0.18 -0.25 -0.15 -0.29 

Percent over population 
       

GDP per capita   -0.18 0.10 -0.12 0.15 0.23 -0.02 0.24 
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Residence Area 

Quantity per square kilometres at 
Destination 

Street density 
By Municipality 

(only) 
By Residence Area 

- Origin 

Ur
ba

n b
us

/sq
km

 

Int
er

ur
ba

n 
bu

s/s
qk

m
 

Me
tro

 st
ati

on
s  

 

Ra
il s

tat
ion

s  

3s
tre

et 

4s
tre

et 

5s
tre

et 

% Workers  0.29 0.24 0.05 -0.05 -0.11 0.03 -0.07 

Quantity per square kilometres at Destination 
       

By Municipality (only) 
       

Urban bus 
  

-0.11 -0.08 -0.05 -0.18 -0.13 

Interurban bus 
  

-0.04 0.10 0.13 0.00 0.06 

By Residence Area - Origin 
       

Metro stations   
    

-0.62 0.82 -0.18 

Rail stations  
    

0.63 0.01 -0.17 

 

Analyzing the residence area scale, we note that once again the variable “Percentage of Residential Land” 
is highly correlated with the number of Metro stations. Supporting the results obtained from the district 
spatial level. Thus, the Percentage of Residential Land at origin would not be included in the model 
estimation. Additionally, the Percentage of Residential Land in origin also presents multicollinearity 
problems with street density. This is an expected issue; from the urbanism context, land-use distributions 
are strongly associated with the street network.  

The main problem with the residence area level is that households are very close one to each other; and 
there are only three neighbourhoods in this sample. Thus, the sample values are almost equal within a 
neighbourhood. This gives a high correlation between the variables, i.e. between Metro stations and street 
density, for all the three study areas. The only one endowed with Metro is CBD and its street density is a 
grid. Thus, the high level of correlation between Metro stations 4-way intersections could be reasonably 
explained by this.  

Summarizing, the Percentage of Residential Land was excluded as an explanatory variable for future 
models. The public transport variables are kept, as previous analyses, and 3-way intersections variables 
are not included in the model estimation. Analyzing Case 3 by municipality, the number of interurban bus 
stations is highly correlated (over 50%) to the number Metro and bus stations by municipality at 
destination. Thus, these variables should not be included together in the model estimation. The number of 
interurban bus stop would be excluded from the model.  
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Table 4-79 Pearson’s correlations for Case 3 – By Municipality   

Municipality  

Quantity per square 
kilometres at Destination Ratio OD Facilities 

(Quantity per square 
kilometres) 

By 
Municipality 

(only) 
By 

Municipality  

Ur
ba

n 
bu

s 

In
te

ru
rb

an
 b

us
 

Bu
s s

to
ps

 

Me
tro

 st
at

io
ns

   

Sc
ho

ol
 

Ea
t o

ut
 p

lac
e 

Se
rv

ice
 

Pa
rk

in
g 

Percentage of Land-Use                 

Industrial at origin 0.25 -0.14 -0.31 -0.30 -0.06 -0.02 -0.42 0.01 

Industrial at destination 0.35 -0.10 -0.23 -0.32 0.20 0.15 -0.10 0.04 

Commercial origin 0.06 0.09 0.24 -0.07 -0.09 -0.16 -0.45 -0.65 
Commercial destination 0.25 -0.05 0.37 -0.46 -0.04 0.21 -0.30 -0.21 

Percentage over population                 

GDP per capita  at destination -0.18 0.10 0.33 0.16 -0.14 -0.21 -0.06 -0.13 

% Workers at destination 0.29 0.24 0.04 0.18 -0.09 -0.01 0.01 0.13 

Quantity per square kilometres at Destination                 

By Municipality (only)                 

Urban bus 
  

0.16 -0.35 0.04 0.09 -0.11 -0.02 

Interurban bus 
  

0.76 0.69 0.05 -0.07 0.57 0.19 

By Municipality  
  

            

Bus stops 
    

0.05 0.00 0.36 -0.03 

Metro stations   
    

-0.05 -0.26 0.65 0.32 

 

Table 4-80 Pearson’s correlations for Case 3 – District   

Residence Area 

Quantity per square kilometres at 
Destination 

Street density 
By Municipality 

(only) By Residence Area  

Ur
ba

n b
us

 

Int
er

ur
ba

n 
bu

s 

Bu
s s

top
s 

Me
tro

 
sta

tio
ns

   

Ra
il s

tat
ion

s  

3s
tre

et 
 

4s
tre

et 
 

5s
tre

et 
 

Ratio of Land-Use                 

Industrial at origin 0.25 -0.14 0.41 0.01 -0.38 -0.51 -0.32 -0.64 
Industrial at destination 0.35 -0.10 0.22 0.02 -0.18 -0.25 -0.15 -0.29 

Commercial origin 0.06 0.09 -0.66 -0.94 0.31 0.72 -0.78 0.34 

Commercial destination 0.25 -0.05 -0.25 -0.39 0.11 0.26 -0.36 0.11 

Percent over population 
        

GDP per capita  at destination -0.18 0.10 -0.21 -0.12 0.15 0.23 -0.02 0.24 
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Residence Area 

Quantity per square kilometres at 
Destination 

Street density 
By Municipality 

(only) By Residence Area  

Ur
ba

n b
us

 

Int
er

ur
ba

n 
bu

s 

Bu
s s

top
s 

Me
tro

 
sta

tio
ns

   

Ra
il s

tat
ion

s  

3s
tre

et 
 

4s
tre

et 
 

5s
tre

et 
 

% Workers at destination 0.29 0.24 0.03 0.05 -0.05 -0.11 0.03 -0.07 

Quantity per square kilometres at Destination 
        

By Municipality (only) 
        

Urban bus 
  

0.03 -0.11 -0.08 -0.05 -0.18 -0.13 

Interurban bus 
  

-0.08 -0.04 0.10 0.13 0.00 0.06 

By Residence Area  
        

Bus stops 
     

-0.56 0.35 -0.35 

Metro stations   
     

-0.62 0.82 -0.18 

Rail stations  
     

0.63 0.01 -0.17 

 

Table 4-81 Pearson’s correlations for Case 3 – Residence Area   

Residence Area 

Quantity per square kilometres at Destination 

Street density 
By Municipality (only) 

Quantity per square 
kilometres at 
Destination 

Ur
ba

n b
us

 

Int
er

ur
ba

n 
bu

s 

Bu
s s

top
s 

Ra
il 

sta
tio

ns
 

4s
tre

et 

5s
tre

et 
Ratio of Land-Use 

      
Industrial at destination 0.35 -0.10 0.22 -0.18 -0.15 -0.29 

Commercial destination 0.25 -0.05 -0.25 0.11 -0.36 0.11 

Percent over population 
      

GDP per capita  at destination -0.18 0.10 -0.21 0.15 -0.02 0.24 

% Workers at destination 0.29 0.24 0.03 -0.05 0.03 -0.07 

Quantity per square kilometres 
at Destination       
By Municipality (only) 

      
Urban bus 

  
0.03 -0.08 -0.18 -0.13 

Interurban bus 
  

-0.08 0.10 0.00 0.06 

By Residence Area  
      

Bus stops 
    

0.35 -0.35 

Rail stations  
    

0.01 -0.17 
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Analyzing Case 4 from Table 4-82 to  it must be noted that at the municipality level the Percentage of 
Industrial Land at origin is negatively associated with GDP per capita at origin in 95%. Similarly, the 
Percentage of Commercial Land is correlated to 52% for GDP per capita. Thus, one of these variables 
could be kept for subsequent model estimations.  

Table 4-82 Pearson’s correlations for Case 4 – By Municipality   

Municipality  

Quantity per square 
kilometres at Destination Ratio OD Facilities 

(Quantity per square 
kilometres) By Municipality 

(only) By Municipality  

Ur
ba

n 
bu

s 

In
te

ru
rb

an
 

bu
s 

Bu
s s

to
ps

 

Me
tro

 st
at

io
ns

   

Sc
ho

ol
 

Ea
t o

ut
 p

lac
e 

Me
di

ca
l 

Percentage of Land-Use               

Industrial at origin 0.25 -0.14 -0.31 -0.30 -0.06 -0.02 0.01 

Industrial at destination 0.35 -0.10 -0.23 -0.32 0.20 0.15 0.27 

Commercial origin 0.06 0.09 0.24 -0.07 -0.09 -0.16 -0.51 
Commercial destination 0.25 -0.05 0.37 -0.46 -0.04 0.21 -0.14 

Percentage over population               

GDP per capita  at destination -0.18 0.10 0.33 0.16 -0.14 -0.21 -0.11 

GDP per capita  at origin -0.20 0.15 0.35 0.24 0.02 -0.04 -0.17 

% Workers at Destination 0.29 0.24 0.04 0.18 -0.09 -0.01 0.05 

Quantity per square kilometres at Destination               

By Municipality (only)               

Urban bus 
  

0.16 -0.35 0.04 0.09 0.11 

Interurban bus 
  

0.76 0.69 0.05 -0.07 0.14 

By Municipality                

Bus stops     
  

0.05 0.00 0.01 

Metro stations       
  

-0.05 -0.26 0.14 
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Table 4-33 shows the correlation analysis at district level. Consistent with Case 3, the Percentage of 
Commercial Land at origin are excluded from both district and municipality model estimations. 
Analogously, Table 4-83 shows the correlation analysis at residence area. The results are similar to Case 
3 because only GDP at origin is added to the set of variables.  

Table 4-83 Pearson’s correlations for Case 4 – District  

District 

Quantity per square kilometres at 
Destination 

Ratio OD Facilities (Quantity per square 
kilometres) By Municipality 

(only) By District 
Ur

ba
n b

us
 

Int
er

ur
ba

n b
us

 

Me
tro

 st
ati

on
s 

Bu
s s

top
s 

Ra
il s

tat
ion

s 

Me
dic

al 

Sc
ho

ol 

Se
rvi

ce
 

Pa
rki

ng
 

Ea
t o

ut 
pla

ce
 

Percentage of Land-Use                     

Industrial at origin 0.25 -0.14 -0.06 -0.48 -0.14 0.01 -0.03 -0.04 0.01 -0.07 

Industrial at destination 0.35 -0.10 -0.10 -0.35 -0.13 0.10 0.30 0.23 -0.02 0.05 

Commercial origin 0.06 0.09 -0.49 0.36 0.00 -0.55 -0.05 -0.34 -0.51 -0.30 

Commercial destination 0.25 -0.05 -0.55 0.48 -0.24 -0.23 0.02 0.07 -0.21 0.06 

Percent over population 
          

GDP per capita  at destination -0.18 0.10 -0.11 0.44 0.02 -0.06 -0.15 -0.16 -0.07 -0.08 

GDP per capita  at origin -0.20 0.15 -0.11 0.54 0.12 -0.19 0.01 -0.07 -0.17 -0.04 

% Workers at Destination 0.29 0.24 0.28 -0.01 0.11 0.07 -0.06 0.05 0.08 0.01 

Quantity per square kilometres 
at Destination           
By Municipality (only) 

          
Urban bus 

  
-0.23 0.06 -0.14 -0.03 0.17 0.22 -0.08 0.07 

Interurban bus 
  

-0.11 0.17 0.17 0.16 0.13 0.19 0.14 0.16 

By District 
          

Metro stations   
     

0.14 -0.12 -0.14 0.14 -0.06 

Bus stops 
     

-0.11 -0.03 0.11 -0.05 0.04 

Rail stations  
     

0.09 -0.05 -0.06 0.12 -0.03 
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Table 4-84 Pearson’s correlations for Case 4 – Residence Area 

Residence Area 

Quantity per square kilometres at Destination 
Street density 

By Municipality (only) By Residence Area  

Ur
ba

n b
us

 

Int
er

ur
ba

n b
us

 

Bu
s s

top
s 

Me
tro

 st
ati

on
s  

 

Ra
il s

tat
ion

s  

3s
tre

et 

4s
tre

et 
 

5s
tre

et 
 

Ratio of Land-Use                 

Industrial at origin 0.25 -0.14 0.41 0.01 -0.38 -0.51 -0.32 -0.64 
Industrial at destination 0.35 -0.10 0.22 0.02 -0.18 -0.25 -0.15 -0.29 

Commercial origin 0.06 0.09 -0.66 -0.94 0.31 0.72 -0.78 0.34 

Commercial destination 0.25 -0.05 -0.25 -0.39 0.11 0.26 -0.36 0.11 

Percent over population 
        

GDP per capita  at destination -0.18 0.10 -0.21 -0.12 0.15 0.23 -0.02 0.24 

GDP per capita  at origin -0.20 0.15 -0.58 -0.32 0.43 0.68 0.02 0.67 
% Workers at Destination 0.29 0.24 0.03 0.05 -0.05 -0.11 0.03 -0.07 

Quantity per square kilometres at 
Destination         
By Municipality (only) 

        
Urban bus 

  
0.03 -0.11 -0.08 -0.05 -0.18 -0.13 

Interurban bus 
  

-0.08 -0.04 0.10 0.13 0.00 0.06 

By Residence Area  
        

Bus stops 0.03 -0.08 
   

-0.56 0.35 -0.35 

Metro stations   -0.11 -0.04 
   

-0.62 0.82 -0.18 

Rail stations  -0.08 0.10 
   

0.63 0.01 -0.17 

 

Table 4-85 Pearson’s correlations for SE variables  

 Ge
nd

er
 

Fe
m

ale
 m

ar
rie

d 

Ag
e 4

-1
3 

Ag
e 1

4-
21

 

Ag
e 2

2-
29

 

Ag
e 3

0-
39

 

Ag
e 4

0-
49

 

Ag
e 5

0-
64

 

Ag
e 6

4 o
r m

or
e 

Gender 1.00 0.63 0.04 -0.06 0.00 -0.05 0.09 -0.03 0.02 

Female married 
 

1.00 -0.16 -0.22 -0.21 -0.03 0.21 0.17 0.03 

Age 4-13 
  

1.00 -0.10 -0.09 -0.09 -0.10 -0.16 -0.09 

Age 14-21 
   

1.00 -0.13 -0.14 -0.16 -0.24 -0.14 

Age 22-29 
    

1.00 -0.12 -0.15 -0.22 -0.12 

Age 30-39 
     

1.00 -0.15 -0.22 -0.13 

Age 40-49 
      

1.00 -0.26 -0.15 

Age 50-64 
       

1.00 -0.22 

Age 64 or more 
        

1.00 
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 Ag
e 6

4 o
r 

m
or

e 

W
or

ke
rs

 

St
ud

en
t 

Dr
ive

r 

Ow
n 

ca
r 

Gender 0.02 -0.13 -0.04 -0.14 -0.07 

Female married 0.03 -0.01 -0.31 0.05 -0.01 

Age 4-13 -0.09 -0.25 0.45 -0.39 -0.02 

Age 14-21 -0.14 -0.28 0.56 -0.29 0.02 

Age 22-29 -0.12 0.02 0.13 0.06 0.10 

Age 30-39 -0.13 0.27 -0.14 0.18 0.05 

Age 40-49 -0.15 0.27 -0.21 0.12 -0.08 

Age 50-64 -0.22 0.11 -0.30 0.22 0.11 

Age 64 or more 1.00 -0.34 -0.18 -0.15 -0.20 

Workers  
 

1.00 -0.52 0.45 0.05 

Student 
  

1.00 -0.46 0.01 

Driver 
   

1.00 0.23 

Own car 
    

1.00 

 

Table 4-86 Pearson’s correlations for SE and BE variables (continue) 

 Su
bu

rb
an

  

CB
D 

Ur
ba

n 
  

Si
ng

le-
fa

m
ily

 

Te
rra

ce
d 

ho
us

e 

De
ta

ch
ed

 

Ap
ar

tm
en

t 

Co
nd

om
in

iu
m

 

Suburban  1.00 -0.43 -0.53 0.12 0.05 0.13 -0.24 0.02 

CBD 
 

1.00 -0.54 -0.32 -0.42 -0.13 0.71 0.04 

Urban   
  

1.00 0.19 0.35 0.00 -0.44 -0.06 

Single-family 
   

1.00 -0.34 -0.10 -0.44 -0.10 

Terraced house 
    

1.00 -0.12 -0.53 -0.12 

Detached 
     

1.00 -0.16 -0.04 

Apartment 
      

1.00 -0.16 

Condominium 
       

1.00 
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Table 4-87 Pearson’s correlations for SE variables and Case 1 

 Re
sid
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io

n 
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m
m
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Co
m

m
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st
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n 

 
In

du
st

ria
l 

(R
at

io
) 

Re
sid

en
tia

l 
(R

at
io

) 

W
or

ke
rs

/sq
k

m
  

Co
m

m
er

cia
l 

(R
at

io
) 

Female married 0.04 0.04 -0.02 0.08 0.03 0.06 -0.01 -0.06 -0.05 -0.03 

Age 4-13 0.02 0.04 -0.01 0.14 0.02 0.11 -0.02 -0.11 -0.01 -0.10 

Age 14-21 0.01 0.05 0.01 0.01 0.01 -0.02 -0.01 -0.01 -0.04 0.00 

Age 64 or more -0.10 0.00 -0.04 0.07 -0.10 -0.01 0.03 -0.14 0.00 -0.04 

Age 40-49 0.01 0.18 0.09 -0.01 -0.01 -0.01 0.00 0.05 0.00 0.00 

Age 22-29 0.02 -0.10 -0.03 -0.06 0.03 -0.04 -0.01 0.10 0.01 0.08 

Age 30-39 0.01 -0.06 0.03 -0.05 0.02 -0.02 0.03 0.04 -0.02 0.03 

Age 50-64 0.00 -0.17 -0.07 0.00 0.03 0.03 -0.07 0.02 -0.01 0.00 

Workers  0.02 0.04 0.09 -0.21 0.01 -0.12 0.02 0.20 0.05 0.12 

Driver 0.10 -0.02 0.02 -0.15 0.10 -0.07 -0.01 0.21 0.03 0.15 

Own car 0.38 -0.14 -0.04 0.15 0.39 0.18 -0.03 0.15 -0.04 0.14 

Single-family 0.32 -0.03 -0.01 0.16 0.32 0.17 0.00 0.04 -0.03 0.06 

Terraced house 0.43 -0.15 -0.05 0.17 0.44 0.18 -0.07 0.17 -0.06 0.20 

Detached 0.12 0.08 0.01 0.07 0.11 0.05 0.01 0.02 -0.03 0.05 

Condominium -0.04 0.04 0.00 -0.07 -0.05 -0.07 -0.01 0.02 -0.02 0.02 

 

Table 4-88 Pearson’s correlations for SE variables and Case 1 continue) 

 GD
P 

pe
r 

ca
pi

ta
   

GD
P 

pe
r 

ca
pi

ta
  a

t 
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%
 

W
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GD
P 

pe
r 

ca
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Female married 0.05 -0.02 0.01 -0.07 

Age 4-13 0.03 -0.02 0.00 -0.05 

Age 14-21 -0.06 -0.04 0.01 0.03 

Age 64 or more -0.01 -0.03 0.01 -0.03 

Age 40-49 0.00 -0.16 0.05 -0.08 

Age 22-29 0.00 0.10 0.00 0.07 

Age 30-39 -0.03 0.06 -0.03 0.05 

Age 50-64 0.09 0.16 0.01 0.04 

Workers  -0.07 -0.03 -0.05 0.05 

Driver -0.02 0.05 -0.05 0.04 

Own car 0.08 0.25 0.00 0.12 

Single-family 0.03 0.13 -0.09 0.02 

Terraced house 0.11 0.27 0.01 0.12 

Detached 0.02 -0.03 0.02 -0.05 

Condominium -0.04 -0.05 -0.01 -0.03 
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CHAPTER: 5 MODELLING THE EFFECT OF LAND-USE AND 
SPATIAL LEVELS ON TRIP FREQUENCY 

5.1 INTRODUCTION  

The aim of this chapter is to contribute in answering three important questions: (1) the relative importance 
of urban environment versus socio-economic (SE) characteristics in explaining travel behaviour; (2) to 
what extent neighbourhood representation and in particular the geographical scale used to measure urban 
environment affects the explanation of travel behaviour and (3) to test the self-selection issue in this 
sample.  

Given the ordinal nature of the phenomenon, an ordered logit specification is used to estimate these 
models. The general theory of the ordered logit models is described in Section 3.3.  Section 5.2 is a 
summary of the model specification used in our specific case, highlighting mainly the variable 
specifications and the definition of the thresholds. Section 5.3 is a description of how the variables are 
coded to be included in the model specification, while Sections 5.4, is a discussion on the modelling 
results related, respectively, to the relative importance between SE and BE, the effect of the geographical 
scale and the effect on the travel components. Finally, Section 5.5 includes an analysis of the effects of 
the self-selection with the aim to show that the models specified in this Section are not affected by self-
selection problems.  Models presented in this Chapter are explained in Chapter 3. All models were 
estimated with the software package BIOGEME (M. Bierlaire 2003).  

 

5.2 DEFINITIONS OF SELF-SELECTION  

As described in the literature review, several authors have studied residential self-selection in a number of 
cases from different points of view (Krizek, 2003; Schutt, 2004; Handy et al., 2005; Litman 2005; Van 
Acker, 2007; Cao et al., 2009; Salon, 2009). For example, Salon (2009) analyzed walk trips, car-
ownership and residential location; Bhat and Guo (2007) analyzed car ownership and residential location; 
and, Pinjari et al. (2007) examined commute mode choice and residential location.  

In a few words, “Self-selection” can be described as the association between residential location choice 
and travel patterns. As stated in the literature review, self-selection means the tendency of people to 
choose locations based on their travel abilities, needs and preferences. The objective is to control for the 
self-selection of individuals into neighbourhoods based on number of trips stemming from both 
demographic characteristics and unobserved factors.  
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The general objective of this chapter is to test the association between built environment and travel 
behaviour. Particularly, in this chapter trip frequency is tested. However, association does not always 
mean causality. To robustly infer causality scientific research requires: association, non-spuriousness, 
time-precedence and causal mechanism (Schutt, 2004). Thus, the importance to control for “self-selection” 
is to test the presence of true causality versus spurious associations in the land-use transportation 
connection.  

The following figure shows the general framework for testing self-selection. As can be observed, two 

decision processes are integrated simultaneously: the Residential location Choice ( ) and Number of 

Trips ( ), taking both as exogenous. Both RC and y* are affected by the error components ξ and ε, 

respectively, which are indicated by dashed lines. The effect of self- selection is also represented by 
dashed lines, because is unobserved. Explanatory variables are observable are represented by solid lines. 
As can be seen, four groups of explanatory variables are included: facilities and retails at origin and 
destination area, public transport at destination area, land-use variables at origin and destination area, and 
demographic characteristics. A sub-set of each group of explanatory variables is included specifically or 
common for u* or y*. This formulation presented takes the form of join mixed-ordered model (JMO). A full 
estimation is done via simultaneous, and it is represented by braces on the bottom of the diagram.  

 
Figure 5-1 General Framework for testing Self-Selection 
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5.3 ORDINAL LOGIT: ANALYTICAL FRAMEWORK 

To analyze the extent to which the geographical scale of measuring the BE attributes influence the effect 
that BE attributes have on trip frequency, all the BE attributes that could equally be measured with 

different scales were selected and tested in the model specification. Let’s call ( ) the vector of attributes 

that characterise the neighbourhoods measured at different geographical scale levels (l): municipality, 
district and residence area. Therefore: 

  Eq. 5-1 

 

It is useful to remember that all the attributes at destination were measured only at municipality and district 
level, because not all trip destinations could be exactly geo-referenced to allow defining the circular units. 

 

Following the description reported in Section 3.3, the model estimated in this part of the thesis has the 
following formulation: 

 Eq. 5-2 

 

Where, as always,  denotes the individual,  a vector of SE characteristics and  a vector of BE 

attributes measured at a spatial scale  for each  origin or destination q,  the error term logistic 

distributed with zero mean and standard deviation .   

 
Note also that, as described in section 3, the vector of BE attributes can be written as 

, because it includes three types of attributes (or sub-vectors of attributes):  

o  that is a sub-vector of BE characteristics associated with the residential location 

variables. 
o  that is a sub-vector of BE characteristics associated with public transport at origin 

and destination. 
o  that is a sub-vector of BE characteristics associated with the commercial urban 

retails and facilities  
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Finally, since an ordered logit model is estimated, the thresholds were defined as follows:  

 = 0     if < , then Trip ≤ 2 

 = 1     if  <  ≤ , then 2<Trip ≤ 4 

 = 2     if  <  ≤ , then Trip > 4  Eq. 5-3 

5.4 SELF-SELECTION AND JOINT MIXED ORDERED MODEL  

As discussed in Chapter 1.3 there are many ways to test or account for self-selection. Thus, a joint mixed 

ordered model is used to estimate simultaneously the Residential location Choice ( ) and Number of 

Trips ( ). So that a joint probability bundle is chosen and modelled. This certainly reflects a sequential 
structure on multiple decisions, different to other structures, such as nested logit. 

