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ABSTRACT 

While urbanization and motorization can have positive economic effects, they have also 

brought numerous negative externalities such as air pollution, traffic congestion and 

overuse of energy. To mitigate such negative influences, it is important to understand the 

interdependence between urbanization and motorization, particularly in cities in 

developing countries. From the perspective of demand side, such interdependence can be 

partially explained as the interdependence between people’s residential and travel choices. 

Therefore, understanding the link between people’s residential and travel choice may give 

insights into urbanization and motorization. In the transportation field, researchers have 

long been interested in how to influence people’s residential and travel choices towards 

more environmentally-friendly choice behavior through land use and transport policies. 

Generally, people’s choice behavior is affected by not only objective factors (e.g. land use 

patterns and level of transport services) but also subjective factors (e.g. attitudes, learning 

experience and expectations). To show the true influences of land use on people’s 

residential and travel choices, such subjective factors should also be taken into account. 

Taking such subjective factors into account, this study aims to depict several possible 

interdependencies between residential and travel choices in the context of developing 

countries. Generally, people in developing countries face more internal constraints (e.g. 

income) and external constraints (e.g. housing and transport supply) in the context of 

residential and travel choice than people in developed countries. However, the change in 

socio-economic conditions, housing and transport supply in developing countries is fast. In 

the context of developing countries, it is hypothesized that: 

  People’s self-selection regarding residential and travel choices may vary across 

different income groups (i.e. target groups) because different income groups may 

face different internal and external constraints. Additionally, self-selection effects 



 

ii 
 

may vary over time due to the change in: i) people’s life situation and attitudes, and 

ii) external constraints (i.e. housing and transport supply). 

 People’s choice behavior may be not only back-ward looking but also forward-

looking. 

 In this study, hence, we focus on two main parts: i) self-selection effects and ii) the 

influences of future expectation and state dependence. The current study consists of 7 

chapters with the following contents. Chapter 1 contains the background, research 

motivation, research objectives and questions, and outline of the thesis. 

Chapter 2 reviews existing studies regarding self-selection, state dependence and 

future expectations in the field of travel behavior. Several aspects related to methodology, 

behavioral viewpoints, new approaches and the context of this study will be described, 

followed by information on the surveys and data used. The study draws on two sources of 

data relating to people’s residential and travel choice. First, a large-scale household 

interview survey was conducted in Hanoi in 2005 by the Japan International Cooperation 

Agency (JICA, 2007). Secondly, a small-scale household interview survey was carried out 

in Hanoi in 2011 by Hiroshima University Transportation Engineering Laboratory 

(HITEL) in close cooperation with Hanoi University of Transport and Communications 

(UTC). Information regarding the survey design, study area, data collection procedure, and 

descriptive statistics of data are described in this chapter. 

Chapter 3 examines the existence of self-selection across different groups of 

workers. Generally speaking, knowledge-intensive workers are medium-and-high income, 

while labor-intensive-workers are low income. Coinciding with economic growth in 

developing countries, there may be a shift in the structure of the labor market from the 

dominance of labor-intensive workers to the dominance of knowledge-intensive workers, 

leading to changes in their transport-land use systems. Here, it is assumed that labor-
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intensive workers may be less able to self-select because they face more economic 

constraints. In other words, the influences of self-selection may vary across different 

groups of workers. Focusing on commuting for work purposes, integrated models of 

residential location, work location and commuting mode for both groups of labor-intensive 

and knowledge-intensive workers are developed. The interdependencies between these 

three choices are captured by using common random terms in utility functions. Notably, 

such common random terms may include individual- or household-specific unobserved 

factors (e.g. lifestyle and attitudes) that impact people’s sensitivity to both location and 

travel choices. In a sense, common random terms may partially control for self-selection 

effects. These models are empirically tested with the large-scale data collected in Hanoi in 

2005. As a result, the statistical significance of multiple self-selection effects caused by 

unobserved factors is confirmed, suggesting that the joint estimation of the above three 

choices is a useful approach. Moreover, the analysis shows that self-selection effects 

caused by unobserved factors seem to be more influential in knowledge-intensive workers’ 

choices, while socio-demographic factors seem to be more influential in labor-intensive 

workers’ choices. As for land use attributes, different types of households, and labor-

intensive and knowledge-intensive workers, show different responses to different types of 

land use in location choices, especially for the work location choice. Effects of land use 

diversity and population density on the commuting mode choice are mixed. Additionally, 

the geographic centralization of knowledge-intensive employment and decentralization of 

labor-intensive employment are captured. These findings may be useful for city planners in 

Hanoi in designing land use patterns in the future. 

Following Chapter 3, Chapter 4 investigates the dynamics of self-selection effects 

by assuming that people’s life situation and attitudes will vary over time. Additionally, 

external constraints may be reduced over time due to economic growth and improvements 
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in housing and transport supply. In Hanoi, urbanization and motorization in the 1990s and 

2000s were characterized by urban fringe development and the rapid growth of motorcycle 

ownership. This phenomenon may be partially explained as outcomes of household urban 

fringe and motorcycle ownership choice. Hence, this chapter first examines the 

relationship between motorcycle ownership and urban fringe choice. It then builds a joint 

analysis of car ownership and urban fringe choice. As in Chapter 3, this chapter uses 

common random terms that partially control for self-selection effects due to household-

specific unobserved factors. Furthermore, the dynamic self-selection is controlled for by 

parameterizing the variance of common random terms as a function of time. The proposed 

models are then empirically tested with the small-scale data collected in Hanoi in 2011. 

The results showed that the parameter of “time” variable is statistically significant. This 

implies that unobserved self-selection effects have varied over time. In other words, the 

interdependence between urban fringe development and motorcycle ownership has been 

strengthened. Adding to this, the joint model of urban fringe choice and car ownership 

choice was tested. The estimated parameter of “time” variables is also negatively 

statistically significant, indicating that the interdependence between urban fringe 

development and car ownership has been decreasing. 

To understand the influences of state dependence and future expectations, Chapter 

5 describes the development of a combined Revealed Preference-Future Expectation Pair 

Combinatorial Logit model based on people’s residential location choice behavior. The 

influences of state dependence are captured by adding dummies of current choices in the 

utility functions of future choices. In contrast, the influences of future expectations are 

captured by adding dummies of future choices in the utility functions of current choices. 

The proposed model is empirically tested with large-scale data collected in Hanoi in 2005, 

and it is statistically confirmed that current choices and expectations about future choices 
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mutually influence each other. Specifically, it is found that 26%-55% of the total variance 

of current residence utility can be explained by expectations about future choices, and 56-

99% of future expectations can be captured by current choices. These findings suggest that 

future expectations cannot be ignored in the analysis of residential location choice behavior. 

To further confirm the influences of state dependence and future expectations, 

Chapter 6 analyzed small-scale data using the life-course survey conducted in Hanoi in 

2011. First, a data mining approach is applied to analyze mobilities in residential location 

and vehicle ownership. As a result, it was found that the most important predictor of 

residential mobility in the target year is the residential mobility made in the next five years. 

Regarding motorcycle ownership mobility, the most influential factors are household 

structure, and employment and education biographies in the target year, followed by 

household structure biography, employment and education biography, and motorcycle 

ownership biography in the next five years. All these findings suggest the importance of 

future expectations in explaining residential and motorcycle ownership over the life course 

in the context of developing countries. Notably, car ownership is only influenced by 

motorcycle ownership in the past, but not by other mobility biographies.  

The present study ends with Chapter 7. In this final chapter, conclusions, policy 

implications and limitations to the research are presented, as well as some suggestions for 

future research. 
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Chapter 1 Introduction 

1.1. Background 

In recent years, Asia has become a driver of world economic growth (Kaplinsky 

and Messner, 2008). Coinciding with this, there has been rapid urbanization and 

motorization in the region.  It is projected that about 60% of Asia’s residents will live in 

urban areas in 2030 (Asian Development Bank, 2012). Additionally, the main feature of 

motorization in Asia is the sharp increase in motorcycle and car ownership (Tuan, 2011). 

On the one hand, this increase in motorization may contribute to economic growth and 

improve people’s mobility. On the other hand, it has several negative effects such as traffic 

congestion, traffic accidents, greater energy consumption and environmental pollution.  

Generally speaking, urbanization and motorization may result from decisions made 

on both the supply side and the demand side. On the supply side, the decision- makers are 

entrepreneurs, employers, investors, and policy makers. Basically, the important decisions 

for the supply side are related to firm location and investments in housing and transport 

supply, such as the construction of new high-rise apartments and roads. Regarding the 

demand side, the decision-makers are households and individuals who make residential 

and travel choices such as housing type, housing location, travel mode, vehicle ownership 

and so on.  

Practically speaking, it is very difficult to collect data on the supply side’s decision-

making, especially dynamic data. It is easier to collect data for the demand side’s decision-

making, especially dynamic data. Additionally, understanding the demand side’s decision- 

making is important in city planning and policy-making. Therefore, the objective of this 

study is to understand how households and individuals on the demand side make decisions.   
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Many studies have shown that urbanization and motorization are interdependent 

and influence each other. For example, urban sprawl and the growth in car ownership often 

go hand in hand (Guerra, 2015). From the perspective of the demand side, this 

phenomenon can be explained as the interdependence between residential and travel 

choices. In particular, people who live far away from their main destinations such as 

workplaces or schools may be more likely to use more cars for daily travel. On the other 

hand, when cars are commonly used for daily travel, people may prefer residential 

locations far away from their main destinations. Understanding the interdependence 

between people’s residential and travel choices may give some insights into the 

interdependence between urbanization and motorization. Hence, the focus of this study is 

on residential and travel choices. 

As mentioned above, in many developing cities in Asia, rapid urbanization and 

motorization may lead to some unintended consequences such as environmental pollution 

and uncontrolled urban development. However, the processes of urbanization and 

motorization are difficult to avoid, especially in developing countries where economic 

growth is moving forward. The critical question is therefore how to mitigate the negative 

aspects of urbanization and motorization?  

 In the transportation field, researchers have long been interested in how to mitigate 

such negative effects by studying how policies regarding transport and land use influence 

households’ and individuals’ residential and travel choices. For example, Broaddus et al. 

(2009) proposed a set of measures in which land use planning is a key measure for travel 

demand management due to its long-term effects on people’s travel.  Other studies have 

found that  mixed land use patterns or pedestrian-friendly neighborhoods may encourage 

people to drive less and use more environmental-friendly modes such as walking and 
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cycling (Cervero, 2002; Ewing et al., 2004; Mitra et al., 2010; Mitra and Buliung, 2012). 

Hence, land use becomes a key factor in policy debate (Zhang, 2004). 

 In summary, this study focuses on the interdependence between residential and 

travel choice and analyzes the role of land use in people’s choices. 

1.2 Research Motivation 

In the field of travel behavior research, the mutual influences of residential and 

travel choice may be caused due to both objective and subjective factors. Regarding 

subjective factors, the interdependence between residential and travel choice can be 

explained in several ways. First, residential self-selection has emerged as a possible link 

between residential location and travel choices. Residential self-selection is defined as “a 

tendency of people to choose locations based on their travel abilities, needs and 

preferences” (Litman, 2011). However, the influence of residential location on travel 

behavior may be overestimated if residential self-selection regarding travel attitudes or 

neighborhood preferences are not controlled for (Handy et al., 2005). In other words, travel 

behavior may be influenced by physical conditions of residential location as well as travel-

related attitudes or neighborhood-related attitudes. For example, people residing in transit-

oriented neighborhoods may ride transit more and drive cars less than those living in less 

transit-oriented neighborhoods. However, people with strong preferences for riding transit 

may prefer living in a transit-oriented neighborhood and use transit more. Or people with 

environment-friendly lifestyles are likely to choose a transit-oriented neighborhood, so 

they can walk and ride transit more.  

Secondly, the concept of backward-looking behavior may be used for explaining 

the interdependence between residential and travel choices. This concept refers to the 

causal link between past choice and current choice (also called state dependence). For 

instance, for people who have a history of travelling by walking and cycling in the past, 
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this past travel mode may affect their current choice of residence in a walkable 

neighborhood. Additionally, their current residence in a walkable neighborhood may 

reinforce their walking and cycling in the future.   

Third, the concept of forward-looking behavior also can be used for investigating 

the interdependence between residential and travel choices. This concept refers to the 

causal link between current choices and future choices or goals (also called future 

expectation). For example, people are likely to reside in car-oriented neighborhoods at the 

current time if their future travel choice is a car. 

Dealing with such interdependence between residential and travel choice, recently, 

there are two remarkably new approaches. The first one is spatial mobility approach in 

which Scheiner (2014) emphasized the influences of life situation, self-selection (i.e. 

preferences for travel and location) and state dependence in explaining the interdependence 

between residential and travel choices. Adding to this argument, Zhang (2014) proposed 

life-oriented approach to re-examine the interdependence between residential location and 

travel choices. Zhang noted the role of life choices, state dependence as well as future 

expectations. 

Location and travel choices is “a result of people’s resources, needs and wishes, as 

modified by the constraints and opportunities given by the structural conditions of society” 

(Næss, 2009a). In other words, the decision-making process of location and travel choices 

is a mix of constraints and attitudes. In the context of residential and travel choices, 

constraints basically refer to the following conditions: i) decision-makers’ socio-economic 

situation (e.g. income and job), and ii) market conditions such as housing and transport 

supply. Additionally, attitudes refer to people’s liking, thinking or feeling about residential 

or travel alternatives. Generally speaking people’s decision-making in residential and 

travel choice in developing countries are likely to face more constraints. With respect to 
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people’s constraints (i.e. internal constraints), the majority of people in developing 

countries are low income, while the majority of people in developed countries are medium 

and high income. With respect to market constraints (i.e. external constraints), housing and 

transport supply in developing countries has more limitations. For example, citizens in 

developed countries may have several travel options by public transport such as bus, 

subway and monorail. On the other hand, public transport systems are less developed in 

developing country cities. For example, there is only a bus system now in Hanoi or Ho Chi 

Minh in Vietnam. In addition, most people in developing countries are in low- or medium-

income groups. However, such constraints may be reduced in the future because economic 

growth, housing and transport supply are moving forward. Under such circumstances, the 

afore-mentioned link between residential and travel choices (i.e. self-selection, state 

dependence and future expectation) needs to be reconsidered.  

In this study, two key hypotheses regarding people’s choices in developing are 

included: 

 First, people’s self-selection regarding residential and travel choices may 

vary across different income groups (i.e. target groups) because different 

income groups may face different internal and external constraints. 

Additionally, self-selection effects may vary over time due to the changes 

in: i) people’s life situation and attitudes and ii) external constraints (i.e. 

housing and transport supply). . 

 Second, people’s choice behavior may be not only backward-looking but 

also forward-looking, because economic growth, housing and transport 

supply are expanding. 

As for the first hypothesis, self-selection in the context of residential and travel 

choice is induced by two sources: i) socio-demographic characteristics and ii) attitudes 
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regarding neighborhood and travel (Mokhtarian and Cao, 2008). Generally, attitude-

induced self-selection refers to people’s liking, feeling or thinking regarding travel and 

neighborhood alternatives such as travel mode, vehicle ownerships and residential location. 

In the context of developed countries, people may be more able to rely on their attitudes in 

their residential and travel choices because they face less internal and external constraints. 

In other words, attitude-induced self-selection may be more involved in people’s 

residential and travel choices in developed-country cities. In that sense, the degree of 

attitude-induced self-selection may be significantly large. In such circumstances, it is really 

important to control for the influences of attitude-induced self-selection when transport and 

land use policies are evaluated. In contrast, the degree of attitude-induced self-selection in 

the context of developing countries may be small because people may face more internal 

and external constraints. However, constraints may be reduced in the future, leading to a 

change in self-selection over time. 

Here it should be emphasized that the influences of land use in developed countries 

in the future may be predicted even if only self-selection effects are captured in current 

time, because there is stability in socio-economic conditions at the macro level. In other 

words, the influences of self-selection regarding residential and travel choice may be stable 

in the context of developed countries. In developing countries, however, it may not be 

possible to predict the influences of land use on residential and travel choices if only self-

selection effects at the current time are taken into account. While car ownership rates in 

developed countries are reaching saturation levels, motorization trends in developing 

countries keep rising due to economic growth and rising income levels (Robert Cervero, 

2013). At the same time, advanced transit modes are increasingly being introduced and 

operated in developing countries, implying that people in developing countries may have 

more options for travel in the near future. Currently, they may prefer motorcycles but car 
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and transit may be more preferred in the near future. In other words, people’s self-selection 

regarding specific modes may go up and down over time. In this study, we do not intend to 

figure out whether or not people are influenced more by socio-demographic characteristics 

or attitudes.  The current study emphasizes that self-selection may vary over time in the 

context of developing countries. It is important to control for the dynamics of self-selection 

in understanding and modeling residential and travel choice. 

As for the second assumption, our concern is that the majority of existing studies 

only consider state dependence, which refers to influences of past choices on current 

choices. It may be true that people rely on their past decisions to make current decisions. 

However, the ignorance of future expectations on current decisions may lead to 

overestimation, especially in developing countries where economic growth, housing and 

transport supply are changing rapidly. Under such circumstances, the future outcomes may 

be involved in people’s current decisions. Departing from existing studies, this study 

examines the influences of future expectations as well as state dependence on people’s 

choices in the context of developing countries. 

 

  
(a) (b) 
Figure 1.1: An illustration of key hypotheses 

The two above-mentioned hypotheses are illustrated in Figure 1. Specifically, the 

first hypothesis of self-selection is shown in Figure 1.1a in which horizontal axis represents 
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time and the others represent degree of self-selection in the context of developed or 

developing countries. As discussed above, it is assumed that the influence of self-selection 

on residential and travel choice in the context of developed countries is stable over time 

due to the stability in socio-economic conditions at the macro level. In the context of 

developing countries, however, such influence is instable over time due to the fast changes 

in the socio-economic environment at the macro level. In other words, self-selection may 

vary over time.   

The second hypothesis of future expectation is presented in Figure 1.1b, where the 

horizontal axis represents time and the others represent degree of future expectation and 

degree of state dependence. At a given time point, there are three possible scenarios. The 

first scenario is that the involvement of state dependence in people’s decision-making is 

larger than that of future expectation. The second scenario is that the involvement of state 

dependence is equivalent to that of future expectation.  The third scenario is that the 

involvement of state dependence is smaller than that of future expectation. This study does 

not intend to compare the influence of state dependence with that of future expectation. 

The main point is to show the coexistence of state dependence and future expectation in 

people’s decision-making process.    

In this study, it is important to notice that the shape of the graph in Figure 1.1 is 

dependent on choice context. It may be linear or quadratic or fluctuating. Additionally, a 

general assumption is that the characteristics of developing countries are remarkably 

different from that of developed countries. Generally speaking, income is a key factor in 

people’s residential and travel choice. Different income groups may show remarkable 

differences in residential and travel choice. There are two ways to make such a comparison. 

The first way is to directly compare people’s choice behavior in developing countries with 

that in developed countries. The second way is to look at the variation of people’s choice 
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behavior across different income groups, even only in developing countries. Due to data 

limitation, this dissertation does not intend to make a comparison between developing and 

developed countries. Instead, the second way is selected. There are two main approaches to 

reflecting the differences in people’s residential and travel choices by income level. The 

first approach is directly based on income, whereby people are divided into different 

income groups. The second approach is indirectly based on other criteria that also reflect 

different income groups such as people’s job categories or vehicle ownership. For example, 

intuitively, workers in knowledge-intensive workers often have higher salaries because 

their jobs require a higher level of skills and education. Hence, knowledge-intensive 

workers also represent medium-and-high income groups, while labor-intensive workers 

represent low-income groups. The other example is that car users are often high-income 

people, while bus users are often low-income. Coinciding with economic growth, in the 

context of developing countries, there may be a shift in social structure such as households 

by income, workers by job markets and users by vehicle types. Both these two approaches 

will be used in this dissertation. Depending on the specific context, either the first approach 

or the second approach will be selected.  

In summary, the current study attempts to bridge several gaps in existing studies: 

 With respect to methodology: in existing studies, there is a dominance of 

static modeling while dynamic modeling is less developed and applied. 

 With respect to behavior: in developing countries, changes in socio-

economic conditions and urbanization are rapid. However, existing studies 

generally ignore: i) the dynamics of self-selection, and ii) the influence of 

future expectations, despite the fact that people’s choice behavior may also 

be forward-looking. 
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 With respect to “new approach” in travel behavior research:  there is a need 

to extend the boundary of decision-making, as well as a need for greater 

efforts to model dynamic choice behaviors.   

 With respect to context: at present, there is a dominance of studies on 

developed countries (mostly done in the United States and Europe), while 

in-depth studies of developing countries are rare. 

1.3 Aims and Objectives 

The aim of this study is to shed light on people’s residential and travel choices in 

the context of a developing-country city (Hanoi, Vietnam). 

Based on the key hypotheses presented in the Research Motivations section, there 

are several research questions related to people’s residential and travel choices in 

developing countries: 

1) Whether or not self-selection effects may vary across different targeted 

groups; 

2) Whether or not self-selection may vary over time if constraints change over 

time; 

3) Whether or not people’s choice behavior is not only backward-looking but 

also forward-looking. 

To answer these research questions, there are several specific tasks to be carried out, 

as follows: 

i. To identify the role of land use in people’s residential and travel choice 

when self-selection is controlled for. 

ii. To control for the variation of self-selection across different targeted groups. 

iii. To control for the variation of self-selection over time. 
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iv. To examine the influences of future expectations as well as state 

dependence on long-term and medium-term decisions. 

1.4. Outline of the Thesis 

This dissertation consists of seven chapters and appendices (see Figure 1.2). The 

background, research motivation, and aim and objectives for this research have been 

described in this chapter. The remainder of this dissertation is organized into the following 

chapters: 

Chapter 2 gives a review of existing studies regarding self-selection, state 

dependence and future expectation in the field of travel behavior. Several aspects related to 

methodology, behavioral viewpoints, new approach and context of this study will be 

described in this chapter. Then, survey and data are presented. There are two sources of 

data which include people’s residential and travel choice. First, a large-scale household 

interview survey was conducted in Hanoi in 2005 by the Japan International Cooperation 

Agency (JICA, 2007). Secondly, a small-scale household interview survey was carried out 

in Hanoi in 2011 by Hiroshima University Transportation Engineering Laboratory 

(HITEL) in close cooperation with Hanoi University of Transport and Communications 

(UTC). Information regarding the survey design, study area, data collection procedure, and 

descriptive statistics of data are described in this chapter. 

Chapter 3 examines the existence of self-selection across different groups of 

workers. Generally speaking, knowledge-intensive workers are medium-and-high income, 

while labor-intensive-workers are low income. Coinciding with economic growth in 

developing countries, there may be a shift in the structure of the labor-market from the 

dominance of labor-intensive workers to the dominance of knowledge-intensive workers, 

leading to changes in their transport-land use systems. Here, it is assumed that labor-

intensive workers may be less able to self-select because they face more economic 
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constraints. In other words, the influences of self-selection may vary across different 

groups of workers. Focusing on the context of commuting, hence, the integrated models of 

residential location, work location and commuting mode for both groups of labor-intensive 

and knowledge-intensive workers are developed. The interdependencies between three 

above choices are captured by using common random terms in utility functions. These 

models are empirically tested with the large-scale data collected in Hanoi in 2005. 

 

Figure 1.2: Structure of the Thesis 

Following Chapter 3, Chapter 4 investigates the dynamics of self-selection by 

assuming that people’s life situation and attitudes will vary over time. Additionally, 

external constraints may be reduced over time due to economic growth and improvements 

in housing and transport supply. In Hanoi city, urbanization and motorization in the 1990s 

and 2000s were characterized by urban fringe development and the rapid growth of 

motorcycle ownership. This phenomenon may be partially explained as outcomes of 

household urban fringe and motorcycle ownership choice. Hence, this chapter first 
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examines the interdependence between motorcycle ownership and urban fringe choice. It 

then builds a joint analysis of car ownership and urban fringe choice. As in Chapter 3, this 

chapter uses common random terms that partially control for self-selection effects due to 

household-specific unobserved factors. Furthermore, the dynamic self-selection is 

controlled for by parameterizing the variance of common random terms as a function of 

time. The proposed models are empirically tested with the small-scale data collected in 

Hanoi in 2011. 

To understand the influences of state dependence and future expectation, Chapter 5 

describes the development of a combined Revealed Preference-Future Expectation Pair 

Combinatorial Logit model based on people’s residential location choice behavior. The 

influences of state dependence are captured by adding dummies of current choices in the 

utility functions of future choices. In contrast, the influences of future expectations are 

captured by adding dummies of future choices in the utility functions of current choices. 

The proposed model will be empirically tested with large-scale data collected in Hanoi in 

2005.  

To further confirm the influences of state dependence and future expectation, 

Chapter 6 analyzed small-scale data from a life-course survey in Hanoi in 2011.  A data 

mining approach is applied to analyze mobilities in residential location and vehicle 

ownership.  

The present study ends with Chapter 7. In this final chapter, conclusions and 

limitations to the research are presented, as well as some suggestions for future studies. 
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Chapter 2 Literature Review, Study Location and Data 

Collection 

2.1. Literature Review 

To understand how travel behavior is decided, people’s travel choices in concert 

with residential choices have long been investigated in the transportation field. For better 

understanding of people’s decision making in the context of residential and travel choice, a 

comprehensive literature review is required. As for behavioral aspects, the 

interdependencies between residential and travel choices can be explained in terms of self-

selection, state dependence and future expectation. This section presents an overview of 

the literature on these three behavioral relationships, with a focus on research-related 

issues, concept/definition, methodology, new approach and challenges. 

2.1.1. Self-Selection 

a) Casual relationship between land use and travel behavior 

The question of whether or not people’s residential and travel choices are 

effectively modified by land use and transport policies has long been a controversial one 

(Olaru et al., 2011). On the one hand, city planners and researchers have believed that 

well-designed land use patterns or neighborhoods may encourage people to drive less and 

walk or cycle more. By reviewing more than 50 empirical studies regarding land use and 

travel choices, Ewing and Cervero (2010) identified several  possible relationships between 

land use and different types of travel choices. First, vehicle miles traveled (VMT) is most 

strongly affected by measures of accessibility to destinations (e.g. job accessibility by 

transit or car) and secondarily to street network design (e.g. bicycle land density or 

intersection density). Second, the choice of walking is most associated with measures of 

land use diversity (e.g. entropy index) and street network design (e.g. intersection density). 
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Third, the choice of public transport is most affected by street network design, the 

measures of density (e.g. population density) and proximity to transit. On the other hand, it 

is important to account for self-selection when evaluating the influences of land use on 

travel choices (Litman, 2011). Here two emerging questions are: i) what is self-selection?; 

and ii) why should it be taken into account in existing studies regarding residential and 

travel choices?  