As described in Bath and Guo (2007), self-selection can be accounted for through the effect of SE 

characteristics and the effect of unobserved heterogeneity common to both Number of Trips ( ) and the 

Residential location Choice ( ) models. 

The joint mixed ordered model estimate simultaneously the Residential location Choice ( ) and Number 

of Trips ( ). The Frequency model is an ordinal logit and it includes both SE and BE attributes, according 
to the best specification found in Section 5.5. The Residential Choice model has a typical multinomial logit 
structure and includes only BE attributes. As described in Bath and Guo (2007), many BE characteristics 
are common to both the Frequency and Residential choice models and their parameters are randomly 
distributed in order to account for unobserved attributes (such as travel attributes, lifestyle, and 
environmental considerations) that may influence both trip frequency and the residential location choice.  
For example, households who intrinsically like to perform many trips may locate themselves in high density 
neighbourhoods that are conducive to their preferences. Such unobserved preferences are captured in the 
random parameters common to both models.  

Similarly, street density may have an impact on residential location, because individuals with a more 
extroverted and experimenting a walk-likely lifestyle will be more sensitive to dense street networks, and 
would prefer this as a place to live, while undertaking fewer car-trips but not directly affecting trip-
frequency. This would be included in . On the other hand, the number of bus stops at destination, for 

example, will affect the sensitivity for number of trips, because individuals would more probably choose a 
destination satisfactory endowed with public transport service, while destination characteristics will not 
affect the residential location choice.  
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The equations can then be rewritten as: 

 

Eq. 5-4 

 

Eq. 5-5 

Where  and are vectors of fixed parameters for BE attributes ; and  are vectors of 

specific estimated parameters on trip frequency or residential location choice respectively, to be estimated 
for a sub-set of  and   vectors of attributes; and  is a common vector on trip frequency and 

residential location choice, estimated for a sub set of or  and   vectors of attributes.  

Finally, in this research three types of BE attributes were used, so the vector Zq of BE characteristics can 
be represented with three components  , where:  

-  a vector of the following BE characteristics associated to land use: percentage of industrial 

land at origin and destination, percentage of commercial lan at origin and destination.  
-  a vector of BE characteristics associated to the following commercial urban retails and 

facilities: schools, eat-out places and service oriented.  
-  vector of the followng BE characteristics associated to public transport: number of bus stops 

at destination, number of metro stations and rail stations at destination.  
Where,  

5.5 DATA AND VARIABLES 

The case study used in this chapter corresponds to the explained in Chapter 4. As mentioned in the 
introduction, the definition of the land use variables is a crucial point in modelling the relation between land 
use and mobility. The variables most used are simple dummies that indicate the type of the 
neighbourhood were people live. However, these dummy variables often include many characteristics, 
such as urban density, opportunity of activities, accessibility characteristics and so on, the effect of which 
cannot be disentangled. In this work we then tried to improve the definition of the variables that define the 
urban environment trying to identify the different measurable elements that describe land use variables as 
possible, with the aim of highlight which of them affects more the mobility. 
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Thus, this section is a description on how the explanatory variables are coded to be included in the model 
specification and the name of the associated coefficient.  As discussed in Section 4.4 unfortunately many 
of the BE characteristics are correlated. Therefore, despite the richness of the dataset built, only specific 
subsets of attributes could be used in the model estimation and only in specific combinations. Table 5-1 
shows names and definitions of the variables that can be used in the model estimation, although not all 
the attributes at the same time. The following table also shows the spatial level at which each BE-attribute 
is measured. For further description of these variables see Section 4.4.  

Table 5-1 Variables definition and notation  

Name Description 
SE variables   
Age cohort   Age14_21 Yes=1; otherwise 0 
Age40_49 Yes=1; otherwise 0 
Age50_64 Yes=1; otherwise 0 
Age64m Yes=1; otherwise 0 
Female married Gender is female. Yes=1; otherwise 0 
Workers  Occupation is worker,  Yes=1; otherwise 0 
Driver Holding driver license. Yes=1; otherwise 0 
Condominium Dwelling type is condominium. Yes=1; otherwise 0 
Detached Dwelling type is detached house. Yes=1; otherwise 0 

Own car 
Number of car per household, including company car  (from 0 to 
4) 

Variables measured at Municipality level only 
Percent of land-use    
Industrial at destination Percent of Industrial Land-use at destination  
Industrial at origin Percent of Industrial Land-use at origin  
Residential destination Percent of Residential Land-use at destination  
Residential at origin Percent of Residential Land-use at origin  
Commercial destination Commercial Land-use at destination (ha)  
Commercial origin Percent of Commercial Land-use at origin  
Ratio O/D of percent of land-use    
Commercial Ratio of Commercial Land-use Percent 
Industrial Ratio of Industrial Land-use Percent 
Residential Ratio of Residential Land-use Percent 
Ratio O/D of workers and GDP    
Workers/sqkm  Ratio of Ratio of percent of workers  
Ratio GDP per capita O/D Ratio of Percents of GDP per capita over Madrid (%)  
Percentage over population  % Workers at Destination Percent of workers at destination 
Quantity   GDP per capita  at destination Gross Domestic Product (GDP) at destination  
GDP per capita  at origin Gross Domestic Product (GDP) at origin 
Public transport by Municipality 
only   
Urban bus at destination Urban bus lines (Quantity per square kilometre at destination) 
Interurban bus at destination Interurban bus lines (Quantity  per square kilometre at destination) 
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Name Description 
Variables measured at Municipality, District and Residential level 9 

Bus stops at destination Number of bus stations (Quantity at destination) 
Metro stations at destination Number of Metro stations (Quantity at destination) 
Rail stations at destination Number of rail stations (Quantity at destination) 
Ratio OD of facilities 10   
Medical Total number of medical service oriented places per square 

kilometres 
School Number of schools and university per square kilometres 
Service Number of service oriented places per square kilometres 
Parking Total number of parking facilities per square kilometres 
Eat out place Total number of eat-out places per square kilometres 

Variables measured at Residential level only 
Street density    
4street at origin Number of Intersection 4-way street 
5street at origin  Number of Intersection 5-way 
 

5.6 RESULTS  

As mentioned in Section 4.4, the above set of variables cannot be included in the model specification at 
the same time due to correlation issues. The detailed correlation analysis reported in Section 4.4 enables 
us to identify four sub-sets of attributes that can be estimated together. Tables from Table 5-2 to Table 5-5 
include the results of the models estimated using each of the four sub-sets of attributes. Each table also 
shows three different model estimations using the same set of attributes but measured at different spatial 
levels (Municipality, District and Residence Area). As can be seen, not all the attributes, but most of them, 
are available at all the three spatial levels. In general, the researcher can expect that smaller scales would 
lead to more precise measurement; hence it is difficult to generalize the best scale. The estimation of 4 
different sets of variables, therefore, leads to different conclusions, which are discussed in depth later.   

It is worth noting that case 4 presents the highest number of parameters significantly different from zero at 
95% or more. This difference is particularly marked at Municipality level, mainly because the percentage of 
land-use attributes is much more significant than the ratio of percentage of land-use between origin and 
destination. However, models in case 4 do not have the best log-likelihood, even controlling for the total 
number of parameters estimated. If we look at municipality level, for example, the model in case 3 has the 
same number of parameters as in case 4 but much lower log-likelihood. The model in case 3 also shows a 
no significant constant, which indicates that the attributes included in the specification are able to 
represent the average phenomenon well, contrary to the model in case 4, where the constant is highly 
significant indicating a lot of noise left unexplained.  

                                                           
9 Measured only at origin for Residence area level. 
10 Ratio between origin and destination was calculated for Municipality and District level. And only at origin for 
Residence area level.  
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In the comparison between the three spatial levels, it seems that the ratio of percentage of land-use 
between origin and destination is measured much better at district level than at municipality and residential 
level (see results in Table 5-2). Public transport measures are also much more significant when measured 
at municipality level, although it must be noted that some of these changes in sign depend on the spatial 
level they are measured. This result is of course worrying because it implies an opposite forecast. For 
example, if we look at Table 5-2, the number of bus stops at destination has a positive effect on the 
number of trips when measured at municipality level, while it has a negative impact when measured at 
district level. Usually accessibility plays in favour of attracting trips, hence the result at municipality level 
seems to be the correct one.  The effect of public transport service at destination by district level does not 
support the elastic demand theory (Ewing et al. 1996). A possible reason for this result is that these 
variables are measured at municipality/district scale at destination, thus the variability, and as 
consequence the level of significance, depends on whether interurban trips are carried out. And, in the 
context of Madrid, rail (Cercanías) network play an important role for interurban trips. 

SE variables proved to be irrelevant after adding BE variables, then almost all SE variables were removed 
from the final specification. Surprisingly, all the BE measures related with the intersection characteristics, 
and measured at residential level, are not significant. The estimated threshold are all highly significant (t-
test higher than 1.96) in all the estimated models and they are also in ascending order showing that the 
intended order is correct. These thresholds in fact represent the demarcation points on the continuous 
latent propensity scale that identify the following observed discrete values of person-trips. Reverse 
threshold estimates is sufficient evidence to conclude that the empirical ordering is consistent with the 
intended ordering (Andrichet al., 1997).  
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Table 5-2 Model Results: Case 1  

 
Municipality District Residence Area 11 

Name Value t-test Value t-test Value t-test 
ASC 1.620 4.740 -0.213 -0.550 0.192 0.600 

Socio-economic variables 
      Workers  0.389 2.500 -0.153 -0.880 0.502 3.410 

Driver 0.400 2.230 0.558 2.720 0.253 1.510 
Ratio O/D of percent of land-use  

      Commercial 0.066 0.990 0.127 2.370 0.125 2.940 
Industrial -0.059 -2.390 -0.073 -2.750 0.012 0.550 
Residential 0.185 0.840 -1.320 -5.430 0.262 1.420 
Ratio O/D 

      Workers/sqkm  3.400 2.090 4.190 2.410 0.020 0.010 
Ratio GDP per capita O/D 0.522 2.510 0.231 1.080 0.503 3.010 
Public transport at destination 

      Interurban bus 
  14.800 18.070 

  Bus stops 0.155 10.660 -0.074 -7.050 
  Metro stations   3.990 7.130 -0.083 -5.020 0.010 1.120 

Rail stations  
  0.634 3.300 -0.096 -0.770 

Ratio OD of facilities  
      Medical 0.324 3.160 -0.001 -0.010 

  Service 
  

0.022 0.720 
  Parking 

  0.157 1.310 
  Eat out place 0.001 0.070 

    Street density at origin 
      5street 
    -7.020 -1.850 

µ1 3.630 22.140 4.510 20.150 2.580 25.090 
µ2 5.560 25.200 6.420 24.000 4.310 25.670 
Fit Measures       Number of estimated parameters: 14  17  13  Number of observations: 888  888  888  Number of individuals: 888  888  888  Null log-likelihood: -1231  -1231  -1231  Cte log-likelihood: -1002.4  -1002.4  -1002.4  Init log-likelihood: -2918.9  -2918.9  -2918.9  Final log-likelihood: -789.65  -661.28  -971.97  Likelihood ratio test: 882.75  1139.5  518.13  Rho-square: 0.359  0.463  0.21  Adjusted rho-square: 0.347  0.449  0.2  

 
  

                                                           
11 Public transport measured at origin (residence) 
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Table 5-3 Model Results: Case 2 

 
Municipality District Residential 

Name Value t-test Value t-test Value t-test 
ASC -0.444 -0.620 -0.645 -1.060 -1.190 -1.850 
Socio-economic variables 

      Workers  0.113 0.680 0.234 1.540 0.489 3.310 
Driver 0.578 2.990 0.344 2.050 0.249 1.480 
Percent of land-use  

      Industrial at destination 4.860 3.640 -4.610 -3.780 0.030 0.030 
Industrial at origin 6.990 4.700 -0.675 -0.510 -2.710 -1.630 
Residential destination -0.222 -0.280 -2.620 -4.050 -1.490 -2.630 
Percentage over population 

      
% Workers at Destination -0.896 -0.420 6.880 3.860 4.180 2.720 
GDP per capita  at destination -5.870E-05 -5.900 -1.310E-05 -1.510 -2.060E-05 -2.820 
Public transport at destination 

      
Bus stops 0.210 11.860 -0.030 -2.980 

  
Metro stations   6.100 9.940 -0.102 -6.360 -0.020 -2.120 
Rail stations  

  0.735 4.360 -0.106 -0.650 
Ratio OD of facilities  

      
Medical -0.015 -0.150 0.128 1.990 

  
School 0.235 3.530 0.438 4.110 

  
Service 

  
0.014 0.520 

  Parking 
  0.154 1.440 

  
Eat out place -0.011 -0.770 

    
Street density at origin       5street 

    -7.350 -1.410 
µ1 3.910 22.140 2.810 24.480 2.560 25.160 
µ2 5.820 25.450 4.590 25.640 4.280 25.680 
Fit Measures    Number of estimated parameters: 15 

888 
888 

-1231.029 
-1002.358 
-2918.928 
-720.286 
1021.486 

0.415 
0.403 

17 
888 
888 

-1231.03 
-1002.36 
-2918.93 
-923.927 
614.205 

0.249 
0.236 

13 
888 
888 

-1231.029 
-1002.358 
-2918.928 
-977.065 
507.928 

0.206 
0.196 

Number of observations: 
Number of individuals: 
Null log-likelihood: 
Cte log-likelihood: 
Init log-likelihood: 
Final log-likelihood: 
Likelihood ratio test: 
Rho-square: 
Adjusted rho-square: 
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Table 5-4 Model Results: Case 3 

 
Municipality District Residential 

Name Value t-test Value t-test Value t-test 
ASC -0.026 -0.040 0.481 0.760 -3.620 -4.880 
Socio-economic variables 

      Workers  0.114 0.680 0.338 2.260 -0.154 -0.890 
Driver 0.543 2.780 0.320 1.910 0.457 2.220 
Percent of land-use  

      Industrial at destination 4.830 4.150 -3.170 -2.900 3.560 3.410 
Industrial at origin 7.550 4.960 0.521 0.370 

  Commercial destination -0.806 -0.100 
  -7.450 -1.610 

Commercial origin 9.140 1.770 13.700 2.450 
  Percentage over Population 

      % Workers at Destination -0.951 -0.500 3.850 2.360 -8.930 -4.750 
GDP per capita  at destination -5.830E-05 -5.400 -9.000E-06 -1.040 -4.260E-05 -4.240 
Public transport at destination 

      Interurban bus 
    15.200 18.640 

Bus stops 0.201 9.300 -0.037 -3.590 -0.003 -0.520 
Metro stations   6.270 8.440 -0.055 -3.240 

  Rail stations  
  0.863 5.260 -0.228 -1.480 

Ratio OD of facilities  
      School 0.251 3.600 0.327 3.660 

  Service 
  

0.108 2.920 
  Eat out place -0.006 -0.430 

    Street density at origin 
      4street 
    -0.225 -0.390 

5street 
    -8.150 -1.710 

µ1 3.910 22.190 2.740 24.820 4.400 20.320 
µ2 5.810 25.480 4.520 25.670 6.260 24.170 
Fit Measures    Number of estimated parameters: 15 

888 
888 

-1231.029 
-1002.358 
-2918.928 
-718.644 
1024.771 

0.416 
0.404 

15 
888 
888 

-1231.029 
-1002.358 
-2918.928 
-936.367 
589.326 

0.239 
0.227 

14 
888 
888 

-1231.029 
-1002.358 
-2918.928 
-665.765 
1130.528 

0.459 
0.448 

Number of observations: 
Number of individuals: 
Null log-likelihood: 
Cte log-likelihood: 
Init log-likelihood: 
Final log-likelihood: 
Likelihood ratio test: 
Rho-square: 
Adjusted rho-square: 
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Table 5-5 Model Results: Case 4 

 
Municipality District Residential 

Name Value t-test Value t-test Value t-test 
ASC 6.830 2.870 16.900 7.450 -4.030 -4.270 
Socio-economic variables 

      Workers  0.106 0.640 0.213 1.410 -0.147 -0.850 
Driver 0.484 2.540 0.344 2.040 0.456 2.250 
Percent of land-use  

      Industrial at destination 4.500 3.820 -2.980 -2.740 4.210 4.190 
Industrial at origin 24.600 4.370 40.600 7.640 

  Commercial destination -21.500 -3.010 
  -15.700 -3.560 

Ratio O/D 
      % Workers at Destination -4.360 -2.500 1.640 1.120 -11.800 -6.640 

GDP per capita  at origin 0.000 3.050 0.000 7.700 0.000 -1.980 
Public transport at destination 

      Interurban bus     14.800 18.580 
Bus stops 0.207 10.020 -0.029 -3.490   Metro stations   4.850 6.810   -0.015 -0.380 
Rail stations    0.635 4.130   Ratio OD of facilities  

      Medical 0.231 3.910 0.325 4.020 
  School 

  
0.136 3.940 

  Service 
  0.520 4.440 

  Parking 0.014 1.030 
    Eat out place 

      Street density at origin 
    0.004 0.000 

4street 
      

µ1 3.880 22.160 2.820 24.680 4.350 20.340 
µ2 5.790 25.420 4.610 25.770 6.200 24.180 
Fit Measures    Number of estimated parameters: 15 

888 
888 

-1231.029 
-1002.358 
-2918.928 
-732.182 
997.694 

0.405 
0.393 

15 
888 
888 

-1231.029 
-1002.358 
-2918.928 
-917.576 
626.906 

0.255 
0.242 

12 
888 
888 

-1231.029 
-1002.358 
-2918.928 
-675.752 
1110.554 

0.451 
0.441 

Number of observations: 
Number of individuals: 
Null log-likelihood: 
Cte log-likelihood: 
Init log-likelihood: 
Final log-likelihood: 
Likelihood ratio test: 
Rho-square: 
Adjusted rho-square: 
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5.7 TEST FOR SELF-SELECTION 

The test for self-selection was carried out through estimating the join- mixed ordered model (JMO), 
explained in Chapter 3, and discussed in Section 5.3. This model was estimated from the best 
specification achieved in Section 5.5. The best specification was Case 3, because this model presents the 
best goodness of fit and the highest number of explanatory variables. This model also involves lower 
number of parameters than Cases 1, 2 and 4.  

Despite the model results in Section 5.5 shown that SE variables are not associated with number of trips, 
after statistical analysis, seven SE variables were added to the estimation with the aim of observing its 

effect both in utility specification of  and . This specification was used for estimating Ordinal Logit 
(OL) and Joint Mixed-Ordered (JOM) models.  

Table 5-6 shows the model results where 10 parameters of SE and 18 parameters of BE were estimated, 
and 5 standard deviations. Among the BE parameters: 2 of those parameters are common random to BE 
for number of trips and residential location choice. Land-use variables at municipality level were assumed 
to be fixed parameters because of the lack of variability of these measures. Facilities and public transport 
parameters were firstly tested as specific random parameters for  and . We choose the appropriate 
specification based on the coefficient: equal values of estimated parameters indicate shared unobserved 
factors, and then common random parameters. According to this, statistically significant standard deviation 

of common random parameters indicate the association between  and  , and as result the self-
selection.  

Facilities and public transport attributes are computed in 3 spatial levels. However, two models were 
estimated because residential characteristics are present in the residential choice location both for 
municipality and district models. The model results are discussed in this section. 

The main conclusion that emerges from here is related to the overall performance of the explanatory 
variables.  In the municipality model, almost all attributes keep the same sign both in OL and JMO models. 
It may indicate that, this association is not spurious, and it is not altered with different distributions of error 
term (ε).  

It is important to note that only one standard deviation was significantly different from zero, that associated 
with the school parameter.  Analogously, to what was reported in Bhat and Guo (2007), this suggests that, 
at least in the current empirical context, the significant impacts of the built environment and other variables 
on trip frequency are ‘‘true” effects rather than “corrupted effects”. 
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Table 5-6 Model Results from Ordinal Logit (OL) and Joint Mixed-Ordered (JMO) at Municipality Level 

Name 
Municipality 

OL JMO 

Value  t-test Value  t-test 
b_meanAtt 0.359 0.720 -2.720 -4.760 
Socio-economic variables         
Age14_21 -0.158 -0.560 -0.138 -0.510 
Age40_49 -0.121 -0.500 -0.235 -1.020 
Age50_64 0.211 1.060 0.076 0.400 
Age64m 0.137 0.450 0.032 0.100 
Condominium 0.064 0.160 0.167 0.450 
Detached -0.065 -0.170 -0.089 -0.250 
Workers  0.138 0.720 0.173 0.930 
Driver 0.489 2.320 0.468 2.270 
Female-married 0.254 1.450 0.309 1.840 
Own car -0.038 -0.420 -0.081 -0.930 
Fixed parameters in number of trips         
Industrial at destination 4.850 4.270 2.580 1.920 
Industrial at origin 8.020 5.080 10.400 6.460 
Commercial destination -1.020 -0.130 34.000 5.420 
Commercial origin 11.100 2.020 39.200 5.070 
GDP per capita  at destination -6.21E-05 -6.060 -5.77E-05 -5.310 
% Workers at destination         
Random parameters in number of trips         
Eat out place -0.008 -0.540 -0.053 -2.810 

standard deviation      -0.002 -0.100 
Metro stations   6.370 8.650 9.610 12.33 

standard deviation      0.060 0.150 
Rail (fixed)         
Rail         

standard deviation          
Common Random Parameters          
Bus stops (fixed) 0.204 9.440     
Bus stops      -0.022 -1.700 

standard deviation      0.001 0.050 
School (fixed) 0.265 3.770     
School     1.900 9.630 

standard deviation      0.765 9.050 
Service (fixed)         
Service         

standard deviation          
Thresholds         
tau2 (delta 1 in Joint) 3.930 22.15 4.350 20.70 
delta 2     2.020 12.68 
tau3 (tau2 1+delta 2 in Joint) 5.860 25.42     
Variables in RC (fixed parameters)        
ASC-CBD     0.564 2.410 
ASC-Urban     -0.969 -4.280 
Worker – CBD      -0.491 -2.440 
Own car – CBD      -0.863 -8.080 
Worker – Urban       -0.505 -2.750 
Own car – Urban      0.246 3.080 
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Name 
Municipality 

OL JMO 

Value  t-test Value  t-test 
Random parameters in RC         
Metro stations  (cbd)     0.921 2.080 

standard deviation      -0.054 -0.080 

 

Fit measures     
Model Ordinal 

Logit   
Number of draws   100 

Number of estimated parameters 22  34 
Number of observations 888  888 

Init log-likelihood -2918.928  -1968.846 
Final log-likelihood -715.328  -1567.074 

Likelihood ratio test 1031.403  803.544 
Adjusted rho-square 0.401  0.204 

 

    

Table 5-7 Model Results from Ordinal Logit (OL) and Joint Mixed-Ordered (JMO) at District Level 

Name 
District 

JMO OL 

Value t-test Value  t-test 
b_meanAtt 0.124 0.190 0.003 0.000 
Socio-economic variables         
Age14_21 0.423 1.560 0.386 1.180 
Age40_49 -0.013 -0.050 -0.217 -0.990 
Age50_64 -0.287 -1.470 -0.134 -0.770 
Age64m -0.319 -1.110 -0.567 -1.820 
Condominium 0.476 1.240 0.199 0.570 
Detached 0.710 1.900 0.340 0.990 
Workers  0.211 1.140 0.159 1.000 
Driver 0.630 3.150 0.226 1.110 
Female-married 0.401 2.320 0.291 1.770 
Own car 0.130 1.550 -0.034 -0.430 
Fixed parameters in number of trips         
Industrial at destination         
Industrial at origin         
Commercial destination -19.100 -3.510 -13.300 -2.860 
Commercial origin         
GDP per capita  at destination 3.55E-05 3.290 2.86E-06 0.320 
% Workers at destination -2.48E+00 -1.410 2.75E+00 1.730 
Random parameters in number of trips         
Eat out place         

standard deviation        
Metro stations   -0.102 -5.740 -0.071 -4.660 

standard deviation  -0.010 -0.480     
Rail (fixed)     0.787 4.620 
Rail 1.350 6.030     
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Name 
District 

JMO OL 

Value t-test Value  t-test 
standard deviation  0.726 2.970     

Common Random Parameters          
Bus stops (fixed)     -0.018 -1.970 
Bus stops  -0.060 -5.950     

standard deviation  0.000 -0.020     
School (fixed)     0.271 3.640 
School 1.670 10.210     

standard deviation  -1.380 -10.470     
Service (fixed)     0.067 2.500 
Service 0.549 9.920   

standard deviation  -0.255 -7.650     
Thresholds        
tau2 (delta 1 in Joint) 4.040 19.290 2.760 24.13 
delta 2 2.320 11.920     
tau3 (tau2 1+delta 2 in Joint)     4.530 25.380 
Variables in RC (fixed parameters)       
ASC-CBD -0.264 -0.850     
ASC-Urban -0.812 -3.610     
Worker – CBD  -0.464 -1.890     
Own car – CBD  -0.791 -5.220     
Worker – Urban   -0.342 -1.830     
Own car – Urban  0.274 3.330     
Random parameters in RC         
Metro stations  (cbd) 0.189 7.620     

standard deviation  0.056 0.920     
Fit measures     

Number of draws 100   Model   Ordinal Logit 
Number of estimated parameters 34  21 

Sample size 888  888 
Init log-likelihood -1968.846  -2918.928 

Final log-likelihood -1594.7  -931.38 
Likelihood ratio test for the init. 

Model 748.293  599 

Rho for the init. model 0.19  0.226 
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5.7.1 NUMBER OF TRIPS  

The results for the ordered-response number of trips model are provided in Table 5-6. The coefficient 
estimates represent the impact on trip-frequency by individuals. We can find some socioeconomic 
attributes important on predicting number of trips. In one case, supporting the results from ordinal models 
presented in the previous section, i.e. holding driver license.  

“Female married” is important for jointly predicting number of trips and residential location choice while this 
is not very relevant for predicting number of sole trips. An important reason for this is that we are dealing 
with different representations of an individual’s behaviour. Standard ordered models only considered the 
influence of these variables in the number of trips. While the joint model considers the impact of this 
variable in a combination of decisions (or sequence of two) that are undertaken by the same individual. It 
is important to point out that “female married” is only used for predicting the number of trips but the model 
structure utilised here represents a final decision process as a set of two decisions.  

In the JMO, the t-test for number of bus stops at destination indicates that people choose to travel 
according to public transport supply at destination, but people do not choose to live according to the public 
transport supply at their frequent destination. “Number of bus stops” was proved as statistically significant 
and independent parameter for number of trips. It may indicate that assuming bus stops at destination as 
common random factor for RC and number of trips turn on biased results. Moreover, at least in this 
sample, there is no variation in public transport supply due to unobserved factors, the standard deviation 

( ) is not significant.  

By contrast, eat-out places induce different effects in the separate decision process (number of trips and 
residential location choice), and it is manifested in different parameters. It was proved that eat-out places 
was not important as common sensitivity indicator by testing as common random parameter. 

Analyzing municipality and district models, the result shows that land-use (industrial and commercial) 
attributes significantly influence the number of trips. And this result is consistent across ordinal and joint 
estimations. Particularly, Industrial land-use significantly influences the joint decision for residential 
location and number of trips. Due to identification purposes, this parameter was estimated as fixed 
parameter only in number of trips. This result also means that local shopping increases trip-frequency. 
Thus, consistent with Handy and Clifton (2002), local shopping is a strategy for making driving a matter of 
choice, and enhances the quality of life by encouraging participation in activities.  
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5.7.2 RESIDENTIAL SELF-SELECTION EFFECTS  

The results are now discussed for common and specific preference for BE attributes regarding to the 
number of trips and residential location choice. Analyzing the preference for BE attributes common 
between residential location choices and number of trips, in general, the results show that testing for 
sensitivity in BE attributes is important for both decisions processes. Results for self-selection effect can 

be accounted for in the statistically significant  estimates.  

Analyzing municipality and district models, it can be observed that number of schools and its error term is 
statistically significant. This indicates that a shared sensitivity is accounted for individuals during the joint 
decision process. Thus, individuals perceive the number of schools around their origin and destination 
area as attractive for number of trips and also perceive it as attractive for residential choice for living in 
CBD and urban neighbourhoods. Reasonably, the sign is positive, indicating that people who perceive the 
number of schools as attractive for undertaking more trips are more likely to choose CBD as residential 
location.  

5.7.3 RESIDENTIAL LOCATION CHOICE MODEL  

The results of the multinomial logit model are provided in Table 5-6.  The coefficient estimates represent 
the impact of the variables on the residential location choice of individuals, there are three residence 
areas: CBD, urban and Suburban. The reference choice of residence area is suburban.  

We can observe that socioeconomic characteristics produce different effects on the two decision 
processes analyzed here. On the one hand, holding a driver license increase the probability of undertaking 
more trips, as shows by the coefficient for “driver” in the models estimated for . And, on the other hand, 
being a driver does not play a role in residential location choice. However, some correlations between 
“being a driver” and the joint decision process could have been expected, because people living in more 
density areas tend to have fewer car-trips, and car-trips are in part determined by holding a driver license, 
the other determinant factor is car-ownership.  

After changing the effect of “driver” by “car-ownership” in the model for residential location choice, we find 
that auto ownership is determinant for residential location choice. Effectively, people who chose central 
locations would prefer a “less-driver” lifestyle. See the coefficient for auto-CBD and auto-urban.  

This parameter is alternative specific for residential location choice at CBD and Urban respectively. Both 
parameters show the expected and reasonable sign. The influence of auto ownership at CBD is negative 
as expected, because car ownership propensity is lower in density zones. The influence of auto ownership 
in urban area is positive, but it is marginally significant. An important reason for this is that reference 
neighbourhood in the set of equations is suburban; urban and suburban neighbourhoods share similar BE 
and mobility profiles. Since “only differences matter” there is no substantial differences.  
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This result confirms the crucial role played by public transport supply in CBD, one of the best connected in 
Madrid, with bus, metro, rail and pedestrian infrastructures. In addition, this result is consistent with the 
effect of street density in residential choice model. In general, the results show the existence of self-
selection in this context. Thus, BE and sorting effects influence trip generation in this sample.  

5.8 FORECASTING  

Forecasting was done for the two OL models presented in Table 5-6 and Table 5-7. Table 5-8 shows the 
predicted probabilities for both municipality and district models. As can be seen, municipality model predict 
better the market shares. Contrary to the possibly expected power of prediction of district model, finer 
scales would better predict travel demand, this result demonstrates the importance of statistical analysis 
and combination of geographical scales to measure built environment attributes.  

Table 5-8 Predicted Probabilities for Municipality Model  

Municipality  
Predicted 1 2 3 4 Total 
1 16.63% 0.00% 0.00% 0.00% 16.63% 
2 5.24% 50.57% 14.58% 3.99% 74.37% 
3 0.00% 3.30% 3.19% 1.14% 7.63% 
4 0.00% 0.91% 0.34% 0.11% 1.37% 
Total  21.87% 54.78% 18.11% 5.24% 100.00% 
Correctly predicted 70.50% 

District  
Predicted 1 2 3 4 Total 
1 4.90% 0.34% 0.23% 0.11% 5.58% 
2 16.97% 52.28% 17.43% 4.90% 91.57% 
3 0.00% 1.59% 0.23% 0.23% 2.05% 
4 0.00% 0.57% 0.23% 0.00% 0.80% 
Total  21.87% 54.78% 18.11% 5.24% 100.00% 
Correctly Predicted 57.40% 

 
As can be seen in bold, the best forecast are done for category number 1 and 2, people staying at home 
and people undertaking one or two trips during a day. It means that both first and second categories are 
clearly differentiated from the others. Thus, mobility patterns are better predicted for those categories. It is 
important to note, the variations in market shares due to different geographical scales of BE attributes. It 
may indicate an important caveat on travel demand models. These results indicate that an exhaustive 
statistical test must be conducted in order to find accurate specifications. And as can be seen, each scale 
implies its advantage and drawbacks. As consequence, a very careful optimization process must be 
carried out in order to find reliable predictions.  
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To sum up, in this chapter the estimation results from four specification cases was presented. These 
specifications were achieved after the statistical analysis presented in Chapter 4. The main objective was 
to determine a set of explanatory variables for estimating trip frequency and test self-selection in this 
sample. Therefore, the second objective was to test the possibility of spurious effect from BE in trip 
frequency.  The database used in these analyses is composed from three sources, as explained in 
Chapter 4. And this enables to test several specifications and geographical scales, and as consequence, 
allow optimizing the model specification.  

In the following chapter, the influence of unobserved factors and BE attributes is analyzed, in the choice of 
type of tour. Similar to the present chapter, a general framework is developed and empirically applied. The 
main link between the two chapters is the test of unobserved factors in travel behaviour. Furthermore, BE 
attributes analyzed in chapter 4, are also included in the model specification of chapter 6. 
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CHAPTER: 6 MODELLING THE EFFECT OF SOCIOECONOMIC 
AND BUILT ENVIRONMENT CHARACTERISTICS BY HYBRID 
CHOICE MODELS  

The aim of this chapter is to study the effect of land use and socio-economic characteristics in the discrete 
choice among different tour structures. At the same time, following the recent literature on the effect of 
latent factors in the discrete choice (Ben-Akiva et  al., 1999; Ben-Akiva et.al, 2002b; Walker and Ben-
Akiva, 2002; Atasoy et al., 2010; Hurtubia et. al, 2010; Yáñez et. al, 2010), it can be thought that the 
discrete choice among type of tours can also be affected by unobservable attitude towards travel that is 
not reflected in the explanatory variables. To study this effect a hybrid choice model (HCM) was used, 
where the latent variable measures the propensity to travel of each individual, while the discrete choice is 
among type of tours. Both the latent variable and the discrete choice are functions of the individual socio-
economic and land use characteristics, but the tour choice is also a function of travel characteristics and a 
function of the latent variable. In this way it was possible to measure the effect of the land use and socio-
economic characteristics have on the choice of tours directly and indirectly through the propensity to 
travel. 

Due to the increasing importance of latent variables on the transport research, it can be thought that some 
unobserved factors could influence the choice among type of tour. This, Section is an analysis of, first, the 
propensity to travel and, after, the discrete choice.  

6.1 DEFINITIONS OF PROPENSITY AND TOUR  

Propensity refers to the natural or acquired tendency, inclination, or habit in a person or thing. This might 
be thought of as a general willingness to do something, which, at the same time, influences how frequently 
an action is carried. In the psychological literature “Propensity” is often used with specific meanings, such 
as “Propensity to Trust” others (Mayer, 1995), “Risk Propensity” as the tendency of a decision maker 
either to take or to avoid risks” (Sitkin, 1992) or “Propensity effect” as a reversal of the traditional hindsight 
bias (Roese, 2006). Following this definition, in the present thesis, the propensity to travel (PT) is defined 
as the individual tendency to travel, and it is measured by the daily trip frequency.  

Figure 6-1 shows the variables interacting in the representation of this phenomenon. Variables in grey 
indicate the information only available once the tour starts; these variables are related to tours and they 
are also called “Level of Service” (LOS) in the chapter. Variables in white background represent the 
information that is available for forecasting purposes, and can be used as predictors for the propensity to 
travel. 
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Figure 6-1  General Framework for Propensity to Travel 

 

The main motivation to select the propensity to travel as latent variable is because it is possibly that an 
unobservable attitude could affect discrete choice model, but it is not reflected in the explanatory 
variables. As for the discrete choice, the type of tour was selected because it incorporates an explicit 
representation of temporal-spatial constraints among activity stops within a tour.  In this context, “Tour” is 
defined as a sequence of trip segments that start and end at home, which is consistent with Bowman et al. 
(1999). In particular the tour structures were defined in terms of type of main activities of the tour and 
number of stops realised during the tour for other purposes other than the main activity. 

6.2 METHODOLOGY  

As discussed in Section 3.5, the present work follows the general framework and methodology reported in 
Walker (2001) for incorporating latent variables into choice models via the integration of the choice and 
latent variable models. The integrated choice and latent variable structure explicitly models the latent 
variables that influence the choice process. Following the scheme presented in Chapter 3, Figure 6-2 
shows the framework of the integrated latent variable and choice model used to study the relation between 
BE and tour choice. It was assumed that socioeconomic (SE) and built environment characteristics (BE) 
play a role in both the latent and discrete choice model, while the travel attributes (LOS) only affect the 
choice of the type of tour, because this information only exists once a tour has started. Before arriving to 
the final specification of the HCM different specifications were tested. The observable indicator is the 
number of trips that links propensity to travel with the tour complexity.  

X*=PT

LOS
• Travel Time, Mode 

of Transport, Trip 
Purpose

BE
• Neighbourhood 

type, Dwelling Type, 
Land-use Attributes, 
Transport Supply  

SE:
• Personal attributes: 
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car-availability driver 
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Figure 6-2   Framework for the Integrated Choice and Latent Variable Model 

 

Since the estimation of hybrid models is computationally intensive, in order to find the adequate structure 
and specification for the HCM, we used the following methodology: 

1. Estimate a simple MNL logit for the choice of tour model. The latent variable is not included in this 
model, because the scope is simply to have a reference model and a tool to quickly test different 
utility specifications. The IIA test is also applied to test for correlation among alternatives. 

2. Estimate a NL logit for the choice model with different correlation structures, without and with the 
latent variable. In this last case two methods were used to estimate the latent model:  

a. Two-step estimation without integration: the mean value of the latent variable is added 
simply as a known explanatory variable. A NL model that accounts for correlation among 
tour complexity is used in this case. 

b. Two-step estimation with integration: the latent variable is included in the utility 
specification as a random variable and a mixed logit formulation is used to integrate over 
the error term of the latent variable. This is indeed a HCM estimated via sequential 
estimation.  

3. Finally, the HCM is estimated via simultaneous estimation.  
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6.3 ANALYTICAL FRAMEWORK  

As in the general framework discussed in Chapter 3, we need the distribution of the latent variable, the 

number of trips, given the observed SE and BE attributes. Let PT be the latent variable, and  and  
two vectors of explanatory variables respectively for the SE and LU characteristics. The structural 
equation for PT is specified as follows:  
 

                                                 Eq. 6-1 

 
Where  is the propensity to travel for individual n.  is a vector of SE characteristics with  elements, 

 is the vector of BE attributes with  elements,  and  are two vectors of parameters associated 

respectively to the SE and LU characteristics, while  is the error term Normal distributed with zero 

mean and standard deviation . 
 
We also need the distribution of the indicators conditional on the values of the latent variable. The 

measurement equation for propensity to travel ( ) is specified as follows:  
 

                                                                          Eq. 6-2 

 

Where  is l-th indicator of the latent variable ( ),  is the associated parameter to be estimated and 

is the error term, Normal distributed with zero mean and standard deviation .  
 

Similarly to the latent variable model, also for the discrete choice model, we need the distribution of the 
utilities (  that individual n associates with each type of tour j and a measurement equation to identify 

the choice. The utility function is expressed as a function of a vector of socioeconomic attributes ), a 

vector of BE characteristics , a vector of attributes of the tour  and the propensity to travel 

 of each individual n.  
 

 

 Eq. 6-3 

 
Note that the discrete choice and the latent variable models can include different attributes, hence the 

vectors  and  can be different between equations (6-1) and (6-3). The parameters associated with 

these attributes in the discrete choice that are, of course, different from those in the latent variable. εjn is 

the error term extreme value distributed with mean zero and  standard deviation.  
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The choice set in the alternative specifications involves 10 alternatives:  

j= 1 is HOME: no trips during the day.  
j = 2 is HWH: Home-Work-Home tours. Simple tour from home to work and back 
j = 3 is HWH+: Work tour with at least 1 additional stop for another activity 
j = 4 is HW+WH:  

• Work tour with an intermediate stop at home.  

• Work tour with an intermediate stop at home, plus 1 or more additional stops.  

• Work tour with a work-based sub-tour, and any number of additional stops 

j = 5 is HSH: Simple tour from home to school and back 
j = 6 is HSH+: School tour with at least 1 additional stop for another activity or at home 
j = 7 is SHOP: Simple tour from home to shopping and back 
j = 8 is SHOP+: Shopping tour with at least 1 additional stop for another activity 
j = 9 is HOH: Simple tour with purpose other than work or school or shopping 
j = 10 is HOH+: Tour with purpose other than work or school, with at least 1 additional stop for another 

activity 
In the simultaneous estimation, for identification purposes, the discrete alternatives j are reduced to 5 
alternatives, and are represented by the following types of tours:  

j=1 is HOME: no trips during the day.  
j=2 is a Home-Work-Home tour (HW/SH), which includes 

• Simple tour from home to work and back 

• Simple school tour from home to school and back 

j=3 is a Work/school tour with at least 1 additional stop for another activity (HW/SH+), and it includes: 

• Work tour with an intermediate stop at home.  

• Work tour with an intermediate stop at home, plus 1 or more additional stops. 

• Work tour with a work-based sub-tour, and any number of additional stops 

j= 4 is a Simple tour from home to shopping and back (HOH/SHOP) or a Simple tour with purpose 
other than work or school or shopping 

j = 5 is a Shopping tour with at least 1 additional stop for another activity (HOH+/SHOP+) or a tour 
with purpose other than work or school, with at least 1 additional stop for another activity  

 
The choice model was built assuming extreme value distribution for the error terms of the alternatives; 
hence the probability of individual n choosing the alternative j is the probability of choosing the alternative 
conditional on the observed and unobserved variables:  
 

           Eq. 6-4 
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Where  is the choice set of the individual n. Since PT is unknown, then the probability of individual n 
choosing alternative j is the integral:  
 

                                                   Eq. 6-5 

 

6.4 ESTIMATION METHOD 

As described in Chapter 3, two approaches can be used to estimate the hybrid model: sequential and 
simultaneous. Both methods are tested in this thesis. Sequential estimation is drawn for alternative 
specifications, because of its shorter estimation time; while simultaneous estimation is applied for 
estimating the final specification, because it leads to more efficient estimates (Ben-Akiva et. al, 1999). As 
discussed in Chapter 3, in hybrid model the latent variable and the discrete choice are estimated jointly. In 
the integrated model, we have to estimate the joint probability of observing both the choice j for individual 
n and the latent variable . Therefore, the joint probability of choosing a tour j and to observe the 
indicator I, is given by:  

 

Eq. 6-6 

 

 

Where the densities of  and  are given respectively by: 

 

                                             Eq. 6-7  

 

                                                 Eq. 6-8 

 

The maximum likelihood is obtained, as always, from maximizing the logarithm of the likelihood function 

( ) over the unknown parameters:  
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                          Eq. 6-9 

 

Where the binary variable  characterizes the individual decisions and it is defined as: 

 

                                                              Eq. 6-10 

 

and  is the choice set of each individual, i.e. the set of alternatives available for each individual. 

6.4.1 TWO STEP ESTIMATION WITHOUT INTEGRATION: MNL AND NL 

Since the estimation of hybrid models is computationally intensive, a reference model with the structure of 
multinomial logit was first estimated. The latent variable is not included in this model, but results were 
useful to identify the appropriate function for the representation of tour complexity. The second step 
consisted in testing for the most appropriate correlation structure. Given the phenomenon we are studying, 
at least two structures were a priori equally good: by primary activity, and by tour complexity. These 
structures are illustrated in the figures 6.3 and 6.4.  

After estimating the MNL, the IIA property was verified by using the McFadden’s test. This consists in 
using the estimated parameters to compute the auxiliary variables that define the correlation among the 
alternatives. In the first case it was assumed a correlation among the alternatives based on the primary 
activity: home, work, school, shopping and others. Then the auxiliary variables were included in the 
specification and the model was estimated again. Analogously, in the second case it was assumed a 
correlation among the alternatives based on the tour complexity: home, simple tour (only 1 stop) and 
complex tours (more than 1 stop). Estimation and simulation were done using the software package 
BIOGEME and its module BIOSIM (Bierlaire, 2003). 

Figure 6-3  Nested Structure by Primary Activity 
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Figure 6-4  Nested Structure by tour complexity 

 

The application of the IIA McFadden test revealed that IIA assumption does not hold among the 
alternatives with the same primary activity.  A set of auxiliary variables (  is estimated to define the 
correlation among the alternatives.  

The process of IIA test consists of firstly estimating a MNL. Then the estimated model is applied on the 
same data file, using BIOSIM. By defining the section [IIATest] in the orginal .mod file, auxiliary variables 
are automatically computed for each observation, and reported in the .enu output file. The original .dat file 
and the .enu file are merged using BIOMERGE in order to create a new data file. Now we specify a new 
model which includes the auxiliary variables in the utility functions associated with the alternatives. Finally, 
we estimate this model on the new data file created by merging. 

We assume there are some shared unobserved attributes. In this case we assume correlation among the 
alternatives by primary activity: home, work, school, shopping and others. The focus in this test is not 
related to the sign of the estimated IIA parameter. What is important is the value of the t -statistic for such 

a coefficient.  is significantly different from 0 at a 95% level of confidence.  

The application of the IIA McFadden test revealed that IIA assumption does not hold among the 
alternatives with the same primary activity. This indicates that the IIA property does not hold for the home, 

work, school, shopping and others alternatives. This is an indication of correlation between groups of 
alternatives. In the presence of such correlations, GEV models like Nest Logit are more appropriate.  

The classical NL models were then estimated. The Models were normalized from the top (i.e. µ=1) and 
one scale parameter was estimated for each nest. The estimation results show that the scale parameter 
µ-school and µ-shopping are equal to one. When µ-school = µ or  µ-shopping = µ, the model collapses to 
a logit model, and the correlation is zero. In the second structure, the model includes the following ratios 
(µ/ , µ/  and µ/  ) where µ is normalized to one. However, since home contains 

only one alternative the parameter  was also normalized to one. The model results indicate that 

both ratio (µ/  and µ/  ) are significantly different from one. 

Since the first nested structure shows an unclear correlation across the alternatives, the nested structure 
by tour complexity, and proceeded to estimate the best specification as possible.   
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6.4.2 TWO STEP ESTIMATION WITH INTEGRATION: ML 

In order to incorporate the latent variable in the model specification a mixed logit model is needed. The 
two-steps procedure consists of the following steps: (1) estimating the LV using an ordinal logit and 
including the mean value of the LV and it in the utility specification of the tour complexity; (3) adding an 
error component structure to account for the random heterogeneity of the LV and estimating a classical 
ML model. So the utility of the ML model has the following form: 

Eq. 6-11 

 

A normal distribution of was assumed for the error component. The estimation was firstly performed 
assuming both generic and alternative specific parameters for the latent variable. Models were estimated 
using Python BIOGEME (Bierlaire and Fetiarison, 2009).  

6.5 VARIABLE DESCRIPTION  

As mentioned before, the explanatory variables used in the models are Socioeconomic attributes of the 
individuals, Neighbourhood characteristics and Travel attributes: The only travel related variable in this 
model is travel time. Socioeconomic attributes and neighbourhood characteristics are included in both 
latent and discrete choice, while the travel attribute is used only to explain the discrete choices. Table 6-1 
shows a list of explanatory variables used in each model along with an explanation of how they have been 
coded. The column “definition” shows the name of the associated parameters and it will be reported in the 
results.  
 
Table 6-1 Definition of explanatory variables   

Variable Parameters in the 
latent variable Definition Parameters in the 

discrete choice model 
SE ( ) 

Gender  0=Male 1=Female  
4-13 years Base category Yes=1; otherwise 0 Age 4-13 
14-21 years  Yes=1; otherwise 0  
22-29 years12  Yes=1; otherwise 0 Age 22-29 
22-39 years  Yes=1; otherwise 0  
Age30_4913  Yes=1; otherwise 0 Age 30-49 
40-49 years  Yes=1; otherwise 0 Age 40-49 
50-64 years  Yes=1; otherwise 0  

                                                           
12 This age cohort is only available in alternative specifications. Due to the statistical level of significance of age 
cohorts, the variable “age” was re-structured in the 6 cohorts presented in the final specifications.  
13 This age cohort is only available in alternative specifications. Due to the statistical level of significance of age 
cohorts, the variable “age” was re-structured in the 6 cohorts presented in the final specifications.  
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Variable Parameters in the 

latent variable Definition Parameters in the 
discrete choice model 

More than 64 years  Yes=1; otherwise 0 Age64m 
Female married   Yes=1; otherwise 0  
Worker  Yes=1; otherwise 0 Worker 
Student  Yes=1; otherwise 0  
Unemployed  Base category  
Car ownership (1)  0= no car 1= otherwise  
Driver License  Yes=1; otherwise 0  
Interaction car ownership * 
holding a driver licence   Yes=1; otherwise 0 Driver_1car 

Adult x Child presence  Yes=1; otherwise 0 Adult_child 
BE ( ) 

Condominium  Yes=1; otherwise = 0  
Single Family  Yes=1; otherwise = 0  
Other dwelling  Yes=1; otherwise = 0 Other dwelling 
CBD  Yes=1; otherwise 0  
Urban  Yes=1; otherwise 0  

Worker Density  
Ratio of worker density at 

origin/destination    

Commercial land-use  
Ratio of urban retails 

origin/destination COMM_OD 

PT-600  
Number of rail and metro stations in 
the residence area.  Calculated for 

a 600 meters radio.  
PT-600 

Presence of bus and metro  
Number of bus stops and metro 

station in the residence area.  For a 
600 meters radio  

Presence bus/metro 

Worker Density  
Ratio of worker density at 

origin/destination   Ratio worker 

Level of Service ( ):    

Time min 90  
Total travel time is equal to 90 min: 

Yes = 1; Otherwise = 0 TIMEMIN90m 

Travel time Longest Trip   
Travel time for the longest trip 

during the day in minutes Longest trip 
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6.6 RESULTS  

This section describes the results obtained from the model estimation using the structures described in the 
previous sections. 