 

Figure 2.1: Self-selection regarding travel or neighborhood preferences 

b) The definition of self-selection 

As for the first question, the origin of self-selection in the context of residential 

location (i.e. residential self-selection) refers to “the  tendency of people to choose 

locations based on their travel abilities, needs and preferences” (Litman, 2011; Mokhtarian 

and Cao, 2008). Generally, residential self-selection is induced by attitudes and socio-

demographics (Mokhtarian and Cao, 2008). Following this, Van Wee (2009) extended the 

scope of self-selection and defined it as “the tendency of people to make choices that are 

relevant for travel behavior, based on their abilities, needs and preferences”. In the analysis 

of residential and travel choices, socio-demographics are often controlled for. Hence, the 

main concern of existing studies is related to attitudes regarding travel and residential 

location (Bohte et al., 2009). In this study, self-selection regarding residential and travel 
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choices is re-defined as “the tendency of people to make residential and travel choices 

based on their abilities, needs and preferences” (see Figure 2.1). For instance, a person 

with a strong preference for transit may reside in a transit-oriented neighborhood and use 

transit more, leading to a spurious relationship between land use and travel choices.  

With regard to the second question, the influence of land use on residential and 

travel choices may be overestimated if self-selection is ignored (Bohte et al., 2009). The 

goal of existing studies regarding self-selection is to ensure true influences of land use on 

residential and travel choices (Cao et al., 2009).  

 

Figure 2.2: Spatial mobility  

Source: Adapted from Scheiner (2014) 

c) Methodologies for controlling self-selection effects 

In the context of residential and travel choices, if self-selection exists, there will be 

three issues: 1) simultaneity, 2) omitted variables, and 3) non-random assignment. From a 

methodological perspective, Van Wee (2009) simplified the theory of self-selection as a 

problem in correlation between observed variables (i.e. variables included in model 

estimation) and unobserved variables (i.e. variables not included in model estimation). 

Specifically, Van Wee suggests that observed variables of land use are correlated with 

unobserved variables (such as in travel or neighborhood preferences). In a similar vein, 

Herick and Mokhtarian (2015) describe two aspects of the self-selection problem: i) the 

correlation between observed variables of land use and unobserved variables (i.e. omitted 
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variables), and ii) people may choose location based on their travel-related and 

neighborhood related attitudes (i.e. non-random assignment). Herick and Mokhtarian 

further clarify that these two aspects can be solved simultaneouly if attitudes are included 

in both models of residential and travel choices. Additionally, Paleti et al. (2013) argue that 

residential location and travel choices may be chosen at the same time (i.e. simultaneity) if 

self-selection exists. Methodologies for dealing with self-seleection have been summarized 

in several existing papers (Bohte et al., 2009; X. (Jason) Cao et al., 2009a; Herick and 

Mokhtarian, 2015; Mokhtarian and Cao, 2008). Each methodological approach to self-

selection can deal with one or all of these issues (See Table 2.1). One notable approach 

tackling all of the above-mentioned issues is the simultaneous joint discrete choice model 

that was developed by (Bhat and Guo, 2007).  

Table 2.1: Summary of methodologies for controlling for self-selection effects 

Method 
Issues 

Simultaneity Omitted 
variables 

Non-random 
assignment 

Direct questioning    

Statistical Control -   

Instrumental variable models -   

Sample selection models -   

Propensity score models -   

Joint discrete choice models (sequential 
models) 

-   

Joint discrete choice models (simultaneous 
models) 

   

Cross-sectional structural equation models -   

Longitudinal models -   
Note: () Applicable; (-) Not applicable 

d) New approach 

Studies on residential or travel-related self-selection effects have been attracting 

more and more attention, motivated by policy debates on whether to advocate land use and 

transport policies to reduce auto-dependence and increase the use of alternative means of 
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transport. A special issue on residential self-selection (Cao, 2014), published in the Journal 

of Transport and Land Use in 2014, evaluated research progress and collected major 

thoughts to guide the development of the self-selection research in future. In this issue, 

there are several notable papers. Firstly, Scheiner (2014) argued that travel behavior should 

be studied by explicitly linking various domains of an individual’s life course, including 

family biography, employment biography and residential biography (see Figure 2.2). In 

other words, life situation should be considered when investigating residential and travel-

related self-selection effects. Adding to Scheiner’s argument, Zhang (2014) calls for a 

trans-disciplinary life-oriented approach to re-examine the self-selection issue (see Figure 

2.3). Zhang argues that residential self-selection may be not just attributable to 

demographic characteristics and travel/residential attitudes, but also influenced by 

individuals’ life choices in different domains, such as job, health, family life and budget, 

neighborhood, education and learning, and leisure and tourism. In other words, the 

residential and travel-related self-selection under the life-oriented approach refers to “the 

tendency of people to make residential and travel choices based on not only demographic 

characteristics and travel/residential attitudes but also life choices in different life domain”.  

In this special issue, Næss (2014) stated that the implications of attitude-based 

residential selection in previous studies are considerably exaggerated. In Næss’s viewpoint, 

the causal effects of residential location on travel behavior exists even attitude-induced 

self-selection occurs. Reacting to Næss’s opinions, Wee and Boarnet (2014) argued that 

residential self-selection is still an important issue due to two main points. Firstly, 

unfounded nihilist statements (for example, we know nothing due to residential self-

selection) do not appear much in the scientific literature on this topic. Secondly, basic 

scientific inquiry requires additional studies, including inquiry into attitudes, moving 

patterns and self-selection. In a response, Næss (2014a) agreed with the two above-
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mentioned main points of Van Wee and Boarnet. Additionally, Næss agreed with Van Wee 

and Boarnet in the following points: 1) transport-related residential self-selection is in itself 

a demonstration of the influence of residential location on travel behavior, 2) travel 

attitudes are not necessarily antecedent to choices of residential location but may 

themselves be influenced by residential location, 3) travel attitudes are not the most 

important criteria of residential preferences, and that several constraints can prevent people 

from realizing what they would prefer. 

 

Figure 2.3: Life-oriented approach 

Source: Adapted from Zhang (2014) 

Chatman (2014) indicated three interrelated issues in controlling for residential 

self-selection in previous studies. Firstly, researchers have often failed to realize that the 

built environment may have different influences on travel by different groups of people.       

A question which emerges is whether or not such differences are directly observable (e.g. 

household income) or not (e.g. attitudes). Secondly, the link between built environment 

and travel partially consist of residential sorting based on heterogeneous preferences. 

Thirdly, the effectiveness of some policies on travel is dependent on the population 

composition of the market (i.e. the distribution of preferences in the population). 

e) Studies regarding self-selection in developing countries 
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In the transportation field, almost all studies regarding self-selection have been 

conducted in European countries and the U.S., with only a few studies in developing 

countries. A common point of studies regarding self-selection in developing countries is 

that cross-sectional data was used. Additionally, these studies found that people’s 

residential and travel choices in developing countries seem to be less affected by attitudes-

induced self-selection. Specifically, Tsai (2009) hypothesized that attitudes-induced self-

selection increases the probability of workers commuting by rapid rail transit. Using data 

from passenger surveys along the Taipei Raid Transit System, Tsai found that the influence 

of attitudes-induced self-selection is only partly supported. In the context of Tehran city 

(Iran), Masoumi (2013) hypothesized that “location decisions in Iranian cities are less 

oriented to transportation and more under the effect of economy”. By using direct 

questioning method, Masoumi found that the main reason for selecting the location of 

residential units are related to socio-economic factors such as rise of house prices. 

Focusing on transit-oriented development in Bangkok city (Thailand), Sanit (2014) found 

only limited evidence of attitudes-induced self-selection in the relationship between the 

built environment and travel behavior. Furthermore, Sanit suggested two salient points for 

future studies. Firstly, attitudes may change over time, so longitudinal data should be 

employed. Secondly, the needs of different income and social groups should be taken into 

account.  

f) Summary 

In summary, there are several notable points from the existing literature regarding 

self-selection:  

i) The dominance of static modeling, while dynamic modeling is less developed 

and less often applied. 
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ii) Life-oriented approach and mobility biography approach call for more effort to 

model self-selection in a dynamic way. 

iii) Self-selection may vary across different social groups and over time, especially 

in developing countries where the changes in economic growth and urbanization are fast. 

iv) The dominance of case studies in developed countries (mostly US and EU), 

while cases in developing countries are rare. 

2.1.2. State Dependence and Future Expectation 

Transport researchers and policy makers have long been interested in how to reduce 

motorized vehicle ownership and usage such as cars and motorcycles. In the field of travel 

behavior research, it is assumed that people’s choice implies a new and independent 

maximization process based on the trade-offs of the attributes in the current situation 

(Cherchi and Manca, 2011). Based on this assumption, the policy-related variables (e.g. 

road pricing and parking restriction) traditionally are introduced in model estimation in 

order to investigate how those variables influence the change in people’s choices. However, 

the formation of habits can be involved in individual behavior, leading to reluctance to 

change (Cantillo and Ortúzar, 2006). Hence, the ignorance of individuals’ history or habits 

may result in overestimation or biased results of policy variables (V. Cantillo et al., 2007). 

In fact, existing studies regarding residential and travel choices empirically indicate the 

significant influences of individuals’ past experience or habit (Chen et al., 2008; 

Ramadurai and Srinivasan, 2006; Tayyaran et al., 2003; Wu et al., 2012). 

In this study, state dependence refers to individuals’ history of decision-making (i.e. 

past decision-making). The question here is what kind of information on past decision-

making must be incorporated in model estimation? From a psychological viewpoint, 

choices are dependent on context (Fujii and Gärling, 2003). In this sense, the context of 

past decision-making should be given attention. Zhang et al. (2004) group the context of 
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decision-making into three categories: i) alternative-specific context, ii) circumstance 

context, and iii) individual-specific context. The first one refers to the number of 

alternatives and their attributes, the correlated structure of attributes and the availability of 

alternatives. The second one refers to weather conditions, market conditions, and status 

quo of choice across a population. The third one refers to individuals’ choice history, 

household or workplace attributes, and the cognitive status quo of the reference group. 

Such context of past decision-making has been given attention in existing studies regarding 

residential and travel choices (Chen et al., 2008; Prillwitz et al., 2007). The most typical 

measure of state dependence is to incorporate the dummy variables of past choice in the 

function of current choice (Cherchi and Manca, 2011). Additionally, both new approaches 

proposed by Zhang (2014) and Scheiner (2014) reinforce the influences of state 

dependence in research on residential and travel choices (see Figure 2.2. and 2.3).  

Existing studies regarding residential and travel choices mainly consider the 

influences of state dependence, but the involvement of future expectations is generally 

ignored. In transportation research, a few studies dealing with the influence of future 

expectation can be found. Using a dynamic generalized extreme value (DGEV) model 

proposed by Swait et al. (2000), Kuwano et al. (2011) and Wang et al. (2010) investigated 

the influences of future expectations on travel mode choice and vehicle type choices. 

Similar to state dependence, future expectation refers to people’s future context of 

decision-making. Such future context can also be grouped into three categories: i) 

alternative-specific context, ii) circumstance context, and iii) individual-specific context. 

Here a concern is that people’s current choices may be affected by their future expectations. 

Especially in developing countries, people currently face more constraints but economic 

growth, housing and transport supply are moving forward. Consequently, people’s 

residential and travel choice behavior may be not only backward-looking but also forward-
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looking. This implies the influences of both state dependence and future expectation on 

current residential and travel choices. In the context of developing countries, estimation 

results of policies regarding land use and transport may be overestimated if only state 

dependence is taken into account.  

2.2. Study Location  

The city of Hanoi, Vietnam, is selected as a case study in this empirical research. 

The main reasons why Hanoi was selected are: i) high ratio of housing-price-to-income 

and fewer travel options by public transport imply that people face more constraints in the 

context of residential and travel choices, and ii) economic growth, housing and transport 

supply are moving forward. As for the first reason, CBRE Vietnam (2013) estimated that 

only about 2% of households in Hanoi can afford to buy a house. There has been a big gap 

between housing price and annual income. In addition, normal bus is the only transit 

choice for residents of Hanoi to date (i.e. 2015). Basically, most residents rely on 

motorcycles for their daily travel. In other words, these residents face significant 

constraints in the context of residential and travel choices. Regarding the second reason, 

the gap between housing price and annual income may be shrinking year by year due to 

economic growth, low inflation and several intervention policies such as social housing (i.e. 

housing with reasonable price for low-income people) and loans with low interest. 

Additionally, urban railway and bus rapid transit are under construction. It is projected that 

two or three urban railway lines will be operated in Hanoi in 2020. These imply that 

residents will have more freedom in the context of residential and travel choices in the near 

future. Intuitively, the Hanoi context is compatible with key assumptions mentioned in the 

Introduction. 
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2.2.1. Urbanization in Hanoi city 

Hanoi is the capital city, and is located in the north of Vietnam (see Figure 2.4a).  

Before the expansion of its administrative boundary, Hanoi city was divided into four 

districts in the urban core, four districts in the urban fringe and four districts in the 

suburban area, with a total area of about 921 km2 (JICA, 2007). In 2008, the Prime 

Minister decided to expand the administrative boundary of Hanoi city towards the west. As 

a result, the whole of the old Ha Tay province was incorporated into the city capital of 

Hanoi. Hanoi now has 10 inner districts, 1 town at urban grade 3 and 20 townships at 

urban grade 51. Inner districts are mainly concentrated in the South of Red River (Vietnam 

Ministry of Construction, 2009). Coinciding with fast economic growth, urbanization of 

the city capital is occurring at a high rate (Pham and Yamaguchi, 2011). Specifically, GDP 

per capita in Hanoi city gradually increased four-fold from 522 US$ in 2003 to 2009 

US$ in 2011 (see Figure 2.5). In addition, Hanoi has been able to absorb a large number of 

migrants during the last 10 years, perhaps because of the expansion of  employment 

opportunities, leading to the gradual increase in the population of Hanoi (World Bank, 

2011). As a result, population density increased by roughly 500 persons per square 

kilometer from 2003 to 2011 (see Figure 2.6). Basically, urbanization is concentrated in 

old Hanoi. By using remote sensing and spatial metrics, Pham and Yamaguchi (2011) 

indicated that the urban growth of Hanoi from 1975 to 2003 has spread from the urban core 

to the outskirts of the city, mainly to the west of the Red River (see Figure 2.4b). In old 

Hanoi, population density increased by 1000 persons per square kilometer between 2003 

and 2011. The population density of old Hanoi in 2011 is approximately twice as large as 

that of new Hanoi, 4,241 persons/sq.km compared to 2,407 persons/sq.km, respectively.  

                                                 
1 Based on several criteria (e.g., population size and density), cities in Vietnam have been classified into six 
grades (The National Government of Vietnam, 2009). 
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2.2.2. Motorization in Hanoi city 

Due to rapid economic growth, motorcycle and car ownership are rapidly 

increasing in Hanoi city. There was a sharp growth in the motorcycle ownership rate 

(vehicles/1000 persons) from 2005 to 2011 (see Figure 2.7). Additionally, the car 

ownership rate (vehicles/1000 persons) gradually increased in the same period. In 2011, 

the rate of motorcycle ownership climbed to 423 vehicles per thousand persons while that 

of car ownership was only 66 vehicles per thousand persons. The rate of car ownership in 

Hanoi city is low due to two reasons. The first one is that household annual income is still 

relatively low. The second one is high taxes and fees on car ownership and usage. As a 

result, motorcycles are the dominant travel mode in Hanoi. There is a big gap in vehicle 

ownership between old Hanoi and new Hanoi. With respect to motorcycle ownership, the 

rate of old Hanoi in 2007 is two-times as large as that of new Hanoi, 584 (vehicles/1000 

persons) versus 299 (vehicles/1000 persons), respectively. With respect to car ownership, 

the rate of old Hanoi was 62 vehicles per thousand persons in 2007, while that of new 

Hanoi was only 36. Generally, vehicle ownership is strongly affected by GDP per capita 

(Dargay and Gately, 1999;  Dargay, 2001; Tuan, 2011). The gap in vehicle ownership 

between old Hanoi and new Hanoi is understandable due to the big gap in GDP per capita 

(see Figure 2.5). In 2006, for example, GDP per capita in old Hanoi is 1329 US dollar 

while that in new Hanoi was only 897 US dollar.   

In summary, motorization in Hanoi in period 2000-2011 was characterized by a 

sharp growth of motorcycle ownership and a modest increase in car ownership. At the 

same time, urbanization mainly occurred in urban fringe areas. Intuitively, there is a link 

between motorcycle ownership and urban development in fringe areas. Regarding the link 

between urban structure, transport and mobility, the World Bank (2011) warned that the 
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high population densities and sparse road networks of Hanoi are simply incompatible with 

adoption of private cars as a major means of transport. 

  
(a) (b) 

Figure 2.4: The location and tendency of urbanization 

Source: Adapted from Google Map 

 

Figure 2.5: GDP per capita in Hanoi city 

Source: (Hanoi Statistical Office, 2007, 2011, 2012) 
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Figure 2.6: Population density in Hanoi city 

Source: (Hanoi Statistical Office, 2007, 2011, 2012) 

(a) 

 

 

(b) 

 

Figure 2.7: Vehicle ownership in Hanoi city 

Source: Hanoi Road and Railway Traffic Police Department 

2.3. Data 

In travel behavior research, the influential factors in people’s residential and travel 

choices are classified into three categories: i) decision-maker-specific factors, ii) 
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situational factors, and iii) alternative-specific factors (Zhang et al., 2004). To observe each 

type of influential factor, several data collection methods have been used in existing 

studies.  

As for decision-maker-specific factors, firstly, the common approach to data 

collection is household or individual interview survey by face-to-face, phone-based, 

mailbox-based, email-based and web-based methods. In developed countries, the phone-

based, mailbox-based, email-based and web-based are prevalently used because of time 

and money constraints. However, such kinds of survey have several limitations such as a 

high non-response rate and omitted information (Stopher and Greaves, 2007). In the 

context of developing countries, people seem to be less willing to participate in a survey. 

Hence, face-to-face interview is often selected when survey location is in a developing 

country. The decision-maker-specific factors will be recorded by using a questionnaire in 

which respondents are asked to self-report information that are relevant for household and 

individual attributes such as household income, number of children, age, sex, education, 

employment and so on. 

With respect to situational factors, people’s residential and travel choices are 

affected by the existing state of housing and transport supply, economy, society, 

technology, politics and so forth. Situational factors can partially be observed by asking 

respondents to self-report their feelings or perceptions. Additionally, the data related to 

situational factors can be provided by numerous sources such as statistical yearbooks or 

private and public organizations.  

Generally speaking, alternative-specific factors can be partially investigated by 

paper-based household interview survey. In addition, the data related to alternative-specific 

factors can be partially observed by GPS-based and GIS-based survey or other computer-

aided software. 
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In summary, the household interview survey has been a prevalent way to collect 

data in research regarding residential and travel choices. In this study, hence, data collected 

from a household interview survey will be used. We first used a large-scale household 

interview survey conducted by JICA. However, such cross-sectional data cannot be used in 

dealing with the change in people’s residential and travel choices over time, especially in 

developing countries where socio-economic conditions, housing and transport supply 

evolves rapidly. In this case, longitudinal data should be collected. Therefore, a small-scale 

household interview survey was also conducted. 

2.3.1. Large-Scale Household Interview Survey (Static Data) 

The Comprehensive Urban Development Program (HAIDEP) was done in Hanoi 

city in 2007 by JICA. In this HAIDEP, the transport master plan is one of the key 

components. To develop a transport master plan, it is necessary to identify people’s travel 

patterns in Hanoi city. Hence, a face-to-face Household Interview Survey (HIS) was 

conducted by JICA in 2005. The targeted area of this survey consisted of old Hanoi city 

(14 districts) and adjoining areas (JICA, 2007). In transport planning, large-scale 

household interview surveys are often carried out and sample sizes are often as big as 1-

3% of the population (Stopher and Greaves, 2007). In HIS, 20,020 households were 

selected as final sample for this survey, accounting for 2.23% of Hanoi’s population. 

The questionnaire used in HIS is composed of five parts (see Appendix 1). The first 

part is related to household information, while household member information is in the 

second part. In the third part, respondents were asked to report their daily activity 

information. People’s opinions regarding transport environment were collected in the 

fourth part. People’s satisfaction and perceptions regarding living conditions were included 

in the fifth part. Based on such information, people’s residential and travel choices can be 

picked up, such as motorcycle ownership and housing location. 
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2.3.2. Small-scale Household Interview Survey (Dynamic Data) 

Based on a brief summary of urbanization and motorization in Hanoi city in 

Section 2.2, there are two remarkable points: i) the spread of urbanization from the urban 

core area to the outskirts of the city, especially towards the west of the Red River (Pham 

and Yamaguchi, 2011), and ii) the fast increase in motorcycle ownership and the gradual 

growth of car ownership. Such urban growth and the dominance of motorcycles may be 

interdependent. Because urban core areas were mainly developed before 1975, the 

increases in motorized vehicle ownership and urbanization in urban fringe and suburban 

areas seem to be occurring at the same time. Hung (2006) indicated that Hanoi was a 

typical motorcycle dependent city in which urban activities are highly concentrated in the 

city center. From the perspective of the demand side, this can be explained by the 

interdependence between people’s residential and travel choices. On the one hand, if 

people have motorcycles they may prefer to live in urban fringe areas which are closer to 

the urban core. On the other hand, if they have cars they may prefer to live in suburban 

areas which are further away from the urban core. To capture the change in such 

interdependencies, a face-to-face household interview survey with 300-household samples 

was carried out in Hanoi in 2011. The targeted survey area is composed of 6 locations in 

urban fringe and suburban areas (see Figure 2.8). 
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Figure 2.8: Survey locations in Hanoi in 2011 

Source: Adapted from Google Earth 

The questionnaire used in this survey consists of five parts (see Appendix 2). 

Respondents were asked to report household member information in the first part. The 

second part consists of a retrospective survey regarding residential location, household 

composition, employment, and vehicle ownership from 1991 to 2011. Travel behavior of 

each household member was collected in the third part. People’s travel attitudes and life 

satisfaction are included in the fourth part. People’ neighborhood perceptions are located in 

the fifth part. 
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Chapter 3 A Joint Analysis of Residential Location, Work 

Location and Commuting Mode Choices in Hanoi, Vietnam 

3.1. Introduction 

Traffic congestion and its resulting issues (for example, waste of energy and 

emission of air pollutants) caused by commuting traffic are a major concern of transport 

policy makers. If people could live close to their workplaces and commute by 

environmentally-friendly travel modes, the impacts of commuting traffic may be largely 

mitigated. In the early stages of urbanization in developing-country cities, it can be said 

that most people lived very close to their daily destinations and traveled less by motorized 

vehicles (Robert Cervero, 2013). The increase of income and the resulting growth of car 

ownership have significantly improved people’s quality of life. As people became more 

affluent and enjoyed basic economic and political rights, more people have been able to 

enjoy the benefits (privacy, mobility, and choice, etc.) once reserved for wealthier people 

(Bruegmann, 2005,p.109). At the same time, cities have grown bigger and bigger in both  

size of population and area of urbanized space, especially those in developing countries. 

From the perspective of the demand side, this phenomenon can be explained as the 

outcome of people’s residential and travel choices. While it is a challenge to slow down the 

rate of urbanization and motorization in these cities, it is possible to consider ways to 

manage it better. One such way is to encourage people to live closer to their workplaces 

and commute by environmentally-friendly travel modes.  

Due to economic growth and improvements in housing and transport supply, people 

living in developing country cities have more options for their residential location and 

travel mode than in the past. People may therefore be choosing not to live closer to their 

workplaces and/or to commute by environmentally-friendly travel modes because such 
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choices do not meet their preferences. Unfortunately, little is currently known about 

people’s preferences regarding residential location, work location, and commuting mode in 

developing-country cities, which are targeted in this study. Coinciding with economic 

growth, there may be a shift in the structure of the labor market, from labor-intensive 

sectors (e.g. workers in agriculture, forestry and fishery) to knowledge-intensive sectors 

(e.g., financial and banking services, scientific and technological activities). This may lead 

to changes in land use and transport systems.  

In the context of commuting, people working in different job markets may have 

different preferences over their choice of residential location, work location and 

commuting mode. Choice behavior is usually influenced by not only objective factors (e.g. 

land use patterns in the residential location and workplace choices, and levels of travel 

services in the commuting choice), but also subjective factors (e.g. attitude, liking or taste). 

If people like walking, they may choose to reside in an area with a better walking 

environment. Due to such a self-selection effect, the choice of residential location and that 

of daily travel mode may not be independent of each other. Recently, the self-selection 

effect has emerged as an important issue in the transportation field because it may create a 

spurious relationship between land use and transport. Therefore, researchers have tried to 

depict the true effect of land use variables on location choices and travel behavior by 

controlling for the self-selection effects. The main concern of existing literature is in 

attitude-induced self-selection, basically including attitudes regarding location and travel 

(Cao et al., 2009a; Mokhtarian & Cao, 2008). Such attitudes can be measured by directly 

asking people to report them. If such attitude data are not available, one has to reflect them 

in the choice modeling process by improving the structure of error terms. Additionally, 

existing studies on self-selection effects have mainly focused on the relationship between 

residential and travel behavior. In the context of commuting, a few studies consider self-
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selection with respect to work location, especially in developing-country cities where there 

may be a big shift in the structure of labor market in the future. 

Motivated by the aforementioned issues, the objective of this study is two-fold. 

First, this study clarifies the interdependencies between residential location, work location 

and commuting mode choices in the context of Hanoi. Second, this study examines the role 

of land use attributes in the three choices for workers in two types of sectors, labor-

intensive and knowledge-intensive. To this end, a joint choice model is built by explicitly 

reflecting the influence of multiple self-selection effects.  

The remainder of this paper first provides a literature review, followed by a 

description of the joint choice model. Next, data used in this study are briefly explained. 

After that, the joint choice model is estimated and effects of self-selection and land use 

attributes are examined. Finally, this study concludes with a discussion about the 

limitations of this study. 

3.2. Literature Review 

In the field of transportation research, the joint analysis of residential location 

choice and commuting mode has been done. For instance, Lerman (1976) made an initial 

attempt to deal with households’ joint choices of residential location, housing type, auto 

ownership and mode to work by grouping them as a mobility bundle, and then estimating 

the bundle choice based on a multinomial logit model, where correlations among different 

choices were ignored. Similarly, Pinjari et al. (2011) estimated a joint model of residential 

location, auto ownership, bicycle ownership, and commute tour mode choice decision, but 

used a mixed logit model, which incorporates self-selection effects, endogeneity effects, 

correlated error terms, and unobserved heterogeneity.  