6.6.1 MODELLING THE CORRELATION ACROSS TYPE OF TOURS 

The results in this section are of the estimation of simple MNL and NL models, without the latent variable, 
with the purpose of finding the best specification, especially regarding the correlation structure. Table 6-2 
shows the results for the MNL and the two nested structures of NL. As mentioned in the previous section, 
the table shows that accounting for correlation across tours with stop (tour complexity) gives superior 
results than accounting for correlation across primary activity. This last structure is not significantly 
different from the MNL.   

Table 6-2 Multinomial Logit and Nested Logit (without latent variable) 

Name 
Multinomial Logit 

Nested Logit by 
Tour Complexity 

Nested Logit by 
Primary Activity 

Affected 
Alternative  

Value t-test Value t-test Value t-test 
 -2.55 -7.28 -0.81 -1.93 -2.55 -7.30 2 
 -4.19 -8.74 -3.51 -4.82 -4.17 -8.71 3 

 -3.75 -8.03 -3.15 -4.86 -3.73 -8.00 4 
 -0.15 -0.47 0.21 0.86 -0.10 -0.31 5 
 -1.87 -4.13 -1.63 -3.76 -1.67 -3.01 6 

 -2.38 -5.20 -0.64 -1.58 -2.37 -5.18 7 
 -3.21 -5.79 -2.77 -4.39 -3.20 -5.78 8 

 -1.62 -4.74 -0.38 -1.15 -1.62 -4.77 9 
 -3.10 -5.94 -2.66 -4.43 -3.10 -5.97 10 

SE characteristics 
Age22_29 -0.01 -0.02 -0.10 -0.32 -0.01 -0.02 2,3,4 
Age30_49 0.09 0.35 -0.03 -0.13 0.09 0.34 2,3,4 
Age64m -1.51 -2.82 -1.45 -4.15 -1.51 -2.83 2,3,4 
Age64m -3.14 -5.10 -2.31 -4.62 -3.14 -5.10 5,6 
Age22_29 0.69 2.01 0.47 1.53 0.66 1.91 5 
Age30_49 -1.12 -2.13 -0.43 -1.30 -1.07 -2.10 5 
Age4_13 1.93 4.67 1.40 3.79 1.93 4.70 5 
Age22_29 -1.20 -1.12 -1.17 -1.25 -0.96 -0.93 6 
Age30_49 -0.09 -0.13 -0.29 -0.48 -0.21 -0.31 6 
Age4_13 2.07 3.46 1.73 2.89 2.09 3.75 6 
Age22_29 -1.71 -2.24 -0.59 -1.41 -1.71 -2.24 7,9 
Age30_49 -0.47 -1.17 -0.25 -0.91 -0.47 -1.16 7,9 
Age64m -0.20 -0.60 -0.87 -2.89 -0.19 -0.60 7,9 
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Name 
Multinomial Logit 

Nested Logit by 
Tour Complexity 

Nested Logit by 
Primary Activity 

Affected 
Alternative  

Value t-test Value t-test Value t-test 
Age22_29 -2.06 -1.96 -1.79 -1.86 -2.06 -1.96 8,10 
Age30_49 -0.15 -0.33 -0.24 -0.58 -0.15 -0.34 8,10 
Age64m 0.32 0.86 0.23 0.54 0.31 0.83 8,10 
WORKER -0.35 -0.79 -0.10 -0.24 -0.35 -0.78 10 
WORKER 2.68 8.97 1.42 4.76 2.68 8.97 2 
WORKER 1.96 5.42 1.79 4.02 1.96 5.44 3,4 
WORKER -2.14 -6.18 -0.75 -1.79 -2.14 -6.18 5,6,8 
WORKER -0.69 -1.11 0.19 0.58 -0.69 -1.11 7 
WORKER -0.34 -0.94 0.33 1.30 -0.34 -0.94 9 
Adult_child 0.62 1.27 0.57 1.27 0.63 1.27 10 
Adult_child 0.72 2.38 0.64 2.15 0.72 2.38 3 
Adult_child -0.45 -1.29 -0.33 -0.97 -0.45 -1.30 4 
Adult_child 0.38 0.60 0.09 0.17 0.38 0.60 8 
Driver_1car 1.08 2.30 0.93 2.14 1.10 2.33 10 
Driver_1car 1.10 4.09 0.74 3.53 1.11 4.11 2 
Driver_1car 0.66 1.97 0.50 1.61 0.68 2.01 3,4 
Driver_1car -0.33 -0.70 -0.43 -0.92 -0.25 -0.58 5,6 
Driver_1car 0.36 0.73 0.31 1.54 0.36 0.74 7 
Driver_1car 1.59 3.26 1.28 2.74 1.60 3.29 8 
Driver_1car 0.63 2.10 0.42 2.66 0.64 2.12 9 
BE characteristics 
CBD 0.07 0.28 0.05 0.35 0.06 0.28 5,7,9 
CBD -0.72 -1.99 -0.68 -2.06 -0.68 -1.95 6,10 
CBD -0.53 -1.10 -0.52 -1.26 -0.52 -1.10 8 
COMM_OD -0.22 -3.83 -0.21 -3.84 -0.21 -3.87 3,4,6,8,10 
POZUELO 0.31 1.11 0.22 1.19 0.31 1.10 3,4,5,6 
POZUELO  0.24 0.85 0.10 0.70 0.24 0.88 7,8,9,10 
TIMEMIN90m 1.78 8.40 1.73 8.24 1.72 7.17 3,4,6,8,10 
Presence bus/metro 0.54 2.59 0.41 2.18 0.55 2.62 2,9 
Presence bus/metro 0.25 0.84 0.13 0.51 0.27 0.91 3,4,6,8,10 
Presence bus/metro 0.24 0.80 0.29 1.32 0.22 0.72 5,7 
Fit Measures     
Number of estimated 
parameters:  

52 54 56  

Number of 
observations:  

943 943 943  

Null log-likelihood:  -2171.338 -2171.338 -2171.338  
Cte log-likelihood:  -1833.826 -1833.826 -1833.826  
Final log-likelihood:  -1387.029 -1377.046 -1386.908  
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Likelihood ratio test:  1568.617 1588.583 1568.859  
Rho-square:  0.361 0.366 0.361  
Adjusted rho-square:  0.337 0.335 0.341  

 

6.6.2 TYPE OF TOUR MODELS INCORPORATING LV: TWO-STEP ESTIMATION  

6.6.2.1 Modelling Propensity to Travel: Latent Model  

As specified in the previous sections, the two-step estimation requires firstly estimating a separate model 
for the latent variable, and then integrating this variable into the type of tour discrete choice model. Table 
6-3 shows the results of the estimation of the latent propensity to travel using an ordinal logit model.  

Table 6-3 Model Results for the Ordinal Logit 

 

 

 

 

 

 

 

 

 

 

 

 

 

 *Significant at 95% level of confidence 

 

 

Name Value t-test  
SE characteristics    

 -0.209 -0.67  
 0.645 2.08 *  

 0.338 1.07  
 0.682 2.23 *  

 -0.902 -2.06  * 
 0.112 0.82  

 0.619 2.43 *  
 0.474 1.6  
 0.709 3.59 *  

 -0.134 -1.67  
 0.492 2.69 *  

BE characteristics    
 -0.0954 -0.58  

 -0.54 -1.79  
 -1.1 -2.41 *  
 -0.968 -1.91  

 0.42 1.91  
 0.51 1.41  

 0.419 1.21  
 0.373 2.06 *  

 -1.01 -2.32  * 
 1.63 3.73  * 
 3.35 7.37  * 
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Cont. Table 6-3.  

 

 

 

 

 

 

One of the main characteristics of the ordered response models are the threshold values. The threshold 
parameters represent the demarcation points on the continuous latent propensity scale that identify 
observed discrete values of person-trips. It is worth noting that the estimated threshold are highly 
significant (p-values less than 0.05) and in ascending order showing that the intended order is correct. 
However, as such, they do not have any substantive behavioural interpretation.  

The model shows that the elderly population (older than 64 years) present lower propensities to travel than 
the younger population. People between 50 and 64 are almost equally sensitive to travel as people 
between 22 to 39 years old. Female married with child show positive propensity to travel, maybe because 
a person in charge of the household and/or children by necessity would perform more activities than a 
single person without children. In the case of occupation variable, the reference value is unemployed 
status; therefore the positive coefficient of workers indicates that they make more trips than unemployed 
people. This result is expected because workers have a daily mandatory trip which they have to make; 
whether or not they perform more trips, at least they make 2 trips during the day.  

Consistent with other studies, holding a driver’s license ( ) is a useful predictor of the number of 

trips. Car ownership ( ) is positively but not significantly associated with PT, This effect is given 

by individuals that choose to stay at home. Finally, as expected, having a job ( ) has almost the 

same effect on the propensity to travel, as study commitments ( ); this is why in the discrete 
choice model working-tours and study-tours are grouped in the same category. 

Holding a driver’s license increases trip frequency. This does not explicitly mean an increase of car-use, 
but it is likely to be so. The coefficient for CBD variable is negative and is higher than the urban coefficient 
indicating that living in the CBD has a more negative impact on trip generation than living in urban area.  

In the case of dwelling type, the base category is single-house/others (206 observations and 10 
observations respectively), the interpretation is that people living in apartment and condominium are 
considerably more likely to travel than people in single dwelling type. It is also important to highlight that 

Fit measures    
Number of estimated parameters: 22   
Number of observations: 943   
Null log-likelihood: -1307.276   
Cte log-likelihood: -1057.611   
Final log-likelihood: -1022.93   
Likelihood ratio test: 568.692   
Rho-square: 0.218   
Adjusted rho-square: 0.201   
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the survey was conducted during working-days. Then, all the conclusions are circumscribed to that 
temporal framework. Not travelling does not mean ‘never’ travel; it means that, the individual does not 
travel during a working day. The individual exhibits different travel behaviour during weekends.  

6.6.2.2 Two-steps estimation without integration 

Table 6-4 shows the results of the estimation of a NL model that accounts for correlation among tour 
complexity and incorporates the propensity to travel LV. The table also shows the estimation of a NL with 
the same correlation structure but without LV, for comparison. 

Firstly, it is worth noting that most of the attributes tested are highly significant and that they have their 
sign and mostly their significance do not change as we include the LV. A few exceptions are the age 
category between 30 and 49 and the CBD dummy variable, but none of them is significant. Overall, as 
expected, the model including the LV is clearly superior from a model fit standpoint.  

Note that the correlation coefficients are greater than one because an upper normalisation has been used. 
However, the t-test shows that only the correlation for the simple tours 

( ) in the Model with LV is significantly different from one at more than 95%. All the other 

correlations are not significantly different from one and the structures collapses into a MNL. This result 
shows that including the inclusion of LV lead to properly represent the correlation among tours with only 
one stop.  

Table 6-4 Results Two-steps estimation without integration 

 NL with LV NL without LV  Name Value t-test Value t-test Affected Utility 
 0  0  1 

 -0.749 -2.28 -1.09 -2.72 2 
 -3.06 -5.69 -3.14 -5.78 3 

 -2.74 -5.88 -2.79 -5.9 4 
 0.202 1.14 0.359 1.96 5 
 -1.46 -4.11 -1.42 -3.7 6 
 -0.472 -1.68 -0.79 -2.13 7 
 -2.13 -5.43 -2.26 -5.31 8 

 -0.353 -1.41 -0.444 -1.49 9 
 -2.41 -5.51 -2.54 -5.39 10 

SE characteristics 
Age22-29 -0.15 -0.52 -0.08 -0.28 2,3,4 
Age22-29 -1.46 -2.23 -1.53 -2.16 6,8,10 
Age4-13 0.87 2.65 1.51 4.04 5 
Age4-13 1.03 1.91 1.74 2.93 6 
Age22-29 0.36 1.18 0.57 1.83 5 
Age22-29 -0.51 -1.39 -0.71 -1.53 7,9 
Age30-49 -0.04 -0.18 0.04 0.18 2,3,4 
Age30-49 -0.43 -1.43 -0.41 -1.21 5,6 
Age30-49 -0.21 -0.87 -0.18 -0.67 7,8,9,10 
Age64m -0.97 -2.57 -2.04 -5.96 2,4,5,6 
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 NL with LV NL without LV  Name Value t-test Value t-test Affected Utility 
Age64m -0.36 -1.10 -0.80 -2.65 7,9 
Age 64m 0.59 1.42 0.14 0.35 8,10 
Worker 1.00 3.70 1.48 4.73 2,3,4 
Worker -1.51 -4.09 -1.10 -3.53 5,6,8 
Worker -0.41 -2.06 -0.21 -0.88 7,10 
Adult-child  0.50 2.06 0.62 2.33 3,10 
Adult-child -0.35 -1.13 -0.32 -0.99 4 
Driver-1car 0.90 4.57 0.91 4.58 2,8,10 
Driver-1car 0.55 4.00 0.47 3.18 3,4,7,9 
Driver-1car -0.47 -1.19 -0.35 -0.82 5,6 
BE Characteristics  
CBD 0.10 1.04 -0.03 -0.18 5,7,9 
CBD -0.49 -1.90 -0.65 -2.28 6,8,10 
COMM_OD -0.21 -3.94 -0.20 -3.77 3,4,6,8,10 
Presence bus 0.39 2.66 0.41 2.72 2,9 
Presence bus 0.16 0.99 0.14 0.80 5,7 
TIMEMIN90m 1.71 8.34 1.74 8.48 3,4,6,8,10 
LV Propensity to Travel 

 0.69 2.83   9, 10 
 1.78 6.63   5, 6 

 0.43 1.53   2 
 1.00 4.22   3, 4, 8 

Correlation parameters 

 1.00 
 

1.00 
   1.39 1.16 1.20 0.76 

  3.49 2.92 2.15 2.55 
 Fit Measures 

Number of estimated 
parameters: 41 37 

 

Number of observations: 943 943  
Null log-likelihood: -2171.34 -2171.34  
Cte log-likelihood: -1833.83 -1833.83  
Final log-likelihood: -1333.38 -1382.56  
Likelihood ratio test: 1675.91 1577.57  
Rho-square: 0.39 0.36  

 

6.6.2.2.1 Socio Economic characteristics 

All signs and coefficients for Age are logical and coherent with the MNL estimated before. Age cohort 
between 4 and 13 years old are equally sensitive to school tours with stops and school tours without any 
stop. Similarly, working tour alternatives share the same parameters for all age cohorts. The Elderly 
population tend to make more complex tours, specifically shopping tours with stops and other-tours with 
stops (alternatives 8 and 10). The coefficient in alternatives 8 and 10 is positive while the coefficient of 
shopping tours without any stops and other-tours without any stops is negative (alternatives 7 and 9). The 
opposite case occurs in the age cohort 22 to 29 years old who tend to make more simple tours. A possible 
explanation could be less commitment to household work for people in that age cohort, who normally 
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study and work. This leads to less free-time than retired people (65 years old or more). It is rather difficult 
for a student to stay at home for the entire day, or spend the entire day in a shopping tour, or other-tour 
(sports, medical, accompanying another person etc). The individual between 22-29 years old should be 
characterized by school-tours and indeed, looking at the parameter  for the alternative 5 (i.e. 
HSH) and for the alternatives 6, 8, 10 (i.e. HSHs, SHOPs, HOHs), we can appreciate that individuals 
between 22-29 years old make significantly more school-tours without any stops than the other age 
categories.  

The variable worker denotes that the individual has a full-time or part time job. As expected, this variable is 
relevant for working tours alternatives 1, 3 and 4 (HWH, HWHs and HWsWH), but workers are less likely 
to make leisure trips. This is logical because working people have less free-time.  

Being an adult and living with children is very important for the stop making propensity. We assumed that 
the propensity to make stops is related to the presence of a child; this variable was only tested in the utility 
function of tours with stops. A positive effect of this variable could be expected in the alternatives with 
stops. In fact, the results show that the impact is significantly positive. The presence of a child induces 
adults to make intermediate stops. This is especially important for working-tours and other-tours. Perhaps 
these are the tours more related to childcare activities, and household maintenance.  

Comparing working-tour with stops and working-tours with sub-tour14, we find statistically different 
coefficients. This indicates that the correlation between the presence of a child and working-tour with stops 
is stronger than the correlation between the presence of a child and working-tours with sub-tour. Having a 
car is important for shopping trips with multiple stops. It is also important for simple working trips (non-
stops, non secondary tours). However it is less important for working trips with multiple stops.  

6.6.2.2.2 Built Environment characteristics 

It was expected that living in CBD is relevant for the stop making propensity across all types of tours. 
However, it was found that living in CBD is not relevant for all the primary activities, and neither it is 
relevant for the schedule of the tour in many cases.  

Note that the reference alternative is ‘stay at home’, hence the positive coefficient of in the utility 
equation for 5 (HSH), 8 (Shop) and 9 (HOH) means that people living in CBD prefer a tour with stops 
instead of staying home. It seems CBD dwellers are more active than urban and suburban dwellers. 
However, this is not clear at all. The negative coefficient for CBD in the utility equation of Alternatives 6, 8, 
10 means that people prefer to stay at home instead of making some tours without any stops (school, 
shopping and others). CBD residents do not exhibit sensitivity to no-working tours. Since living in CBD is 

                                                           
14 Definition of sub-tour: a set of trips that start and end at the same place (home, work, etc.). a set of trips and sub-
tours compose a tour, which is analyzed in the discrete choice model. Tour is also composed by a set of trips and 
intermediate stops. See the Hierarchy of Activities in Chapter 4, Section 4.3.1 
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irrelevant for working trips, this variable is removed from the utility function of 2, 3 and 4. In conclusion, 
this result supports the ordinal logit results, in which people living in CBD are less likely to travel. In the 
discrete choice model we know exactly which type of tour CBD dwellers are expected to make. 

The influence of travel time was tested in many different types of specifications: logarithm of travel time, 
piecewise linear transformations, and Box-Cox transformations. However, none of them was satisfactory 
for the model estimation.  Two specific parameters were added, one for each nest, and the results show 
that both are significant.  The tour without any stops is less sensitive to changes in travel time. In both 
cases, travel time increases the probability of undertaking any tour. Since the reference alternative is ‘stay 
at home’, the signs of the two specific parameters should be positive.  

After testing many specific parameters, travel time is included only in the utility function of tours-with-stops 
as a generic parameter.  This means that all tours with intermediate stops are equally sensitive to travel 
time, while the impact of travel time in a tour without intermediate stops is different. We fixed the threshold 
on 90 minutes after exploratory analysis.  

Most of the working-tours without stops are carried out in areas with bus facility. It means that the 
presence of bus stops does not induce individuals to make more stops. Both ‘working’ and ‘other’ primary 
activities are equally influenced by the presence of bus stops. Perhaps the similitude is due to the non-
stop character of these types of tour. Commercial ratio is the ratio between the percentage of commercial 
land at the origin and destination area. Commercial ratio is only tested for people who made some trips, 
the commercial ratio is equal to zero if the individual stayed at home. When this ratio is high, it means that 
the destination area has a lower commercial use than the area of origin.  

The negative sign of the Commercial ratio means that when the individual travels towards an area with few 
commercial retail shops, the probability of making multiple stops decreases. This is because the 
Commercial ratio is added in the alternatives of tours-with-stops and the area of origin is the residence 
area, while that of destination corresponds to the municipality to which the destination of the first trips of 
the day belongs. Non working tours are more sensitive to variations in commercial retails. However, this 
variation is not strongly significant, and, this parameter is generic.  

6.6.2.2.3 Latent variable propensity to travel 

The Table 6-4 shows 4 estimated parameters for propensity to travel. One specific parameter was 
estimated for each type of activity (except working tours that account with 2 parameters). The aim was to 
test the influence of propensity to travel across different activities or tour purposes. The Model results 
show that propensity to travel has a different impact across alternatives. For working-tours (alternatives 2, 
3 and 4) there is a clear difference between the propensity to travel for work with no stops, see the 

parameters PTHWH and ., affecting the alternatives 2, 3 and 4. For the other 3 groups of 
primary activities (school, shopping and others) there are no significant differences between tours with 
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intermediate stops and tours without intermediate stops. Thus, School-related tours (alternatives 5 and 6) 
share the same PT-parameter, and similarly Shopping-related tours (alternatives 7 and 8) also share the 
PT-parameter. Furthermore, after analyzing the t-test of the four PT-parameters estimated, it is important 
to point on the statistically significant differences from zero of all parameters, in the 95% confidence 

interval; with the exception of  that is significantly different from zero only in the 85% confidence 
interval.  

The coefficient of propensity to travel is higher in the working trips with some stops, than in the working 
trips without any stop. The opposite case occurs with the trips with other purposes. In the case of study 
tours, the effect is less clear. Propensity to travel is almost the same in both school trips with stops and 
without stops. The effect of propensity to travel in shopping tours is the same.  

The main idea that emerges from here is the impact of the propensity to travel in working trips. People 
have some tendency to travel, influenced by the urban environment and socioeconomic characteristics. 
This tendency only appears in individuals with certain socioeconomic characteristics, for example, people 
with jobs or study commitments, or people who can travel without help, adults with children, married adults 
etc. The activity schedule is fixed because of these individual commitments.  

Non-working trips, such as shopping trips, are not very related to the propensity to travel because these 
people do not have a fixed schedule. Thus, the urban structure does not influence their decisions 
significantly, since they could go as far as they want for shopping, medical care, sports etc.  The reason is 
that they have ample time to do so.  

6.6.2.3 Two-steps estimation with integration 

This section includes the results of an HCM estimated using the sequential estimation method. Table 6-5 
and Table 6-6 show five alternative specifications of the ML model estimated to integrate the distribution of 
the LV. For all specifications the affected utility is shown in the third column. Goodness of fit is exhibit in 
Table 6-7. Since not all σ are identifiable, σ of Alternative 1 is constrained to zero. However, in practice, 
we do not know a priori which σ must be constrained, and not necessarily associated to the ASC 
constrained to zero. Thus, other specifications were also tested. i.e. a full set of sigma was estimated and 
the smallest sigma is constrained to zero. 

Model (1) and Model (2) show the results of including the latent variable only in the alternatives with 
intermediate stops (i.e. PT in Table 6-6 indicates the following alternatives 3, 4, 6, 8 and 10) . The latent 
effect of the propensity to travel is accounted through the inclusion an alternative-generic error component 
in Model (1) and an alternative-specific error component in Model (2), in order to test the hypothesis that 
individuals travelling with different purposes exhibit different propensity to travel. Thus, in those models the 
effect of the latent variable in tours without any stop is assumed equal to zero. In both models, the effect of 

the propensity to travel is statistically significant. In Model (1), the error component ( ) is not statistically 
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significant (0.82); while in Model (2) the standard deviations  and  are significantly different 

from zero at 95%, differently from . This indicates that assuming the same sensitivity to travel in all 
tour purposes would lead to misleading effects of propensity to travel.                                                                                    

Model (3), (4) and (5) show the results of estimating the parameters for the latent variable in all 
alternatives.  Particularly, Model (4) tests the effect of assuming the propensity to travel equal to zero for 
working tours with no intermediate stops, while Model (5) tests the effect of assuming the propensity to 
travel equals in working tours with no intermediate stops and in tours with other purposes (HOH). We 
reached these specifications after several tests and model estimations.  

The first conclusion from Models (3), (4) and (5) is that working tours with stops and shopping tours share 
the same coefficient. It is clear that the propensity to travel is more significant in tours with stops, for 
example in working tours, and in those tours without fixed schedule. Overall, the best specification is 
obtained from Model 4, by estimating 3 PT parameters.   