In the context of commuting, whether or not work location should be jointly 

modeled with residential location and commute mode has long been a controversial topic. 
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A majority of existing studies have treated the work location as an exogenous variable to 

explain the residential location and commuting mode choice; however, such treatment has 

been questioned by some researchers. For example, Waddell (1993) estimated a nested 

logit model of workplace and residential choice and empirically confirmed that the 

assumption of exogenous workplace choice in residential location does not hold. Waddell 

et al. (2007) further developed a latent segmentation model of joint choice of workplace 

and residential location by incorporating the influence of both unobserved heterogeneity 

and heterogeneous choice sequence. As argued by Wang and Chai (2009), “commuting is 

an outcome of not only location decisions regarding to work and residence, but also 

decisions about transport modes”. Vega and Reynolds-Feighan (2009) built a cross-nested 

logit model to jointly represent the choice of residential location and travel-to-work mode, 

where job location was given and a residential choice set was defined based on the road 

distance to workplace. Additionally,  “co-location hypothesis” argues that “people can 

make rational choices of work location and residential location according to market rules” 

(Zhao et al., 2011).  

As for self-selection issues, Van Wee hypothesized that people might self-select 

with respect to work locations. For instance, a car lover might dislike a workplace in a 

downtown location with poor car access (Van Wee, 2009). In a special issue on residential 

self-selection (Cao, 2014), published in the Journal of Transport and Land Use in 2014, 

Scheiner (2014) and Zhang (2014) argue that travel behavior should be studied by 

explicitly linking not only residential location choice but also other life domains/life 

choices where work location is involved. Supported by the above literature, work location 

is treated as a dependent variable in this study. In other words, it is assumed that an 

individual can choose his/her work location. 
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It is expected that various behavioral aspects related to residence, work, and 

commuting behavior are interdependent. One such interdependence may involve the issue 

of residential self-selection, defined as “the tendency of people to choose location based on 

their travel abilities, needs and preferences” (Litman, 2011; Mokhtarian and Cao, 2008). 

By extending the scope of self-selection, Van Wee (2009) re-defines self-selection as “the 

tendency of people to make choices that are relevant for travel behavior, based on their 

abilities, needs and preferences”. In the context of commuting, we define self-selection as 

“the tendency of people to make residential location, work location and commuting mode 

choices based on their abilities, needs and preferences”. Generally, the self-selection is 

induced by socio-demographics and attitudes (Mokhtarian and Cao, 2008).  

In existing literature on self-selection, the joint-equation modeling framework has 

been widely used (Bhat and Guo, 2007; Biying et al., 2012; Pinjari et al., 2008; Pinjari, 

Pendyala et al., 2007) due to two main reasons. Firstly, from the behavioral viewpoint, if 

self-selection exists, the choices of residential location and commuting mode may be made 

jointly as a bundle (Paleti et al., 2013). In the context of commuting, this assumption can 

be extended if self-selection regarding work location is taken into account. In other words, 

the alternatives of residential location, work location and commute mode may be 

simultaneously established. This is different from a sequential decision process in which 

residential location is first chosen and self-selection effects are ignored (Paleti et al., 2013). 

Secondly, from a methodological viewpoint, the self-selection issue may consist of two 

aspects: omitted variables and non-random assignment (Herick and Mokhtarian, 2015). 

The former refers to the correlation between observed variables of land use and 

unobserved variables of attitudes (or lifestyles). The latter refers to the concern that 

residents have not been randomly assigned to be in a certain neighborhood. Herick and 

Mokhtarian further emphasize that “resolving one problem should resolve the other”. This 
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can be done if attitudes are included as explanatory variables in equations of both travel 

and neighborhood choices. If attitudes are not observed, a feasible way is to incorporate 

common unobserved terms in both equations of residential location and travel behavior. It 

is noted that attitudes-related information are not included in data used in this study. To 

control for self-selection effects induced by socio-demographics and other unobserved 

factors (e.g., attitudes) in the context of commuting, hence, this study uses a joint-equation 

modeling framework in which common unobserved terms are included.  

Studies regarding residential self-selection effects have been attracting more and 

more attention, motivated by policy debates about whether to advocate land use and 

transportation policies to reduce auto dependence and increase the use of alternative means 

of transport. However, North American studies have dominated the self-selection literature, 

although European scholars also contribute (Cao, 2014). In the context of developed 

countries, the majority of existing studies found significant influences of self-selection. By 

reviewing 38 empirical studies mostly conducted in United States, for example, Cao et al. 

(2009b) summarized the existence of self-selection effects in 25 studies. One hypothesis is 

that people in developed countries are more able to self-select in their decisions because 

they face less constraints than those in developing countries (for example,  income, 

housing and transport supply). In other words, people in developed countries are likely to 

rely on their travel attitudes and lifestyle preferences when choosing residential location 

and travel behaviors. In developing countries, however, people are less able to choose 

residential location and travel behavior because they face more constraints. Accordingly, if 

this hypothesis is true, then it is likely that if economic conditions in developing countries 

improve, leading to higher incomes, and the housing supply and transport systems expand, 

then current constraints on people’s choices in developing country cities will decline.    
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Taking this idea further, we can observe that in general, a greater proportion of the 

urban population of developed countries works in knowledge-intensive sectors compared 

to labor-intensive sectors, while the inverse is true of the urban population in developing 

country cities. Additionally, the average income of knowledge-intensive workers is higher 

than those working in labor-intensive sectors. Hence, a major assumption is that labor-

intensive workers are less likely to self-select because they face more constraints. 

Coinciding with economic growth, however, a shift in the structure of labor market from 

labor-intensive sectors to knowledge-intensive sectors may occur in developing countries. 

This may result in big changes in the land use-transportation system. In the context of 

commuting, such phenomenon can be explained as changes in residential location, work 

location and commuting mode choices.  

To the best of the author’s knowledge, there is little known about the self-selection 

effects across different job markets, even in developed countries. The goal of studies 

related to self-selection is to identify the true relationship between land use and travel 

behavior (Cao et al., 2009b). Hence, understanding the influences of self-selection in 

different job markets could provide some useful insights in designing land use-

transportation systems, especially in developing countries where the structure of the labor 

market is likely to change in the future. Taking Hanoi City, Vietnam as a new example, the 

present study aims to capture the interdependencies among three choices: work location, 

residential location, and commuting mode, as well as to compare the influence of self-

selection among groups of labor-intensive and knowledge-intensive workers. 

3.3. Joint Choice Modelling 

The basic idea of the model developed here is similar to Pinjari et al. (2011) and 

Paleti et al. (2013). Random components were added into multinomial discrete choice 

formulations to represent interdependencies between residential location, work location, 
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and commuting mode choices. Let n (n=1, 2, …, N), i (i=1, 2, …, I), w (w=1, 2, …, W), 

and m (m=1, 2, …, M)  represent decision-maker, residential location, work location, and 

commuting mode, respectively. The utility function for each choice is defined as follows: 

             

Residential location choice: 

 nim nimw niwniu 11ni1i1 xβ         (1) 

 Work location choice: 

 nwm nwmi niwnwu 22nw2w2 xβ           (2) 

 Commuting mode choice: 

 nmw nwmi nimnmu 33nm3m3 xβ          (3) 

 

where x1, x2, and x3 are vectors of explanatory variables including individual and 

household characteristics, land use attributes, and/or those interaction terms; β 1, β2, and β3 

are vectors of parameters; and ε1ni, ε2nw, and ε3nm are error terms following an identical and 

independent Gumbel distribution, respectively. In this modeling system, the 

interdependencies among three choices are represented through random components πniw, 

ωnim, and ψnwm. Specifically, πniw represents interdependencies between choices of 

residential location i and work location w, ωnim represents interdependencies between 

choices of residential location i and commuting mode m, and ψnwm represents 

interdependencies between choices of work location w and commuting mode m. It is 

assumed that πniw, ωnim, and ψnwm are normally distributed with means 0 and variances σ2
iw, 

σ2
im, and σ2

wm, respectively. The “±” signs in front of random components in equation (2) 

and (3) mean that the correlation in the common unobserved terms may be positive or 

negative. Notably, such common random components may include individual- or 

household-specific unobserved factors that influence thehouseholds’ sensitivity to two of 
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the three above choices. Due to factors in such common random terms such as travel-

related attitudes, people may self-select residential location, work location and commuting 

mode. 

Generally, the residential choice might involve two or more household members in 

the decision-making process. There are two possible ways to reflect the influence of such 

decision-making at the household level. One is to build a choice model with intra-

household interaction, where the choice utility function is defined as a function of each 

member’s utility (Zhang and Fujiwara, 2009). The other is to introduce some household-

related attributes into an individual choice model. In this study, the second method is 

adopted. 

Assuming that decision-makers choose a set of alternatives that give highest 

utilities, the following conditional likelihood function can be derived: 
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where dni is a dummy variable which is equal to 1 if individual n chooses residential 

location i and 0 otherwise, dnw is a dummy variable which is equal to 1 if individual n 

chooses work location w and 0 otherwise, and dni is a dummy variable which is equal to 1 

if individual n chooses commuting mode m and 0 otherwise. The unconditional likelihood 

function is: 
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(5) 

 

where (πniw|niw),(ωnim|σim), (ψnwm|σwm) are normally distributed with means being zero 

and variances being σ2
iw, σ2

im, and σ2
wm, respectively. Thus, when all interdependencies are 

taken into account, the dimension of the integral would be 33 in empirical analysis (3 

alternatives for residential location, 3 alternatives for work location, and 4 alternatives for 

commuting mode, i.e., (3×3) + (3×4) + (3×4) = 33 pairs of alternatives). Since we found 

that it is very difficult to make a stable estimate of the model with 33 random components, 

only 6 random components are first estimated in the empirical analysis.  

The model estimation was done based on the Markov Chain Monte Carlo (MCMC) 

method by using the conventional software WinBUGS. A total of 110,000 iterations were 

done in order to obtain 10,000 draws: the first 10,000 iterations were used for burn-in in 

order to mitigate start-up effects, and the remaining 100,000 iterations were used to 

generate the 10,000 draws (i.e., every 10th iteration was retained). The convergence of the 

model estimation is confirmed based on Geweke diagnostics (Geweke, 1992). 

3.4. Data 

Data for this study were collected from a household interview survey, which was 

implemented in Hanoi, Vietnam by the Japan International Cooperation Agency (JICA) in 

2005 (JICA, 2007). In this survey, the following information was collected: i) household 

attributes, ii) individual attributes, iii) daily activities, iv) people’s opinions on traffic 

congestion and safety, public transport and transport measures, and iv) people’s 

satisfaction with current living conditions. In total, more than 20,000 households and more 

than 70,000 household members provided valid answers.  
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Figure 3.1: Study area 

Here, urban areas in Hanoi were divided into urban core, urban fringe, and suburbs 

(see Figure 3.1), which become the three alternatives for choices of residential location and 

work location, respectively. Regarding commuting mode, the choice set is composed of 

walking, bicycle, motorcycle, and other modes (bus, car, taxi, three-wheelers, etc.) 

Since it is expected that choice patterns of residential location and work location 

may not be the same across job types, respondents with jobs were extracted from the 

survey and then classified into labor-intensive workers and knowledge-intensive workers2. 

The former type consists of four groups of jobs: 1) workers in agriculture, forestry and 

fishery, 2) manual workers, 3) craft and trade-related workers, and 4) machine operators 

and assemblers. The latter type is composed of three specific groups of jobs: 1) 

professionals (i.e. highly qualified jobs), 2) associate professionals (i.e. moderately 

qualified jobs), and 3) clerical staff. As a result, 11,344 labor-intensive workers and 12,360 

knowledge-intensive workers were extracted. 

                                                 
2 The job category in questionnaire, retired person, student, jobless, and housewife and so on were also 
included. 
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There are significant differences between the two types of workers in choices of 

residential location, work location, and commuting mode. For labor-intensive workers, 

14.5% of them lived in the urban core, 20.1% in the urban fringe, and 65.4% in the suburbs. 

Regarding the work location choice, 17.2% of labor-intensive workers worked in the urban 

core, 20.8% in the urban fringe, and 62% in the suburbs. It is shown that 23.3% of labor-

intensive workers commuted by walking, 31.6% by bicycle, 38.9% by motorcycle, and 

6.2% by other modes.  

As for knowledge-intensive workers, 48.5% of them resided in the urban core, 

32.5% in the urban fringe, and 19% in the suburbs. With respect to their work location 

choices, 57.6% of them worked in the urban core, 26% in the urban fringe, and only 16.4% 

in the suburbs. It is revealed that only 5.0% of knowledge-intensive workers commuted by 

walking, 10.3% by bicycle, 78.7% by motorcycle, and 6.0% by other modes. 

Regarding home-to-workplace distance, because of the lack of GIS data, road-

based distance information is not available. Based on administrative subdivision in 2005, 

Hanoi was divided into 228 zones. Then the straight-line distances from the centroid of 

zone of residential location to that of work location were measured and used in this study. 

3.5. Model Estimation and Discussion 

3.5.1. Explanatory Variables 

Our first concern is how land use attributes affect choices of residential location, 

work location, and commuting mode. Typical land use attributes are introduced, including 

land use type, land use diversity, and population density. Generally speaking, 

neighborhoods with more mixed land use may encourage people to use active modes (such 

as walking and cycling) and reduce the use of vehicles. Here, the entropy index in equation 

(6), proposed by Cervero and Kockelman (1997), is used to represent the diversity level of 

different land uses, which have been widely used in the field of transportation (Cervero, 
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2002; Greenwald, 2006; Hong et al., 2013; Potoglou and Kanaroglou, 2008). It is expected 

that there is a positive relationship between land use diversity and active modes, but a 

negative relationship between land use diversity and motorcycles. Based on literature 

review, five types of land uses are selected: commercial and business land (e.g. shopping 

centers and head offices), educational and cultural land (e.g. university and exhibition 

buildings), industrial land (e.g. car factory), governmental and quasi-public land (e.g. 

offices of city government), and residential land (e.g. high-rise apartments and villas).  

 

 𝐸𝑛𝑡𝑟𝑜𝑝𝑦 =  −1 ∗ [∑ 𝑝𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛(𝑘) ∗ ln(𝑝𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛(𝑘))𝐾
𝑘=1 ]/ln (𝐾)   (6) 

 

where K is the total number of land use types (K=5), and k is a land use type. 

As for residential location choice, it is expected that different households may 

prefer different types of land uses. Hence, interaction terms between land use and 

household attributes are introduced in the utility of residential location choice, where the 

number of workers, number of elderly, and household income as well as the number of 

motorcycles are introduced, as shown in Table 1. With the above information, the 

influence of economic affordability and social obligation related to household members 

can be partially reflected. Such interactions are excluded from the work location choice 

model because work location choice may be highly personal. More detailed types of jobs 

may better explain the choice behavior, so dummy variables for several types of jobs for 

both labor- and knowledge-intensive workers are defined. 

3.5.2. Model Performance and Effects of Unobserved Terms 

Model estimation results of residential location, work location, and commuting 

mode choices are presented in Table 3.1 ~ Table 3.3, respectively. Among the 147 

parameters estimated, about 86% are statistically significant. Comparing labor-intensive 
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and knowledge-intensive workers, the latter have more significant parameters than the 

former. The adjusted Rho-squared values of the models for labor-intensive and knowledge-

intensive workers are 0.698 and 0.633, respectively, indicating the high sufficiency of 

model accuracy. These results suggest that the proposed joint choice model is effective to 

represent the joint choice of residential location, workplace, and commuting mode.  

As shown in Table 3.4, there are significant unobserved random components that 

simultaneously affect residential location and work location in both groups of labor-

intensive and knowledge-intensive workers, indicating that these long-term choices 

correlate with each other. For both pairs of “urban core-urban core” and “suburban-

suburban”, the positively significant unobserved components suggests that some 

unobserved factors make people in Hanoi city have a tendency to choose residential and 

work location in the same area. Perhaps, they prefer short- or medium-distance commuting.  

Additionally, unobserved random components significantly influence both work 

location and commuting mode in both groups of labor-intensive and knowledge-intensive 

workers, indicating significant correlation between long-term work location choice and 

short-term commuting mode. In particular, the positively significant unobserved 

component of “urban core – motorcycle” pair indicates that unobserved factors 

contributing to a person’s work location in urban core are correlated with unobserved 

factors making a person more likely to drive a motorcycle. Possibly, such people have a 

strong preference for travelling by motorcycle. Similarly, the positively significant 

unobserved components of the “suburban – bicycle” pair is captured. As expected, the 

significant correlation between residential location and commute mode are observed only 

in the group of knowledge-intensive workers. This implies that self-selection effects 

caused by unobserved components seem to exist across knowledge-intensive workers’ 
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choice of residential location and commute mode, perhaps because they face less 

constraints. 

3.5.3. Total Variance of Utility Differences 

To further clarify the effects of the interdependencies (i.e. unobserved factors) 

among residential location, work location and commuting mode choices, the total variance 

of utility differences in each sub-model is calculated, as follows (Table 3.5):  

 

Residential location choice: 

    3xβxβ 222
1n1111ni1i111   imiwnni VaruuVar       (7) 

Work location choice: 

    3xβxβ 222
2n1212nw2w122   wmiwnnw VaruuVar      (8) 

Commuting mode choice: 

    3xβxβ 222
3n1313nw3w133   wmimnnw VaruuVar      (9) 

 

where u1n1 and u2n1 are the utilities of urban fringe in the residential and work location 

choice sub-models; and u3n1 is the utility of other modes in the commuting mode choice 

sub-model. 

There are 14 total variances in Table 3.5. In 10 out of the 14 total variances, 

observed factors (socio-demographic and land use attributes) explain more than 50% of the 

total variance. In the remaining 4 total variances, they are mainly captured by unobserved 

factors. This suggests that the introduced observed factors are useful to explain the choice 

behaviors under study. Looking at unobserved factors in all the 14 total variances, error 

terms only play a dominating role in mode choice, while their variance proportions in work 
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and residential location are moderate. It suggests that more observed variables should be 

included in the model of commuting mode choice.  

The influences of self-selection effects caused by unobserved factors (i.e. common 

random components) across “residential location and commuting mode” or “work location 

and commuting mode” (i.e. terms ωnim, and ψnwm) are not as large as expected. Irrespective 

of labor-intensive or knowledge-intensive workers, the variances explained by self-

selection effects are below 5.0%, indicating that these self-selection effects caused by 

unobserved factors are not remarkable in the context of Hanoi city. Interestingly, the term 

ωnim contributes on average to 4% of total variance of utility in knowledge-intensive 

workers’ residential location choice, while it is only an average 2% of total variance of 

utility in labor-intensive workers’ residential location choice. This implies that knowledge-

intensive workers may be more able to self-select in the case of residential location choice 

because they face less constraints.  

As for commuting mode choice, the influence of self-selection caused by 

unobserved factors is relatively significant in both groups of labor-intensive and 

knowledge-intensive workers, indicating that both types of workers may be more able to 

self-select in the case of short-term decisions (i.e. commuting mode). Unlike terms ωnim, 

and ψnwm, the variances of terms πniw significantly contribute to the total variance of 

utilities regarding residential and work location. Specifically, 3%~16% of total variance 

can be explained by the variances of terms πniw. As expected, the self-selection effects 

caused by unobserved factors across residential and work locations (i.e. terms πniw) on 

knowledge-intensive workers’ choices seem to be larger than that on labor-intensive 

workers’ choices. It is possible that knowledge-intensive workers face less constraints, so 

they can choose a pair of work and residential locations which is compatible with their 

neighborhood and travel preferences. 
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As for observed factors, the magnitudes of their influences on different choices are 

diverse. Looking at land use attributes, they are more influential in knowledge-intensive 

workers’ location choices because of higher variance proportions (26.39% ~ 81.13%) 

explained by land use, than to labor-intensive workers’ location choices (the corresponding 

proportions are 3.03% ~ 41.92%). Concerning socio-demographics, they are more 

influential to labor-intensive workers’ location choices, implying that they may face more 

constraints in long-term decisions than knowledge-intensive workers. In particular, labor-

intensive worker’s total variances of utilities with respect to suburban areas are mostly 

explained by socio-demographic variables, 90.44% in work location and 86.58% in 

residential location, respectively. For other location choices, socio-demographics can 

explain 69.29% ~ 70.77% of the total variances. Regarding commuting mode choice, land 

use and commuting distance explained 81.13% of the total variable of knowledge-intensive 

workers’ walking choice, relative to the choice of other modes, and larger influence of land 

use and commuting distance is also observed with respect to labor-intensive workers’ 

walking choices. Socio-demographics have a larger influence on labor-intensive workers’ 

motorcycle choices, but a lower influence on labor-intensive workers’ bicycle choices. 

3.5.4. Estimation Results of Each Choice Behavior 

a) Residential location choice 
As seen in Table 3.1, effects of land use attributes on residential location choice are 

captured in two ways: one is the main effects and the other is the interaction effects. The 

interaction effects are measured as a product of each land use attribute and a household 

attribute. Such interaction effects, in fact, reflect the heterogeneous responses of 

households to each land use attribute when choosing a residential location.  

Differences in the influences of land use on residential location choice are observed 

between labor-intensive and knowledge-intensive workers. Knowledge-intensive workers 



 

49 
 

prefer areas with more educational/cultural land and medical/welfare land, but labor-

intensive workers are less likely to reside in these areas. Additionally, the industrial-park 

land has a negative effect on knowledge-intensive workers’ choices, while its effect on 

labor-intensive workers’ choices is positive. The remaining land use attributes show almost 

similar influences on both types of workers’ choices. The parameters of commercial and 

business land, transport and services land, and residential land are positive, indicating that 

both workers tend to choose residential areas with a high percentage of these land use 

types. 

With respect to interaction terms, high-income households in both groups prefer 

areas with high percentage of commercial and business land. In addition, high-income 

households in the knowledge-intensive group tend to reside in areas with more educational 

and cultural land while labor-intensive workers are less likely to live in such areas. In both 

groups, households with more workers dislike areas with more commercial and business 

land. The parameter of interaction term between “medical and welfare land” and “number 

of elderly members” has a negative sign, implying that households with more elderly 

members are less likely to choose areas with a high percentage of medical and welfare land. 

In both groups, households owning more motorcycles are more likely to reside in areas 

with more transport and service land. 

As for individual attributes, knowledge-intensive workers with a professional job 

are more likely to reside in the urban core, while they are less likely to live in the suburbs. 

Inversely, labor-intensive workers in agriculture, forestry and fishery as well as manual 

workers tend not to reside in the urban core, but prefer living in suburban areas. In both 

groups, the parameters of age have a positive influence on the urban core, but negative 

effects on suburban areas are observed. These indicate that older people prefer residing in 

the urban core and dislike the suburban residence. Knowledge-intensive workers with high 
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education levels (i.e. master or Ph.D. degree) are more likely to stay away from suburban 

areas. Labor-intensive workers with lower education level (i.e. high-school level) prefer 

suburban areas.  

b) Work location choice 
Relevant model estimation results are presented in Table 3.2. The interaction terms 

between land use at workplace and household attributes are excluded because preferences 

for work location are highly personal. 

Regarding land use attributes, mixed effects of land use on work location choice are 

observed. Knowledge-intensive workers prefer to work in areas with higher percentages of 

commercial and business land, educational and cultural land, and medical and welfare 

land; however, labor-intensive workers are less likely to work in areas with more of these 

land use types. In addition, it is also found that knowledge-intensive workers are less likely 

to work in areas with more industrial-park land, while labor-intensive workers prefer to 

work in such areas. The rest of the variables have similar effects on work location 

decisions for both types of workers. While the mixed residential and commercial land 

shows a positive effect, the effect of rice-field and other agricultural land is negative.  

People may self-select to work in a given area because of the particular features of 

their jobs. In the knowledge-intensive group, professionals and clerical staff prefer to work 

in the urban core and are less likely to work in the suburbs. In contrast, labor-intensive 

workers in agriculture, forestry and fishery are more likely to choose suburban locations. A 

similar tendency of manual workers in choosing work location is also observed. Regarding 

age, older workers in both groups tend to work in the urban core and are less likely to work 

in the suburbs. In the knowledge-intensive group, those with higher education levels are 

less likely to work in suburbs. Inversely, labor-intensive workers with lower education 

levels tend to choose their work location in suburbs. 

c) Commuting mode choice 



 

51 
 

Table 3.3 shows the estimation results of commuting mode choice sub-model. As 

expected, commuting distance is negatively associated with choices of all three modes (i.e., 

walking, bicycles and motorcycles) in a statistically significant way for both types of 

workers. This indicates that people dislike commuting far from home.  

As for land use attributes, land use diversity affects the two types of workers’ mode 

choices while population density is only influential in knowledge-intensive workers’ 

choices. Population density at residence and workplace shows an opposite effect on 

knowledge-intensive workers’ mode choices. In contrast, land use diversity at residence 

and workplace shows an opposite effect on labor-intensive workers’ mode choices. As for 

knowledge-intensive workers, the more dense the population at residential areas the more 

likely they will not use motorcycles and bicycles; however, those working in areas with a 

higher population density are more likely to ride motorcycles and bicycles. Looking at the 

diversity of land use, the more diverse the land use at residence, the less likely labor-

intensive workers ride motorcycles and bicycles and the more likely knowledge-intensive 

workers walk to work. Those labor-intensive workers in areas with more diverse land use 

are more likely to use motorcycles and bicycles. The diversity of land use at workplace is 

positively linked with walking to work by knowledge-intensive workers. 

For both types of workers, those with a higher level of bicycle or motorcycle 

ownership prefer to commute by cycling or motorcycle, and those with more children aged 

between 6 and 10 year old are less likely to commute by walking. It might reflect the fact 

that people often pickup and/or drop off their children by bicycles or motorcycles in Hanoi. 

Professionals in knowledge-intensive group are less likely to commute by bicycle, while 

clerical staffs prefer to commute by bicycle. Labor-intensive workers in the agriculture, 

forestry and fishery sector tend to commute by walking, while machine operators and 

assemblers and manual workers are less likely to ride a bicycle. Older knowledge-intensive 
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workers dislike commuting by motorcycle. Female workers in both types prefer to ride a 

bicycle to work, but are less likely to ride a motorcycle. Labor-intensive workers with high 

personal income tend to commute by motorcycle, but income is not influential to 

knowledge-intensive workers’ motorcycle choice. Furthermore, knowledge-intensive 

workers with a master or Ph.D. degree tend not to commute by bicycle and motorcycle. 

3.6. Conclusions 

In the context of commuting, people may be able to self-select residential location, 

work location and commuting mode based on their neighborhood and travel preferences. It 

is likely that these self-selection effects may be varied across different job markets. But no 

relevant studies were found in existing literature. To fill this research gap, this study 

estimated a joint model of residential location, work location, and commuting mode 

choices by explicitly incorporating three types of self-selection effects with respect to pairs 

of the three choices. Analyzes were done using data collected in Hanoi, Vietnam to 

compare choices between labor-intensive workers (11,344) and knowledge-intensive 

workers (12,360). 

The integrated models of residential location, work location and commuting mode 

have shown that: 

 Self-selection effects caused by unobserved factors seem to exist across 

knowledge-intensive workers’ choice of residential location and commuting mode 

(i.e. terms ωnim). However, these self-selection effects are insignificant for labor-

intensive workers. This finding suggests that the design of land use – transportation 

system in the future should consider the change in the structure of labor market, 

especially in developing countries. 