Table 6-5 model Results for HCM via two-step estimation with integration (mixed logit)  
Estimated parameters Model (1) Model (2)  
Name Value T-test Value T-test Affected 

Alternative 
 2.41 7.66 2.74 7.56 1 
 -1.26 -3.60 -2.76 -3.17 3 

 -0.82 -2.44 -2.29 -2.64 4 
 2.88 8.67 3.24 8.40 5 
 1.54 3.59 0.80 0.54 6 

 -0.93 -1.97 -0.54 -1.03 7 
 -0.70 -1.42 -1.35 -1.19 8 

 -0.21 -0.50 0.13 0.27 9 
 -1.01 -2.01 -7.62 -1.82 10 

SE characteristics        Age4-13 1.45 -5.73 1.49 -5.50 5 
Age4-13 1.17 2.03 1.24 2.09 6 
Age22-29 0.59 1.45 0.62 1.30 2,3,4,5 
Age22-29 -1.02 2.12 -1.52 1.89 6,8,10 
Age30-49 0.43 -1.68 0.40 -1.75 2,3,4 
Age30-49 -0.74 3.43 -0.82 3.36 5,6 
Age30-49 1.15 -1.31 1.14 -1.42 7,8,9,10 
Age50-64 0.58 2.09 0.54 1.52 2,3,4 
Age50-64 2.16 2.90 2.17 2.61 7,9 
Age50-64 2.09 5.87 3.11 5.61 8,10 
Age64m -2.35 3.17 -2.45 2.98 2,3,4,5,6 
Age64m 1.27 5.02 1.24 4.03 7,9 
Age64m 2.07 4.21 3.20 3.52 8,10 
Worker 2.54 10.25 2.79 9.93 2,3,4 
Worker -1.87 -5.50 -2.09 -5.27 5,6,8 
Worker -0.59 -1.67 -0.74 -1.38 7,10 
Adult child 0.60 2.32 0.89 1.97 3,10 
Adult child -0.57 -1.63 -0.34 -0.68 4 
driver 1car 0.74 3.04 0.83 3.11 2,8,10 
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Estimated parameters Model (1) Model (2)  
Name Value T-test Value T-test Affected 

Alternative 
driver 1car 0.00 -0.02 -0.06 -0.23 3,4,7,9 
driver 1car -0.71 -2.74 -0.77 -2.87 5,6 
BE characteristics        CBD -0.14 -0.68 -0.19 -0.90 5,7,9 
CBD -0.51 -1.75 -0.51 -1.32 6,8,10 
COMM_OD -0.04 -1.86 -0.04 -1.33 3,4,6,8,10 
Presence bus  0.45 2.71 0.54 2.83 2,9 
Presence bus -0.06 -0.29 0.00 -0.01 5,7 
LV Propensity to Travel       PT 0.76 3.35     3,4,6,8,10 

 0.29 0.23     3,4,6,8,10 
     2.57 3.52  3,4 
    1.46 2.45 6 

      1.69 1.27 6 
    1.26 2.89 3,4,8 

    0.51 0.26 8 
    -0.03 -0.04 10 

       5.46 2.21 10 

 

Table 6-6 Estimated parameters 

 
Model (3) Model (4) Model (5) 

Variable Value T-test Affected 
Utility Value T-

test 
Affected 

Utility 
Valu

e T-test Affected 
Utility 

 2.62 4.36 1 2.67 7.47 1 2.45 7.34 1 
 -1.28 -3.81 3 -2.44 -3.52 3 -1.38 -3.43 3 

 -0.80 -2.54 4 -1.98 -2.85 4 -0.90 -2.31 4 
 3.12 5.01 5 3.18 8.31 5 2.95 8.17 5 
 1.89 2.78 6 1.97 4.37 6 1.71 4.03 6 

 -0.99 -1.29 7 -0.91 -1.34 7 -1.07 -1.89 7 
 -0.32 -0.45 8 -0.32 -0.53 8 -0.44 -0.80 8 

 -0.93 -0.69 9 -0.94 -0.72 9 -0.22 -0.51 9 
 -1.28 -1.03 10 -1.35 -1.11 10 -0.70 -1.51 10 

SE characteristics 
Age 4-13 0.42 -2.39 5 0.42 -2.51 5 0.42 -2.35 5 
Age 4-13 0.35 1.75 6 0.34 1.75 6 0.35 1.73 6 
Age 22-29 0.56 1.27 2,3,4,5 0.54 1.19 2,3,4,5 0.52 1.25 2,3,4,5 
Age 22-29 -1.05 1.55 6,8,10 -1.06 1.57 6,8,10 -1.10 1.55 6,8,10 
Age 30-49 0.42 -1.98 2,3,4 0.37 -1.95 2,3,4 0.38 -2.01 2,3,4 
Age 30-49 -0.92 0.92 5,6 -0.91 0.90 5,6 -0.93 0.93 5,6 
Age 30-49 1.17 -1.35 7,8,9,10 1.16 -1.36 7,8,9,10 1.06 -1.42 7,8,9,10 
Age 50-64 1.92 0.60 8,10 1.98 0.58 8,10 1.68 0.61 8,10 
Age 50-64 0.45 2.28 2,3,4 0.45 2.31 2,3,4 0.43 2.62 2,3,4 
Age 50-64 2.27 3.45 7,9 2.33 3.56 7,9 1.94 5.12 7,9 
Age 64m 1.87 2.71 7,9 2.07 2.86 7,9 1.47 3.20 7,9 
Age 64m -1.22 3.25 2,3,4,5,6 -1.16 3.39 2,3,4,5,6 -1.09 4.00 2,3,4,5,6 
Age 64m 1.88 3.02 8,10 2.12 3.26 8,10 1.62 3.31 8,10 
Worker 2.84 3.87 2,3,4 2.84 9.87 2,3,4 2.50 9.37 2,3,4 
Worker -3.07 -7.52 5,6,8 -3.16 -7.67 5,6,8 -3.11 -7.69 5,6,8 
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Model (3) Model (4) Model (5) 

Variable Value T-test Affected 
Utility Value T-

test 
Affected 

Utility 
Valu

e T-test Affected 
Utility 

Worker -0.60 -1.66 7,10 -0.73 -1.97 7,10 -0.54 -1.52 7,10 
Adult-child 0.66 2.52 3,10 0.81 2.35 3,10 0.72 2.71 3,10 
Adult-child -0.59 -1.70 4 -0.42 -0.93 4 -0.54 -1.51 4 
Driver-1car 0.79 2.97 2,8,10 0.77 3.07 2,8,10 0.79 3.11 2,8,10 
Driver-1car -0.07 -0.26 3,4,7,9 -0.23 -0.74 3,4,7,9 -0.06 -0.23 3,4,7,9 
Driver-1car -1.51 -4.83 5,6 -1.55 -4.95 5,6 -1.50 -4.86 5,6 
BE characteristics 
CBD 0.11 0.48 5,7,9 0.11 0.48 5,7,9 0.09 0.42 5,7,9 
CBD -0.46 -1.53 6,8,10 -0.44 -1.44 6,8,10 -0.48 -1.65 6,8,10 
COMM_OD -0.04 -1.80 0 -0.04 -1.64 0 -0.04 -1.66 3,4,6,8,10 
Presence 
bus/metro 0.46 2.67 2,9 0.50 2.61 2,9 0.44 2.58 2,9 
Presence 
bus/metro -0.21 -0.89 5,7 -0.20 -0.87 5,7 -0.20 -0.88 5,7 

LV Propensity to Travel 
 0.02 0.05 2        -0.67 -0.73 2,3,4 2.25 3.54 3,4     2.90 7.40 5,6 2.97 8.00 5,6 2.93 7.54 5,6 

 0.02 0.06 5,6 0.01 0.04 5,6 0.00 -0.01 5,6 
       0.17 0.66 2,9 

       0.08 0.07 2,9 
 0.97 3.08 3,4,7,8 1.33 3.86 3,4,7,8 0.98 3.13 3,4,7,8 

 -0.08 -0.05 7,8 0.10 007 7,8 0.72 0.95 3,4,7,8 
 0.09 0.18 10 0.23 0.51 9,10     1.55 1.23 10 1.62 1.34 9,10    

 

Table 6-7 Goodness of fit for Models 1 to 5  

Estimated parameters 
Model  

(1) 
Model 

(2)  
Model 

(3)  
Model  

(4)  
Model  

(5)  
Number of draws: 1000 1000 1000 1000 1000 
Number of estimated parameters: 37 42 43 42 41 
Sample size: 943 943 943 943 943 
Init log-likelihood: -2170.06 -2259.67 -2201.48 -2242.03 -2170.07 
Final log-likelihood: -1404.40 -1397.15 -1367.75 -1364.52 -1368.25 
Likelihood ratio test for the init. model: 1531.31 1725.04 1667.46 1755.01 1603.64 
Rho for the init. model: 0.35 0.38 0.38 0.39 0.37 
Rho bar for the init. model: 0.34 0.36 0.36 0.37 0.35 

 
In general words, the results show that including latent variable by integration improves the model fit. 
Since this estimation considers correlation across the values of the latent variable, is better than choice 
model with latent variable without integration.   
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6.6.3 TYPE OF TOUR MODELS INCORPORATING LV: SIMULTANEOUS ESTIMATION 

This section presents the final specification for the model estimated simultaneously. Table 6-8 and 6-9 
report the results obtained using the best utility specifications estimated so far, as described in Section 
6.2. Particularly, in Table 6-9, the first two columns include the parameters estimated for the Hybrid choice 
model, while the last two columns report the parameters estimated from the multinomial logit.  

Following the description in section 2, the parameters to be estimated include: 18 parameters (β) for the 
SE, neighbourhood and LOS attributes in the discrete choice model; 12 parameters (λ) for the SE and 

neighbourhood characteristics in the latent variable; 1 parameter ( ) associated to the latent variable in 
the measurement equation (this parameter was constrained to zero, for identification purposes) and 2 

standard deviation respectively for the indicator of the latent variable ( ) and for the latent variable ( ). 
Parameters are estimated using an extended version of the software package BIOGOME (Bierlaire 2003). 
For further details on the software see Bierlaire and Fetiarison (2010). 

First of all we would like to note that both socioeconomic and neighbourhood characteristics are significant 
in explaining the propensity to travel as well as the discrete choice among tours. Also the propensity to 
travel, included in all the tours except tours work/study based tours without additional stops and home, are 
highly significant, positive and significantly different among the three types of tours. This result confirms 
our priori hypothesis about individual behaviour, that higher propensity to travel lead to more intermediate 
stops and that the propensity to travel has different effect depending on the type (or complexity) of the tour 
performed and depending on the primary activity of each tour.  

In particular the propensity to travel increases with the age between 14 and 64 years, but not linearly. The 
3 age parameters in the latent variable models are in fact significant differently among them (t-test for 
generic parameters higher than 1.95). However, the effect of the age on the type of tours is even less 
linear. In fact, first of all note that if we do not consider the effect of the propensity to travel (as in the MNL 
model or if we consider only the effect of the DCM in the HCM) the probability to choose HOHs tours (i.e. a 
tour with more than one stops and other purposes as main activity) decreases for people between 22 and 
39 years old, and analogously the probability to choose working tours (HWH and HWHs) decreases for 
people between 39 and 64 years old. However, if we correctly consider also the effect of the age through 
the propensity to travel (see values reported in Table 3), only the age cohort 50-64 has a negative 
marginal utility for the simple working tours, while all the other marginal utilities are positive. The effect is 
still highly no-linear among age cohorts and for the same cohort among types of tours. People between 
14-21 years old have a higher marginal utility than other age groups, and a higher utility for complex tours. 
People between 50-64 years old have a higher marginal utility for non-work tours and, among the non 
working tours a higher marginal utility for complex tours than simple ones.  

Owning a car increases the propensity to travel, but its effect is less marked than other socio-economic 
attributes, such as being a worker or a married-female (which in 48% are only housewives). However, 
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because of the specific effect of the latent variable on the type of tours, owing a car has a higher effect on 
the utility of complex tours (HOHs and HWHs) than on the utility of simple other tours (HOH), while does 
not have effect on simple working tours or on stay at home. Analogously, workers have a higher 
probability to realised complex tours around the main working activities, less probability to realize simple 
working tours and even less probability to realize tours for purposes different from works. Female married 
instead mainly perform tours for non work purposes.  

Interestingly, the number of public transport (bus or metro) stations in a radio of 600 metres from the living 
place does not increase the propensity to travel and does not even increase the probability to realize non-
working tours. All the marginal utilities are negatives either we consider the effect only in the discrete 
choice or also through the latent propensity to travel. This result is in line with the theory of ‘inelastic 
demand’ (Ewing et al. 1996; Ewing et al. 1994), according to which the number of total trips does not 
increase substantially with better accessibility. 

Regarding dwelling type, people living in a “single family” unit or in “condominium” have lower probability 
of undertaking tours for work/study with more than one stop and in general tours with other purposes. 
Single family houses usually bigger houses, according to family life-style, endowed with more facilities, so 
people might like more stay at home than those living in apartment, terraced or a detached unites. 
Similarly, condominium is a collection of individual home units along with common facilities and exterior 
areas in the piece. Thus, people would use to undertake more activities within the exterior and common 
areas.  

Another important neighbourhood characteristic is opportunity of performing activities (wither work and 
other non work activities) in the neighbourhood were the person lives compared to the place of 
destination. Our results show more commercial activities in the zone of origin than at destination 
decreases the probability to perform complex tours, i.e. with more than one stops (the variable “CommOD” 
that is the ratio of commercial land at origin and destination has a negative parameters for the tours with 
stops, although the effect is not significant at 95%and it is significant at 86%). On the other hand more 
service employment in the zone of origin than at destination decreases the probability to perform simple 
tours, i.e. with only one stop (the “RatioWorkers” variable, which is the ratio of the service employment 
between origin and destination, has a negative significant effect on simple tours.   
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Table 6-8 Latent Model (for the Hybrid model) 
Name Value t-test 
Mean PT 1.820 456.06** 

 0.329 75.81** 
 0.331 71.48** 
 0.333 90.98** 

 0.342 88.78** 
 0.334 121.34** 
 0.003 1.96** 

 -0.331 -224.67** 
 -0.327 -64.44** 

 -0.016 -101.4** 
 0.404 397.63** 

 -3.31 -79.76** 

 Table 6-9 Discrete Choice Model for the Hybrid Model 

 Hybrid Model  Multinomial Logit 

Name Value t-test Affected  alternative Value t-test 

Discrete choice   
 

  
 -5.730 -2.87** HOME -6.410 -2.94** 
 -22.500 -4.97** HWHs -3.580 -3.38** 

 -6.870 -4.01** HOH -0.076 -0.09 
 -24.600 -8.89** HOHs -7.700 -3.53** 

Age 14-21 1.690 5.06** HWH, HWHs, HOH, HOHs 1.630 4.82** 
Age 22-39 0.405 1.55 HWH, HWHs 0.462 1.97** 
Age 22-39 -0.540 -0.79 HOHs -0.789 -1.27 
Age 40-49 -0.783 -3.02** HWH, HWHs -0.655 -2.79** 
Age 50-64 -0.799 -3.62** HWH -0.647 -3.64** 
Worker  1.140 4.98** HOH, HOHs 0.890 4.16** 
Adult-child 2.000 9.94** HWH, HWHs 1.860 10.52** 
Other dwelling 1.110 2.27** HWHs, HOHs 0.544 2.81** 
Longest Trip 2.550 3.48** HOHs 0.267 0.27 
PT 600 -0.012 -1.79* HOHs 0.004 1.51 
Ratio workers OD -1.120 -1.56 HOHs -1.790 -2.68** 
Ratio workers OD -5.880 -2.92** HWH -6.590 -2.99** 
Ratio workers OD -1.450 -0.37 HWHs -4.220 -1.95* 
Ratio workers OD -6.490 -3.14** HOH -7.810 -3.47** 
Comm OD -0.188 -1.17 HWHs, HOHs -0.076 -1.32 

 7.010 9.14** HWHs   
 3.220 4.52** HOH   
 7.310 9.09** HOHs   

 Hybrid Model Multinomial Logit 
Fit Measures   
Final log-likelihood: -1659.51 -1178.60 
Rho bar 0.548 0.211 
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Table 6-10 Marginal utilities of Latent Variable attributes 

Variable Type of tours 

 
HWH HWHs HOH HOHs 

Age 1421 1.69 4.00 2.75 4.09 
Age 22-39 0.40 2.72 1.06 1.88 
Age 40-49 -0.78 1.56 1.07 2.44 
Age 50-64 -0.80 2.34 2.22 3.58 
Female married 

 
2.40 1.10 2.50 

Worker 2.00 4.34 1.07 2.44 
Own car 

 
0.02 0.01 0.02 

Single family 
 

-2.32 -1.06 -2.42 
Condominium 

 
-2.29 -1.05 -2.39 

Metro600 
 

-0.11 -0.05 -0.13 

 

Finally, if we look at measures of level of service, the travel time has been included only in the utility 
function of non-working tours-with-stops, because people travelling for non-working purposes should have 
higher marginal utility of travel time than people travelling for other purposes. We find a negative 
parameter, which confirm that people who travel longer distances during the day are less likely to carry out 
other intermediate activities or tours with stops. It shows also the link between time constraints and an 
individual’s decision process, as longer travel time entails less time for intermediate stops.  

6.6.4 EFFECT IN PREDICTION 

To evaluate the forecasting capability of the estimated hybrid choice model, we computed the variation in 
the aggregate market shares for a couple of simple policy measures. The response to a change in the 
prediction was calculated as the percent change in the aggregate share of mode j over the initial situation 
(do-nothing): 
 

 
0

0
j j

j
j

P P
P

P
−

∆ =  Eq. 11 

 

Where 0 ,j jP P  are the aggregate probabilities of choosing mode j before (do-nothing) and after 

introducing the measure, calculated by sample enumeration.  

Table 6-12 shows the variation in market shares for each type of tour, after assuming a 40% increase, 
uniform across all individuals, for the ratio of workers, for the number of public transport stops and travel 
time. Each attribute was increased once at a time and the market share variation computed accordingly. 
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Table 6-12 reports the market share variation computed with both the hybrid and the simple discrete 
choice model, in order to evaluate the effect in prediction of accounting for latent effects.  

As expected, the ratio of workers between origin and destination has the highest impact in the variation of 
the market share. In line with the model results, people perform fewer tours (except tours for other 
purposes and many stops) and stay more at home. As can be seen in Table 6-12, comparing simple 
discrete and hybrid choice model, the results are mixed. On one hand, simple choice model lead to higher 
variations in market shares for HOHs tours. By contrast, lower variations are obtained for travel time in 
almost all types of tour.  And, lower variations are obtained from ratio of workers in home and HWH.  
 

Table 6-11 Probabilities and Market Share Variations 

Type of 
tours 

40% increases in the  
Ratio of Workers (O/D) 

40% increases in the  
# of Metro Stations 

40% increases in the 
Travel time 

HCM DCM only HCM DCM only HCM DCM only 

 Home  220.32% 129.80% 1.44%  -0.05% 0.00% 
 HWH  -67.33% -62.51% 1.60%  0.11% 0.00% 
 HWHs  -3.26% 94.15% -2.41%  2.29% 0.00% 
 HOH  -77.29% -80.00% -0.83%  1.15% 0.00% 
 HOHs  63.24% 127.03% -2.14%  -7.20% -7.86% 
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CHAPTER: 7 CONCLUSIONS AND FURTHER RESEARCH  

The first section of this chapter is a description of contributions from each chapter. Secondly, policy 
recommendations are presented. Thirdly, main findings from the travel demand models are included. And, 
finally, further research is proposed. 

7.1 SUMMARY 

7.1.1 MOTIVATION, OBJECTIVES, AND CONTRIBUTIONS  

The topic of this thesis was motivated by a number of factors: (i) increasing interest and recent 
developments in the study of built environment and travel behaviour, (ii) increasing interest in the study of 
unobserved factors in mobility patterns and, as consequence, hybrid models, (iii) the important and 
complex relationship between built environment and travel behaviour.  

Thus the objective of this thesis was to contribute to the better understanding of the relationship between 
built environment and travel behaviour, by analyzing different dimensions of travel behaviour and different 
geographical scales of built environment. Additionally, to understand the role of unobserved attributes in 
the relationship between built environment and both trip frequency and type of tour.  

The main contributions of this thesis thus lie in the measurement of built environment variables and 
modelling both trip frequency and type of tour, by controlling for intangible attributes. We developed a 
methodology for analyzing the impact of built environment variables on trips, after testing the most crucial 
issues in the study of this phenomenon: multicollinearity and self-selection. In terms of modelling, we 
developed a general framework for incorporating unobserved effects and demonstrated the framework 
empirically.  

7.1.2 CONTRIBUTIONS FROM CHAPTER 2: LITERATURE REVIEW  

In order to fill the gap in the existing research, this thesis includes an analysis of previous studies in the 
field of the relationship between BE and TB. The literature review highlighted the gaps that could be 
researched including the inherent complexity of built environment and travel patterns. Although several 
authors have studied this relationship, it is still necessary to analyze both exogenous and endogenous 
variables and also methodology. It was found that most of the studies consider a particular characteristic 
of BE, and specific dimension of TB. Similarly, each study applies particular methods, variables and 
techniques. As a result, this relationship can be summarized as widely studied, but very complex, 
therefore it is important to highlight some gaps: due to this complexity, we can also find contradictory 
results. The relationship between BE and TB has hardly been analyzed in the context of tours, but it has 
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never been analyzed in the context of hybrid models; self-selection have never been analyzed across 
spatial levels.  

7.1.3 CONTRIBUTIONS FROM CHAPTER 3: ANALYTICAL FRAMEWORK  

Chapter 3 covered the most important ideas from random utility theory and hybrid choice models. This 
theory is used to describe the basis to develop the final demand models of this thesis: ordinal logit, joint-
mixed ordered model and hybrid model of propensity and type of tour. Both are novel in the context of the 
relationship BE-TB. 

 It is known that different choice models are obtained from different specifications of the density function of 
the error term. Thus, the interpretation that researcher places on this density affects the researcher’s 
interpretation of the choice probabilities (Train, 2003). As a consequence, this thesis includes rigorous 
work on the model specification in order to find the appropriate structure for each model estimated, thus 
enabling to obtain more robust results. For example, the case of tour models, the nested structure shows 
the association alternatives, which depends on making stops or not. These shared unobserved factors are 
later tested in the hybrid model.  

Urban environment and perceptions influence the choice set, such as socially accepted new concepts, i.e. 
“pro-environment”, “pro-innovative”, “Smart-city” and so on, that influence decisions. Thus, it is clear that 
transport planning is more than the study of tangible attributes on transportation systems. It is also 
substantially important to represent these intangible elements in travel demand models. In this context, 
hybrid choice models represent an improvement over traditional discrete choice by modelling transport 
demand and intangible factors. 

In this thesis we developed two general frameworks for testing the influence of unobserved factors: 
propensity to travel and self-selection. The test for self-selection implemented in this thesis is new in the 
context of number of trips and residential location choice. Figure 7-1 and 7-2 show the general frameworks 
developed and empirically applied. 
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Figure 7-1 General Framework for Propensity to Travel and Type of Tour 

 

Figure 7-2 General Framework for Self-Selection in the context of Residential Location and Number of Trips 
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7.1.4 CONTRIBUTIONS FROM CHAPTER 4: CASE STUDY 

Chapter 4 described the case study of Madrid. One of the main contributions from Chapter 4 is the 
combination of three data sources ‘ad hoc’: mobility survey, GIS and INE. At the end of Chapter 4, the 
most relevant issues for analyzing explanatory variables are identified. Before estimating travel demand 
models, the importance of variability and multicollinearity in a set of explanatory variables was also 
highlighted.   

Multicollinearity among BE parameters is very common and must be avoided in order to find consistent 
estimators. An inadequate model specification could produce biased results.  Multicollinearity problems 
are connected to the fact that demand models are only based on a travel surveys data.  In this thesis, the 
survey was enriched by collecting specific BE variables according to the physical space of trip-track. As 
result, models estimated here include specific variables, which come from an intensive work of geo-
reference with GIS. Thus, space constraints are solved based on this database, and additionally, different 
alternative specifications were also tested. Thus, the results show the best specification as possible for 
this data. 

7.1.5 CONTRIBUTIONS FROM CHAPTER 5: SPATIAL SCALES AND SELF-SELECTION 

The main conclusion that emerges from Chapter 5 is the association between the neighbourhood 
characteristics and trip-frequency. Additionally, it is worth noting the importance of more sophisticated 
variables, such as the variables used in Chapter 5. The analysis by spatial levels represents the traveller’s 
psychological perception of their BE. This analysis made possible to observe the variation in the 
individual’s perceived utility, and to show which scale is important to analyse each part of the travel 
behaviour.  

By estimating the joint mixed-ordered model it was possible to test self-selection, also called sorting, which 
captures the association between residential location choice and trip frequency. The results of these 
models prove that self-selection exists, but the relationship is weak, because only one parameter for 
common sensitivity resulted statistically significant. However, this model constitutes the first attempt of 
joint estimation for these two processes, and it constitutes a general framework that could be applied to 
other cases.  

Built environment plays an important role in travel patterns, but, actually, people inherently bring 
preferences, which are manifested in the selection of residence area. Thus, self-selection, does not mean 
that BE elements do not affect travel behaviour. Instead, it means that individuals perceive both impacts. 
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7.1.6 CONTRIBUTIONS FROM CHAPTER 6: PROPENSITY TO TRAVEL 

 The main conclusions that emerge from Chapter 6 were: firstly, unobserved factors play an important role 
in travel behaviour, and more specifically, on the discrete choice of type of tour. And secondly, BE is a key 
observed issue in those intangible factors, because neighbourhood characteristics had significant 
influence in the propensity to travel. The main motivation to select the propensity to travel as a latent 
variable is because it was thought that unobservable attitudes could affect the discrete choice model, but it 
is not reflected in the explanatory variables. The PT for a single individual measures in fact how frequently 
s/he travels depending on her/his socioeconomic attributes and the characteristics of the neighbourhoods 
where s/he lives and performs other activities during the tour. Since the effect of PT is significant on tour 
complexity, there is partially an explanation from individual’s preferences. This part of the explanation is 
not observed but it is manifested and, as consequence, it is controllable.  

Although the hybrid model does not directly include mixed land-use effect, the effect of the neighbourhood 
type suggest that mixed land-uses do not encourage a propensity to travel and, as a consequence trip 
generation, while positively influences tour complexity and thus stop making propensity.  