 Self-selection effects caused by unobserved factors seem to exist across work 

location and commuting mode in both groups of workers (i.e. terms ψnwm). The 
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influencing magnitudes of terms ψnwm on work location and residential location are 

not as large as expected.  

 The significant influences of self-selection effects caused by unobserved factors 

across residential and work location also are captured and their influencing 

magnitudes are relatively significant. In contrast,  Paleti et al. (2013) estimated that 

unobserved factors common to residential location and workplace were not 

influential. Thus, different research contexts show inconsistent observations, 

suggesting that more case studies should be done in the future. 

 Effects of land use attributes and socio-demographics on choices of labor-intensive 

and knowledge-intensive workers are mixed. Different types of land uses and 

different levels of land use diversity as well as population density also result in 

different choices. Labor-intensive and knowledge-intensive workers prefer different 

types of land uses in their location choices. In most of the cases, land use diversity 

at residence and at workplace shows opposite influences on the commuting mode 

choice. This is also true for the population density.  

The differing influences of more detailed job categories on the three choices are 

also confirmed. As a trend, knowledge-intensive employment is centralized while labor-

intensive employment is decentralized in the context of Hanoi City. Such findings may be 

useful to city planners and policy makers in Hanoi City. Hanoi government is planning to 

develop high-technology parks and eco-industrial parks in suburban areas from 2020, such 

as the Hoa Lac satellite city, one of five satellite cities, which will be developed as a city of 

science, a place of gathering intelligence and the most advanced technologies in Vietnam, 

and a center of high-quality human resources (Ministry of Construction, Government of 

Viet Nam, 2009).  
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To avoid issues of reverse commuting and even higher high car usage in future, it is 

important to design land use in such a way as to encourage people to work and live in close 

proximity. As for Hanoi, it is a motorcycle dependent city (Hung, 2006). Generally 

speaking, cars are suitable for longer trips while motorcycles are more suitable for shorter 

trips (Tuan, 2011). As expected, this study confirmed a significant influence of motorcycle 

ownership on residential location and commuting mode choices. Moreover, significant 

interdependencies between residential and work locations partially indicated that people 

prefer working and living in the same areas. Perhaps, the preferences of the residents of 

Hanoi for driving motorcycles lead to their preferences for shorter commuting distance. In 

other words, they may prefer to live closer to their workplaces. 

Having summarized the findings of this study, there are several limitations that 

should be mentioned. First, the socio-economic environment of cities in developing 

countries, such as Hanoi, is evolving rapidly. It may therefore be desirable, if possible, to 

capture temporal dynamics between long-term and short-term choices. Second, high 

variance proportions explained by error terms in commuting mode choice suggest that 

more observed factors should be included in the model estimation. In the context of 

developing countries (Vietnam in the case of this study), people may face more internal 

constraints in choosing residential location choice, especially labor-intensive workers 

whose income is usually low. Additionally, external constraints should be considered such 

as the capacity constraint of a given area.  Hence, cost variables related to location choices 

should be properly incorporated into the modeling process. Third, related to the life-

oriented approach, this study only introduced workplace choice into the residential and 

travel behavior analysis framework. In future, residential and travel behavior should be 

analyzed jointly with more life choices. In particular, more surveys are needed which 

capture the effects of life choices and that of subjective factors such as attitudes and 
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lifestyle preferences. Fourth, it is worth representing joint decisions made by different 

household members and reflecting the influence of different household members into the 

location choice models. Fifth, this study observed the variation of self-selection effects for 

only two groups of workers. Classifying workers into more specific groups may derive 

more variety of self-selection effects. Finally, more case studies in different types of 

countries and cities should be carried out. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

56 
 

Table 3.1: Estimation results of residential location choice sub-model 

Independent variables 
Labor-intensive  Knowledge-intensive 

Parameter t-value  Parameter t-value 
Alternative-specific constant terms 
   Urban core -5.234*** -9.489  -3.692*** -21.378 
   Suburbs 3.645*** 3.400  2.005*** 7.884 
Land use variables (including interaction terms with household attributes) 
   Commercial and business land 0.160** 2.254  0.223*** 10.225 
       Interacted with HH income 0.026*** 2.738  0.003 1.608 
       Interacted with number of workers -0.114*** -6.754  -0.061*** -9.188 
   Educational and cultural land -0.098** -2.028  0.050*** 3.672 
       Interacted with HH income -0.007 -0.970  0.007*** 4.060 
   Medical and welfare land -0.072* -1.801  0.064*** 5.995 
       Interacted with number of elderly -0.041 -1.167  -0.019* -1.722 
   Industrial-park land 0.058** 2.580  -0.102*** -10.377 
   Mixed residential and commercial land 0.266*** 3.138  0.008 0.320 
   Transport and service land 0.123*** 6.670  0.115*** 12.802 
       Interacted with number of motorcycles 0.012 1.272  0.006* 1.714 
   Residential land 0.132*** 21.714  0.101*** 39.662 
Individual attributes 
   Job type      
        Professional (specific to urban core) - -  0.378*** 3.260 
        Professional (specific to suburbs) - -  -1.595*** -6.959 
        Clerical staff (specific to urban core) - -  0.142 1.621 
        Clerical staff (specific to suburbs) - -  -0.231 -1.503 
        Agriculture, forestry and fishery workers  

(specific to urban core) 
-9.639*** -14.121  - - 

       Agriculture, forestry and fishery workers  
(specific to suburbs) 

21.650*** 18.332  - - 

        Machine operators and assemblers   
(specific to urban core) 

0.275 0.878  - - 

        Machine operators and assemblers  
(specific to suburbs) 

-0.594 -0.842  - - 

        Manual workers (specific to urban core) -0.056 -0.216  - - 
        Manual workers (specific to suburbs) 4.444*** 8.174  - - 
   Age (specific to urban core) 0.101*** 8.763  0.030*** 9.011 
   Age (specific to suburbs) -0.224*** -10.646  -0.044*** -7.392 
   Educational level      
       Master or PhD (specific to urban core) - -  0.117 0.709 
       Master or PhD (specific to suburbs) - -  -1.713*** -4.058 
       High school (specific to urban core) -2.033*** -5.764  - - 
       High school (specific to suburbs) 5.602*** 7.049  - - 

Note: (*) Significant at 10% level, (**) Significant at 5% level, (***) Significant at 1% level, (-) not 

applicable. 
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Table 3.2: Estimation results of work location choice sub-model 

Independent variables 
Labor-intensive  Knowledge-intensive 

Parameter t-value  Parameter t-value 
Alternative-specific constant terms 
   Urban core -3.375*** -6.886  -5.052*** -25.671 
   Suburbs 2.556** 2.294  6.408*** 20.000 
Land use variables 
   Commercial and business land -0.137*** -5.988  0.074*** 8.330 
   Educational and cultural land -0.078*** -5.016  0.022*** 3.634 
   Medical and welfare land -0.124*** -4.601  0.036*** 3.488 
   Industrial-park land 0.082*** 3.697  -0.073*** -7.045 
   Mixed residential and commercial land 0.328*** 4.233  0.160*** 5.275 
   Rice-field and other agricultural land -0.178*** -24.429  -0.221*** -54.207 
Individual attributes 
   Job type      
        Professional (specific to urban core) - -  0.682*** 4.906 
        Professional (specific to suburbs) - -  -1.589*** -5.894 
        Clerical staff (specific to urban core) - -  0.426*** 4.185 
        Clerical staff (specific to suburbs) - -  -0.486*** -2.761 
        Agriculture, forestry and fishery workers  

(specific to urban core) 
-10.330*** -17.500  - - 

       Agriculture, forestry and fishery workers  
(specific to suburbs) 

22.480*** 18.970  - - 

        Machine operators and assemblers  
(specific to urban core) 

-0.008 -0.025  - - 

        Machine operators and assemblers  
(specific to suburbs) 

-0.820 -1.117  - - 

        Manual workers (specific to urban core) -0.570** -2.282  - - 
        Manual workers (specific to suburbs) 5.014*** 8.978  - - 
   Age (specific to urban core) 0.048*** 4.579  0.011*** 2.961 
   Age (specific to suburbs) -0.175*** -8.846  -0.012* -1.779 
   Educational level      
       Master or PhD (specific to urban core) - -  0.307 1.450 
       Master or PhD (specific to suburbs) - -  -1.513*** -3.107 
       High school (specific to urban core) -1.830*** -5.406  - - 
       High school (specific to suburbs) 6.445*** 7.823  - - 

Note: (*) Significant at 10% level, (**) Significant at 5% level, (***) Significant at 1% level, (-) not 

applicable. 
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Table 3.3: Estimation results of commuting mode choice sub-model 

Independent variables 
Labor-intensive  Knowledge-

intensive 
Parameter t-value  Parameter t-value 

Alternative-specific constant terms 
   Walk 1.047*** 15.801  0.890*** 4.985 
   Bicycle 0.483*** 2.621  0.358** 2.097 
   Motorcycle -1.124*** -3.865  1.169*** 5.623 
Commuting  distance 
   Walk -0.588*** -14.010  -0.983*** -22.392 
   Bicycle -0.179*** -10.804  -0.273*** -17.128 
   Motorcycle -0.063*** -4.367  -0.149*** -19.257 
Household attributes 
   Bicycle ownership (specific to bicycle) 0.483*** 17.155  0.844*** 19.476 
   Motorcycle ownership (specific to motorcycle) 0.885*** 16.185  0.576*** 17.319 
   No. of children aged between 6 -10 (specific to walk) -0.157*** -2.582  -0.289** -2.385 
Individual attributes 
   Job type      
        Professional (specific to bicycle) - -  -0.339* -1.971 
        Clerical staff (specific to bicycle) - -  0.163 1.585 
        Agriculture, forestry and fishery workers  

(specific to walk) 
1.093*** 15.449  - - 

        Machine operators and assemblers   
(specific to bicycle) 

-0.638*** -4.606  - - 

        Manual workers (specific to bicycle) -0.210*** -3.188  - - 
   Age (specific to walk) 0.0001 0.051  - - 
   Age (specific to motorcycle) - -  -0.026*** -9.557 
   Female (specific to bicycle) 0.247*** 4.181  0.951*** 10.007 
   Female (specific to motorcycle) -1.185*** -12.986  -0.142** -2.057 
   Motorcycle driving license (specific to bicycle) -0.624*** -8.055  -1.010*** -10.768 
   Motorcycle driving license (specific to motorcycle) 2.294*** 16.917  1.975*** 22.930 
   Personal income (specific to motorcycle) 0.249*** 8.194  0.023 0.996 
   Educational level      
       Master or PhD (specific to bicycle) - -  -1.555*** -3.825 
       Master or PhD (specific to motorcycle) - -  -0.268* -1.748 
       High school (specific to bicycle) 0.245* 1.701  - - 
       High school (specific to motorcycle) -0.114 -0.802  - - 
Land use and location 
   Land use mix at residence (specific to walk) - -  1.618*** 4.259 
   Land use mix at residence (specific to bicycle) -0.903** -2.356  - - 
   Land use mix at residence (specific to motorcycle) -1.846*** -4.330  -0.493** -2.379 
   Land use mix at work place (specific to walk) - -  0.383 0.972 
   Land use mix at workplace (specific to bicycle) 1.996*** 5.389  1.050*** 5.276 
   Land use mix at workplace (specific to motorcycle) 1.489*** 3.723  - - 
   Population density at residence (specific to bicycle) -0.0003 -0.863  -0.001** -2.474 
   Population density at residence (specific to 
motorcycle) 

0.0001 0.400  -0.0004** -2.439 

   Population density at workplace (specific to walk) - -  - - 
   Population density at workplace (specific to bicycle) -0.0004 -1.156  0.0002 0.682 
   Population density at workplace (specific to 
motorcycle) 

0.0002 0.685  0.001*** 2.796 

Note: (*) Significant at 10% level, (**) Significant at 5% level, (***) Significant at 1% level, (-) not 
applicable. 
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Table 3.4: Covariance matrix for integrated model 

a) Labor-intensive 
 Residential  Work  Mode 
 Urban core Urban fringe Suburban  Urban core Urban fringe Suburban  Walk Bicycle Motorcycle Others 
Residential             
   Urban core 1.0            
   Urban fringe 0.0 1.0           
   Suburban 0.0 0.0 1.0          
Work             
   Urban core 4.895*** 0.0 0.0  1.0        
   Urban fringe 0.0 0.0 0.0  0.0 1.0       
   Suburban 0.0 0.0 13.650***  0.0 0.0 1.0      
Mode             
   Walk 0.0 0.0 0.0  0.0 0.0 0.0  1.0    
   Bicycle 0.0 0.0 0.279  0.0 0.0 0.105**  0.0 1.0   
   Motorcycle 0.356 0.0 0.0  0.747*** 0.0 0.0  0.0 0.0 1.0  
   Others 0.0 0.0 0.0  0.0 0.0 0.0  0.0 0.0 0.0 1.0 

 
b) Knowledge-intensive 

 Residential  Work  Mode 
 Urban core Urban fringe Suburban  Urban core Urban fringe Suburban  Walk Bicycle Motorcycle Others 
Residential             
   Urban core 1.0            
   Urban fringe 0.0 1.0           
   Suburban 0.0 0.0 1.0          
Work             
   Urban core 1.545*** 0.0 0.0  1.0        
   Urban fringe 0.0 0.0 0.0  0.0 1.0       
   Suburban 0.0 0.0 3.609***  0.0 0.0 1.0      
Mode             
   Walk 0.0 0.0 0.0  0.0 0.0 0.0  1.0    
   Bicycle 0.0 0.0 0.205**  0.0 0.0 0.098***  0.0 1.0   
   Motorcycle 0.218*** 0.0 0.0  0.079*** 0.0 0.0  0.0 0.0 1.0  
   Others 0.0 0.0 0.0  0.0 0.0 0.0  0.0 0.0 0.0 1.0 

Note: (*) Significant at 10% level, (**) Significant at 5% level, (***) Significant at 1% level.
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Table 3.5: Estimation results of proportions of variances 

 Labor-intensive workers  Knowledge-intensive workers 

Residential location choice Var(UUC -UUF) Var(USB -UUF)  Var(UUC -UUF) Var(USB -UUF) 

Land use (βx) 
Socio-demographics (βx) 
Self-selection term (𝜋𝑛𝑖𝑤) 
Self-selection term (𝜔𝑛𝑖𝑚)  

Error term (𝑝𝑖2

3
) 

11.39% 
69.29% 
7.01% 
1.89% 

10.42% 

3.03% 
90.44% 
3.26% 
0.47% 
2.90% 

 35.11% 
21.12% 
10.88% 
4.09% 

28.80% 

24.48% 
27.82% 
16.06% 
3.83% 

27.81% 

  Total 100.00% 100.00%  100.00% 100.00% 

Work location choice Var(UUC -UUF) Var(USB -UUF)  Var(UUC -UUF) Var(USB -UUF) 

Land use (βx) 
Socio-demographics (βx) 
Self-selection term (𝜋𝑛𝑖𝑤) 
Self-selection term (𝜓𝑛𝑤𝑚)  

Error term (𝑝𝑖2

3
) 

10.41% 
70.77% 
6.54% 
2.56% 
9.73% 

8.02% 
86.58% 
2.73% 
0.24% 
2.43% 

 37.20% 
34.95% 
7.19% 
1.63% 

19.03% 

51.93% 
26.02% 
7.55% 
1.24% 

13.08% 

  Total 100.00% 100.00%  100.00% 100.00% 

Commuting mode choice Var(Uwalk 
–Uother) 

Var(Ubike 
–Uother) 

Var(Umotor

–Uother) 
 Var(Uwalk 

–Uother) 
Var(Ubike 
–Uother) 

Var(Umotor

–Uother) 

Land use & Commuting 
distance (βx) 
Socio-demographics (βx) 
Self-selection term (𝜔𝑛𝑖𝑚) 
Self-selection term (𝜓𝑛𝑤𝑚)  

Error term (𝑝𝑖2

3
) 

41.92% 
 

4.93% 
- 
- 

53.16% 

4.48% 
 

12.90% 
10.54% 
6.46% 

65.62% 

0.43% 
 

53.25% 
5.82% 
8.43% 

32.07% 

 81.13% 
 

0.07% 
- 
- 

18.79% 

16.43% 
 

21.21% 
6.97% 
4.82% 

50.66% 

6.51% 
 

23.38% 
8.11% 
4.88% 

57.12% 

  Total 100.00% 100.00% 100.00%  100.00% 100.00% 100.00% 
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Chapter 4 The Dynamic Interdependence between Residence in 

Urban Fringe and Motorcycle Ownership in Hanoi city  

4.1. Introduction 

The population living in urban areas is forecast to reach 6.3 billion in 2050, 

accounting for approximately 68% of the total world population (United Nations, 2011). 

Much of  the world’s population growth is expected to be concentrated in urban areas in 

developing countries (Cohen, 2006). Coinciding with urbanization, there is also expected 

to be  a rapid increase in motorized vehicle ownership (Dargay and Gately, 1999; Dargay, 

2001; Tuan, 2011).  

In the context of developed-country cities, it is generally argued that urban sprawl 

and car ownership are moving hand-in-hand (Dieleman and Wegener, 2004; García-

Palomares, 2010; Glaeser and Kahn, 2003; Travisi, Camagni et al., 2010). In major 

Southeast Asian cities, however, the process of urbanization and motorization are quite 

different from that in Western cities (Cervero, 2013; Murakami et al., 2005). Firstly, 

motorization in Southeast Asian cities (e.g. Hanoi and Ho Chi Minh cities) is commonly 

characterized by the fast growth of motorcycle ownership rather than car ownership 

(Cervero, 2013; Hung, 2006). In other words, motorcycles play a main role in Southeast 

Asia citizens’ daily travel. Secondly, urbanization in Southeast Asian cities  is commonly 

characterized by monocentric urban form and higher density (Cervero, 2013; Hung, 2006). 

Specifically, population density of cities in Asian developing countries are generally more 

than twice as great as that in Europe and five-times as great as that in land-rich developed 

countries like the U.S. and Australia (Cervero, 2013). Such urban growth patterns and 

motorcycle ownership are likely to be interdependent, but this relationship is not yet well 

understood.  
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In travel behavior research, the interdependence between urbanization and 

motorization has been partially explained as the outcome of people’s choices of residential 

location and vehicle ownership. It is generally assumed that residential location and 

vehicle ownership are interdependent. Such interdependence may be partially caused by 

self-selection effects that are induced by people’s socio-demographics and attitudes ( Bhat 

and Guo, 2007; Biying et al., 2012). For instance, people with a strong preference for 

motorcycles may prefer living in areas close to the city center and own more motorcycles, 

because cars are suitable for long-distance trips while motorcycles are suitable for short- or 

medium-distance trips (Tuan, 2011). However, most of our understanding of the 

interdependence between residential location and vehicle ownership comes from cross-

sectional studies in the U.S. and European countries, where cars are dominant in their 

citizens’ daily travel, and the economy, housing and transport supply are stable.  

In the coming years, Southeast Asian developing countries will be one of the key 

drivers of world economic growth (OECD, 2015; World Bank, 2015a). This means that 

economic growth of such countries is moving forward. At the same time, housing and 

transport supply is expanding. Additionally, people’ life situation and preferences may 

vary over time, leading to changes in self-selection effects over time. Hence, there is no 

reason to expect the interdependence between residential location and vehicle ownership to 

be unchanged either across geographies or over time; particularly in the rapidly growing 

cities of Southeast Asia. An emerging question here is “has the interdependence between 

residential location and vehicle ownership in Southeast Asian cities changed over time?”. 

Taking Hanoi city as a case study, this study aims to capture the dynamic 

interdependencies between residential location and motorcycle ownership using 

longitudinal data from 2000 to 2011. 
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The remainder of this paper is organized as follows: a brief review of literature is 

given in Section 4.2. Following this section, the integrated model is presented in Section 

4.3. Next, Section 4.4 presents case context, survey and data. After that, the estimation 

results of the joint model are given in Section 4.5. In the last section, conclusions and 

limitations are presented as well as several suggestions for future research. 

4.2. Literature Review  

People’s residential location and vehicle ownership choices are often assumed to be 

interrelated. Hence, the joint analysis of residential location and vehicle ownership has 

been done in the transportation field, using either aggregate  models (Bayer et al., 2011; 

Gaube and Remesch, 2013) or disaggregate models (Gabriel and Painter, 2012; Potoglou 

and Kanaroglou, 2008). Because this study collected disaggregated data3, the literature 

review will focus on the disaggregate model.  

The observed interrelationship between long-term choices (e.g. residential location) 

and mid-term choices (e.g. vehicle ownership) may be part of causal effect and part of self-

selection effect (Bhat and Guo, 2007; Biying et al., 2012). People’s choices generally are 

affected by not only objective factors but also subjective factors (e.g., attitudes or liking). 

An  issue which emerged from this area of study is the role of travel preferences and 

neighborhood preferences in the relationship between land use and residential/travel choice 

(Handy et al., 2005; Van Wee, 2009).  This issue is generally called attitude-induced self-

selection. In the context of residential location, self-selection is defined as “the tendency of 

people to choose locations based on their travel abilities, needs and preferences” (Litman, 

2011; Mokhtarian and Cao, 2008). Following this definition, Van Wee (2009) extends the 

scope of self-selection and gives a more general definition as follows: “the tendency of 

people to make choices that are relevant for travel behavior, based on their abilities, needs 

                                                 
3 Disaggregate data refers to data collected by individuals or households. 
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and preferences”. Generally, self-selection may be induced by people’s socio-

demographics and attitudes (Mokhtarian and Cao, 2008). 

In the context of residential location and vehicle ownership, we re-define self-

selection as “the tendency of people to make residential location and vehicle ownership 

choices based on their abilities, needs and preferences”. For example, households with a 

strong preference for motorcycles are likely to reside in areas close to city center and own 

more motorcycles. If self-selection effects exist, there are three issues should be 

considered: i) simultaneity, ii) omitted variables and iii) non-random assignment. The first 

issue is that residential location and travel choices are chosen at the same time (Paleti et al., 

2013). The second issue is the correlation between land use and unobserved variables 

(Herick and Mokhtarian, 2015). The third issue is that people who live in the same areas 

may share the same attitudes regarding travel and neighborhood (Herick and Mokhtarian, 

2015).. Controlling for these issues, a possible approach for dealing with both issues is to 

model residential and travel choices simultaneously (Bhat and Guo, 2007; Paleti et al., 

2013; Pinjari et al., 2008; Pinjari et al., 2007). By parameterizing random components that 

can partially incorporate self-selection effects caused by unobserved factors (e.g., travel 

attitudes or environmental-friendly lifestyle), Bhat and Guo (2007) proposed an integrated 

model of residential location and car ownership. Based on this approach, Pinjari et al. 

(2008) captured self-selection effects in the context of residential location and bicycle 

ownership. In a similar vein, Paleti et al. (2013) further examined self-selection effects in 

an integrated model of residential location, work location, car ownership, commuting 

distance, commute mode and number of stops on commute tours.   

While numerous studies on self-selection can be found in developed countries, just 

a few studies were conducted in developing countries. Generally, studies in developing 

countries found that people’s residential and travel choices in developing countries seem to 
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depend more on their socio-demographics rather than their attitudes (Masoumi, 2013; Sanit, 

2014; Tsai, 2009). Additionally, almost all of these studies used cross-sectional data. As 

proposed by Scheiner (2014) and Zhang (2014), people’s life situation and preferences 

may change over time (i.e. dynamic self-selection effects), leading to the change in 

interrelationships between residential and travel choices over time. For example, a young 

student may prefer commuting by bus and living close to a bus stop. After graduation and 

getting a job, he or she may prefer commuting by motorcycle and living in a motorcycle-

oriented neighborhood. This may be especially true in developing countries where the 

change in socio-economic conditions is quite fast. In the context of developing countries, 

therefore, it is essential to control for the variation of self-selection effects when we model 

the dynamics of the interrelationship between residential and travel choices.   

Based on existing studies of the joint analysis of residential location and vehicle 

ownership, three main points are summarized as follows: 1) the majority of studies are 

conducted in U.S. or European countries, 2) only a few articles have been developed to 

study the interrelationship between residential location and motorcycle ownership, and 3) 

there does not seem to be any modeling that accounts for dynamic self-selection effects. 

Therefore, this research makes a three-fold contribution to the literature. First, by focusing 

on a case study in Southeast Asia, this research gives an empirical finding from one of 

most rapidly developing areas in the world. Second, this research shows an insight into the 

interrelationship between residential location and motorcycle ownership. Such 

interrelationship has not been well studied and documented very widely in the literature. 

Third, this research attempts to develop a joint model of residential location and 

motorcycle ownership that accounts for dynamic self-selection. In summary, this is a 

unique study in the arena of residential location and travel choice as it controls for the 

dynamics of self-selection effects. 
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4.3. Fringe Development and Motorcycle Ownership in Hanoi city 

In this study, Hanoi city is selected as a case study. Even though the administrative 

boundary of Hanoi city was expanded toward to the West in 2008, urbanization in Hanoi in 

the period 2000-2011 was basically concentrated in the area of old Hanoi (Pham and 

Yamaguchi, 2011). In this study, therefore, we only focus on old Hanoi. By 2011, more 

residents lived in urban fringe and suburban areas than in urban core areas (see Figure 4.1). 

In the 1950s, however, number of residents in the urban core is a half as large as that in 

suburban areas, 80,821 (persons) versus 136,079 (persons), respectively (Turley, 1975). 

The most rapid growth of population in urban core occurred in the 1960s, 1970s and 1980s. 

By 1985, the population in urban core reached approximately 900,000 residents, and is 

larger than that in suburban areas  (Hanoi Statistical Office, 1986). From the 1950s to 

1980s, Hanoi residents’ settlement was basically concentrated in urban core areas. At the 

same time, bicycles were a dominant mode of transport in Hanoi residents’ daily travel. 

After the reform of the economy in 1986, the economy has grown significantly. Coinciding 

with economic growth, urbanization and motorization in Hanoi city are characterized by 

fringe development and growth of motorcycle ownership rather than suburbanization and 

growth of car ownership. Due to the lack of population and vehicle ownership data in 

Hanoi in 1990s, we cannot analyze the trend of population by areas and vehicle ownership 

in Hanoi in this period.  In the 2000s, the population in urban core areas was quite stable, 

around one million residents. The population in areas outside the urban core have 

continued to grow rapidly, especially in the urban fringe. The number of residents in the 

urban fringe increased sharply from 700,000 in 2000 to 1,200,000 residents in 2011 (See 

Figure 4.1). It means that half a million people have settled in the urban fringe areas within 

10 years. As can be seen from Figure 4.2, the population densities in the urban core and 

suburban areas is stable in the 2000s, while that in urban fringe areas climbed rapidly. At 
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the same time, there was a fast increase in motorcycle ownership in Hanoi city. This 

phenomenon of urbanization and motorization can be partially explained as an outcome of 

people’s residential location and motorcycle ownership choices. For example, a single and 

young man prefers using motorcycle for his daily travel and living in urban fringe areas 

close to the city center. After getting married with a woman with high preference for 

motorcycle, he bought one more motorcycle for his wife and keeps living in urban fringe 

areas. With respect to behavioral aspects, our hypothesis is that the interdependence 

between people’s residence in urban fringe areas and motorcycle ownership choice has 

been strengthened over time. 