The results of this Chapter also reveal that higher densities favour tour complexity, and significantly 
influence propensity to travel, and in turn this propensity positively influence tour complexity. This adds 
new evidence to the current literature, where often opposite effects of the mixed land-use and density on 
travel behaviours are reported. For example, Limanond and Niemeier (2004) reveal that land use patterns 
have no impact on the whole shopping tour frequency; Kitamura et al. (1997) suggest that land use 
policies promoting higher densities and mixtures may not alter travel demand materially unless the 
attitudes of residents are also changed. By contrast, Cervero and Kockelman (1997) find that land-use 
diversity reduce trip rates and encourage non-auto travel; Cevero (1996) reports that mixed-use 
development is more important than density in affecting non-motorized work trip mode shares while 
Kockelman (1997) reports that density has a negligible impact on travel behaviour (except with respect to 
auto ownership) once accessibility is taken into account. A detailed review of these effects is reported in 
Badoe and Miller (2000).  

7.2 POLICY RECOMMENDATIONS  

The analysis of different spatial scales of BE attributes demonstrated that up to now, the role of 
researchers has been to analyze accessibility and facilities to the extent that individuals care, and 
connected to places that individuals care about. According to these results, stakeholders must create the 
desired mobility patterns through urban re-organisation in the future. In the same way, stakeholders must 
take into account the fact that propensity to travel is different for each type of tour. In order to achieve 
sustainable objectives, there might be a need for reducing simple tours, and congestion as consequence, 
in specific areas, and increase multi-stops tours in others.  
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The fact that commercial retail outlets increase the number of trips, whilst street density reduces the trips 
by car, is substantially important because it indicates what stakeholders must take into account the 
reduction of emissions and congestion, and enhance quality of life.  

In global terms, both models developed here (self-selection and propensity to travel) indicate that 
perceptions and attitudes are as important as built environment. And the effect of BE attributes in trip 
frequency is not spurious. There are unobserved constructs in the analysis of travel behaviour, and the 
results indicate that urban planners must revise the application of urban demand models. However, 
individuals, as the self-selection test show, could tend to choose places to live or work where they can 
develop their needs and preferences of mobility. Thus, demand models must consider latent effects.  

Thus, variations in market shares are highly associated with the latent constructs. And, policy makers 
must work on the acceptability of measures, in order to reach first optimum, i.e. public participation and 
diffusion. In this sense, findings from this thesis confirm that latent variables play an important role in the 
definition of implementation path of transport measures.  

The analysis of elasticity, presented in Chapter 6, show that cross elasticities of travel-time is lower than 
the elasticity of ratioworkerOD, indicating that people are more elastic for the changes in BE than in travel 
time.  Thus, in order to promote multi-stops tours, it is important to increase commercial activity at 
destination places (i.e. work-places, and leisure). The results show that people undertake more stops at 
destination place than at origin. The impact of the employed population in working tours is 29% higher 
than travel time with stops, while it is 36% higher in non-working tours with stops.  

Today, urban planners must promote multi-stop tours, because it represents savings in energy 
consumption, vehicle miles driven and time. Since travel is derived from the necessity to participate in 
activities, users tend to reduce travel time as much as possible. Thus, policy makers can reduce travel 
time by improving level of service (i.e. frequency, cost and accessibility) or by increasing proximity to 
destinations (i.e. number of facilities per square kilometres).  

7.3 FURTHER RESEARCH  

From a methodological perspective further interesting research could be conducted in the field of database 
enrichment. It is clear that multicollinearity was an important limitation, mainly because the data was not 
collected for the purpose of this thesis. Thus, it could be helpful to enrich the database with GIS data. This 
is possible by the geo-referencing origin and destination, but part of the observations would be lost due to 
the absence of specific geographic information for those trips. In the same line, since trip-related variables 
were calculated for the first trip during a full-day tour, an analysis of these variables by trip must be 
interesting as well.  



 

~ 217 ~ 

Chapter 7: Conclusions and Further Research 

Another important issue for further research is the comparison between simultaneous and sequential 
estimation. Sequential estimation was carried out in this thesis with the objective of achieving the best 
specification of explanatory variables. At the end, the number of choices was changed for identification 
purposes. Thus, both simultaneous and sequential estimation are not comparable in terms of estimated 
parameters. The next step in this context must be to estimate the last and best specification of the hybrid 
model via two-step estimation with integration, and also estimate it via two-step estimation without 
integration. At the end, this will allow us to test and compare the estimated parameters in detail.  

Regarding self-selection test, residential choice location was estimated for 3 neighbourhoods (CBD, Urban 
and Suburban), with the objective of establishing an explicit connection with the statistical analysis 
conducted for the 3 study areas; and also for simplicity purposes, but adjusted to the scope of this thesis. 
However, more accurate configurations of residential choice can also be studied. For example, residential 
locations could be divided by transport zones.  

Correspondingly, the test of self-selection was carried out based on literature review, data characteristics 
and model structure, explained in Chapter 2. However, other methods of self-selection could also be 
tested, i.e. salon test, as described in Chapter 2. And then, the results would be comparable. Probably, 
there is self-selection that is not revealed in this sample, due to the lack of variability in the data. A test for 
self-selection could be conducted in-depth after enlarging the sample.  

On the other hand, this work represents the first attempt at developing an econometric framework for 
hybrid choice models for type of tour and propensity to travel. The concept of propensity to travel can be 
applied to several contexts. For example: testing the willingness to use a new transport mode, assessing 
changes in market shares from variations in the current transport system, and so on. Thus, model 
implementation to another database is very interesting for further research.  

Future research could be to find and test more indicators of propensity to travel. Due to time and data 
constraints only one indicator for propensity to travel was tested. Since, the application of hybrid is new in 
this field, it would be very interesting to construct other latent variables and test more than one indicator.  
This process must be done after enlarging the sample, in order to ensure the identification of parameters. 
Results from a hybrid model with several latent variables imply richer behavioural explanations.  

In that sense, a complementary survey would be conducted in order to include further explanatory 
variables, because the data set would gain variability by collecting data from different residential locations. 
i.e. instead of collecting data from 3 neighbourhoods, a complementary survey would collect data from 21 
neighbourhoods (Madrid city) or 179 municipalities (Madrid). Thus, a complementary survey would also 
solve the multicollienarity problems among explanatory variables. By developing a complementary survey, 
it would be possible to include attitudinal questions that would serve as further latent variables. This would 
begin the development of a new hybrid model and its application.  
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Similarly, due to the small sample size, a validation of the models presented in this thesis was not carried 
out. However, by collecting complementary data, validation would also be possible and future 
comparisons with further hybrid models could be done.  
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APPENDIX A: QUESTIONNAIRES  

This appendix contains the questionnaires that were used in the cross-sectional survey. Figure 8-1 
presents Travel-based questionnaire, and Figure 8-.2 presents the Activity-based questionnaire.  

Figure 8-1Travel-based questionnaire used in the survey 
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Figure 8-2 Activity-based questionnaire used in the survey 
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APPENDIX B: SALON TEST  

This appendix contains the results from alternative self-selection test, called Salon Test in this thesis. This 
test of self-selection issue followed a methodology of joint discrete choice models. The observed 
endogenous variables measuring residential choice (RC) and number of trips (TRIPS) are both discrete, 
and the joint probability of RC and TRIPS is modelled. The objective of this is to split the total effect of the 
built environment on the choice of number of trips into the portion that is due to residential self-selection 
and the portion that is not.  We used several explanatory variables to represent the built environment, but 
we only changed eat-out places to account its effect on both simple and full joint choices.  

More specifically, following the methodology described and implemented in Salon (2009) and in her 
dissertation, Salon (2009), we estimated two discrete choice models. We tested both MNL and nested 
logit structures. We modelled RC and TRIP and joint RC x TRIPS. The product of separate models 
indicated that both models lead to the same results. The following figures show 5 structures test for the 
nested logit models.  

Figure 8-3 Model Structure 1: 12 alternatives 

 Figure 8-4 Model Structure 1: 12 alternatives 
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Figure 8-5 Model Structure 3: 6 Alternatives 

 
 

Figure 8-6 Model Structure 4: 6 Alternatives 

 

 
 

Figure 8-7 Model Structure 5: 4 Alternatives 

 

Based on the level of significance and value of µ parameter, the Structure 2 was kept. However, the 
homogeneity parameter of the nested logit indicated that the best structure is the MNL, this parameter was 
equal to one, and it means that the model collapses to a MNL.  Thus, two MNL were estimated: one is the 
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full joint multinomial logit model of the joint choice of RC and TRIPS. The second is a multinomial logit 
model of the choice of number of trips.  

Both models were estimated and simulated. According to the methodology proposed in Salon (2009), one 
attribute of BE is changed. In this case, the number of eat-out places in the residence area. Both models 
are simulated again. The difference between base and future probabilities are calculated. Self-selection is 
represented in the difference of probabilities between joint and simple model. The final elasticities are 
calculated by the following equation:  

 

Where is the future probability, obtained for the chosen alternative after reducing eat-out places 

10% 

is the probability of the chosen alternative in the base model.  

The individual elasticity is averaged across the sample by the following formula:  

 

Table80-1 Elasticity for the joint model (number of trips and RC)  

Chosen Alternative Average elasticity 
1 0.03% 

2 0.01% 

3 -0.03% 

4 0.00% 

5 -0.01% 

6 0.02% 

7 0.00% 

8 0.00% 

9 0.00% 

Total  0.00% 
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Table 8-2 Elasticity for the simple model number of trips 

Chosen Alternative Average elasticity 

1 0.00% 

2 0.00% 

3 0.00% 

Total 0.00% 

 

Table 8-3 Self-selection. Average difference of Elasticities (E) 

Chosen Alternative E TRIPS* RC E PR 
TRPIS 

P0choice 
joint 

P0choice 

Simple 

E TRPIS - E PR 
TRIPS RC 

1 - 0.01 0.00 0.28 0.26 0.01 

2 0.00 -  0.00 0.53 0.55 -  0.01 

3 -  0.02 -  0.00 0.16 0.39 0.02 

Total  -  0.00 -  0.00 0.39 0.45 0.00 

 

The elasticities presented in Table80-1 are conditional on both number of trips and residential location. 
Elasticities conditional on number of trips only are presented above. The portion of the full joint model that 
can be accounted for by self-selection can be directly quantified by taking the difference between values of 
average elasticity in these two tables. Table 8-3 presented total average by alternatives of number of trips 
and the last column presented the differences. The values provide insights into the self-selection issue. 
The simple model of RC indicates that when number of eat-out places is reduced in 10%, the probability of 
staying at home will not change. For all alternatives the contribution of residential self-selection is almost 
zero, and it is zero in average. It is worth noting that this model is inelastic to changes in the number of 
eat-out places. Therefore, according to the simple model of RC, policy recommendations will be focused 
on other land-use measures different than eat-out places.  

On the other hand, the elasticities in Table80-1, for the joint model, indicate that when eat-out places 
decreases in 10% the effect on number of trips will be to decrease in the “3 or 4 trips” category by 0.03% 
for CBD residents, by 0.02% for urban residents and nothing for suburban residents. It means that 
changes in the number of eat-out places affect in different strength to trip frequency across the 3 types of 
residents.  

Analyzing Table 8-3, the last column presented the effect of locational self-selection. That is the 
differences between the elasticities of TRIPS and those computed to be conditional of RC (X. Cao et al., 
2009; D. Salon, 2009; Salon, 2009). We find out that the largest effect of self-selection is on suburban 
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residents. However, there is not significant effect of self-selection in this choice. Similarly, CBD and urban 
residents would change their residential location by self-selection effect. 

The contribution of locational self-selection to the elasticity of trip frequency with respect to eat-out places 
is small. Self-selection does not account for the effect of eat-out places in trip frequency. In other words, 
the contribution of residential self-selection to the total elasticities is zero. Thus, there is no self-selection 
issue in this sample. The following figures present the scatter plot for based (Pchoice-P0) and future 
(Pchoice_P1) probabilities and elasticity effects.  

 
Figure 8-8 Scatter Plot for Simple Probabilities

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0,00E+00

1,00E-01

2,00E-01

3,00E-01

4,00E-01

5,00E-01

6,00E-01

7,00E-01

8,00E-01

9,00E-01

1,00E+00

0 100 200 300 400 500 600 700 800 900 1000

P_choice_P1Simple
P_choice_P0Simple



 

~ 229 ~ 

Chapter 8: Appendix  

Figure 8-9 Scatter Plot for Joint Probabilities

 
 
 
Figure 8-10 Scatter Plot for Elasticities 
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Table 8-4 Estimated parameters for joint and simple models of RC and Number of trips for Salon Test. 

 
Joint  Simple  

Name Value t-test Value t-test 

ASC2 -2.23 -2.16 0.88 10.33 

ASC3 -3.22 -3.10 0.17 0.12 

ASC4 0.19 0.14     

ASC5 1.04 0.78     

ASC6 0.36 0.27     

ASC7 -1.33 -0.94     

ASC8 -0.50 -0.35     

ASC9 -1.36 -0.95     

B2 -0.08 -0.84 0.24 1.98 

B_AGE22a29 0.72 1.30 0.48 1.70 

B_AGE30a49 0.66 1.10 0.42 1.32 

B_AGE50a64 0.16 0.27 0.60 1.69 

B_Age64m -0.59 -0.86 0.71 1.41 

B_DRIVERLI 0.04 0.10 0.51 1.97 

B_child4 -1.07 -2.02 -0.18 -0.64 

B_child413 -0.77 -1.39 0.15 0.46 

B_femalemarried 0.05 0.06 1.06 2.72 

B_householdsize 0.00 0.03 -0.28 -2.64 

B_single 0.34 0.61 -0.24 -0.68 

B_marriednchild013 1.28 2.86 -0.14 -0.42 

B_marriedwchild013 2.92 3.15 -0.27 -0.54 

B_WORKER 1.75 3.97 -0.19 -0.69 

B_RETIR 0.76 1.52 -0.19 -0.50 

B_STUDENT 1.67 2.44 -0.43 -0.99 

B_car_adultshh 0.33 0.68 -0.18 -0.64 

B_EXPLANAT 0.31 0.83 -1.34 -4.85 

B_POZUELO 0.00   1.11 1.20 

B_SUBURBAN 0.00   1.93 1.78 

B_APARTMENcbd 4.92 15.65 0.00   

B_TERRACEDurb 1.56 6.35 0.06 0.27 

B_CBDDISTurb -0.13 -11.80     

B_RESIDMediServ -0.99 -6.07 0.08 0.46 

B_RESIDParkingkm2 0.19 0.95 -0.04 -0.19 
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Joint  Simple  

B_RESIDSchoolUni 0.13 3.59 -0.04 -1.27 

B_RESIDServOrient 0.02 0.79 -0.03 -0.95 

BlinUrbmundest -0.47 -5.92 -0.05 -0.95 

busstopsmunidestkm2 0.31 4.64 0.36 8.00 

Model: Multinomial 
Logit  Multinomial Logit 

Number of estimated 
parameters: 35.00  29.00  

Number of observations: 877.00  877.00  
Null log-likelihood: -1926.97  -963.48  
Cte log-likelihood: -1838.97  -885.08  
Init log-likelihood: -1926.97  -963.48  

Final log-likelihood: -1373.41  -810.97  
Likelihood ratio test: 1107.12  305.03  

Rho-square: 0.29  0.16  
Adjusted rho-square: 0.27  0.13  
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APPENDIX C: BIOGEME CODES  

In this section two codes used in the thesis are included. Section C.1 includes the code for a standard 
ordinal logit estimated for district level; while Section C.2 includes the python code for the joint mixed 
ordinal logit estimated for district level. Other codes were also used but not included in this Appendix.  

C.1 MODEL DISTRICT CASE 3  

// File 22ordinalLogit.mod 

[ModelDescription] 

//"September 29th, 2011" 

//"MODEL FOR DISTRICT, Choice TRIPCAT, FIRST trip, ordinal logit model, EXCLUDE AGE <13" 

//NOTA: En este modelo se ha RETIRADO la variable bus/km² en District porque tenía correlación de -
0.32 con Industrial at destination (cambio de signo) 

[Choice] 

ordinal  

[Beta] 

// Name Value  LowerBound UpperBound  status (0=variable, 1=fixed) 

ASC1     0         -10000         10000       1 

ASC2     0         -10000         10000       0 

B_Age14_21  0         -10000         10000       0 

B_Age40_49  0         -10000         10000       0 

B_Age50_64  0         -10000         10000       0 

B_Age64m     0         -10000         10000       0 

B_driver   0         -10000         10000       0 

B_female_married  0         -10000         10000       0 

B_WORKER          0         -10000         10000       0 

//B_Apartment     0         -10000         10000       0 



 

~ 233 ~ 

Chapter 8: Appendix  

B_Condominium     0         -10000         10000       0 

B_Detached     0         -10000         10000       0 

B_owncar          0         -10000         10000       0 

//CBDDIST           0         -10000         10000       0 

//A  

suelourbanoResidencial_MUNIorig_percent   0         -10000         10000       1 

suelourbanoIndustrial_MUNIorig_percent    0         -10000         10000       1 

//B,D 

suelourbanoResidencial_MUNIDEST_percent   0         -10000         10000       1 

suelourbanoIndustrial_MUNIDEST_percent   0         -10000         10000        1 

//C,D exclude commercial at origin  

suelourbanoTerciarioycomercial_MUNIorig_percent  0         -10000         10000       1 

suelourbanoTerciarioycomercial_MUNIDEST_percent  0         -10000         10000       0 

//E 

COMM_OrigenCOMM_Dest    0         -10000         10000       1 

RATIO_IND_percen        0         -10000         10000       1 

SuelourbanoResidencial_RatioOD_percent      0         -10000         10000       1 

//F 

WORKDEN_MUNIC_DEST   0         -10000         10000       0 

PIBpercapitaEUROS_MUNIorig   0         -10000         10000       1 

PIBpercapitaEUROS_MUNIDEST   0         -10000         10000       0 

//G 

RATIOworkersSQKM        0         -10000         10000       1 

RATIOPIB                0         -10000         10000       1 
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//H exclude interurban, corr. bus stops 

UrbanBusKm2_munidest    0         -10000         10000       1 

interurban_munidestKM2  0         -10000         10000       1 

//I.1 

busstopsmunidestkm2 0         -10000         10000       1 

METROmunidestkm2    0         -10000         10000       1 

RAILmunidestKM2     0         -10000         10000       1 

//I.2 

BusStopDest1distritoskm2 0         -10000         10000       0 

RAILdest1DistKM2 0         -10000         10000       0 

metroST_km2_DISTRICT_DEST  0         -10000         10000       0 

//I.3 

RESIDmetroKM2  0         -10000         10000       1 

RAIL600KM2     0         -10000         10000       1 

//J-1 

Muni_ratioOD_School_km2  0         -10000         10000       1 

Muni_ratioOD_Service_km2  0         -10000         10000       1 

Muni_ratioOD_Parking_km2 0         -10000         10000       1 

Muni_ratioODmedicalkm2  0         -10000         10000       1 

Muni_ratioODeatoutplaceiKm2    0         -10000         10000       1 

//J-2 exclude eat 

District_ratioOD_School_Km2  0         -10000         10000        0 

District_ratioOD_Service_Km2  0         -10000         10000       0 

District_ratioOD_Parking_Km2  0         -10000         10000       1 
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District_ratioOD_Medical_Km2  0         -10000         10000       1 

District_ratioOD_Eatoutplaces_Km2  0         -10000         10000       1 

//thresholds// 

tau1        0         0        10000       1 

tau2        0.1         0       10000       0 

tau3        0.11         0         10000       0 

[LaTeX] 

ASC1   "Constant for alt. 1" 

ASC2   "Constant for alt. 2" 

BETA1   "$\beta_1$" 

BETA2   "$\beta_2$" 

[Utilities] 

// Id Name  Avail  linear-in-parameter expression (beta1*x1 + beta2*x2 + ... ) 

  1   Alt1   one   ASC1 * one  + B_Age14_21 * Age14_21 + B_Age40_49 * Age40_49 + 
B_Age50_64  * Age50_64 + B_Age64m * Age65 + B_driver * driver + B_female_married * femalemarried 
+ B_WORKER * WORKER1Reference 

//+ B_Apartment * Apartment 

+B_Condominium * Condominium + B_Detached * Detached + B_owncar * owncar 
+suelourbanoResidencial_MUNIorig_percent*suelourbanoResidencial_MUNIorig_percent+suelourbanoInd
ustrial_MUNIorig_percent*suelourbanoIndustrial_MUNIorig_percent+suelourbanoResidencial_MUNIDEST
_percent*suelourbanoResidencial_MUNIDEST_percent+suelourbanoIndustrial_MUNIDEST_percent*suel
ourbanoIndustrial_MUNIDEST_percent+suelourbanoTerciarioycomercial_MUNIorig_percent*suelourbano
Terciarioycomercial_MUNIorig_percent+suelourbanoTerciarioycomercial_MUNIDEST_percent*suelourban
oTerciarioycomercial_MUNIDEST_percent+COMM_OrigenCOMM_Dest*COMM_OrigenCOMM_Dest+RA
TIO_IND_percen*RATIO_IND_percen+SuelourbanoResidencial_RatioOD_percent*SuelourbanoResidenci
al_RatioOD_percent+WORKDEN_MUNIC_DEST*WORKDEN_MUNIC_DEST+PIBpercapitaEUROS_MU
NIorig*PIBpercapitaEUROS_MUNIorig+PIBpercapitaEUROS_MUNIDEST*PIBpercapitaEUROS_MUNIDE
ST+RATIOworkersSQKM*RATIOworkersSQKMscaled+RATIOPIB*RATIOPIB+UrbanBusKm2_munides*U
rbanBusKm2_munidestscaled+interurban_munidestKM2*interurban_munidestKM2+busstopsmunidestkm
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2*busstopsmunidestkm2+METROmunidestkm2*METROmunidestkm2+RAILmunidestKM2*RAILmunidest
KM2+BusStopDest1distritoskm2*BusStopDest1distritoskm2+RAILdest1DistKM2*RAILdest1DistKM2+metr
oST_km2_DISTRICT_DEST*metroST_km2_DISTRICT_DEST+RESIDmetroKM2*RESIDmetroKM2+RAIL
600KM2*RAIL600KM2+Muni_ratioOD_School_km2*Muni_ratioOD_School_km2+Muni_ratioOD_Service_
km2*Muni_ratioOD_Service_km2+Muni_ratioOD_Parking_km2*Muni_ratioOD_Parking_km2+Muni_ratioO
Dmedicalkm2*Muni_ratioODmedicalkm2+Muni_ratioODeatoutplaceiKm2* Muni_ratioODeatoutplaceiKm2+ 
District_ratioOD_School_Km2*District_ratioOD_School_Km2+District_ratioOD_Service_Km2*District_ratio
OD_Service_Km2+District_ratioOD_Parking_Km2*District_ratioOD_Parking_Km2+District_ratioOD_Medic
al_Km2*District_ratioOD_Medical_Km2+District_ratioOD_Eatoutplaces_Km2*District_ratioOD_Eatoutplac
es_Km2+ B_WORKER * WORKER1Reference + B_driver * driver 

 2   Alt2   one   ASC2 * one  

[Expressions]  

// Define here arithmetic expressions for name that are not directly  

// available from the data 

one = 1 

PIBpercapitaEUROS_MUNIorigscaled = PIBpercapitaEUROS_MUNIorig / 100 

RATIOworkersSQKMscaled = RATIOworkersSQKM / 100 

UrbanBusKm2_munidestscaled =  UrbanBusKm2_munidest / 100 

[Model] 

// Currently, only $BP (Binary probit), $MNL (multinomial logit), $NL (nested logit), $CNL 

// (cross-nested logit) and $NGEV (Network GEV model) are valid keywords 

// 

$OL 

[OrdinalLogit] 

// Response  value LowerBound UpperBound  status (0=variable, 1=fixed) 

1 $NONE    //  Category 1 spans zero --> tau1  

2 tau1     //           2 spans tau1   --> tau2 
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3 tau2     //           3 spans tau2   --> tau3 

4 tau3     //           4 spans tau3   --> +infty 

[Exclude]  

 Age4_13 = 1 

[LinearConstraints] 

tau1 >=0 

tau1 - tau2 <= 0 

tau2 - tau3 <= 0 
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C.2 PYTHON CODE FOR JOINT MIXED ORDERED  

from Biogeme import * 
from headers import * 
from logit import * 
from log likelihood import * 
from statistics import * 
from distributions import * 
 
#JOINT MIXED ORDERED model for Residential location choice (RC) and Number of Trips (Pt). 500 
draws 
## This model i scalled "General" because I fiexd all parameteres that vary over spatial level, such as 
public transport supply and commercial urban retails and facilities.  
##I want to test the log-likelihood.  
b_meanAtt = Beta('b_meanAtt',0.599431,-10000,10000,0 ) 
B_Age14_21 = Beta('B_Age14_21',0, -10000,10000,0 ) 
B_Age40_49 = Beta('B_Age40_49',0, -10000,10000,0 ) 
B_Age50_64 = Beta('B_Age50_64',0,-10000,10000,0 ) 
B_Age64m = Beta('B_Age64m',0,-10000,10000,0 ) 
B_female_married = Beta('B_female_married',0,-10000,10000,0 ) 
B_WORKER = Beta('B_WORKER',0.820352,-10000,10000,0 ) 
B_driver = Beta('B_driver',0,-10000,10000,0 ) 
B_Apartment = Beta('B_Apartment',0,-10000,10000,1 ) 
B_Condominium = Beta('B_Condominium',0,-10000,10000,0 ) 
B_Detached = Beta('B_Detached',0,-10000,10000,0 ) 
B_owncar = Beta('B_owncar',0,-10000,10000,0 ) 
 
ASC1 = Beta('ASC1',0,-10000,10000,0 ) 
ASC2 = Beta('ASC2',0,-10000,10000,0 ) 
ASC3 = Beta('ASC3',0,-10000,10000,1 ) 
 
RC_WORKDEN_MUNIC_DEST = Beta ('RC_WORKDEN_MUNIC_DEST',0,-10000,10000,0 ) 
RC_WORKERCBD = Beta('RC_WORKERCBD ',0,-10000,10000,0 ) 
RC_WORKERurban = Beta('RC_WORKERurban',0,-10000,10000,0 ) 
RC_auto_cbd = Beta ('RC_auto_cbd', 0,-10000,10000,0) 
RC_auto_urban = Beta ('RC_auto_urban',  0,-10000,10000,0) 
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##FIXED PARAMETERS FOR Y* 
B_suelourbanoIndustrial_MUNIorig_percent = Beta ('B_suelourbanoIndustrial_MUNIorig_percent', 0,-
10000,10000,0) 
B_suelourbanoIndustrial_MUNIDEST_percent = Beta ('B_suelourbanoIndustrial_MUNIDEST_percent', 0,-
10000,10000,0) 
B_suelourbanoTerciarioycomercial_MUNIorig_percent = 
Beta('B_suelourbanoTerciarioycomercial_MUNIorig_percent', 0,-10000,10000,0) 
B_suelourbanoTerciarioycomercial_MUNIDEST_percent  = 
Beta('B_suelourbanoTerciarioycomercial_MUNIDEST_percent', 0,-10000,10000,0) 
B_PIBpercapitaEUROS_MUNIDEST = Beta ('B_PIBpercapitaEUROS_MUNIDEST',0,-10000,10000,0) 
 
##RANDOM PARAMETERS FOR RC 
B_metro_RC_CBD = Beta('B_metro_RC_CBD',0,-10000,10000,0 ) 
B_metro_SRC_CBD = Beta('B_metro_SRC_CBD',0,-10,10,0) 
B_RNDmetroRC_CBD = B_metro_RC_CBD + B_metro_SRC_CBD * 
bioNormalDraws('B_RNDmetroRC_CBD','__rowId__') 
B_eat_RCCBD = Beta('B_eat_RCCBD',0,-10000,10000,0 ) 
B_eat_SRCCBD = Beta('B_eat_SRCCBD',0,-100,100,0) 
B_RNDeatRCCBD = B_eat_RCCBD + B_eat_SRCCBD * 
bioNormalDraws('B_RNDeatRCCBD','__rowId__') 
 
##COMMON RANDOM PARAMETERS  
B_school_RCY = Beta('B_school_RCY',0,-10000,10000,0 ) 
B_school_SRCY = Beta('B_school_SRCY',0,-10,10,0) 
B_RCY_RNDschool = B_school_RCY + B_school_SRCY * 
bioNormalDraws('B_RCY_RNDschool','__rowId__') 
B_bus_RCY = Beta('B_bus_RCY',0,-10000,10000,0) 
B_bus_SRCY = Beta('B_bus_SRCY',0,-10,10,0) 
B_RNDbus = B_bus_RCY + B_bus_SRCY * bioNormalDraws('B_RNDbus','__rowId__') 
 
##RANDOM PARAMETERS FOR y 
B_eat_Y = Beta('B_eat_Y',0,-10000,10000,0 ) 
B_eat_SY = Beta('B_eat_SY',0,-10,10,0) 
B_YRNDeat = B_eat_Y + B_eat_SY * bioNormalDraws('B_YRNDeat','__rowId__') 
B_metro_Y = Beta('B_metro_Y',0,-10000,10000,0 ) 
B_metro_SY = Beta('B_metro_SY',0,-10,10,0) 
B_YRNDmetro = B_metro_Y + B_metro_SY * bioNormalDraws('B_YRNDmetro','__rowId__') 
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# Propensity to travel is modeled in trips  
Pt = b_meanAtt + B_Age14_21 * Age14_21 + B_Age40_49 * Age40_49 + B_Age50_64  * Age50_64 \ 
+ B_Age64m * Age65 + B_driver * driver + B_female_married * femalemarried \ 
+ B_WORKER * WORKER1Reference \ 
+ B_Apartment * Apartment + B_Condominium * Condominium + B_Detached * Detached \ 
+ B_owncar * owncar \ 
+ B_suelourbanoIndustrial_MUNIorig_percent  * suelourbanoIndustrial_MUNIorig_percent \ 
+ B_suelourbanoIndustrial_MUNIDEST_percent * suelourbanoIndustrial_MUNIDEST_percent \ 
+ B_suelourbanoTerciarioycomercial_MUNIorig_percent 
*suelourbanoTerciarioycomercial_MUNIorig_percent \ 
+ B_suelourbanoTerciarioycomercial_MUNIDEST_percent * 
suelourbanoTerciarioycomercial_MUNIDEST_percent \ 
+ B_PIBpercapitaEUROS_MUNIDEST * PIBpercapitaEUROS_MUNIDEST \ 
+ B_RNDbus * busstopsmunidestkm2 \ 
+ B_YRNDmetro * METROmunidestkm2  \ 
+ B_RCY_RNDschool * Muni_ratioOD_School_km2   \ 
+ B_YRNDeat * Muni_ratioODeatoutplaceiKm2  
#+ B_Age22_39  * Age22_39 
#MeasuremeY equation: probability to make trips 
delta1 = Beta('delta1',2.56472,0,10000,0 ) 
delta2 = Beta('delta2',1.69463,0,10000,0 ) 
lambda1 = Beta('lambda1',1.12269,-10000,10000,1 ) 
                   
tau1 = Beta('tau1',0,-10000,10000,1 ) 
tau2 = tau1 + delta1 
tau3 = tau2 + delta2 
 
#Measurement equation: ordered logit 
#tripcategory may take the following values: 
# 1: zero trips, under 1 
# 2: 1 or 2 trips, between 1 and 2 
# 3: 3 - 4 trips, between 3 and 4 
# 4: 5 or more trips, over 4 
 
measurementEquation = { 1 :  1/(1 + exp( lambda1 * Pt - tau1 )), 
2 : (1/(1 + exp( lambda1 * Pt - tau2 )))- (1/( 1 + exp( lambda1 * Pt - tau1 ))), 
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3 : 1/(1 + exp( lambda1 * Pt - tau3  ))- 1/( 1 + exp( lambda1 * Pt - tau2 )), 

4 : 1 - (1/(1 + exp( lambda1 * Pt - tau3 ))) 
 } 
# Residential Choice is  Zone 
# 1 = CBD, 2 = Urban, 3 = Suburban  
# Utility functions 
CBD = ASC1 + RC_WORKERCBD * WORKER1Reference +  RC_auto_cbd * totalcar  \ 
 + B_RNDbus * busstopsmunidestkm2 + B_RNDmetroRC_CBD * METROmunidestkm2 \ 
 + B_RCY_RNDschool * Muni_ratioOD_School_km2  
#+ B_RNDeatRCCBD * Muni_ratioODeatoutplaceiKm2  
URBAN = ASC2  + RC_WORKERurban * WORKER1Reference + RC_auto_urban * totalcar \ 
 + B_RCY_RNDschool * Muni_ratioOD_School_km2    
 #+ B_RNDeatRC * Muni_ratioODeatoutplaceiKm2  
SUBURBAN = ASC3 
 
# Associate utility functions with the numbering of alternatives 
V = {1:SUBURBAN, 
     2:CBD, 
     3:URBAN} 
av = {1: 1, 
      2: 1, 
      3: 1} 
   
# The choice model is a logit, with availability conditions 
Prob = logit_av(V,av,Zone)   
 
#This is the joint probability of the stated choice and the stated trip category  
condProbIndiv = Elem (measurementEquation, TRIPCAT ) * Prob  
# For each item of personIter, iterates on the rows of the group.  
rowIterator('personIter')  
#Iterator on draws for Monte-Carlo simulation 
drawIterator('drawIter') 
# Integration by simulation 
probIndiv = Sum(condProbIndiv,'drawIter') 
# Likelihood function 
log likelihood = Sum(log(probIndiv),'personIter') 
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BIOGEME_OBJECT.EXCLUDE = ( Age4_13 == 1 ) 
#Define the likelihood function for the estimation 
BIOGEME_OBJECT.ESTIMATE = log likelihood 
# Statistics 
BIOGEME_OBJECT.PARAMETERS['NbrOfDraws'] = "100" 
BIOGEME_OBJECT.PARAMETERS['numberOfThreads'] = "4" 
BIOGEME_OBJECT.PARAMETERS['optimizationAlgorithm'] = "CFSQP" 
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APPENDIX D: ALTERNATIVE SPECIFICATIONS FOR NUMBER OF TRIPS, CAR TRIPS AND 

PUBLIC TRANSPORT TRIPS.  

This section presents additional estimation results related to the models presented in Chapter 5. Table 8-5 
presents the model results for trip-frequency and car-trips; while Table 8-6 presents the model results for 
trip-frequency and public transport-trips. These models were estimated before arriving to the final 
specification presented in Chapter 5. Basically, the models only include demographic variables and 
generic built environment attributes (such as dwelling type, neighbourhood type, and so on).  

The correlation analysis presented in Chapter 4 shown the correlation between variables that are included 
in Table 8-5 and 8-6, and then those variables were later removed. However, these models served for 
analyzing the relationship between total trips, public transport trips and car-trips. Similarly, the method for 
measuring some variables was improved, i.e. travel time, which was significant in those models presented 
in Chapter 6, despite it is not in the models presented in this appendix. In the same line, the first threshold 
was fiexd to zero in the final specification, because trip frequency must be always positive. All these 
models allow testing analytical hypothesis and variables that improved the final specification presented in 
Chapter 5.  
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Table 8-5 Results for Trip-Frequency and Car-Trips 

 
 

TRIP-FREQ1 TRIP-FREQ2 CAR- FREQ2 
 Parameter  Wald Sig. Parameter  Wald Sig. Paramete

  
Wald Sig. 

Threshold  =0 .00 -0.233 0.645 0.422 1.827 19.494 0.000 0.548 2.690 0.101 
Threshold = 1.00 2.012 46.169 0.000 3.643 68.283 0.000 2.079 37.39

 
0.000 

Threshold = 2.00 3.537 123.64
 

0.000       3.139 78.03
 

0.000 
Age 4-13 0.647 6.368 0.012 0.274 0.533 0.465 0.817 7.851 0.005 
Age 14-21 0.283 2.549 0.110 -0.029 0.011 0.917 -0.283 1.866 0.172 
Age 30-49 0.147 1.133 0.287 0.202 1.079 0.299 -0.091 0.380 0.538 
Age 50-64 0.363 6.943 0.008 0.530 7.657 0.006 0.328 4.973 0.026 
> 65 0.291 1.985 0.159 0.984 11.152 0.001 -0.136 0.285 0.594 
Worker 0.675 20.366 0.000 0.527 5.846 0.016 0.363 4.056 0.044 
Work and 

  
1.001 7.685 0.006 0.607 1.204 0.272 0.407 0.889 0.346 

Student 0.542 6.183 0.013 0.511 2.379 0.123 0.091 0.126 0.723 
Single no child 0.018 0.007 0.932 -0.068 0.056 0.813 -0.058 0.056 0.813 
Married no child 0.072 0.422 0.516 -0.105 0.467 0.495 -0.065 0.289 0.591 
Others no child 0.151 0.617 0.432 0.175 0.476 0.490 0.024 0.013 0.909 
Household Size 

 
-0.068 2.657 0.103 -0.027 0.212 0.645 -0.001 0.000 0.991 

Internal Trips 0.529 27.134 0.000 0.282 5.149 0.023 0.018 0.031 0.861 
Driver 0.360 10.229 0.001 0.008 0.002 0.960 0.796 29.94

 
0.000 

CBD -0.566 14.949 0.000 -0.365 3.368 0.066 -0.755 20.01
 

0.000 
Urban -0.326 9.751 0.002 -0.096 0.458 0.499 -0.142 1.602 0.206 
Suburban          
Terraced House 0.137 1.568 0.210 0.038 0.066 0.798 0.094 0.666 0.414 
Apartment 0.285 4.551 0.033 0.332 3.338 0.068 -0.330 5.062 0.024 
Condominium -0.018 0.006 0.938 0.153 0.258 0.611 -0.788 8.641 0.003 
AccompainingTo

 
1.154 39.503 0.000 0.677 11.420 0.001 0.316 3.282 0.070 

ShoppingTour 0.698 11.048 0.001 0.617 6.479 0.011 -0.282 1.502 0.220 
Survey 

 
-0.390 12.378 0.000 -0.392 5.648 0.017 0.121 0.898 0.343 

Questionnaire 0.034 0.169 0.681 0.022 0.035 0.852 0.167 3.182 0.074 
Time Cat 1 0.180 2.996 0.083 0.486 13.407 0.000 0.070 0.463 0.496 
Time Cat 2 -1.029 83.323 0.000 1.405 66.698 0.000 -0.011 0.006 0.937 
Total_Stops 1.827 194.07

 
0.000 1.443 110.58

 
0.000 0.525 36.93

 
0.000 

Public 0.677 45.500 0.000 -0.390 7.974 0.005       
   N %  N %  N % 
Categories 0.00 206 21.8

 
1.00 520   0.00 330 44.8

 1.00 520 55.1
 

2.00 168 70.6
 

1.00 305 41.4
 2.00 168 17.8

 
3.00 49 22.8

 
2.00 83 11.3

 3.00 49 5.2%   6.6% 3.00 19 2.6% 
Total   943   Total 737     737   
Model -2 Log 

 
   -2 Log 

 
   -2 Log Likelihood   

Intercept Only 2,095.003    1,113.281    1,521.591    
Final 1,388.090    720.260    1,250.276    
Chi-Square 706.913    393.021    271.315    
Df 27    27    26    
Sig. 0.000     0.000     0.000     
McFadden 0.334   0.349   0.173   

 

  



 

~ 245 ~ 

Chapter 8: Appendix  

Table 8-6 Results for Trip-Frequency and Public Tranpsport Trips  

 
 

TP-FREQ2 PT-USE CAR-USE 
 Parameter  Wald Sig. Paramete

  
Wald Sig. Paramete

  
Wald Sig. 

Threshold  =0 .00 0.871 5.265 0.022 0.411 0.865 0.352 0.889 4.405 0.036 
Threshold = 1.00 2.644 44.87

 
0.000             

Threshold = 2.00 4.209 60.99
 

0.000             
Age 4-13 -1.269 10.64

 
0.001 -1.095 6.576 0.010 0.613 3.312 0.069 

Age 14-21 -0.100 0.219 0.640 0.154 0.467 0.495 -0.251 1.110 0.292 
Age 30-49 0.054 0.099 0.753 -0.021 0.014 0.907 -0.264 2.302 0.129 
Age 50-64 -0.235 1.841 0.175 -0.328 3.157 0.076 0.164 0.884 0.347 
> 65 0.342 1.550 0.213 0.105 0.124 0.725 -0.224 0.592 0.442 
Worker -0.104 0.241 0.623 -0.335 2.163 0.141 0.261 1.572 0.210 
Work and Student  0.183 0.168 0.682 -0.185 0.148 0.700 0.410 0.722 0.395 
Student 0.300 1.098 0.295 -0.025 0.007 0.935 -0.334 1.288 0.256 
Single no child 0.036 0.020 0.888 0.149 0.290 0.590 -0.220 0.597 0.440 
Married no child 0.231 2.580 0.108 0.293 3.546 0.060 -0.210 2.142 0.143 
Others no child 0.287 1.574 0.210 0.312 1.528 0.216 -0.125 0.242 0.623 
Household Size 4+ -0.026 0.219 0.639 0.015 0.065 0.798 0.026 0.203 0.652 
Internal Trips -0.413 11.72

 
0.001 -0.481 13.15

 
0.000 -0.092 0.600 0.439 

Driver -0.445 10.38
 

0.001 -0.229 2.311 0.128 0.863 27.829 0.000 
CBD 0.609 11.67

 
0.001       

Urban 0.490 12.22
 

0.000 -0.109 0.352 0.553 0.508 7.894 0.005 
Suburban    -0.520 7.222 0.007 0.719 14.217 0.000 
Terraced House -0.233 2.437 0.119 -0.106 0.443 0.505 0.102 0.533 0.465 
Apartment 0.428 6.338 0.012 0.400 4.702 0.030 -0.432 6.422 0.011 
Condominium 0.631 5.930 0.015 0.625 4.779 0.029 -0.724 6.119 0.013 
AccompainingTou
 

-0.516 5.056 0.025 -0.715 6.577 0.010 -0.102 0.232 0.630 
ShoppingTour -0.435 2.423 0.120 -0.413 1.944 0.163 -0.738 7.396 0.007 
Survey 

 
0.041 0.081 0.776 0.126 0.657 0.418 0.260 3.082 0.079 

Questionnaire -0.013 0.015 0.902 -0.035 0.092 0.762 0.074 0.456 0.499 
Time Cat 1 0.460 14.66

 
0.000 0.295 5.318 0.021 -0.068 0.316 0.574 

Time Cat 2 1.286 65.08
 

0.000 0.734 17.89
 

0.000 -0.574 11.538 0.001 
Total_Stops 0.086 0.850 0.357 -0.259 4.524 0.033 0.117 1.268 0.260 
   N %  N %  N % 
Categories 0.00 488 66.2

 
0 541 73.4

 
0 379 51.4

 1.00 222 30.1
 

1 196 26.6
 

1 358 48.6
 2.00 26 3.5%             

3.00 1 0.1%             
Total   737     737     737   
Model -2 Log 

 
             

Intercept Only 1,087.128    819.972    979.616 819.97
 

  
Final 857.941    675.390    749.191 675.39

 
  

Chi-Square 229.188    144.581    230.425 144.58
 

  
Df 26    26    26 26   
Sig. 0.000     0.000     0.000 0.000   
McFadden 0.204   0.169     0.226 0.169  



 

 



 

 

 

 

 

REFERENCES  



 

 

 

 



 

 

References  

References  

Abreu e Silva, J., Golob, T. and Goulias, K. (1977). The effects of land use characteristics on residence 
and employment location and travel behaviour of urban adult workers of Puget Sound Region. Paper 
presented in 88th Transportation Research Board Annual Meeting, January 2008, Washington D.C 

Agyemang-Duah, K., Anderson, W.P. and Hall, F.L. (1995). Trip generation for shopping travel. 
Transportation Research Record, (1493), 12-20.  

Agyemang-Duah, K. and Hall, F.L. (1997). Spatial transferability of an ordered response model of trip 
generation. Transportation Research Part A: Policy and Practice, 31(5), 389-402.  

Akaike, H. (1973). Maximum likelihood identification of gaussian autoregressive moving average models. 
Biometrika, 60(2), 255-265.  

Alonso, W. (1964). Location and land use. Cambridge, Massachusetts: Harvard University Press.  

Andrich, D., de Jong, J. and Sheridan, B. E.,(1997). Diagnostic opportunities with the rasch model for 
ordered response categories. In Applications of latent trait and latent class models in the social sciences. 
Rost, Jürgen (Ed); Langeheine, Rolf (Ed), New York, NY, US: Waxmann Publishing Co., pp. 58-68.  

Atasoy, B., Glerum, A., Hurtubia, R. and Bierlaire, M. (2010). Demand for public transport services: 
Integrating qualitative and quantitative methods. 10th Swiss Transport Research Conference, 
September 2010, Monte Veritá, Ascona, Switzerland 

Badoe, D. and Miller, E. (2000). Transportation-land-use interaction: Empirical findings in north america, 
and their implications for modeling. Transportation Research Part D: Transport and Environment, 5(4), 
235-263.  

Ben-Akiva, M., and Francois, B. (1983). Mu-homogenous generalized extreme value model. Working 
Paper, Department of Civil Engineering. , MIT Press, Cambridge, MA,  

Ben-Akiva, M. and S. Lerman (1985). Discrete Choice Analysis: Theory and Application to Travel 
Demand. The MIT Press, Cambridge, MA. 

Ben-Akiva, M., McFadden, D., Gärling, T., Gopinath, D., Walker, J., Bolduc, D. et. al. (1999). Extended 
framework for modeling choice behavior. Marketing Letters, 10(3), 187-203.  

Ben-Akiva, M.,Walker, J., Bernardino, AT, Gopinath, D., Morikawa, T. and Polydoropoulou, A. (2002a). 
Integration of choice and latent variable models. In Perpetual Motion: Travel Behavior Research 
Opportunities and Application Challenges, Oxford, 431-470.  

Ben-Akiva, M., McFadden, D., Train, K., Walker, J., Bhat, C., Bierlaire M. et. al (2002b). Hybrid choice 
models: Progress and challenges. Marketing Letters, 13(3), 163-202. 

Bentler (1980). Multivariate analysis with latent variables: Causal modeling. Annual Review of 
Psychology, 31(1), 419-456.  



 

~ 250 ~ 

 Lissy La Paix Puello –  Doctoral Thesis 

 
Bento, A.M., Cropper, M.L., Mobarak, A.M., Vinha, K. (2005). The effects of urban spatial structure on 
travel demand in the United States. Review of Economics and Statistics, 87(3), 466-478.  

Berry, S (1995). Automobile prices in market equilibrium. Econometrica, 63(4), 841.  

Bhat, C. (1998). Accommodating variations in responsiveness to level-of-service variables in travel mode 
choice models. Transportation Research A, 32, 455–507.  

Bhat, C. (1999a). An analysis of evening commute stop-making behavior using repeated choice 
observations from a multi-day survey. Transportation Research Part B: Methodological, 33(7), 495-510.  

Bhat, C. (1999b). An analysis of evening commute stop-making behavior using repeated choice 
observations from a multi-day survey. Transportation Research Part B: Methodological, 33(7), 495-510.  

Bhat, C. and Guo, J. (2007). A comprehensive analysis of built environment characteristics on 
household residential choice and auto ownership levels. Transportation Research Part B: 
Methodological, 41(5), 506-526.  

Bhat, C. and Srinivasan, S. (2005). A multidimensional mixed ordered-response model for analyzing 
weekend activity participation. Transportation Research Part B: Methodological, 39(3), 255-278.  

Bierlaire, M. (2003). BIOGEME: A free package for the estimation of discrete choice models. Paper 
presented at the Proceedings of the 3rd Swiss Transport Research Conference, September 2009, Monte 
Veritá, Ascona, Switzerland 

Bierlaire, M. and Fetiarison, M. (2009). Estimation of discrete choice models: Extending BIOGEME. 
Proceedings of the 9th Swiss Transport Research Conference, September 2009, Monte Veritá, Ascona, 
Switzerland 

Bierlaire, M. (2006). A theoretical analysis of the cross-nested logit model. Annals of Operations 
Research, 144(1), 287-300 

Boarnet, M. and Crane, R (2001). The influence of land use on travel behavior: Specification and 
estimation strategies. Transportation Research Part A, 35(9), 823-845.  

Boarnet, M. and Sarmiento, S. (1998). Can land-use policy really affect travel behaviour? A study of the 
link between non-work travel and land-use characteristics. Urban Studies, 35(7), 1155-1169.  

Bollen, K. A. (2005). Structural equation models. John Wiley and Sons, Ltd. Online Library 

Bowman, J. L., Bradley, M., Shiftan, Y., Lawton, T. K. and Ben Akiva, M. (1999). Demosnstration of an 
activity-based model system for portland. World Transport Research, Selected Proceddings from the 8th 
World Conference on Transport Research, 3 171-184.  

Bowman, J.L. and Ben-Akiva, M. (2001). Activity-based disaggregate travel demand model system with 
activity schedules. Transportation Research Part A: Policy and Practice, 35(1), 1-28.  



 

 

References  

Brownstone, David. 2008. Key Relationships Between the Built Environment and VMT. Draft paper 
prepared for Transportation Research Board panel on “Relationships Among Development Patterns, 
Vehicle Miles Traveled, and Energy.” October. Available at 
ttp://onlinepubs.trb.org/Onlinepubs/sr/sr298brownstone.pdf, accessed August 7, 2010.  

Brownstone, D. and Train, K. (1998). Forecasting new product penetration with flexible substitution 
patterns. Journal of Econometrics, 89(1-2), 109-129.  