 

Figure 4.1: The population of old Hanoi city by areas, 2000-2011 

Source: (Hanoi Statistical Office, 2007, 2011, 2012) 

 

Figure 4.2: The population density of old Hanoi city by areas, 2000-2011 

Source: (Hanoi Statistical Office, 2007, 2011, 2012) 
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4.4. Methodology 

The basic idea of the joint model developed here is similar to Pinjari et al. (2008) 

and Chikaraishi et al. (2011). In this study, however, the distinctive point is that the 

dynamic interdependence between residential location and motorcycle ownership is 

explored. Basically, we added common random components into both equations of 

residential location and motorcycle ownership in order to represent the interdependence 

between residential location and motorcycle ownership. Such random components may 

include household-specific unobserved factors (such as attitudes or lifestyle) that impact 

households’ sensitivity to both residential location and motorcycle ownership choices. 

Hence, these common random components can partially capture self-selection effects due 

to unobserved factors. Additionally, self-selection effects are also captured by common 

explanatory variables (i.e. socio-demographics) in both equations of residential location 

and motorcycle ownership. In this study, the joint modeling approach is further improved 

in order to consider dynamics in self-selection effects.  

Let n (n=1,2,..,N), r (r=1,2,..,R), m (m=1,2,…,M), and t (t=1,2,…,T) represent 

households, residential location, motorcycle ownership and time, respectively. The utility 

function for each choice is defined as follows: 

 

Residential location choice (binary logit): 

𝑢𝑛𝑟(𝑡)
∗ = 𝛽𝑟𝑥𝑛𝑟(𝑡) + 𝜔𝑛(𝑡) + 𝜀𝑛𝑟  ;  𝑢𝑛𝑟(𝑡) = {

1, 𝑢𝑛𝑟(𝑡)
∗ > 0

0,  𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
                   (1) 

Motorcycle ownership choice (ordered probit): 

𝑢𝑛𝑚(𝑡)
∗ = 𝛽𝑚𝑥𝑛𝑚(𝑡) ± 𝜔𝑛(𝑡) + 𝜀𝑛𝑚 ;  𝑢𝑛𝑚(𝑡) = 𝑚 𝑖𝑓 𝜑𝑚−1 < 𝑢𝑛𝑚(𝑡)

∗ < 𝜑𝑚   (2) 
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where 𝑥𝑛𝑟(𝑡)  and 𝑥𝑛𝑚(𝑡)  are vectors of explanatory variables including household 

characteristics, land use attributes, and/or those interaction terms; 𝛽𝑟 and 𝛽𝑚 are vectors of 

parameters; and 𝜀𝑛𝑟  and 𝜀𝑛𝑚  are error terms following an identical and independent 

Gumbel distribution, respectively. In this modeling system, the interdependencies between 

residential location and vehicle ownership choices are represented by common random 

component 𝜔𝑛(𝑡) which is assumed to be normally distributed with mean being zero and 

variance being 𝜎𝑛(𝑡)
2 . The “±” signs in front of common random components in equation 

(1) and (2) mean that the correlation in the common unobserved terms may be positive or 

negative.  

As mentioned above, the common random component may include household-

specific unobserved factors. In other words, the interdependence between residential 

location and motorcycle ownership involve self-selection effects caused by unobserved 

factors. Probably, the interdependence between residential location and motorcycle 

ownership choices is likely to vary over time because of the change in people’s life 

situation and preferences (e.g., attitudes and liking). It is very difficult to observe people’s 

attitudes and liking over time. But it is possible to control for such issues when modeling 

the interdependence between residential location and motorcycle ownership. This can be 

done by setting up the magnitude of the standard deviation of the common random 

components as a function of time. In the context of Hanoi city, it is hypothesized that the 

interdependence between residence in urban fringe and motorcycle ownership has been 

strengthened over time. Hence, we assumed that the relationship between common random 

terms and time is simply linear. In this case, common random components 𝜔𝑛(𝑡)  in 

equation (1) and (2) can be expressed as: 

 𝜔𝑛(𝑡)~ 𝑁(0, 𝜎𝑛(𝑡)) in which 𝜎𝑛(𝑡) = exp (𝐶 + 𝜆 ∗ 𝑡𝑖𝑚𝑒)   (3) 
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 where 𝐶 is a constant, 𝑡𝑖𝑚𝑒 is time series (𝑡𝑖𝑚𝑒=1,2,…T), and λ is the corresponding 

parameter. 

By year, assuming that decision-makers choose a set of alternatives that give the 

highest utilities, the following conditional likelihood can be written as: 

 

𝐿(𝛽𝑟, 𝛽𝑚|𝜔𝑛(𝑡)) =  ∏ ∏ ∏ ∏ (
exp [𝛽𝑟𝑥𝑛𝑟(𝑡)+𝜔𝑛(𝑡)]

1+exp [𝛽𝑟𝑥𝑛𝑟(𝑡)+𝜔𝑛(𝑡)]
)
𝑑𝑛𝑟(𝑡)

𝑚𝑟𝑛𝑡 ∗ (
1

1+exp[𝛽𝑟𝑥𝑛𝑟(𝑡)+𝜔𝑛(𝑡)]
)
1−𝑑𝑛𝑟(𝑡)

 ∗

(Φ[𝜑𝑚 − 𝛽𝑚𝑥𝑛𝑚(𝑡) ± 𝜔𝑛(𝑡)] −  Φ[𝜑𝑚−1 − 𝛽𝑚𝑥𝑛𝑚(𝑡) ± 𝜔𝑛(𝑡)])
𝑑𝑛𝑚(𝑡)

      (4) 

 

where 𝑑𝑛𝑟(𝑡) is a dummy variable which is equal to 1 if household “n” chooses residential 

location “r” at time point “t” and 0 otherwise and 𝑑𝑛𝑚(𝑡) is a dummy variable which is 

equal to 1 if household “n” owns “m” number of motorcycles at time point “t” and 0 

otherwise. 

The unconditional likelihood function is: 

𝐿(𝛽𝑟 , 𝛽𝑚, 𝜎𝑛(𝑡)) =  ∫ [𝐿(𝛽𝑟 , 𝛽𝑚|𝜔𝑛(𝑡)) ∗ 𝜙(𝜔𝑛(𝑡)|𝜎𝑛(𝑡))]𝜔𝑛(𝑡)
𝑑𝜔𝑛(𝑡)         (5) 

where 𝜙(𝜔𝑛(𝑡)|𝜎𝑛(𝑡)) is normally distributed with means being zero and variance being 

𝜎𝑛(𝑡)
2 . 

The model estimation was done based on the Markov Chain Monte Carlo (MCMC) 

method by using the conventional software WinBUGS. A total of 150,000 iterations were 

done in order to obtain 10,000 draws: the first 50,000 iterations were used for burn-in in 

order to mitigate start-up effects, and the remaining 100,000 iterations were used to 

generate the 10,000 draws (i.e. every 10th iteration were retained). The convergence of the 

model estimation is confirmed based on Geweke diagnostics (Geweke, 1992). 
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4.5. Survey and Data 

When the dynamic interdependence between residential location and vehicle 

ownership is studied, longitudinal data is required. Two approaches to collecting 

longitudinal data are panel survey and retrospective survey. Due to numerous difficulties in 

conducting panel surveys in developing countries, data of a retrospective survey was used 

in this study. A retrospective survey covering the 20-year period from 1991 to 2011 was 

conducted in September 2011 in Hanoi city. In this survey, we designed the life course 

calendar that includes several matrices with a same horizontal time axis for the observed 

time period from 1991 to 2011. Additionally, items of several life domains are arranged on 

the vertical axis. Specifically, respondents were asked to report four life domains, 

including: residence (e.g. household address and household property), household 

composition (e.g. household size and types of households), employment/education (e.g. job 

categories and level of education) and vehicle ownership (e.g. number of bicycles, 

motorcycles and cars). The survey method is face-to-face household interview survey. The 

survey locations are 4 sites in urban fringe areas and 2 two sites in suburban areas. At each 

site, 50 households were interviewed, so the total sample size of this survey is 300 

households. 

Because the data of population and other areal characteristics in the 1990s in Hanoi 

is not available, we cannot model residential locations for this period. This study only 

focuses on the 10-year period from 2000 to 2010. Descriptive analysis of the shares of 

residential location by areas and vehicle ownership is shown in Figure 4.3, 4.4 and 4.5. As 

for residential location, intuitively, the increase in the share of urban fringe and suburban 

areas in the 10-year period from 2000 to 2010 is partially caused by migrants from other 

provinces and people moving out of urban core areas. At the same time, there was a fast 
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growth of household motorcycle ownership, while the increase in household car ownership 

is modest. 

 

Figure 4.3: The share of residential location by areas 

 

Figure 4.4: The share of motorcycle ownership by level 

 

Figure 4.5: The share by car ownership by level 
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4.6. Results and Discussion 

The model estimation results are shown in Table 4.1. The binary logit model of 

residential location choice (urban fringe or not) is presented in first block of Table 4.1. 

Excluding number of children, all of the explanatory variables included in the model of 

residential location are statistically significant. Firstly, the constant term is statistically 

significant, but it does not have substantial interpretation. Secondly, population density is 

positively associated with choosing to live in the urban fringe, but the interaction term 

between this variable and household income is negatively associated with choosing to 

reside in urban fringe areas. These imply that densely-populated areas in the urban fringe 

attract households, but high-income households do not prefer residing in such areas in 

urban fringe. Thirdly, the density of non-state companies has a positive influence on 

households’ urban fringe choice, but the interaction term between this variable and number 

of household workers has a negative influence on households’ urban fringe choice. These 

indicate that employment-center areas in the urban fringe attract households, but 

households with more workers are less likely to reside in such areas. Fourthly, the 

estimated parameter of household income has a positive sign, indicating that high-income 

households are more likely to live in urban fringe areas. Fifthly, the number of children is 

negatively associated with choosing to live in urban fringe areas. Similarly, the number of 

senior members has negative influences on households’ urban fringe choice. These imply 

that households with more children or more senior members may not choose urban fringe 

areas. 

The ordered probit model of motorcycle ownership choice is presented in the 

second block of Table 4.1. All of the explanatory variables included in the model of 

motorcycle ownership are statistically significant. As expected, household income is 

positively associated with motorcycle ownership, indicating that growth of motorcycle 
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ownership results from the increase in household income. Similarly, living area has a 

positive influence on household motorcycle ownership. The number of senior members is 

negatively associated with households’ motorcycle ownership, while the number of 

children is positively associated with households’ motorcycle ownership. This may be 

because residents of Hanoi city often pick up or drop off their children by motorcycle, so 

they need more motorcycles. Unsurprisingly, the number of household members having a 

motorcycle driving license has a positive influence on household motorcycle ownership. 

The self-selection effects can be due to both socio-demographics and attitudes 

(Bhat and Guo, 2007; Mokhtarian and Cao, 2008). The results in the first and second 

blocks of Table 4.1 indicate the presence of socio-demographics that cause self-selection 

effects. Specifically, high-income households do not prefer living in densely populated 

areas in the urban fringe and those households have a high preference for motorcycles. 

Generally, it is expected that high-density areas will lead to low levels of motorized 

vehicle ownership and usage (Zhang, 2004). People are more likely to choose low-density 

areas when they prefer riding motorcycles. Next, households with more senior members 

are less likely to choose urban fringe areas and have a low preference for motorcycles. 

Finally, households with more workers do not prefer residing in employment-concentrated 

areas in urban fringe and own more motorcycles. Commonly, people’s residence and 

workplace are close to each other and they may use active modes such as walking and 

cycling (Schwanen et al., 2001). People may choose a residence far away from their 

workplaces when they prefer riding motorcycles. 

The parameters for variables in the standard deviation of the common random term 

between residential location and motorcycle ownership choices (i.e. 𝜔𝑛(𝑡)  term) are 

presented in the third block of Table 4.1. It is noted that these variables are representative 

of the dynamics in self-selection effects due to household-specific unobserved factors (e.g., 
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change in lifestyle and attitudes). The parameter of “time” variable is statistically 

significant, indicating that unobserved self-selection effects vary over time. The positive 

sign of the “time” variable means that, the influences of such unobserved self-select will 

increase over time. In other words, the interdependence between people’s urban fringe and 

motorcycle ownership choices is strengthened over time. 

Table 4.1: Estimation Results of Dynamic Joint Residential Location and Motorcycle 
Ownership Choice Model 

Explanatory variables  Parameter t-stat 

In Residential Location Choice (binary logit) 

   Constant (Urban Fringe) -5.606*** -15.492 

   Population density (person/km2) 0.485*** 11.055 

     Interacted with household income -0.036*** -4.242 

   Density of non-state companies (companies/km2) 0.295*** 10.777 

     Interacted with No. of workers -0.013* -1.918 

   Household income  0.449*** 6.850 

   Number of children  -0.039 -0.706 

   Number of senior members  -0.156** -2.331 

In Motorcycle Ownership Choice (Ordered probit) 

   Constant -0.837*** -8.594 

   Household income  0.091*** 6.060 

   Living area (m2)  0.170*** 7.631 

   Number of senior members -0.100*** -3.024 

   Number of children  0.142*** 5.079 

   Number of workers  0.100*** 3.431 

   Number of household members having motorcycle driving 
license  

0.503*** 16.296 

   Threshold 1.193*** 63.060 

   Threshold 1.254*** 67.953 

In Standard Deviation Equation of Common error terms between Residential Location and 
Motorcycle Ownership [ω=exp(β0 + β1*t)] 

   Constant -0.400* -1.646 

   Time 0.489*** 5.308 
Note: (***) Significant at 1% level; (**) Significant at 5% level; (*) Significant at 10% level 
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Additionally, the joint model of urban fringe choice and car ownership choice was 

estimated by using the same joint-equation structure model. The parameter of the “time” 

variable is also statistically significant, indicating that unobserved self-selection effects 

vary over time. But the sign of the “time” variable is negative, which means that the 

influences of self-selection induced by unobserved factors may decrease over time.  

4.6. Conclusions 

The interdependence between residential location and vehicle ownership may be 

influenced partly by causal effects and partly by self-selection effects. Self-selection 

effects are often induced by socio-demographics and attitudes (Mokhtarian and Cao, 2008). 

Probably, the changes in life situation and attitudes over time induced the variation of self-

selection effects, leading to the change in the interdependence between residential location 

and vehicle ownership. To shed light on this issue in the context of residential location and 

motorcycle ownership, this paper develops a joint model of residential location and 

motorcycle ownership that controls for self-selection effects. Unlike existing studies, this 

research accounts for the dynamics in self-selection effects by assuming a linear 

relationship between unobserved self-selection effects (i.e. random components) and time. 

This analysis was done by using longitudinal data of 300 households collected in Hanoi, 

Vietnam in 2011. The results indicate the presence of self-selection effects due to both 

observed socio-demographics and unobserved factors. Furthermore, this study confirms 

that self-selection effects vary over time. Based on this finding, this study gives an 

important message that ignoring the dynamics in self-selection effects may lead to a bias of 

land use and transport policies, especially in developing-country cities experiencing rapid 

economic growth and expanding housing and transport systems.  

There are several limitations in this study. First, the relationship between self-

selection effects and time is assumed to be linear. Depending on context, this relationship 
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is likely to be quadratic or fluctuating. In Japan or several European countries, for instance, 

the economic growth reached its peak and is even going down. Therefore, future research 

in the arena of residential and travel choices should examine such relationships across 

geographic contexts. Second, the number of available alternatives of residential location 

may change over time, but the choice set of residential location is fixed in this study. 

Choice set generation should be further considered in future studies in modeling dynamic 

choices of residential location. Adding to this, Palma et al. (2007) showed the importance 

of capacity constraints of spatial units in modeling residential location choice. Such 

capacity constraints of residential areas closer to city center may increase over time. Hence, 

future studies of residential location choice should deal with such issue. Finally, it is worth 

considering the relationships between household members and reflecting the influence of 

different household members into location choice models. 
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Chapter 5 Interdependences between current choices and future 

expectations in the context of Hanoians’ residential location 

choices 

5.1. Introduction 

Revealed preference (RP) data are often used in the analysis of choice behavior. 

However, numerous studies indicate the value of future expectations (FE) in understanding 

and explaining choice behavior (Chan and Stevens, 2004; Van der Klaauw and Wolpin, 

2008; van der Klaauw, 2012). Hence, the need to combine RP and FE data has been 

suggested directly and indirectly by researchers in the fields of both psychology and 

economics. Manski (1999) argued that RP analysis and expected choice analysis should be 

complementary. In a similar vein, Khan and Dhar (2007) conceptually argued that current 

choices can be affected by future choices. 

Why do current choices influence expectations about future choices and vice versa? 

From the perspective of backward-looking behavior, choices are made “completely on the 

basis of the reinforcements (and punishments) for past behavioral choices” (Burke and 

Gray, 1999). This concept may refer to causal links between past and current behavior 

(also called state dependence). In the context of tourist behavior, for example, Wu et al. 

(2012) found that state dependence was negatively associated with tourism participation 

behavior, but positively associated with destination and travel mode choice behavior. From 

the perspective of forward-looking behavior, choices are made “on the basis of 

consequences of those choices bringing perceptions of the situation closer to (or further 

from) being in line with an internally held standard or goal” (Burke and Gray, 1999). This 

concept may refer to causal links between current choices and future expectations or goals. 

From an economic viewpoint, Bayer et al. (2011) indicated two sources inducing forward-



 

79 
 

looking behavior in the context of the neighborhood choice problem, namely moving costs 

and wealth accumulation. For instance, households may be aware of housing prices and 

rationally select a neighborhood that shows lower current period utility in return for an 

increase in wealth. 

Residential location choice has been studied by researchers in the fields of 

economics, urban geography, transportation, and psychology. Pagliara et al. (2010) 

summarized two main streams in the literature on residential location modelling. The first 

is rooted in economics, such as the theory of rent. The second is rooted in spatial 

interaction. Random utility theory is a branch of the first stream. Based on this theory, 

discrete choice models have been developed and widely applied in the transportation field. 

By applying discrete choice models, RP data have often been collected and used in 

modelling residential location choice (Bhat and Guo, 2007; Sermons and Koppelman, 

2001; Zondag and Pieters, 2005); however, little attention has been paid to FE data. Zhang 

et al. (2012) confirmed the strong influence of future expectations on residential mobility 

over the life course based on data from a life history survey conducted in Japan. 

Furthermore, combining multiple sources of data is a useful way to analyze behavior 

(Hensher et al., 1999). Motivated by the above findings, this study aims to empirically 

explore the interdependences between current choices and future expectations with respect 

to residential location choice behavior. Such interdependences may occur within a location 

and/or between locations, where the former is called within-alternative interdependences 

and the latter between-alternative interdependences. The representation of 

interdependences is conducted by building a bivariate paired combinatorial logit (PCL) 

model to jointly estimate RP data (current choices) and FE data on residential location 

choice.  
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Furthermore, income has been treated as a key factor to explain housing 

affordability (Chen et al., 2010; Haffner and Boumeester, 2010). Bhat and Guo (2007) 

empirically revealed that household income is a dominant factor in the residential sorting. 

Particularly, low-income households reside in areas far away from their workplaces. This 

suggests that different income groups may have different preferences for residential 

locations. On the other hand, in large cities of developing countries, the target of this study, 

the large gap between house prices and income often hinders households from purchasing 

a house that satisfies their preferences and needs. However, it is expected that such a 

barrier may be reduced in the future due to increases in income or government 

interventions in the real estate market (e.g., providing loans with preferential interest rates), 

especially for low-income individuals. In this study, therefore, an additional objective is to 

measure and assess disparities in residential location choices between income groups from 

the perspective of interdependences between current choices and future expectations.  

The remainder of this paper is structured as follows. Existing studies of future 

expectations are briefly reviewed in Section 2. Section 3 presents data sources, introduces 

the study area, and provides the results of aggregate analysis. Section 4 introduces the 

method for combining RP and FE data. Section 5 describes and discusses the results of 

model estimation. Section 6 summarizes the main findings, limitations, and avenues for 

future research. 

5.2. Review of Future Expectations Studies in Choice Modelling 

Numerous economic decisions are forward looking, where expectations of future 

outcomes are probably involved. Hence, understanding individuals’ expectations is 

important to analyze their behavior and to evaluate the effects of policies in health, 

education, finance, migration, social protection, and many other areas (Delavande et al., 

2011). A long-term objective of economists engaged in research on expectations is to 
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improve our ability to predict choice behavior (Manski, 2004). There are two main 

approaches to using subjective expectations about future events or decisions to explain 

observed choice decisions. 

The first approach is to use choice expectations. Manski (1999) posed three 

incomplete scenarios in which researchers ask respondents about their expected choices. It 

is argued that stated choices may differ from actual choices because researchers typically 

provide respondents with less information than they would have in reality. When scenarios 

are incomplete, stated choices are point predictions of uncertain actual choices (Manski, 

2004). A group of studies used expectations to predict choice behavior. In the literature on 

retirement behavior, Chan and Stevens (2004) investigated the relationship between 

retirement incentives and retirement behavior by using retirement expectations rather than 

directly observing actual retirement behavior. They found significant impacts of earnings, 

social security, and assets on individuals’ expectations of continuing to work into their 

sixties. Van der Klaauw (2012) incorporated expectations of future choices in the 

estimation of dynamic models by assuming that expectations data were generated by the 

same model governing the actual choices. The results showed that expectations data could 

also provide similar information about the decision process to that provided by objective 

data on current or retrospective behavior. 

The second approach is to use expectations about future events and choice data. In 

political science, Kuklinski and West (1981) found that individuals’ expectations about 

financial well-being during the following year are significantly and strongly related to 

support for senate candidates. In consumer research, Stephens (2004) found an 

insignificant relationship between job loss expectations and household consumption using 

data collected in the U.S. Due to the importance of labor supply in national economics, 

economists have paid much attention to individuals’ earning expectations and their college 
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major choices. The empirical evidence shows the significant influence of expectations 

about future earnings on college major choices (Arcidiacono et al., 2012; Berger, 1988). 

In the first approach, future choices and current choices have been combined in a 

dynamic framework by assuming that expectations of future choices are functions of 

current information sets, and thus will generally depend on the same observed and 

unobserved factors that affect current choices (van der Klaauw, 2012). However, the 

interdependences between current choices and future choices are ignored. 

Additionally, in transportation research, one can only find a limited number of 

studies dealing with the influence of future expectations. Using a dynamic generalized 

extreme value (DGEV) model proposed by Swait et al. (2000), Kuwano et al. (2011) and 

Wang et al. (2010) investigated the impacts of future expectations on travel mode choice 

and vehicle type choice. This study only focuses on future expectations about residential 

location choices. To the authors’ knowledge, future expectations about residential location 

choices are a kind of residential preference. In the transportation field, numerous studies 

have investigated the role of residential preferences in explaining the relationship between 

residential neighbourhood characteristics and travel behavior by asking respondents about 

their preferences regarding location factors (Cao et al., 2009; Handy et al., 2005; Masoumi, 

2013; Næss, 2009). These studies are related to the prevalent problem known as 

“residential self-selection”. Litman (2011) defined residential self-selection as “the 

tendency of people to choose locations based on their travel abilities, needs and 

preferences”. There are two main sources of residential self-selection: attitudes and socio-

demographics (Mokhtarian and Cao, 2008). With respect to the former, the existing 

literature mainly focuses on location-related attitudes at the current time, so this study 

attempts to explore location-related attitudes in the future. The latter will be explained in 

the Method section. 
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In summary, the value of FE data in the analysis of choice behavior has not been 

well recognized in transportation studies. The above review suggests that backward-

looking and forward-looking decisions might co-exist with respect to the same behavior, 

although this has been ignored in the literature (at least in that relating to transportation). 

Therefore, this study aims to fill this gap. Here, it should be noted that future expectations 

differ from stated preferences (SP). SP is usually measured by providing respondents with 

(hypothetical) information about their choice conditions in the future (Ben-Akiva and 

Morikawa, 1990). In contrast, “future expectations” is a term used to describe people’s 

forward-looking behavior, which is in line with “an internally held standard or goal” 

(Burke and Gray, 1999). Such forward-looking or goal-oriented behavior may be not 

necessarily linked with any future conditions. 

5.3. Method 

Here, choice of residential location is represented by a discrete choice model, 

following the principle of random utility maximization, where the choice alternatives 

include locations indexed i = 1, …, I. There are two types of choices: one from RP data 

and the other from FE data. It is expected that the two types of data may involve different 

levels of random noise. Following the idea proposed by Ben-Akiva and Morikawa (1990), 

to accommodate such influence of random noise in this study, it is assumed that error terms 

in RP and FE utility functions have the following relationship, where 𝜎𝑅𝑃
2  and 𝜎𝐹𝐸

2  are the 

respective variances of RP and FE error terms and 𝜇 is an unknown scale parameter to 

explain different levels of random noise in RP and FE data. 

 

  σRP
2 = μ2σFE

2     (1) 

 

Accordingly, the utility functions for RP and FE can be written as follows: 
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    Uni
RP = Vni

RP + εni
RP = β Xni

RP + ∑ γk
FE

k dnk
FE + εni

RP , (2) 

 

                            μUnh
FE = μ(Vnh

FE + τnh
FE ) =  μ(β Xnh

RP + ∑ αk
RP

k dnk
RP + τnh

FE) , (3) 

 

where, n indicates a household, and i (or h or k) refers to alternatives in the choice set. The 

influence of RP and FE is reflected by introducing two dummy variables, 𝑑𝑛𝑘
𝐹𝐸  and 𝑑𝑛𝑘

𝑅𝑃, 

which take a value of 1 if alternative k is chosen by household n, and 𝛾𝑛𝑘
𝐹𝐸 and 𝛼𝑛𝑘

𝑅𝑃 are the 

parameters expressing the influence. In addition, 𝑋𝑛𝑖/ℎ
𝑅𝑃  represents a vector of factors 

explaining the RP choice and  is the corresponding parameter vector. Finally, 𝜀𝑛𝑖
𝑅𝑃 and 

𝜏𝑛ℎ
𝐹𝐸  are error terms of the RP and FE utility functions. 

In fact, the scale parameter in the study by Ben-Akiva and Morikawa (1990) is 

introduced to treat SP. SP data are “typically collected in a survey context under one or 

more detailed hypothetical market situations” (Ben-Akiva et al., 1994). In contrast, FE may 

“depend in part on conditions known to the individual at the time of survey and in part on 

events have not yet occurred and are not perfectly foreseeable” (van der Klaauw, 2012). 

First, this implies that people may partially rely on current information to shape their future 

expectations. Second, this may also suggest that expectations about future choices are not 

necessarily linked with a specified future context. Especially, expectations about future 

choices may just represent people’s pure preferences that are formed without any future 

conditions. Van der Klaauw (2012) argued that future choice probabilities can be a 

function of the same parameters that determine the current choice probabilities. But current 

choices and expectations about future choices may be formed at different time points. 

Hence, an additional role of scale parameter, specified in equation (3), is to represent the 

influences of current attributes on FE.  
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Spatial correlation across alternatives arises naturally when alternatives correspond 

to spatial units (Bhat and Sener, 2009). In this study, the paired combinatorial logit (PCL) 

model developed by Koppelman and Wen (2000) was used, because it allows differential 

correlation between pairs of alternatives (see Figure 1). The choice probability for the 

combined FE/RP data is the product of probability of RP choice (𝑃𝑛𝑖
𝑅𝑃) and probability of 

FE choice (𝑃𝑛ℎ
𝐹𝐸): 

 

    Pni = Pni
RP. Pnh

FE  =  

[
 
 
 ∑ exp(

Vni
RP

1−spij
)j≠i   [exp(

Vni
RP

1−spij
)+exp(

Vnj
RP

1−spij
)]

−spij

∑ ∑ [exp(
Vnk

RP

1−spkm
)+exp(

Vnm
RP

1−spkm
)]

1−spij
J
m=k+1

J−1
k=1 ]

 
 
 
 . 

                                           

[
 
 
 ∑ exp(

Vnh
FE

1−sphj
)j≠h   [exp(

Vnh
FE

1−sphj
)+exp(

Vnj′
FE

1−sphj
)]

−sphj′

∑ ∑ [exp(
Vnk

FE

1−spkm
)+exp(

Vnm
FE

1−spkm
)]

1−sphj′
J
m=k+1

J−1
k=1 ]

 
 
 
  , (4) 

 

where 𝑠𝑝𝑖𝑗  (𝑠𝑝ℎ𝑗′) expresses the similarity between alternatives i and j (h and j), and 

𝑃𝑛𝑖
𝑅𝑃 and 𝑃𝑛ℎ

𝐹𝐸  are the probabilities that respondent n chooses alternatives i and h, 

respectively. 

The PCL model is consistent with random utility maximization if the condition 

0 ≤  𝑠𝑝𝑖𝑗 < 1 is satisfied for all pairs of alternatives. With respect to similarity parameter 

identification, it is necessary to set one or more of the similarity parameters equal to zero 

(Koppelman and Wen, 2000). Therefore, in this study, similarity parameter 𝑠𝑝𝑈𝐶&𝑆𝐵  is 

normalized to make the estimation possible. 

The log-likelihood function for the combined FE/RP model is described below. The 

maximum likelihood method is used to estimate this model by using the software R: 

 

                                      L =  ∑ ∑ δni
RP log(Pni

RP) + δnh
FE log(Pnh

FE)
I(H)
i(h)=1

N
n=1  , (5) 
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where 𝛿𝑛𝑖
𝑅𝑃  (δnh

FE) are dummy variables that are equal to 1 if household n chooses 

alternative i (h) and 0 otherwise. 

5.4. Data and Model Specification 

5.4.1. Data Sources 

This study uses data from the Household Interview Survey conducted by the Japan 

International Cooperation Agency (JICA) in Hanoi, Vietnam in 2005. Although the 

administrative boundary of Hanoi city was officially expanded toward the west in 2008, we 

only focus on 14 districts within the area of old Hanoi (see Figure 2). The survey was 

conducted as part of the Comprehensive Urban Development Programme in Hanoi 

(HAIDEP) (JICA, 2007). The survey area consists of old Hanoi city (including 14 districts 

or 228 traffic analysis zones) and adjacent areas in Hà Tây and Vĩnh Phúc provinces. 

In this survey4, respondents were asked to report not only their current residential 

location but also their expectations about housing type and location in future. The exact 

question on future expectations was: “Please choose the housing type and location in 

which you would like to live in the future.” Respondents were asked to choose one type of 

housing and one location from a given choice set. In this study, we only used the data on 

location choices. Note that the survey is not a stated preference experiment, in which 

respondents usually make a decision based on clearly defined hypothetical choice 

attributes (Ben-Akiva et al., 1994). The choice set includes 14 districts within the old 

Hanoi area and some towns in adjacent areas, and no concrete alternative attributes were 

provided. In the literature on forward-looking behavior, it is emphasized that expectations 

of future outcomes (i.e., choices or events) play an important role in explaining and 

understanding choice behavior (Kuklinski and West, 1981; Berger, 1988; Carvajal et al., 

                                                 
4 Detailed contents of the questionnaire survey can be obtained directly from the first author. 
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2000; Chan and Stevens, 2004; Stephens Melvin, 2004; Delavande et al., 2011). Delavande 

et al. (2011) provided an excellent review of methods used to collect expectation data in 

developing countries. There are two methods used: non-probabilistic and probabilistic. The 

non-probabilistic method either uses Likert scales or asks simple questions such as “What 

do you think?” or “What do you expect?” These simple questions are often adopted in 

large-scale surveys in developing countries (Delavande et al., 2011), and in this study data 

on future expectations were collected using similar questions. 

In this study, it is assumed that current residential choices are influenced by future 

expectations. Strictly speaking, it is necessary to collect data about future expectations at 

the time when the current choices were made. However, different people’s choices about 

their current residential locations were made at different time points. Therefore, it is 

difficult to observe future expectations for all respondents at the same time. For this reason, 

future expectations recorded in 2005 were adopted as a proxy variable of future 

expectations that respondents had at the time they chose their current residential locations. 

The final sample for the analysis in this paper consists of 13,712 individuals who 

are representatives of their households. Other data sets are also used in this analysis, 

including land-use characteristics and socio-economic and demographic information for 

each district. Land-use characteristics were obtained from the HAIDEP project. The land-

use profile for 2005 is available at the administrative unit level (district level). Socio-

economic and demographic data were obtained from the Hanoi Statistical Yearbook 2010, 

which includes detailed information about each district in 2005 such as population and 

number of elementary schools by district. 

As mentioned in the first section, one of the purposes of this study is to measure 

and assess disparities in residential location choices between income groups. For this 

purpose, to simplify the discussion, we grouped respondents into either a low-income 
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group or a medium-to-high-income group. With regard to the cut-off point, average annual 

income per capita in Hanoi city in 2005 was about US$1,492 (exchange rate: US$1 = 

16,000 VND) (Hanoi Statistical Office, 2007), meaning that monthly income per capita 

was US$124.38. We therefore placed respondents with a monthly income below US$125 

in the low-income group and those with a monthly income of US$125 or more in the 

medium-to-high-income group. 

5.4.2. Definition of Alternatives 

Over the past few decades, urban and transport planners have been very interested 

in the urban form of a city: compact, decentralized, or some other form. For the purpose of 

investigating urban form, studies of residential location choice behavior often use spatially 

aggregated alternatives in their analysis. Tayyaran et al. (2003) examined the effects of 

telecommuting and intelligent transportation systems (ITS) on urban development patterns 

by assessing households’ residential location choice decisions in the Ottawa–Carleton 

Region in Canada. Based on the current map, Tayyaran et al. divided this region into three 

distinct areas. The first area comprises central cities. The second area includes first-tier 

satellite nodes that are relatively close to the central cities. The third area consists of 

second-tier satellite nodes that are further from the central cities. In a similar vein, Vega 

and Reynolds-Feighan (2009) investigated the link between residential location and 

commuting mode under central, non-central, and suburban employment patterns. In their 

study, the definition of spatially aggregated alternatives is based on a geographic 

information system (GIS) and road distance to work. In a monocentric city model, three 

spatial areas were generated as follows: less than 5 km, 5–20 km, and more than 20 km 

from the city center. In a polycentric city model, six spatial areas were generated as 

follows: less than 5 km, 5–<10 km, 10–<20 km, 20–<30 km, 30–≤40 km, and more than 40 

km from each of the employment sub-centers and the city center. 
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As described in Section 5.1, the main purpose of this study is to explore the 

interdependences with respect to residential location choice behavior, where the 

differences between current choices and future expectations are emphasized. To simplify 

the discussion, this study follows the idea of Tayyaran et al. (2003) to divide the residential 

locations in Hanoi into three types: urban core (UC), urban fringe (UF), and suburban (SB) 

(see Figure 1). The first area consists of four inner districts that are closest to the central 

business district (CBD) and are most densely populated. The second area includes five 

mediate districts that are further from the CBD and less densely populated. The third area 

comprises five outer districts that are a long way from the CBD and have low population 

density. It is noted that the choice set in the analysis of both RP and FE data consists of 

three alternatives: UC, UF, and SB. 

Table 5.1: Means and standard deviations of actual choices and expected choices 

Explanatory variable 

Whole sample  Low income 
(LI) 

 Medium-to-
high income 

(HI) 

𝑀𝑒𝑎𝑛𝐿𝐼  
− 𝑀𝑒𝑎𝑛𝐻𝐼 

Mean SD  Mean SD  Mean SD 

RP data (current choice) 

  Current choice is urban core  0.396 0.489  0.268  0.443  0.497  0.500 -0.229 a 

  Current choice is urban fringe  0.291 0.454  0.260  0.439  0.315  0.465 -0.055 a 

  Current choice is suburban  0.313 0.464  0.472  0.499  0.188  0.390 0.284 a 

FE data (future expectation) 

  Future expectation is urban core  0.420 0.494  0.312  0.463  0.504  0.500 -0.192 a 

  Future expectation is urban fringe  0.280 0.449  0.251  0.433  0.303  0.460 -0.052 a 

  Future expectation is suburban  0.300 0.458  0.437  0.496  0.192  0.394 0.245 a 

Note: a Means of low income are significantly different from that of higher income (significant at 5% level) 

Table 5.1 shows the distributions of residential locations in RP and FE choices. In 

both choices, a majority of respondents prefer UC, followed by SB and UF areas. 

Significant differences between the low-income and medium-to-high-income groups are 

found in all three types of spatial choices. In RP data, 47.2% of the low-income group 

lived in SB areas and 26.8% lived in UC areas. Conversely, nearly half (49.7%) of the 
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medium-to-high-income group resided in UC areas and only 18.8% resided in SB areas. 

The shares of FE choices are quite consistent with those of RP choices. The FE choice of 

SB areas is most preferred by low-income individuals (43.7%) and least preferred by 

medium-to-high-income individuals (19.2%). In addition, the preferred alternative for 

medium-to-high-income respondents was UC areas, accounting for 50.4%; the share of UC 

areas among low-income respondents showed a modest increase from 26.8% (RP data) to 

31.2% (FE data). 

5.4.3. Explanatory Variables for Residential Location Decisions 

In this study, explanatory variables in Table 5.2 were selected based on the 

literature review and preliminary studies. In the literature on residential location choices, 

the focus is on location factors and household-specific attributes. With respect to location 

attributes, the important role of measures of land-use composition (percentages of district-

level area under different types of land use) and locational density (e.g., population 

density) in explaining and modelling residential location choice has been confirmed in 

numerous existing studies, especially in the transportation field (Bhat and Guo, 2004, 

2007; Pinjari et al., 2009; Pinjari et al., 2007). Regarding household-specific attributes, 

measures of income and life-cycle characteristics (e.g., presence of children or number of 

children) have been mainly used in model estimations of residential location choice (Bayoh 

et al., 2006; Pinjari et al., 2011; Waddell et al., 2007). Additionally, differences in the 

sensitivities to neighbourhood characteristics across households are taken into account by 

adding interaction terms between household demographics and neighbourhood 

characteristics, following existing studies (Bhat and Guo, 2007; Minh Tu et al., 2013). 

These interaction terms may not only moderate effects of land use on residential location 

choice, but also control for the self-selection issue. In this study, therefore, four kinds of 
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explanatory variables are tentatively used for the residential location choice model: land-

use composition, location density, household-specific attributes, and interaction terms. 

As for data availability, the first group of variables (i.e., land-use composition) 

consists of 21 different types of land use, such as percentages of residential land, 

educational land, and other land. The second group is locational density. Several measures 

were used in this study, such as the ratio of number of primary schools to population 

(schools/1,000 persons), ratio of population living in urban area to total population, and 

ratio of number of non-state industrial companies to population (companies/1,000 persons). 

The third group is a set of household-specific variables, including income, number of 

children aged between 6 and 10 years old, number of seniors (i.e., who are aged 60 or 

above), number of adults (i.e., who are aged between 16 and 60), number of workers, and 

number of motorcycles. In fact, the household-specific attributes have been excluded in the 

model estimation. One practical reason for this is that adding income or other household-

specific attributes as dependent variables did not result in statistically significant 

parameters. Another methodological reason is that the choice models for two income 

groups are estimated in this study, and just like other segmentation models based on age or 

other household attributes, which are usually ignored, income as dependent variable are 

ignored in this study. Finally, interactions between household-specific attributes and 

locational characteristics are included in the model. Because households are not 

homogeneous in their income levels and may sort themselves according to their ability to 

pay, it is necessary to include household income in the interaction terms. Additionally, it is 

expected that households in different life-cycle stages may prefer different locational 

characteristics. For example, households with more children aged between 6 and 10 years 

old prefer to reside in areas with a high ratio of primary schools, while households with 

more seniors prefer to reside in areas with a high percentage of medical land. With respect 
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to transport policy, it is interesting to see how residential location choices are affected by 

vehicle ownership. 

5.5. Model Estimation and Discussion 

Three models were estimated in the analysis. Model 1 was estimated using the 

entire sample of 13,712 households. Then, the entire sample was divided into low-income 

and medium-to-high-income groups, which were estimated in Model 2 and Model 3, 

respectively. Table 3 shows the results of three combined FE/RP models, including the 

estimated parameters, p-values, and levels of statistical significance for variables. 

Regarding model accuracy, the values of adjusted McFadden’s rho-squared in Model 1, 

Model 2, and Model 3 are shown in the bottom line of Table 5.3; 0.5023, 0.5468, and 

0.4916, respectively. These results suggest that the developed models are good enough to 

represent individuals’ decisions on where to live. The estimated scale parameters (μ) in the 

three models are less than one and are all statistically significant, indicating that the error 

terms from the FE data have larger variances than those from the RP data. The scale 

parameter with a value close to one implies that the distribution of the FE error term is 

quite similar to that of the RP error term. As for the second role of scale parameter, its 

value being close to one indicates that influences of current attributes on FE are quite 

similar to those on RP. Interestingly, there is a large difference in numerical values of scale 

parameters between two income groups. The scale parameter in the model of the medium-

to-high-income group is 0.7055, while that in the model of the low-income group is 0.1290. 

These results suggest that, (1) FE data of the medium-to-high income group contain less 

random noise than those of the low-income group, and (2) current attributes can be used to 

better explain the FE of the medium-to-high income group than that of the low-income 

group. In addition, similarity parameters that capture the spatial correlations of pairs of 

residential locations, “UC&UF” and “UF&SB”, are also statistically significant and are 
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within the required value range between 0 and 1, supporting the paired structures of the 

models. 

To further understand the effects of state dependence (the influence of current 

choices on future expectations) and future expectations on choice behavior, the proportion 

of variance for each factor in the total variance of the utility is calculated as shown below. 

The proportion of variance results express to what extent explanatory variables influence 

choice behavior (Biying et al., 2012; Wu et al., 2012). The larger the proportion of 

variance, the more influence on choice behavior. Results are summarized in Table 5.4. 

 

                                   Proportion of variance (%) = 𝑣𝑎𝑟(𝛽𝑘𝑥𝑛𝑖𝑘)

𝑣𝑎𝑟(∑ 𝛽𝑘𝑥𝑛𝑖𝑘)𝑘
= 

𝛽𝑘
2 𝑣𝑎𝑟(𝑥𝑛𝑖𝑘) 

∑ 𝛽𝑘
2 𝑣𝑎𝑟(𝑥𝑛𝑖𝑘)𝑘

   , (6) 

 

where 𝛽𝑘  is an estimated parameter of attribute “k” and 𝑥𝑛𝑖𝑘  refers to attribute “k” of 

alternative “i”. In the denominator, the total variance of the utility of each alternative is 

calculated as the sum of all variances of explanatory variables. In this study, there are three 

alternatives in RP data and three alternatives in FE data. Hence, six total variances of the 

utility will be calculated in each model. 

5.5.1. Interdependences between RP Choices and FE Choices 

The rows of Table 5.3 are arranged into seven groups: 1) alternative-specific 

constants, 2) land-use variables, 3) locational density, 4) effects of future expectations on 

current choices, 5) effects of current choices on future expectations, 6) scale parameters, 

and 7) convergence and goodness-of-fit. Looking at groups 4 and 5 in Table 5.3, except for 

“the effect of choosing UF in FE on choosing UC in RP”, all effects representing 

interdependences between RP and FE choices are statistically significant for the entire 

sample, i.e. the low-income group and the medium-to-high-income group. Concerning 
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within-alternative interdependences, positive parameters are obtained with respect to UC 

residence. This result reconfirms the existence of positive state dependence and, more 

importantly, current choices are clearly influenced by future expectations in the context of 

residential location choice. This observation applies to both income groups. As for 

between-alternative interdependences, except for “the effect of choosing UF in RP on 

choosing UC in FE”, all effects are negative. This implies that competitive relationships 

exist between different alternatives, irrespective of RP and FE data as well as different 

income groups. Those choosing to live in UF areas in the RP data tend to choose their 

residence in UC areas in the FE data. This suggests that Hanoians regard UC and UF areas 

similarly when choosing their residence. 

Following the structure of Table 5.3, the rows of Table 5.4 are arranged into four 

groups, consisting of 1) land-use variables, 2) locational density, 3) effects of future 

expectations on current choices, and 4) effects of current choices on future expectations. 

As shown by groups 3 and 4 in Table 5.4, 26.42%–55.28% of the total variance of current 

residential location choice utility can be explained by future expectations and 40.81%–

99.37% of future expectations can be captured by current choices (i.e., state dependence). 

The influence of within-alternative interdependences with respect to UC residence for the 

low-income group is almost double that for the medium-to-high-income group. For 

between-alternative interdependences, a similar influence is observed for both the low-

income and medium-to-high-income groups; that is, it can explain 37.37%–58.55% of the 

total variance for SB residence; however, little influence (0.00%–0.89%) is confirmed for 

UC residence. These findings suggest that future expectations should be reflected in the 

analysis of residential location choice behavior. 
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Hereafter, results with respect to different urban areas are mainly discussed, with a 

focus on income disparities. Results of parameter signs are shown in Table 3 and those of 

the magnitude of influence are shown in Table 5.4. 

a) Urban Core (UC) 

The first type of interdependences is within-alternative interdependences. For the 

entire sample, future expectations toward residence in UC areas are positively associated 

with current residence in UC areas. Similarly, current residence in UC areas has a positive 

influence on future residence in UC areas (Table 3), which implies that current choices and 

future choices of residence in UC areas reinforce each other. Comparing the RP and FE 

models for UC residence, the influence of future expectations on current residence is lower 

than that of current residence on future expectations in that 34.58% of the total variance of 

the current residence is explained by future expectations and 59.97% of future expectations 

is described by the current residence. 

By income, the positive interaction between current choices and future choices of 

residence in UC areas is also captured. This indicates that residence in UC areas is 

preferred by both low-income and medium-to-high-income groups. Comparing low-

income and medium-to-high-income groups for UC residence, contributions to the choice 

of UC areas by low-income individuals are much larger than those to UC choice by 

medium-to-high-income individuals in the RP and FE models. For the low-income group, 

variances of these variables account for 55.28% and 99.37% of the total variance of UC 

residence utility in the RP and FE models, respectively. For the medium-to-high-income 

group, contributions to the total variance of UC residence utility in the RP and FE models 

are only 26.42% and 55.13%, respectively. 

The second type is between-alternative interdependences. For the entire sample, the 

effects of the UC alternative on other alternatives are captured on the one hand. In 



 

96 
 

particular, future expectations toward residence in UC areas are negatively associated with 

current residence in SB areas. Coincidentally, current residence in UC areas has a negative 

influence on future residence in SB areas. These results indicate that choices of residence 

in UC areas may weaken the possibility of residing in SB areas. Comparing the RP and FE 

models for SB residence, the influence of current residence in UC areas on future 

expectations toward residence in SB areas is lower than that of future expectations toward 

residence in UC areas on current residence in SB areas, 37.91% versus 43.88%, 

respectively. On the other hand, the effects of other alternatives on the UC alternative are 

also captured. Specifically, future expectations toward residence in UF areas are negatively 

associated with current residence in UC areas, implying that individuals with such future 

expectations tend not to reside in UC areas at present. However, current residence in UF 

areas is positively associated with future residence in UC areas, perhaps due to the 

similarity and proximity of the UC and the UF. Table 5.4 shows the marginal influence of 

these variables on the total variance of UC utility in the RP and FE models, with variances 

of 0.00% and 0.30%, respectively. 

With respect to income disparity, the negative influence of future choices and 

current choices of residence in UC areas on current residence in SB areas is also captured. 

These indicate that choices of residence in UC areas may reduce the possibility of residing 

in SB areas. Comparing low-income and medium-to-high-income groups for SB residence, 

contributions to the choice of SB residence by the low-income group are smaller than those 

to SB choice by the medium-to-high-income group in the RP and FE models. For the low-

income group, future expectations toward residence in UC areas make up 37.37% and 

40.81% of the total variance of SB residence utility in the RP and FE models, respectively. 

For the medium-to-high-income group, the figures are 48.18% and 42.57%, respectively. 

Regarding the effects of other alternatives on UC areas, future expectations toward 
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residence in UF areas have a negative influence in both the low-income and the medium-

to-high-income group. However, this parameter is not statistically significant and its 

variance proportions are mostly equal to zero. However, current residence in UF areas is 

positively associated with future residence in UC areas, perhaps due to the similarity and 

proximity of the UC and the UF. This implies that individuals are likely to live in UC areas 

if their current residence is in UF areas. 

These results imply that the UC alternative for low-income individuals in the RP 

and SE data is more affected by future choices and current choices of UC areas, while the 

SB alternative for medium-to-high-income individuals in the RP and SE data is more 

affected by future choices and current choices of UC areas. 

b) Urban Fringe (UF) 

Due to parameter identification, the dummy choices of residence in UF areas are 

normalized to zero in the utility functions of UF in the RP and FE models. Hence, the 

within-alternative interdependences of UF are not captured. 

With respect to between-alternative interdependences, only the effects of the UF 

alternative on other alternatives are captured for the entire sample. Future expectations 

toward residence in UF areas have a negative influence on current residence in UC areas, 

but this parameter is not statistically significant. However, current residence in UF areas is 

statistically positively associated with future residence in UC areas. The contributions of 

these parameters to the total variance of UC utility in the RP and FE models are 

insignificant. In addition, future expectations toward residence in UF areas are negatively 

associated with current residence in SB areas. Similarly, the negative effect of current 

residence in UF areas on future residence in SB areas is captured. This indicates that 

individuals tend to stay away from SB areas if their current residence or future 

expectations toward residence is in UF areas. Comparing the RP and FE models for SB 
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residence, the influence of future expectations toward residence in UF areas on current 

residence is lower than that of current residence in UF areas on future residence in SB 

areas in that 44.28% of the total variance of current residence is explained by future 

expectations and 48.59% of future expectations are described by the current residence. 

By income, the different effects of future expectations toward residence in UF areas 

on current residence in UC areas are captured. While this influence is positive for the low-

income group, it is negative for the medium-to-high-income group. However, this 

parameter is not statistically significant for either group. Consequently, the variance 

proportions of this parameter are very small. Current residence in UF areas shows a 

positive influence on the choice of UC in the FE model. This parameter is statistically 

significant, but its contributions to the total variance of UC utility are small for both the 

low-income and medium-to-high-income groups. Current residence in UF areas is 

negatively affected by future expectations toward residence in SB areas for both the low-

income and medium-to-high-income groups. Its contribution to the choice of SB areas by 

low-income individuals is lower than that to the choice of SB areas by medium-to-high-

income individuals, 43.95% versus 45.78%, respectively. Current residence in UF areas 

also has a negative influence on the future choices of SB areas for both the low-income and 

medium-to-high-income groups. However, the contribution of this parameter to the choice 

of SB areas by the low-income group is larger than that to the choice of SB areas by the 

medium-to-high-income group, 58.55% versus 53.74%, respectively. 

c) Suburban (SB) 

To avoid correlation between dummy choices of location alternatives, dummy 

choices of SB are normalized to zero in all utility functions in both the RP and SE models. 

Hence, within-alternative interdependences of the SB alternative and the effects of SB on 

other alternatives are not captured. Only the effects of other alternatives on SB are 
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captured in this study. As can be seen from Table 3, the parameters of these variables show 

a negative influence on choice of SB in the present and future, implying that people dislike 

SB areas. In other words, people tend to reside in places close to the city center and stay 

away from outlying areas if their current residence or choice expectations are UF or UF 

areas. 

5.5.2. Effects of Neighborhood Characteristics 

Tables 5.3 and 5.4 show the significant influence of neighborhood characteristics in 

considering the interdependences between RP choices and FE choices. 

First, “medical and welfare land” has a positive influence on residential location 

choice with respect to the entire sample, indicating that people are likely to choose places 

with better health-care and social facilities. However, its variance only contributes 

significantly to the total variance of UC residence utility in the RP and FE models. With 

respect to UC residence, the effect of this land-use attribute on current choice is larger than 

its effect on future expectations, 21.37% versus 12.98%, respectively. This explains why 

people prefer places close to the city center, because hospitals and social facilities are often 

located in such areas.  

By income, the positive influence of this variable is also captured. Regardless of 

income level, people generally select places close to the city center, again because they 

presumably wish to have convenient access to health-care and social facilities. Table 5.4 

shows that the influence of medical and welfare land on the choice of UC areas by low-

income individuals is lower than its influence on UC choice by medium-to-high-income 

individuals. For the low-income group, variance proportions of this land-use attribute are 

only 17.41% and 0.24% of the total variance of UC residence utility in the RP and FE 

models, respectively. For the medium-to-high-income group, the contributions to total 

variance of UC residence utility in RP and FE data are 29.72% and 17.77%, respectively. 
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Second, the percentage of “park and recreational land” is positively associated with 

decisions about where to live, indicating that individuals tend to choose areas with a high 

percentage of “park and recreational land”. Its variance is significant for UC choice, but 

not for SB choice. Comparing the RP and FE models for UC residence, the influence of 

park and recreational land on current choice is larger than its influence on future 

expectations, 8.30% versus 5.04%, respectively. According to income level, the parameter 

of this land-use attribute has a positive sign for both low-income and medium-to-high-

income groups. Similar to the results for medical and welfare land, the effects of park and 

recreational land on the choice of residence in UC areas in the RP and FE models for the 

low-income group are much lower than its effects on UC choice in these models for the 

medium-to-high-income group, 4.45% and 0.06% versus 20.95% and 12.52%, respectively. 