Cao, X., Mokhtarian, P. and Handy, S. (2009). Examining the impacts of residential self-selection on 
travel behaviour: A focus on empirical findings. Transport Reviews, 29(3) 359-395.  

Cao, X. (2008). Exploring causal effects of neighborhood design on travel behavior using stratification on 
the propensity score. Proceedings of the 88th Transportation Research Board Annual Meeting. January 
2008, Washington, DC.  

Cardozo, O., Gutiérrez Puebla, J. and García Palomares, J. C (2010). Influencia de la morfología urbana 
en la demanda de transporte público. Geofocus, 10, 82.102.  

Cascetta, E., and Biggiero, L. (1995). Integrated models for simulating the italian passenger transport 
system. Paper presented at the System Identification (SYSID'94): A Postprint Volume from the IFAC 
Symposium, Copenhagen, Denmark, 4-6 July 1994, 303.  

Cascetta, E., Nuzzolo, A. and Velardi, V. (1993). A system of mathematical models for the evaluation of 
integrated traffic planning and control policies. Unpublished manuscript.  

Cervero, R. and Gorham, R. (1995). Commuting in transit versus automobile neighborhoods. Journal of 
American Planning, 61(2), 210-225.  

Cervero, R. and Kockelman, K. (1997). Travel demand and the 3Ds: Density, diversity, and design. 
Transportation Research Part D: Transport and Environment, 2(3), 199-219.  

Cervero, R. (1995). Sustainable new towns: Stockholm's rail-served satellites. Cities, 12(1), 41-51.  

Cervero R. (1997). Polycentrism, commuting, and residential location in the San Francisco Bay Area. 
Environment and Planning A, Government Policy, 29, 865-886.  

Clark, W. (1994). Commuting in restructuring urban regions. Urban Studies, 31(3), 465-483.  

Coulton CJ, Korbin J, Chan T, Su M. (2001). Mapping residents' perceptions of neighborhood 
boundaries: A methodological note. American Journal of Community Psychology, 29(2), 371-383.  

Crane, R and Crepeau, R. (1998). Does neighborhood design influence travel?: A behavioral analysis of 
travel diary and GIS data. Transportation Research Part D: Transport and Environment, 3(4), 225-238.  

CRTM (1998). Encuesta domiciliaria de movilidad en día laborable de 1996 en la Comunidad de Madrid. 
Documento Síntesis Consorcio Regional de Transportes de Madrid.  



 

~ 252 ~ 

 Lissy La Paix Puello –  Doctoral Thesis 

 
CRTM (2006). Encuesta domiciliaria de movilidad en día laborable de 2004 en la Comunidad de Madrid. 
Documento Síntesis, Consorcio Regional de Transportes de Madrid.  

Daly, A., and Zachary, S. (1979). In Improved multiple choice models. Identifying and measuring the 
determinants of mode choice. Hensher. D. and Davi Q. Eds, Teakfield, London.  

Daly, A., van Zwam, H. and Van der Valk, J. (1983). Application of disaggregate models for a regional 
transport study in the netherlands. Paper presented at the 3rd World Conference on Transport Research, 
Hamburg, Germany. 

Dieleman, F. M., Dijst, M. and Burghouwt, G. (2002). Urban form and travel behaviour: Micro-level 
household attributes and residential context. Urban Studies, 39(3), 507-527.  

Domencich, T. and McFadden, D. (1975). Urban travel demand :A behavioral analysis. Thomas A. 
domencich and Daniel McFaden. New York : American Elservier: Amsterdam : North-Holland.  

ECOTEC (1993). Reducing transport emissions through land use planning. London: HMSO.  

El-Geneidy, A. Tétreault, P. and Surprenant-Legault, J. (2009). Pedestrian access to transit: Identifying 
redundancies and gaps using a variable service area analysis. Presented in Transportation research 
board 89th Annual meeting. January 10-14, Washington DC. 

Espino, R., Ortúzar, J.D. and Roman, C. (2007). Understanding suburban travel demand: flexible 
modeling with revealed and stated choice data. Transportation Research Part A, 41 (10), 899–912. 

European Commission (2009). Action plan of urban mobility No. 490. Commission of the European 
Communities, Office of Official Publications of the EC, Brussels.  

European Commission (EC) (2007a). Attitudes on issues related to EU transport policy. Flash 
Eurobarometer No. 206b.  

European Commission (EC) (2007b). Preparation of a green paper on urban transport: Report on urban 
transport in Europe. Commission of the European Communities, Office of Official Publications of the EC, 
Brussels. 

European Environment Agency EEA (2006). Progress towards halting the loss of biodiversity by 2010. 
Copenhagen, The Netherlands.  

Ewing, R., DeAnna, M. B. and Li, S. C. (1996). Land use impacts on trip generation rates. Transportation 
Research Record: Journal of the Transportation Research Board, 1518, Transportation Research Board 
of the National Academies, Washington, D.C.,1-6.  

Ewing, R., Haliyur, P., and Page, G. (1994). Getting around a traditional city, a suburban planned unit 
development and everything in between. In Transportation Reseacrh Record: Journal of Transportation 
Research Board, 1446, Washington, D.C., 53-62.  

Ewing, R., Pendall, R. and Chen, D. (2003). Measuring sprawl and its transportation impacts. 
Transportation Research Record: Journal of the Transportation Research Board, 1831(-1), 175-183.  



 

 

References  

Farber, S. and Paez, A. (2009). My car, my friends, and me: A preliminary analysis of automobility and 
social activity participation. Journal of Transport Geography, 17, 216-225.  

Frank, L., Bradley, M., Kavage, S., Chapman, J. and Lawton, T. K.  (2008). Urban form, travel time, and 
cost relationships with tour complexity and mode choice. Transportation, 35(1), 37-54.  

Frank, L. and Pivo, G. (1994). Impacts of mixed use and density on utilization of three modes of travel: 
Single-occupant vehicle, transit, and walking Transportation research record. J. Transport. Research. 
Board. 1466, 44–52.  

Friedman, B., Gordon, S. P. and Peers, J. B. (1994). Effect of neotraditional neighbourhood design on 
travel characteristics. In Transportation Research Record: Journal of the Transportation Research 
Board, no. 1446, Transportation Research Board of the National Academies, Washington, D.C., 1466, 
63–70.  

Guzmán-Garcia, LA. and de la Hoz, D. (2008). Dispersión urbana. Estudio de la comunidad de Madrid 
por corredores y su dependencia del centro. Presented in: VIII Congreso de Ingeniería de Transporte, 
July 2008, A Coruña. 

García-Palomares, J.C. (2010). Urban sprawl and travel to work: The case of the metropolitan area of 
Madrid. Journal of Transport Geography, 18(2010), 197-213. 

Giuliano, G. (1993). Is the journey to work explained by urban structure? Urban Studies, 30(9), 1485.  

Golledge, R. G. and Gärling, T.,(2003). Cognitive maps and urban travel. University of California 
Transportation Center, Research Paper. 

Golob, T. (2003). Structural equation modeling for travel behavior research. Transportation Research 
Part B: Methodological, 37(1), 1-25.  

Gordon, P. (1986). The distribution of population and employment in a polycentric city: The case of Los 
Angeles. Environment and Planning.C, Government Policy, 18(2), 161.  

Gunn, H. (1994). The Netherlands national model: A review of seven years of application. International 
Transactions in Operational Research, 1(2), 125-133.  

Guo, J. and Bhat, C.  (2007). Operationalizing the concept of neighborhood: Application to residential 
location choice analysis. Journal of Transport Geography, 15(1), 31-45.  

Gutiérrez-Puebla, J. and García-Palomares, J.C.  (2008). Distance-measure impacts on the calculation 
of transport service areas using GIS. Environment and Planning B: Planning and Design, 35(3), 480-
503.  

Handy, S. (1996). Methodologies for exploring the link between urban form and travel behavior. 
Transportation Research Part D, 1(2), 151-165.  

Handy, S., Cao, X. and Mokhtarian, P. (2005). Correlation or causality between the built environment 
and travel behavior? Evidence from northern California. Transportation Research Part D, 10(6), 427-444.  



 

~ 254 ~ 

 Lissy La Paix Puello –  Doctoral Thesis 

 
Handy and Clifton,(2001). Local shopping as a strategy for reducing automobile travel. Transportation, 
28(4), 317-346.  

Handy, S., (1996). Understanding the link between urban form and nonwork travel behavior. Journal of 
Planning Education and Research, 15(3), 183-198.  

Hanson , S. (1982). The determinants of daily travel-activity patterns: Relative location and 
sociodemographic factors. Urban Geography, 3(3), 179-202.  

Howell and Páez, A. (2009). Urban geography, household context, and car ownership: A case study in 
Hamilton, Ontario. Unpublished.  

Hurtubia, R., Atasoy, B., Glerum, A., Curchod, A. and Bierlaire, M.(2010). Considering latent attitudes in 
mode choice: The case of Switzerland. Paper presented at the Proceedings of the World Conference on 
Transport Research (WCTR 2010), Lisbon, Portugal.  

Joreskog, K. G.Sorbom, D. and Magidson, J.(1979). Advances in factor analysis and structural equation 
models, G. Joreskog, Dag Sorbom Cambridge, Massachusetts : Abt Books.  

Kitamura, R., Akiyama, T., Yamamoto, T. and Golob, T. (2001).  Accessibility in a metropolis: Toward a 
better understanding of land use and travel. Transportation Research Record, 1780, 64-75.  

Kitamura, R., Mokhtarian, P. and Daidet, L. (1997). A micro-analysis of land use and travel in five 
neighborhoods in the San Francisco Bay Area. Transportation, 24(2), 125-158.  

Kitrinou, E., Polydoropoulou, A., and Bolduc, D. (2010). Development if integrated choice and latent 
variable models for the residential relocations decision in island areas. Choice modelling: The state of 
the art and the state of practice. Proceedings from the inaugural International Choice Modelling 
Conference.Stephan Hess and Andrew Daly ed., Bingle, UK: Emerald Group.  

Kockelman, K. (1997). Travel behavior as function of accessibility, land use mixing, and land use 
balance: Evidence from San Francisco bay area. Transportation Research Record: Journal of the 
Transportation Research Board, 1607(-1), 116.  

Krizek, K. J. (2003). Residential relocation and changes in urban travel: Does neighborhoodscale urban 
form matter. Journal of the American Planning Association, 69(3), 265.  

La Paix, L. (2010). Relación entre la generación de viajes y la densidad urbana: Caracterización de la 
movilidad con modelos probit ordenados. IX Congreso Ingeniería del Transporte CIT. 5 -7 July, 2010. 
Madrid, Spain 

La Paix, L., Monzón, A. and Cherchi. E. (2010). Trip generation and location effects: case study of 
Madrid Metropolitan Area. 12th World Conference on Transport Research, 11 -15. Lisbon, Portugal, July 
2010.  

La Paix, L., Monzón, A. and Cherchi, E. (2012). Modelling the relationship between urban environment 
and travel behaviour: Policy and indicators. MOBIL.TUM 2012 International Scientific Conference on 
Mobility and Transport, 19-20 March. Múnich, Germany 



 

 

References  

 Lancaster, K. (1966). A new approach to consumer theory. Journal of Political Economy, 74(2), 132.  

Limanond, T. and Niemeier, D.A. (2003). Accessibility and mode-destination choice decisions: Exploring 
travel in three neighborhoods in puget sound, WA. Environment and Planning B, 30(2), 219-238.  

Limanond, T. and Niemeier, D. (2004). Effect of land use on decisions of shopping tour generation: A 
case study of three traditional neighborhoods in WA. Transportation, 31(2), 153-181.  

Litman, T. (2005). Land use impacts on transport: How land use factors affect travel behavior.Victoria 
Transport Institute.  

Louviere. J. (2005). Recent progress on endogeneity in choice modeling. Marketing Letters, 16(3), 255.  

Manski, CF. (1977). The structure of random utility models. Theory and Decision, 8(3), 229-254. 

Mayer, RC and Davis, JH. (1995). An integrative model of organizational trust. The Academy of 
Management Review, 20 (3), 709-734.  

McDonald, JF. (1994). Suburban employment centres: The case of chicago. Urban Studies, 31(2), 201.  

McFadden, D. (1974). Conditional logit analysis of qualitative choice behaviour. In Frontiers in 
econometrics, P. Zarembka (Ed.), New York, pp. 105-142.: 

McFadden, D. (1978). Modeling the choice of residential location Spatial interaction theory and planning 
models. A. Karlquist et al. ed.. North-Holland: Amsterdam.  

McFadden, D. (1980). Econometric models for probabilistic choice among products. Journal of Business 
of the University of Chicago, 53(3), 13.  

McFadden, D. (1986). The choice theory approach to market research. Marketing Science, 5(4), 275-
297.  

McFadden, D., Tye, W. B. and Train, K. (1977). An application of diagnostic tests for the independence 
from irrelevant alternatives property of the multinomial logit model. Institute of Transportation Studies, 
University of California.  

Mitchell, R. B., and Rapkin, C. (1954). Urban traffic: A function of land use. Columbia University Press.  

Mogridge, MJH (1985). Transport, land use and energy interaction. Urban Studies, 22(6), 481-492.  

Monzón, A. and de la Hoz, D. (2009). Efectos sobre la movilidad de la dinámica territorial de Madrid. 
Urban, 14, 58-71.  

Monzón, A., Vega L. and Lopez-Lambas. ME. (2011). ). Travel time and car trip reduction in dense 
urban areas. The case of Madrid. Transport Policy. European Transport Research Review, 3, 129-137.  



 

~ 256 ~ 

 Lissy La Paix Puello –  Doctoral Thesis 

 
Monzón, A., La Paix, L., Delgado, M. and Fernández, A. (2008b). Influencia de la localización en los 
patrones de movilidad metropolitana; Análisis comparado según tipología de encuesta. Estudios de 
Construcción y Transportes, 108, 203-210.  

Monzón, A. and Madrigal, E. (2007). Mejora metodológica de encuestas de movilidad de viajeros para el 
análisis de la demanda de transportes en España. Estudios De Construcción y Transportes, 106, 93.  

Morency, C., Paez, A., Roorda, M., Mercado, R. and Farber, S. (2011). Distance traveled in three 
Canadian cities: Spatial analysis from the perspective of vulnerable population segments. Journal of 
Transport Geography, 19(1), 39-50.  

Morikawa, T., Ben-Akiva, M. and McFadden, D. (1990). Incorporating psychometric data in econometric 
choice models. (Draft Version)  

Muth, R. F. (1969). Cities and housing. University of Chicago press. Chicago.  

Naess, P. (2006). Accessibility, activity participation and location of activities: Exploring the links 
between residential location and travel behaviour. Urban Studies, 43(3), 627.  

Oakes, M. J. and Johnson, P. J. (2006). Propensity score matching for social epidemiology.  
Chapter 15 in Methods in epidemiologyeds. Oakes, M. J. and Kaufman, ed., ). New York: John Wiley 
and Sons, Inc.  

O'Neill, W., Ramsey, R and Chou, J. (1992). Analysis of transit service areas using geographic 
information systems. ITE Journal, 61 (11) (1991), 33–36 

Ortuzar, JD. and Willumsen, L. G. (2011). Modeling transport. John Wiley and Sons (Ed.),Chichester, 
UK:  

Paez, A., Scott, D., Potoglou, D., Kanaroglou, P. and Newbold, K. (2007). Elderly mobility: Demographic 
and spatial analysis of trip making in the Hamilton CMA, Canada. Urban Studies, 44(1), 123-146.  

Pinjari, A. (2007). Modeling residential sorting effects to understand the impact of the built environment 
on commute mode choice. Transportation, 34(5), 557.  

Pushkarev, B. and Zupan, J. M. (1977). Public transportation and land use policy. Indiana University 
Press. Bloomington IN.  

Raveau, S., Alvarez-Daziano, R., Yáñez, MF., Bolduc, D. and Ortúzar, JD. (2010). Sequential and 
simultaneous estimation of hybrid discrete choice models. Transportation Research Record: Journal of 
the Transportation Research Board, 2156(-1), 131-139.  

Roese, N., Fessel, F., Summerville , A., Kruger, J., and Dilich, M. (2006). The propensity effect. 
Psychological Science, 17(4; 4), 305.  

Roorda, M. (2009). Trip generation of vulnerable populations in three Canadian cities: Spatial ordered 
probit approach. Transportation Research Part E, 7, 50.  



 

 

References  

Roorda, M., Páez, A., Morency, C., Mercado, R., and Farber, S. (2009). Trip generation of vulnerable 
populations in three canadian cities: A spatial ordered probit approach. Unpublished manuscript.  

Salon, D. (2009). Neighborhoods, cars, and commuting in new york city: A discrete choice approach. 
Transportation Research Part E: Logistics and Transportation Review, 43(2), 180.  

Salon, D. (2009). Cars and the city: An investigation of transportation and residential location choices in 
New York City. Doctoral Thesis in University of California Davis.  

Schmöcker, J., Quddus, M., Noland, R., and Bell, M. (2005). Estimating trip generation of elderly and 
disabled people: Analysis of London data. Transportation Research Record: Journal of the 
Transportation Research Board, (1924), 9-18.  

Schutt, R. K. (2004). Investigating the social world: The process and practice of research. Thousand 
Oaks, CA ed. Pine Forge Press.  

Shiftan, Y. (1995). A practical approach to incorporate trip chaining in urban travel models. Paper 
presented at the Proceeding of the Fifth National Conference on Transportation Planning Methods and 
Applications, Seattle, Washington.  

Shiftan, Y. (2000). The advantage of activity-based modelling for air-quality purposes: Theory vs practice 
and future needs. Innovation, 13(1), 95.  

Shiftan, Y. (2008). The use of activity-based modeling to analyze the effect of land-use policies on travel 
behavior. The Annals of Regional Science, 42(1), 79.  

Sitkin, S. (1992). Reconceptualizing the determinants of risk behavior. The Academy of Management 
Review, 17 (1) (1992), 9–38 

Small, K. and Song, S. (1992). "Wasteful" commuting: A resolution. Journal of Political Economy, 100(4), 
888.  

Stead, D. and Marshall S. (2001). The relationships between urban form and travel patterns: An 
international review and evaluation. European Journal of Transport and Infrastructure Research, 1(2), 
113.  

Stern, S. (1993). A disaggregate discrete choice model of transportation demand by elderly and disabled 
people in rural virginia. Transportation Research, 27(4), 315–327.  

Train, K. (1999). Mixed logit models for recreation demand. Valuing recreation and the environment: 
Revealed preference methods in theory and practice. Northampton, MA: Edward Elgar.  

Train, K. (2003). Discrete choice methods with simulation. Cambridge University Press.  

Train, K. (2009). Discrete choice methods with simulation. 2nd edition. In Cambridge Press University  

Train, K., McFadden, D. and Goett (1987). The incorporation of attitudes in econometric models of 
consumer choice. Review of Economics and Statistics, 69, 383-391.  



 

~ 258 ~ 

 Lissy La Paix Puello –  Doctoral Thesis 

 
Tversky, A. (1972). Elimination by aspects: A theory of choice. Psychological Review, 79(4), 281.  

Valdés, C., Monzón, A., and Xue, G. (2008). La movilidad en la comunidad de madrid. ¿Diferencias 
según género? Presented in Congreso Ingeniería Del Transporte, 4-6 July 2008, A Coruña, Spain.  

Van Acker, V. (2007). The effects of the land use system on travel behavior: A structural equation 
modeling approach. Transportation Planning and Technology, 30(4), 331.  

Walker, J. (2001). Extended discrete choice models: Integrated framework, flexible error structures, and 
latent variables. Doctoral Thesis in Massachusetts Institute of Technology.  

Walker, J. and Li, J. (2007). Latent lifestyle preferences and household location decisions. Journal of 
Geographical Systems, 9(1), 77-101.  

Walker, J. and Ben-Akiva, M. (2002). Generalized random utility model. Mathematical Social Sciences, 
43(3), 303-343.  

White Mountain Survey Company (1991). In White Mountain Survey Company, City of Portsmouth 
Traffic/Trip generation study. (unpublished ed.). Ossippeee, New Hampshire:  

Williams, H. (1977). On the formation of travel demand models and economic evaluation measures of 
user benefit. Environment and Planning C, Government Policy, 9(3), 285.  

Yáñez, MF., Raveau, S., and Ortúzar, JD(2010). Inclusion of latent variables in mixed logit models: 
Modelling and forecasting. Transportation Research Part A: Policy and Practice, 44(9), 744-753.  

Zavoina, R. (1975). A statistical model for the analysis of ordinal level dependent variables. The Journal 
of Mathematical Sociology, 4(1), 103.  

Zhao, F., Chow, L. F., Li, M. T., Ubaka, I., and Gan, A (2003). Forecasting transit walk accessibility: 
Regression model alternative to buffer method. Transportation Research Record: Journal of the 
Transportation Research Board, 1835(-1), 34-41.  


	ACKNOWLEDGMENTS
	Table of Contents
	LIST OF TABLES
	List of Figures
	List of Acronyms
	Resumen (Spanish)
	Abstract
	Introduction
	Research Motivation
	Objectives
	Outline of the Thesis

	Understanding the relationship between travel behaviour (TB) and Built Environment (BE)
	Urban Sprawl in Europe: State of The Policies
	Explaining the Relationship BE – TB
	Socioeconomic characteristics
	Neighbourhood Representation
	Spatial scale of neighbourhood

	Self-selection
	Concept of travel behaviour
	Methodological Evolution to Study the Relationship BE-TB

	Analytical Framework
	Unordered models: MNL, NL and ML
	Mixed Logit
	Ordinal Models
	Joint Mixed Ordered
	Hybrid Choice Model: integrated discrete choice and latent variable models
	Equations
	Likelihood function
	Estimation methods
	Sequential estimation
	Simultaneous estimation


	Measures of fit and information indices
	Use of measures
	Test of Generic Attributes
	Asymptotic t-test



	Description of Case Study
	The ‘Sprawling’ process of Madrid
	Study Areas
	CBD
	Urban
	Suburban
	Survey process

	Descriptive analysis
	Endogenous variables
	Number of Trips
	Public transport trips
	Car trips
	Tour complexity

	Explanatory Variables
	Socio-economic Characteristics
	Internal trips
	Transport Mode
	Travel time


	Built environment variables
	Municipality level at origin and destination
	Urban Land-use
	Commercial Land-use
	Residential Land-use
	Industrial Land-use
	Correlation analysis of Land-use variables at Municipality level

	Employed Population
	Population
	Gross domestic product (GDP)
	Public transport

	Municipality and District level at destination
	Public Transport Supply
	Commercial Urban Retail shops and other Facilities
	Schools and Universities by Municipality at Destination


	/
	Eat out places by Municipality at Destination

	Municipality, District and Residence Area at Origin
	Public transport Supply at Origin
	Commercial Urban Retail Shops and Facilities at Origin
	Correlation Analysis for Commercial Urban Retail Shops and Facilities at Municipality level in Origin
	Correlations Analysis for Commercial Urban Retail Shops and Facilities at District level in Origin
	Correlations Analysis for Commercial Urban Retail Shops and Facilities at Residence Level in Origin


	Residence Area Only
	Direct questioning variables: Dwelling type
	Measured variables
	Distance to CBD
	Street density


	Pearson’s Correlations for Selected Variables


	Modelling the effect of land-use and spatial levels on trip frequency
	Introduction
	Definitions of Self-selection
	Ordinal Logit: Analytical Framework
	Self-selection and Joint Mixed Ordered Model
	Data and Variables
	Results
	Test for Self-Selection
	Number of trips
	Residential self-selection effects
	Residential location choice model

	Forecasting

	Modelling the effect of socioeconomic and built environment characteristics by hybrid choice models
	Definitions of Propensity and Tour
	Methodology
	Analytical Framework
	Estimation method
	Two Step Estimation without Integration: MNL and NL
	Two Step Estimation with Integration: ML

	Variable description
	Results
	Modelling the correlation across Type of Tours
	Type of Tour models incorporating LV: Two-step estimation
	Modelling Propensity to Travel: Latent Model
	Two-steps estimation without integration
	Socio Economic characteristics
	Built Environment characteristics
	Latent variable propensity to travel

	Two-steps estimation with integration

	Type of Tour models incorporating LV: Simultaneous Estimation
	Effect in Prediction


	Conclusions and Further Research
	Summary
	Motivation, Objectives, and Contributions
	Contributions from Chapter 2: Literature Review
	Contributions from Chapter 3: Analytical framework
	Contributions from Chapter 4: Case Study
	Contributions from Chapter 5: Spatial scales and self-selection
	Contributions from Chapter 6: Propensity to Travel

	Policy Recommendations
	Further research

	APPENDIX
	APPENDIX A: QUESTIONNAIRES
	APPENDIX B: SALON TEST
	APPENDIX C: Biogeme codes
	C.1 Model District Case 3
	C.2 Python Code for Joint Mixed Ordered

	APPENDIX D: Alternative specifications for number of trips, car trips and public transport trips.

	References  