Third, the parameter of the variable “urban residential land” has a positive sign for 

the entire sample, implying that people may prefer areas with a high percentage of urban 

residential land. Unexpectedly, its variance is insignificant for UC and SB choices. 

However, its interaction term with household income shows a positive influence on 

residential location choice behavior, indicating that medium-to-high-income households 

prefer areas with a high percentage of urban residential land. For UC residence, the 

variance proportion of this interaction term in the RP model is larger than its proportion in 

the FE model, 19.61% versus 11.91%, respectively. The contribution of this interaction 

term is insignificant for SB residence. 

Fourth, the variable “primary schools” shows a positive influence on residential 

location choice for the entire sample. Its contributions to the total variance of UC and SB 

areas are highly significant. Analogous to the land-use attribute, the influence of primary 

schools on current choices of UC and SB areas is almost double its influence on future 
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expectations toward these areas, 11.32% and 12.20% versus 6.87% and 5.15%, 

respectively.  

By income, the positive effects of this variable on residential choice are also 

captured, indicating the very important role of schools in residential neighborhoods. For 

the low-income group, the substantial influence of this variable on the choices of UC and 

SB areas in the RP model is shown, but a marginal influence is captured in the FE model. 

For the medium-to-high-income group, the influence of primary schools on the choices of 

UC and SB areas is significant in both the RP and FE models. 

Finally, for the entire sample, the variable “non-state industrial companies” is 

found to have a negative influence on residential location choice, implying that households 

may stay away from areas with a high concentration of non-state industrial companies. Its 

variance only contributes slightly to the choices of SB areas in the RP and FE models. 

Obviously, industrial companies are often located in outlying areas, so this has no effect on 

the choice of UC areas. In contrast, its interaction term with the number of workers is 

found to have a positive influence on residential location choice. Table 5.4 shows that the 

contributions of its interaction term to the total variance of SB utility are also slightly 

significant in the RP and FE data. Comparing the RP and FE models for SB residence, the 

influence of this interaction term on current choices is larger than its influence on future 

expectations, 3.57% versus 1.51%, respectively.  

By income level, the variable “non-state industrial companies” is statistically 

negatively associated with residential location choice for the low-income group, but is 

insignificantly positively associated with residential location choice for the medium-to-

high-income group. This indicates that low-income individuals shy away from areas with a 

high concentration of non-state industrial companies, while medium-to-high-income 

individuals are likely to reside in such areas. The interaction term of this variable is 
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significant for the low-income group, but insignificant for the medium-to-high-income 

group. Consequently, its variance contributes significantly to the total variance of UC and 

SB areas for low-income households, with little influence for medium-to-high-income 

households. 

5.6. Conclusions 

Expectations about future choices may be a key driver of people’s decisions about 

where to live. However, existing studies in the context of residential behavior have only 

provided descriptive analysis, and little is known about the quantitative influence of future 

expectations on current residential choices, and vice versa. In line with the concepts of 

backward-looking and forward-looking behavior, this study clarified the interdependences 

between current choices and future expectations in the context of residential location 

choice by building combined FE/RP PCL models, with an additional emphasis on the 

disparities between income groups. In the models, we incorporate not only the effects of 

state dependence and future expectations but also the heterogeneous effects of 

neighborhood characteristics. From the results of analysis of large-scale questionnaire 

survey data collected in Hanoi, Vietnam, it is empirically confirmed that RP and FE 

choices clearly mutually influence each other. It is found that 26%–55% of the total 

variance of residential location choice utility can be explained by future expectations, and 

56%–99% of future expectations can be captured by current choices. The influence of 

future expectations on current choices is higher in the choice of SB areas than in the choice 

of UC areas for both low-income and medium-to-high-income groups. Regarding the 

influence of current choices, 99% of the total variance of the utility of future expectations 

can be explained. Given these findings, this study recommends paying more attention to 

future expectations in the analysis of residential location choice behavior. 
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According to the Hanoi Capital Construction Master Plan to 2030 and Vision to 

2050 (Vietnam Ministry of Construction, 2009), future development will be concentrated 

in the core cities and satellite cities that are located on well-defined transport corridors. 

This means that future urban development will be decentralized. However, by emphasizing 

the interdependences between RP and FE choices of residential location, the findings of 

this study suggest that Hanoians prefer to live close to the city center and to stay away 

from outlying areas. In other words, Hanoians prefer more compact city development. 

Our findings are encouraging for further studies on future expectations to support 

evidence-based transport policy decisions. However, it should be noted that there are also 

several limitations in this study. First, future expectations may change over time due to 

changes in numerous influential factors such as job, income, household composition, and 

so on. Hence, how to design a survey in order to capture changes in future expectations 

remains an unanswered question. Second, undisclosed information about future 

expectations may result in preference heterogeneity, which should be properly represented 

by more advanced choice models. Third, this study has not dealt with people’s expectation 

formation and updating mechanisms that may further influence their learning behavior. 

Fourth, this study observed income-related disparities in residential location choices for 

only two income groups. Classifying households into more income groups may derive 

more different types of income-related disparities. Finally, how to make use of future 

expectations to capture the influence of new types of transport and land-use policies on 

different time scales is also a challenging issue. 
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Table 5.2: Explanatory variables used for model estimations 

Explanatory variable Definition 
Entire sample  Low income  Medium-to-high 

income 
Mean SD  Mean SD  Mean SD 

Household socio -demographics 
HH income Monthly household income (million VNDs) 6.143 5.403 - - - - 
No. of children 6 - 10 Number of children aged between 6 and 10 years old 0.183 0.418 0.191 0.426 0.177 0.411 
No. of  senior members Number of senior members aged above 60 years old 0.632 0.799 0.572 0.775 0.679 0.814 
No. of adults 16 -60 Number of active adults aged between 16 and 60 years old 2.793 1.336 2.472 1.303 3.047 1.307 
No. of motorcycles Number of motorcycles 1.476 1.002 0.946 0.764 1.894 0.969 
Presence of car Car availability (1=Yes, 0=No) 0.013 0.115 0.003 0.051 0.022 0.146 
No. of workers Number of workers 1.993 1.156 1.723 1.147 2.207 1.118 
Land use attributes 
Commercial and business 
land Percentage of commercial and business-related land  1.886 2.009 1.873 1.917 1.896 2.079 

Medical and welfare land Percentage of medical and welfare land 0.755 0.975 0.764 0.974 0.748 0.976 
Mixed residential and 
commercial land Percentage of mixed residential and commercial land 0.219 0.311 0.217 0.297 0.221 0.321 

Park and recreational land Percentage of park and recreational land 1.602 1.678 1.593 1.623 1.609 1.720 
Transport and service land Percentage of transport and service land 8.14 3.451 8.108 3.353 8.165 3.526 
Urban residential land Percentage of urban residential land 29.489 20.184 29.315 20.133 29.627 20.224 
Locational density 

Primary schools Ratio of number of primary school to population 
(schools/1000 persons) 0.077 0.018 0.077 0.019 0.077 0.018 

Urban population Ratio of population living in urban area 0.690 0.439 0.689 0.441 0.690 0.438 
Non-state owned industrial 
establishments 

Ratio of number of non-stated industrial companies to 
population (establishments /1000 persons) 5.089 2.657 5.078 2.701 5.097 2.622 
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Table 5.3: The estimation results of combined FE/RP model 

Explanatory variable 
Entire sample   Low income  Medium-to-high income  

Parameter P-value  Parameter P-value  Parameter P-value 
Alternative-specific constants 
Urban fringe (RP) 4.7104** 0.0000 2.6799** 0.0000 4.2775** 0.0000 
Suburban (RP) 10.0512** 0.0000 5.1553** 0.0000 -3.0472** 0.0000 
Urban fringe (FE) 4.7904** 0.0000 2.6720** 0.0000 4.5993** 0.0000 
Suburban (FE) 11.1917** 0.0000 15.8710** 0.0000 -2.0745** 0.0000 
Land use  variables (including interaction terms with household attributes) 
Commercial and business land 0.0140* 0.0834 0.0026 0.7200 -0.0224** 0.0000 
     Interacted with HH income -0.0009 0.4219 - - - - 
     Interacted with No. of workers -0.0038** 0.0025 0.0011 0.4111 -0.0005 0.1691 
Medical and welfare land 1.3263** 0.0000 0.7090** 0.0000 1.2743** 0.0000 
     Interacted with No. of senior members 0.0028 0.2656 0.0026 0.3631 -0.0008 0.1536 
Mixed residential and commercial land -0.3913** 0.0000 -0.2203** 0.0003 -0.9949** 0.0000 
     Interacted with HH income -0.0509** 0.0000 - - - - 
Park and recreational land 0.3724** 0.0000 0.1623** 0.0000 0.4802** 0.0000 
     Interacted with No. of adults 16-60 0.0021 0.1671 0.0014 0.4407 0.0003 0.4509 
Transport and service land 0.0475** 0.0000 0.0345** 0.0000 0.0293** 0.0000 
     Interacted with No. of motorcycles 0.0007 0.3131 0.0006 0.4217 -0.00005 0.7236 
     Interacted with Presence of Car 0.0128** 0.0184 -0.0025 0.8536 0.0015 0.1360 
Urban residential land 0.0429** 0.0000 0.0331** 0.0000 0.0561** 0.0000 
     Interacted with HH income 0.0025** 0.0000 - - - - 
Locational density (including interaction terms with household attributes) 
Primary schools 56.0505** 0.0000 35.3510** 0.0000 50.0820** 0.0000 
     Interacted with No. of children 6-10 1.0816** 0.0000 -0.0510 0.9136 0.4986** 0.0000 
Urban population 2.6632** 0.0000 -0.3535** 0.0059 9.8889** 0.0000 
     Interacted with No. of adults 16-60 -0.0477** 0.0027 -0.0720** 0.0055 -0.1760** 0.0000 
Non-state industrial companies -0.1364** 0.0000 -0.1635** 0.0000 0.0011 0.8884 
     Interacted with No. of workers 0.0343** 0.0000 0.0489** 0.0000 0.0012 0.1731 
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Table 5.3: The estimation results of combined FE/RP model (Continued) 

Explanatory variable 
               Entire sample            Low income            Medium-to-high income 

Parameter P-value  Parameter P-value  Parameter P-value 
Effects of future expectations on current choices 
  Effect of FE choice “UC” on alternative UC in RP 1.8649** 0.0000 1.2501** 0.0000 1.4525** 0.0000 
  Effect of FE choice “UC” on alternative SB in RP -2.4104** 0.0000 -2.4868** 0.0000 -2.8454** 0.0000 
  Effect of FE choice “UF” on alternative UC in RP -0.0162 0.1857 0.0026 0.8203 -0.0237 0.1156 
  Effect of FE choice “UF” on alternative SB in RP -2.8629** 0.0000 -2.8826** 0.0000 -3.0170** 0.0000 
Effects of current choices on future expectations 
  Effect of RP choice “UC” on alternative UC in FE 3.1802** 0.0000 14.8330** 0.0000 2.7135** 0.0000 
  Effect of RP choice “UC” on alternative SB in FE -4.0258** 0.0000 -14.6950** 0.0000 -3.4226** 0.0000 
  Effect of RP choice “UF” on alternative UC in FE 0.2416** 0.0000 0.0436* 0.0550 0.3711** 0.0000 
  Effect of RP choice “UF” on alternative SB in FE -4.5604** 0.0000 -17.7560** 0.0000 -4.1378** 0.0000 
Scale  parameters       
   Scale coefficient RP:FE 0.4869** 0.0000 0.1290** 0.0000 0.7055** 0.0000 
   Similarity between UC and UF 0.9489** 0.0000 0.9841** 0.0000 0.9917** 0.0000 
   Similarity between UF and SB 0.5715** 0.0000 0.6362** 0.0000 0.2574** 0.0000 
Number of observations               13,712               6,050               7,662 
Log-likelihood at zero          -30128.34            -13293.21                -16835.13 
Log-likelihood at convergence          -14960.81             -5992.29                 -8526.81 
Rho-square                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         0.5034               0.5492                  0.4935 
Adjusted McFadden rho-square             0.5023               0.5468                  0.4916 

Note:  (-) Not relevant; (*) Significant at 10% level; (**) Significant at 5% level 
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Table 5.4: Proportions of variances 

Explanatory variable 

Proportions of variances (%) 

Entire sample  Low income  Medium-to-high income 

RP  FE  RP  FE  RP  FE 

UC UF SB UC UF SB UC UF SB UC UF SB UC UF SB UC UF SB 

Land use variables (including interaction terms with household attributes) 

Commercial and business land 0.02 0.01 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.03 0.00 0.05 0.03 0.00 

    - Interacted with HH income 0.02 0.01 0.00 0.01 0.01 0.00 _ _ _ _ _ _ _ _ _ _ _ _ 

    - Interacted with No. of 
workers 

0.02 0.01 0.00 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Medical and welfare land 21.37 2.00 0.00 12.98 2.00 0.00 17.41 1.38 0.00 0.24 1.38 0.00 29.72 2.85 0.00 17.77 2.85 0.00 

     -Interacted with No. of 
senior members 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Mixed residential and 
commercial land 

0.37 0.06 0.00 0.22 0.06 0.00 0.29 0.04 0.00 0.00 0.04 0.00 3.81 0.65 0.00 2.28 0.65 0.00 

     -Interacted with HH income 1.80 0.11 0.00 1.09 0.11 0.00 _ _ _ _ _ _ _ _ _ _ _ _ 

Park and recreational land 8.30 4.07 0.01 5.04 4.07 0.00 4.45 2.44 0.00 0.06 2.44 0.00 20.95 8.81 0.01 12.52 8.81 0.01 

    - Interacted with No. of 
adults 16-60 

0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Transport and service land 0.36 0.65 0.07 0.22 0.65 0.03 0.52 0.84 0.07 0.01 0.84 0.00 0.21 0.38 0.01 0.13 0.38 0.01 

     -Interacted with No. of 
motorcycles 

0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

     -Interacted with Presence of 
car   

0.01 0.02 0.00 0.01 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Urban residential land 0.88 14.37 0.48 0.54 14.37 0.20 1.32 23.11 0.41 0.02 23.11 0.01 2.42 35.51 0.53 1.45 35.51 0.32 

     -Interacted with HH income 19.61 37.88 0.11 11.91 37.88 0.05 _ _ _ _ _ _ _ _ _ _ _ _ 
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Table 5.4: Proportions of variances (Continued) 

Explanatory variable 

Proportions of variances (%) 

Entire sample  Low income  Medium-to-high income 

RP  FE  RP  FE  RP  FE 

UC UF SB UC UF SB UC UF SB UC UF SB UC UF SB UC UF SB 

Locational density (including interaction terms with household attributes ) 
Primary schools 11.32 35.15 12.20 6.87 35.15 5.15 12.58 39.44 7.73 0.18 39.44 0.26 13.70 39.49 5.07 8.19 39.49 3.09 
     Interacted with No. of 
children 6 – 10 

0.04 0.15 0.05 0.03 0.15 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.04 0.01 0.01 0.04 0.01 

Urban population 0.00 0.00 0.06 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.41 0.00 0.00 0.25 
     Interacted with No. of adults 
16 – 60 

0.17 0.73 0.00 0.10 0.73 0.00 1.45 5.04 0.00 0.02 5.04 0.00 2.65 12.24 0.01 1.59 12.24 0.00 

Non-state industrial companies 0.36 0.90 1.25 0.22 0.90 0.53 1.41 3.83 2.64 0.02 3.83 0.09 0.00 0.00 0.00 0.00 0.00 0.00 
     Interacted with No. of 
workers 

0.75 3.88 3.57 0.45 3.88 1.51 5.28 23.86 7.83 0.07 23.86 0.27 0.00 0.01 0.00 0.00 0.01 0.00 

Effects of future expectations on current choices 
  Effect of FE choice “UC” on 
alternative UC in RP 

34.58 _ _ _ _ _ 55.28 _ _ _ _ _ 26.42 _ _ _ _ _ 

  Effect of FE choice “UC” on 
alternative SB in RP 

_ _ 37.91 _ _ _ _ _ 37.37 _ _ _ _ _ 48.18 _ _ _ 

  Effect of FE choice “UF” on 
alternative UC in RP 

0.00 _ _ _ _ _ 0.00 _ _ _ _ _ 0.01 _ _ _ _ _ 

  Effect of FE choice “UF” on 
alternative SB in RP 

_ _ 44.28 _ _ _ _ _ 43.95 _ _ _ _ _ 45.78 _ _ _ 

Effects of current choices on future expectations 
  Effect of RP choice “UC” on 
alternative UC in FE 

_ _ _ 59.97 _ _ _ _ _ 99.37 _ _ _ _ _ 55.13 _ _ 

  Effect of RP choice “UC” on 
alternative SB in FE 

_ _ _ _ _ 43.88 _ _ _ _ _ 40.81 _ _ _ _ _ 42.57 

  Effect of RP choice “UF” on 
alternative UC in FE 

_ _ _ 0.30 _ _ _ _ _ 0.00 _ _ _ _ _ 0.89 _ _ 

  Effect of RP choice “UF” on 
alternative SB in FE 

_ _ _ _ _ 48.59 _ _ _ _ _ 58.55 _ _ _ _ _ 53.74 

Total 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 
Note: (-) Not relevant; Bold: numerical values are mentioned in text
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Chapter 6 A Life-Course Analysis of Residential And 

Motorcycle Ownership Mobilities in Hanoi, Vietnam 

6.1. Introduction 

In the field of transportation research, travel behavior is commonly considered in 

connection with residential location choice (Krizek, 2003, 2006; Srinivasan and Ferreira, 

2002). Different from this traditional way, Lanzendorf (2003) proposed a mobility 

biography approach that emphasizes stability and changes in travel behavior over an 

individual’s life course. Based on such a mobility biography approach, Scheiner and Holz-

Rau (2013) provided empirical evidence that changes in car ownership and travel mode 

usage are significantly affected by changes in household structure along with relocations. 

Consequently, Scheiner (2014) argued that it is necessary to investigate the stability and 

the change in travel behavior in the wider context of life course in which not only 

residential choices but also other domains (i.e. household structure and employment) are 

embedded. Similarly, Zhang (2014) proposed life-oriented approach which argued that 

travel behavior may result from various life choices in different domains such as job, 

health, family life and budget, neighborhood, education and learning, and leisure and 

tourism. Unlike other approaches, Zhang’s approach emphasizes the two-way relationships 

between different life domains. 

Studies based on the mobility biography approach have been conducted in 

developed countries where people may have more freedom in residential and transport 

choices. In developing countries, however, these choices may be more constrained by not 

only affordability of individuals but also the limited alternatives in their choice sets. For 

example, citizens in the USA or Japan can use various types of public transport modes (e.g., 

subway and bus), but people in Vietnam can only use buses even in big cities. Additionally, 
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cities in Vietnam are motorcycle-dependent cities (Hung, 2006), while cities in the USA or 

Japan are often more car-dependent (Newman and Kenworthy, 1999). Generally speaking, 

cars are suitable for longer trips while motorcycles are more suitable for shorter trips (Tuan, 

2011). In summary, citizens’ transport choices in Vietnamese cities are more constrained. 

Consequently, people may live in a place to be closer to everyday activities because of the 

constraint of transport choices in part (Robert Cervero, 2013). However, such constraints 

may be relaxed in the near future because the rapid economic growth and the improvement 

in transport systems may result in people having more freedom in residential and transport 

choices.  

Hence, our concern here is that the future expectations may be the most important 

predictors of people’s residential and transport choices in the context of developing 

countries. Using data of a Web-based life history survey in Japan, Zhang et al. (2014) 

found that the occurrence of mobilities in the household structure and 

employment/education biographies in the target year are the two most important predictors 

regarding the occurrence of residential mobility (i.e., relocation). With respect to mobility 

in car ownership biography, the most important predictor is the car ownership plan made 5 

years later. This result indicates that future expectation in car ownership mobility play the 

main role in predicting car ownership mobility. In the transportation field, numerous 

studies have confirmed the key role of socio-economics or land use in explaining and 

understanding residential and travel behavior, while little has been know about the 

influence of future expectations. As discussed above, residential and transport choices of 

individuals in developing countries like Vietnam may be quite different from those in the 

U.S. or Japanese cities due to differences in many aspects such as culture, social viewpoint, 

and level of economic development. Consequently, the findings in the U.S. or Japanese 

context may be not consistent with those in developing countries like Vietnam, which is 
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targeted in this study. Studying changes in residential and travel behaviors in the context of 

developing countries may improve our understanding based on more empirical evidence. 

Since dealing with changes in residential and travel choices over time requires 

longitudinal data, a retrospective life history survey was conducted in Hanoi in 2011. This 

retrospective survey consists of four domains: residential, household structure, 

employment/education, and vehicle ownership domains (including motorcycle, car and 

bicycle ownership). The aim of this study is to capture the interdependences between four 

life domains over the life course by applying an exhaustive Chi-squared Automatic 

Interaction Detector (CHAID) approach. In the remainder of this paper, Section 2 presents 

data sources and provides the results of descriptive statistics. Section 3 describes and 

discusses the results of CHAID analysis. Finally, this study is concluded in Section 4. 

6.2. Survey and Data 

6.2.1. Survey 

In this study, biography refers to a series of mobilities in each life domain over the 

life course, while mobility refers to a change occurring in each domain (Zhang et al., 

2014). The following four types of biographies using the concept of mobility are defined as 

follows: 

a) Residential biography: a series of residential mobilities caused by relocation over 

the life course. 

b) Household structure biography: a series of mobilities in status of household 

members (e.g. getting married or child-birth). 

c) Employment/education biography: a series of mobilities in individuals’ jobs and/or 

schools (e.g., change of job or education). 

d) Vehicle ownership biography: a series of mobilities of motorcycle, car and bicycle 

ownership as tools for travel. In this study, travel biography only refers to vehicle 
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ownership biography. 

 
Age group 

  
Average monthly household income (US dollars) 

 
Household size    

Distance to nearest bus top from residential location  

  
Motorcycle ownership  

  
Car ownership  

Figure 6.1: Descriptive statistics of the selected samples on the survey year 

Longitudinal data is required when the dynamics of long-term and short-term 

mobility decisions is taken into account. In the transportation field, panel surveys have 

been used to observe the changes in individuals’ travel behavior over time. The most 

obvious advantage of panel surveys is that they offer more accurate estimation. But it is 

accompanied by a number of difficulties, as detailed in Kitamura (1990). Hence, a growing 

body of research of residential and travel behavior use retrospective survey as an 

alternative approach (Beige and Axhausen, 2008, 2012; Zhang et al., 2014). In this study, 

such retrospective survey was applied to the data collection in Hanoi, Vietnam. To capture 

the main mobility decisions (including residential location mobility, household structure 
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mobility, employment/education mobility, and vehicle ownership mobility) during the life 

course, a retrospective survey covering the 20-year period from 1991 to 2011 was 

conducted in September 2011 in Hanoi city. The survey was done based on face-to-face 

interviews because of the following reasons. Unlike in Japan or USA, first, in Vietname it 

is quite difficult to collect data in a short time by using web-based or mail-based survey. 

Second, respondents may need the assistance of surveyors because the questionnaire of 

retrospective surveys is often complicated. 

There are four parts in the questionnaire, including: i) current household 

information (in 2011), ii) mobilities in residential, household structure, 

employment/education, and car ownership biographies (from 1991 to 2011), iii) current 

information about commuting trip (e.g., time, mode and distance) and frequencies in use of 

different types of transport modes in a typical month, and iv) travel attitudes and life 

satisfactions. The first two parts (called household form) were answered by household 

heads, and other family members (aged 16 and above) only fill in the part of the 

questionnaire (called person form). In the first part, respondents (i.e. household heads) 

were asked to give a short description of all persons living in the household such as age, 

gender, occupation, education level, and availability of driving license. In the second part, 

the mobilities in the above-mentioned four types of biographies were collected by using a 

life course calendar. The life course calendar includes several matrices with a same 

horizontal time axis for the observed time period from 1991 to 2011. On the vertical axis, 

the different items of the retrospective survey are arranged. The detail information of the 

second part with respect to each biography is reported as follows: 

1) Residential biography: household address, relocation timing, household income, 

house property, distance to various facilities (including bus stops, elementary 

school, hospital, park, traditional/super market, convenience store/grocery). 
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2) Household structure biography: household size and status of household structure 

(e.g., single, only couple, couple with unmarried children only and three 

generations). 

3) Employment/education biography: job category. 

4) Vehicle ownership biography: number of motorcycles, number of cars, number of 

bicycles, engine size of car and motorcycle. 

 

Because people need to recall their memory in retrospective survey, their answers 

are strongly dependent on their memory. To reduce the influence of memory, respondents 

were only asked to fill in their four recent relocations in the 20-year period from 1991 to 

2011, where the 20-year period was divided into four episodes. For each individual, the 

number of episodes is no less than one but no more than four. Additionally, the attributes 

in the years between two consecutive mobilities remain unchanged because we have the 

information for each episode in residential mobility. Hence, the life course data are further 

expanded to the panel data in which information about whether mobility occurs in each 

biography as well as the explanatory factors and attributes in each year is included. Based 

on this panel data, the inter-domain and intra-domain interdependencies among four above-

mentioned biographies can be captured. 

6.2.2. Descriptive Analysis of Data 

In this survey, respondents aged 18 and above at the time of the survey were 

selected. The questionnaires were distributed to 300 households. Overall, 300 household 

forms and 985 person forms were collected. Our purpose is to capture the interrelationships 

between four biographies, thus, only household forms were used for further statistical 

analysis in this study. Because of the difference in the age of respondents, the observed 

period in the survey differs. In our survey, specifically, the oldest respondent was aged 80 
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while youngest one was aged 20. Hence, the oldest respondents reported his/her period 

from 60 years of age (in 1991) to 80 years of age (in 2011). But the youngest respondent 

reported his/her period from 1 year of age (in 1991) to 20 years of age (in 2011).  

Descriptive statistics for collected data is illustrated in Figure 6.1. The resulting samples 

show a wide distribution by age, gender, household monthly income, household size, 

residential location, and vehicle ownership (i.e., motorcycles and cars).  Regarding age, 

respondents aged 30-39 have the highest share, followed by age groups of 40-49, 50-59, 

20-29, 60-69, and 70-80. Because Vietnam is now in a period of golden population 

structure, the dominance of respondents from a relatively young labor force in the survey 

sample is reasonable. By gender, male is dominant in survey sample. It is understandable 

because household heads in Asian culture, who are in charge of important decisions of 

family, especially for long-term mobility decisions, are often male. With respect to 

monthly household income, the shares of middle-income (i.e., $251 - $501) and high-

income households ($750 and above) are much larger than that of low-income ones. Note 

that Hanoi is the capital city, thus, the average household income in Hanoi often is higher 

than that of other parts of Vietnam. In addition, the 3- or 4-member households account for 

nearby 70% of the whole sample. Due to the government’s two-child policy, a typical 

family in Vietnam often consists of one married couple and no more than two children. 

Further, 60% of households in the sample are located within a radius of 500 m from a bus 

stop. This result may be reasonable because survey locations are in the old Hanoi area 

which has a well-developed network of bus routes. More than 50% of households have two 

motorcycles. Finally, 77% of households do not have any car. This is understandable 

considering the lower income level in Hanoi, compared with cities in developed countries. 



 

116 
 

6.3. Method Specification and Results 

6.3.1. Method Specification 

In the field of transportation, residential and travel choice behavior have been given 

much attention due to the key interest in transport and land use policies. In a similar vein, 

this study used only residential, motorcycle and car ownership mobilities as dependent 

variables and the information relating to the other two biographies as a set of independent 

variables. In this study, the interrelations among four domains refer to the influences of 

state dependent and future expectation which are captured by using CHAID method 

(typical data mining). The mobilities are observed in the 10 years prior to the target year 

under study and those in the 5 years after target year for all observations in panel data. The 

interval of 5 years is defined. We only selected the former 10 years and the following 5 

years due to two reasons: i) with the 1991-2011 panel data, a total of 20 years is covered, 

so it is difficult to divide the former year and the following year into longer periods, and ii) 

people may only consider the changes in four domains in the near future. Therefore, 

whether or not there is an occurrence of mobility for each life domain in this 15-year 

period is identified by four sets of dummy variables (see Figure 6.2). The capital letters 

“R”, “H”, “E”, “M”, and “C” represent residential location, household structure, 

employment/education, motorcycle ownership and car ownership, respectively. Concretely, 

the changes in the former 10 years are illustrated by two sets of dummy variables:  target 

year is denoted by one set, and another set is defined for the following 5 years. For 

example, “Rp6to10” and “Rp1to5” means residential relocation experienced in the 10 

years prior to the target year. In addition, “R-change” refers to whether or not the 

occurrence of residential mobility in the target year and “Rf1to5” is defined as residential 

relocation made in the next 5 years. 
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Figure 6.2: Example of four sets of dummy variables in two domains: residential 

location and motorcycle ownership 

 

In the analysis of exhaustive CHAID, residential mobility, motorcycle ownership 

mobility and car ownership mobility are treated as dependent variables in three decision 

trees with a maximum of 10 levels (i.e., branches of the tree). These dependent variables 

refer to the dummy variable of occurrence of mobility in the target year, including: “R-

change”, “M-change” and “C-change”. Specifically, the occurrence of residential mobility 

in target year is represented by dummy variable “R-change”. “M-change” and “C-change” 

are representatives of the occurrences of motorcycle and car ownership mobilities, 

respectively. Theoretically, each respondent is expected to provide information for 20 time 

points (from 1991-2011). Therefore, a total of 6,000 time points (i.e. 300*20=6000) were 

collected. It means that the maximum sample of dependent variable (i.e. dummy variable 

of occurrence of mobility in the target year) is 6,000. However, information of 10 years 

prior to the target year and also the next 5 years is required. Therefore, only information of 

several target years can be used in further analysis. After data processing, the sample size 

of each dependent variable used in the CHAID analysis is 1,729. 

6.3.2. Results and Discussion 

The intra-domain and inter-domain influences on residential mobility (i.e., the 

occurrence of relocation in target year) are illustrated in Figure 6.3. As expected, the 

variable “Rf1to5” (residential location changed or not in the 5 year later) are showed in the 
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first level in the tree structure with residential mobility being the dependent variable. This 

implies that the occurrence of mobility in residential biography in the following 5 years is 

most influential regarding to the occurrence of residential mobility in target year. In other 

words, the future expectation in the residential biography plays the most important role in 

predicting residential mobility in the target year. In the second level, the issue of whether 

the household structure changed or not in the 10 years prior to the target year (i.e., 

Hp6to10 and Hp1to5) plays an important role in further segmenting the subsample. 

Following them, the plan of household structure made in the near future (the following 5 

years) and the plan of employment/education made in the previous 5 years (Hf1to5 and 

Ep1to5) are present in the third level. This indicates that residential mobility in the target 

year is largely affected by the changes in household structure biography not only in the 

past (the previous 10 years) but also in the near future (the 5 years later). In the fourth level, 

first, the influences are identified from residential mobility experienced in the 5 years prior 

to the target year. Here, the existence of state dependence and future expectation in 

residential biography is observed. The residential mobility experienced in the previous 5 

years and also in the near future (the following 5 years) significantly influence the 

occurrence of residential mobility in the target year. No significant influence of car 

ownership mobility is identified. But the influence is identified from motorcycle ownership 

mobility made in the previous 5 years. It is understandable because Hanoi citizens’ daily 

travel mainly depends on motorcycles. Hence, their residential decisions may be more 

affected by motorcycle ownership rather than car ownership.  
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Figure 6.3: Tree structure of residential mobility (relocation) decisions  

Regarding motorcycle ownership mobility, the intra-domain and inter-domain 

influences are presented in Figure 6.4. The variable “H-change” (Household structure 

changed or not in the target year), “E-change” (Employment/Education changed or not in 

the target year) and “Hf1to5” are the most important predictors since it is shown in the first 

two level of tree structure. This indicates that the occurrence of mobility in household 

structure biography in the target year and also in the near future (the following 5 years) are 

most influential regarding the occurrence of motorcycle ownership mobility, along with the 

occurrence of mobility in employment/education biography. Following them, influences 

are identified from motorcycle ownership biography during the previous 5 years and the 

next 5 years, as well as the employment/education biography during the following 5 years. 

These imply that state dependent (i.e. motorcycle ownership plan made in 5 year prior to 

the target year and also in 5 year later) play an important role in predicting the occurrence 

of mobility in motorcycle ownership biography in the target year. Here no significant 

effects of car ownership and residential biographies were found. With respect to car 

ownership mobility, only the influence of mobility in motorcycle ownership biography in 

the previous 6 to 10 years was found (see Figure 6.5). Residential, household structure and 

employment/education biographies do not significantly influence the occurrence of 
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mobility in car ownership in target year. This result is understandable because of the low 

rate of car ownership in Hanoi. 

 

Figure 6.4: Tree structure of motorcycle ownership mobility as dependent variable  

 

Figure 6.5: Tree structure of car ownership mobility as dependent variable  

In fact, a similar survey was conducted in Japan. By applying the same approach, a 

comparison of the main findings between Vietnam and Japan will be discussed here. With 

respect to residential mobility, the occurrence of mobilities in household structure and 

employment/education in the target year is most influential in Japan, while the 

predominant factor in Vietnam is residential mobility made 5 years later (i.e. expectation 

about future choices). With respect to car ownership mobility, the car ownership mobility 

made 5 years later is the most important factor in Japan, while the past experience in the 

motorcycle ownership mobility is most influential in Vietnam. The remarkable differences 

in the results may be due to the difference in income in part. Generally, Japanese people 

face less economic constraints in changing residential location and car ownership. 
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6.4. Conclusions 

Studies on residential and travel behavior are important for land use and transport 

policy decisions. Relationships between residential and travel behavior have been therefore 

investigated by many researchers based on either cross-sectional data or panel data. 

Recently, capturing such relationships over the life course (i.e., biographical interactions) 

(Zhang et al., 2014; Scheiner, 2014) has been recognized to be essential for land use and 

transportation policies, because such decisions could impose impacts on people’s lives 

over a much longer time period. A few relevant studies have been conducted in the context 

of developed countries; however, little has been done in the context of developing 

countries, especially in motorcycle-dependent cities like Hanoi, Vietnam. To fill this 

research gap, this study made an initial attempt to clarify biographical interactions across 

different life domains by implementing a retrospective life history survey in Hanoi in 

September 2011. As a result, 300 households provided valid data over up to 20 years with 

respect to residential mobility, motorcycle and car ownership mobility, household structure 

mobility, and employment and education mobility. Decomposing the 300 household data 

into mobility episodes with a five-year interval over the life course resulted in 1,729 

samples, which were analyzed based on a typical data mining approach called exhaustive 

CHAID. 

As expected, it is first confirmed that future expectations play an important role in 

predicting the mobilities in residential and motorcycle ownership biographies. Regarding 

residential mobility, specifically, plan of residential location made in the following 5 years 

is the most important predictor. This implies that future expectation about residential 

location should be considered in explaining and modelling residential location choice 

behavior in the context of Hanoi. With respect to motorcycle ownership mobility, the most 

influential factors are the household structure and employment/education biographies in 
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the target year, followed by household structure, employment/education and motorcycle 

biographies in the following 5 years. Such an importance of intra-domain and inter-domain 

future expectations may be due to the fact that there are more constraints in choice 

decisions in Hanoi than in cities of developed countries and consequently people in Hanoi 

are less likely to rely on their past experience but more likely to show forward-looking 

behavior. This finding has important policy implications. If people’s residential and travel 

behavior is forward-looking, people should be better informed about future plans of land 

use and transport in order to make more satisfactory residential and travel decisions. On 

the other hand, land use and transport decision-makers need to understand people’s 

residential and travel decisions. In this sense, mutual communications and information 

sharing between policy makers and citizens are extremely important.  

Second, household structure and employment/education biographies are identified 

to be important for explaining residential and motorcycle ownership biographies and more 

influential to motorcycle ownership mobility than residential mobility. Residential 

biography is significantly affected by motorcycle ownership biography; however, no 

significant effects of residential biography on motorcycle ownership were found. Different 

from cars, motorcycles are necessities for most people in Hanoi. This may be the reason 

why motorcycle ownership is not affected by residential biography. Surprisingly, car 

ownership mobility is only influenced by motorcycle ownership in the past. Neither 

residential mobility nor employment/education mobility was found to be influential to car 

ownership, probably because of the lower car ownership level in the collected 300 

household samples (about 20%).  

Finally, there are several limitations that should be mentioned. In the life history 

survey, respondents were asked to only describe four relocation changes at most, and the 

influence of unobserved mobilities has been ignored. As confirmed by Zhang (2014) in the 
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context of Japan, residential and travel behaviors are not only influenced by household 

structure and employment/education domains, but also by other life domains such as 

family life, family budget, neighborhood, and leisure and recreation. Therefore, in future, 

more life domains should be incorporated into the residential and travel behavior analysis. 

In addition, this study applied a data mining approach, considering complex interrelations 

in the four mobility biographies. Models reflecting choice decision-making mechanisms 

should be developed for a more realistic study. Lastly, but not the least, more case studies 

applying the life course data in the field of land use and transport should be done in both 

developed and developing countries. 
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Chapter 7 Conclusions and Recommendations 

7.1. Conclusions 

Cities in Asian developing countries are growing in terms of both population size 

and area of urbanized space (United Nations, 2011; World Bank, 2015b). At the same time, 

the number of both motorcycles and cars is rapidly increasing throughout Asia (Senbil et 

al., 2007; Tuan, 2011). On the one hand, fast urbanization and motorization improve 

people’s quality of life and increase their daily mobility,  thereby helping to eliminate 

urban poverty (World Bank, 2015b). On the other hand, there are several negative impacts 

of fast urbanization and motorization, such as traffic congestion, air pollution and use of 

energy. 

While it is a challenge to slow down the high rate of urbanization and motorization, 

it is possible to consider ways to manage it better. From the perspective of demand side, 

urbanization and motorization can be explained as the outcome of citizens’ residential and 

travel choices. It may therefore be possible to adjust or modify people’s residential and 

travel choices towards more environmental-friendly choice behavior. There are a lot of 

long-term and short-term measures, in which land use has emerged as a key measure due to 

its long-term effects. Additionally, land use planning is a major component in city planning 

that generally guides city development. Therefore, city planners and transport researchers 

are interested in investigating the influences of land use on people’s residential and travel 

choices.  

Generally, people’s choice behavior is affected by not only objective factors (e.g. 

land use) but also subjective factors (e.g. attitudes, liking or taste). Hence, identifying the 

role of land use in people’s residential and travel choices is a key point in policy debate 

(Bhat and Guo, 2007; Ewing and Cervero, 2010; Zhang, 2004). Concerning the influence 

of subjective factors, several questions emerge, as follows: 
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i) In developing countries, how will attitudes and preferences be involved in 

people’s residential and travel choice?  

ii) As constraints are reduced, will people be more able to self-select in the future?  

iii) Whether or not people’s choice behavior is not only backward-looking but also 

forward-looking. 

In an effort to answer such questions, this dissertation is comprised of two main 

parts: the first part is to solve self-selection and the second part is to deal with future 

expectation and state dependence. The detailed findings of the study were as follows: 

(1) Static Self-selection  

Traffic congestion and related issues caused by commuting traffic are still a major 

concern of transport policy makers. It is therefore worth encouraging people to live closer 

to their workplaces and commute by environmentally-friendly travel modes. Focusing on 

commuting, a joint analysis of residential location, work location and commuting mode 

choices was conducted in Chapter 3. The self-selection with respect to these three choices 

may exist. However, such self-selection may vary across different job markets. Generally 

speaking, labor-intensive workers (i.e. low income) may face more financial deterrents and 

other constraints (such as housing and transport supply) to self-select their residential and 

travel choices, while knowledge-intensive workers (i.e. high income) may face less 

deterrents and constraints. Therefore, two separate joint-equation modeling frameworks 

were developed: one for labor-intensive workers and another for knowledge-intensive 

workers. The main findings in this chapter were as follows: 

 Firstly, the statistical significance of multiple self-selection is confirmed, which 

suggests that the joint estimation of the above three choices is a useful approach.  

 Specifically, self-selection effects seem to exist across residential location 

and work location in both groups of workers.  



 

126 
 

 Self-selection effects seem to exist across work location and commuting 

mode in both groups of workers. 

 Self-selection effects seem to exist across residential location and 

commuting mode, but were only significant for knowledge-intensive 

workers’ choices. 

 To further clarify the influences of self-selection, the total variance of utility 

difference is calculated. The results indicated self-selection is more 

influential in knowledge-intensive workers. In other words, knowledge-

intensive workers seem to be more able to self-select in the context of 

commuting. 

 Secondly, the influences of land use attributes on choices of labor-intensive and 

knowledge-intensive are mixed. Different types of land uses and different levels of 

land use diversity as well as population density also result in different choices. The 

results indicated that labor-intensive and knowledge-intensive workers prefer 

different types of land use in their location choices. 

 Thirdly, the differing influences of more detailed job categories on the three above 

choices are also confirmed. As a trend, knowledge-intensive employment tended to 

be geographically centralized while labor-intensive employment is decentralized in 

Hanoi city. 

 Fourthly, it was found that residential location and commuting mode are affected 

by motorcycle ownership. This is a distinctive point of Hanoi city, where 

motorcycles are dominant in people’s daily travel. 

 

Such findings may be useful to city planners and policy makers in Hanoi city.   

Coinciding with economic growth, there may be a shift in the structure of labor market 
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from labor-intensive sectors to knowledge-intensive sectors in Hanoi city. It means that 

more residents of Hanoi city will be able to self-select in their decisions. This may result in 

significant changes in land use-transportation systems. In the context of commuting, such 

phenomenon can be explained as changes in residential location, work location and 

commuting modes.  

(2) Dynamic Self-Selection  

As a further improvement of the previous chapter, a joint model which incorporated 

dynamic self-selection effects is introduced by using a joint-equation modeling framework. 

Taking Hanoi as a case study, it is generally assumed that urban fringe and motorcycle 

ownership are interdependent. Such interdependence may involve self-selection effects. 

For example, people with strong preference for motorcycles may prefer living in areas 

close to city center and own more motorcycles.  

However, most of our understanding of the interdependence between residential 

location and vehicle ownership comes from cross-sectional studies in the U.S. and 

European countries where cars are the dominant mode and the economy, housing and 

transport supply are quite stable.  In contrast, the economic growth of Southeast Asia 

developing countries is moving forward. At the same time, housing and transport supply 

are expanding. Additionally, people’s life situation and attitudes may change over time, 

leading to the variation of self-selection effects over time. Hence, there is no reason expect 

the interdependence between residential location and vehicle ownership to be stable either 

across geographies or over time. In Chapter 4, therefore, self-selection effects are 

incorporated in the joint model of urban fringe choice and motorcycle ownership by 

allowing common random components to vary over time.  
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This is a unique study in the arena of residential and travel choices as it controls for 

self-selection and the dynamics of such effects. As a result, the following findings were 

obtained: 

 The parameter of the “time” variable is statistically significant, indicating that 

unobserved self-selection effects vary over time. In other words, the 

interdependence between urban fringe and motorcycle ownership is strengthened 

over time. Furthermore, it suggests that the joint-equation modeling framework is a 

useful approach. 

 Additionally, self-selection effects due to observed socio-demographics are also 

captured.  

 Specifically, high-income households do not prefer living in densely-

populated areas in the urban fringe and those households have a high 

preference for motorcycles. 

 Households with more senior members are less likely to choose areas in the 

urban fringe and have a low preference for motorcycles. 

 Households with more workers do not prefer residing in employment-

concentrated areas in the urban fringe and own more motorcycles. 

Such findings first show a feasible approach to controlling for dynamic self-

selection in modeling residential and travel choices. Next, this study gives an important 

message that ignoring dynamics in self-selection effects may lead to a bias in land use and 

transport policies, especially in developing-country cities. In the Hanoi context, this study 

indicated that urban fringe development and motorcycle ownership seem to be moving 

hand-in-hand. In other words, the increasing motorcycle ownership may reinforce people’s 

preference for residing in areas close to city centers.  

(3) Future Expectations and State Dependence in a static case 
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Expectations about future choices may be a key driver of people’s decisions about 

where to live, especially in Southeast Asian developing countries which are experiencing 

rapidly-growing economies and expanding housing and transport systems. However, 

existing studies in the context of residential location choice behavior have only provided 

descriptive analysis, and little is known about the quantitative influence of future 

expectations on current residential choices and vice versa. From the perspective of both 

forward-looking and backward-looking behavior, expectations about future choices and 

current choices may be interdependent.  

To clarify such interdependence, the combined Future Expectation/Revealed 

Preference Paired Combinatorial Logit models were developed in Chapter 5, with an 

additional emphasis on the disparities between groups by income. In the models, we 

incorporate not only the effects of state dependence and future expectations but also 

heterogeneous effects of neighborhood characteristics. From the analysis of a large-scale 

questionnaire survey data collected in Hanoi city, several remarkable findings emerged: 

 The high goodness-of-fit suggested that the developed models are good enough to 

represent people’s decisions on where to live. 

 It is empirically confirmed that expectations about future choices and current 

choices clearly mutually influence each other. Specifically, it is found that 26%-

55% of the total variance of current residence utility can be explained by 

expectations about future choices, and 56-99% of future expectations can be 

captured by current choices. 

 The estimated scale parameter in models are less than one and statistically 

significant, indicating that the error terms from the FE data (i.e. expectations about 

future choices) have larger variance than those from RP data (i.e. current choices).  
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 Interestingly, there is a large difference in magnitudes of scale parameters between 

the low and medium-high income groups. The scale parameter in the model of the 

medium-to-high-income group is 0.7055, while that in the model of the low-income 

group is 0.1290. These results suggest that: 

 FE data of the medium-to-high-income group contains less random noise 

than those of low-income group; 

 And current land use attributes and socio-demographics can be used to 

better explain the FE of the medium-to-high-income group than that of low-

income group. 

 Residents of Hanoi city prefer living close to the city center. 

Our findings suggest that researchers in transportation field should pay more 

attention to future expectations in the analysis of residential location choice behavior.  

(4) Future Expectations and State Dependence in a dynamic case 

Following the previous chapter, the influences of state dependence and future 

expectation of different life domains on residential location and motorcycle ownership 

were examined by using life-course survey data collected in Hanoi city in 2011. First, our 

analysis is based on a typical data mining approach called exhaustive CHAID. The 

following results were found: 

 As expected, it was confirmed that future expectations play an important role in 

predicting the mobilities in residential and motorcycle ownership biographies. 

 Regarding residential mobility, specifically, the plan of residential location made in 

the following 5 years is the most important predictor. This implies that future 

expectations about residential location should be considered when explaining and 

modelling residential location choice behavior in the context of Hanoi. 
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 With respect to motorcycle ownership mobility, the most influential factors were 

household structure and employment/education biographies in the target year, 

followed by household structure, employment/education and motorcycle 

biographies in the following 5 years. 

Such findings indicate that residents of Hanoi are more likely to show a forward-

looking behavior.  This may be because of the rapid changes in the economy, leading them 

to consider future outcomes.  

7.2. Policy Implications 

The findings of this dissertation could provide several implications for future land 

use and transportation planning in order to achieve sustainable urban development in 

Hanoi city. 

a) Joint development of employment centers and housing units (i.e. job-housing balance) 

First, this study suggests that policy makers should consider the development of 

employment centers (e.g. industrial parks and working offices) in connection with housing 

development in order to avoid the increase in reverse commuting in the future. This finding 

is partly support by the empirical research in Chapter 3. In this chapter, it was found that 

Hanoi residents’ residential and work locations are interdependent; simply put, they prefer 

living and working in the same areas. Additionally, the descriptive analysis of commuting 

distance by job types revealed that the average distances is in the range of 2 km to 5 km. In 

other words, Hanoi residents may prefer short- and medium-distance commuting. Hence, 

job-housing balance at the local level should be considered by city planners and policy 

makers. 

The Government of Hanoi is planning to develop high-technology parks and eco-

industrial parks in suburban areas from 2020, such as the Hoa Lac satellite city, one of five 

satellite cities (Ministry of Construction, Government of the Socialist Republic of Viet 



 

132 
 

Nam, 2009). Additionally, several industrial parks along with numerous government 

offices, universities and colleges in old Hanoi will be moved into suburban areas. To avoid 

issues of reverse commuting and even higher car usage in future, it is important to design 

land use in such a way as to encourage people work and live closely. 

 

Figure 7.1: Planning of industrial networks in Hanoi up to 2030 

Source: Adapted from Google Map 

b) Role of motorcycles as main mode in future transportation system 

Second, this study has an implication in determining the future role of motorcycles. 

Motorcycles are suitable for short- and medium-distance trips, while cars are suitable for 

long-distance trips (Tuan, 2011). In a sense, the advantage of motorcycles is that people 

prefer living closer to their main daily destination. In other words, the domination of 

motorcycles may reinforce compact urban development. This finding was partially 

supported by the empirical analysis presented in this dissertation. Specifically, the effects 

of motorcycle ownership on Hanoi residents’ residential and travel choices were confirmed 

through this dissertation in Chapters 3, 4, 5, and 6. One of reasons for Hanoi residents’ 

preferences for living closer to their workplaces is the use of motorcycles for commuting. 
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Hence, motorcycles may play an important role in determining future land use patterns in 

Hanoi city. This study suggests that policy makers should utilize motorcycles as a main 

travel mode in the future transport system in Hanoi city. 

 

Figure 7.2: Main travel modes in future Hanoi 

The Government of Hanoi is planning to shift Hanoi’s spatial form from a 

monocentric to a polycentric city in which several new centers will be developed (Ministry 

of Construction, Government of the Socialist Republic of Viet Name, 2009). The prevalent 

use of motorcycles as a mean of transport may be one of the reasons why Hanoi’s 

polycentric structure can currently function (World Bank, 2011). Therefore, determining 

the role of motorcycles in the future transport system will strongly influence land use – 

transportation systems in the future Hanoi. 

c) Compact urban development at city level 

Third, this study investigated Hanoi residents’ preferences and the residential 

location choice at city level. The findings of this dissertation revealed that residents of 

Hanoi city seem to prefer residing close to the city center and stay away from outlying 

areas, especially in the case of medium-to-high income group or knowledge-intensive 

workers. In the context of Hanoi city, Hanoi government is planning to promote a 

polycentric urban form in which urban development will be concentrated in not only the 

core city but also satellite cities. Additionally, there are several planned mass transit lines 

in order to connect the core city with satellite cities.  However, all existing mass transit 

projects can only serve Hanoi residents in the area of core city. Hence, this suggests that 

policy makers should consider future urban development close to the existing urban 

structure (i.e. core city). 
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Figure 7.3: Planned polycentric urban form in Hanoi  

d) Mixed land use at community level 

Fourth, the outcomes of this dissertation can assist policy makers in Hanoi city in 

solving the issue of motorcycle usage. The finding in Chapter 3 revealed that mixed land 

use at residential neighborhood may partially reduce the use of motorcycles for commuting 

and encourage active modes (i.e. walking and cycling). This study suggested that city 

planners and policy makers should increase the diversity of land use such as residential, 

commercial and other types of land use at community level. 

7.3. Future Studies 

This study attempts to give insights into the interdependence between residential 

and travel choices in Hanoi city, a rapidly-growing city in Southeast Asia. However, there 

are still several points which may be improved. Some of these improvements can be 

accomplished with more explanatory variables, but some still have uncertainties in 

theoretical, methodological and contextual aspects. Here, the limitations of the present 

study are described and some relevant suggestions are recommended. 
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(1) Self-selection 

In this study, self-selection effects were treated basically by using joint-equation 

modeling framework in which common random components are incorporated. Such 

random components are used to capture unobserved self-selection such as omitted attitudes. 

Based on this, it is difficult to clarify what self-selection is in the context of Hanoi city. 

This calls for more efforts in designing surveys to capture people’s attitudes and 

preferences regarding travel or neighborhood in the context of developing countries. 

Additionally, we simply assumed the linear relationship between self-selection and 

time. Depending on context, however, such relationships can be quadratic or fluctuating. 

Hence, we call for more modelling efforts in order to solve such issues in future studies 

regarding residential and travel choices. Additionally, more case studies in both developed 

and developing countries should be conducted. Then, we may summarize common points 

or different points of the interdependencies between residential and travel choices. These 

will be useful for city planners and policy makers in managing and designing cities. 

(2) Future Expectation 

Firstly, the question of expectations about future choices is a kind of self-reported 

item. In this sense, people’s answers may reflect people’s social desirability, where people 

are more concerned with how their responses might make them look good (Holtgraves, 

2004) . Therefore, how to capture an accurate and truthful answer is a challenging issue in 

data collection. Additionally, future expectations may change over time due to changes in 

numerous factors such as jobs, income and market conditions. Hence, how to design a 

survey in order to capture changes in future expectations remains an unanswered question. 

Following this, peoples’ expectations and updating mechanisms regarding residential and 

travel choices should be further investigated. Finally, how to make use of future 
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expectations to capture the influences of new types of transport and land use policies on 

different time scales is also a challenging issue. 

(3) Coexistence of self-selection and future expectations 

As suggested by Zhang (2014), people’s residential and travel choice may be 

affected by both self-selection and future expectations at the same time. The link between 

these concepts has not been explored in this study. Hence, this study calls for more efforts 

for model development that can incorporate both influences of self-selection and future 

expectations on residential and travel choices. 

(4) Residential location 

Residential location choice is a key part of this dissertation. However, there are 

several limitations regarding modeling residential location choice. Due to lack of data, first, 

the information on land price has not been obtained and included in model estimation. 

However, land price might have a strong impact on people’s residential location choice, 

especially in developing-country cities where the gap between land price and income may 

be large. It is important to include such information in future studies. Second, Hanoi city is 

still developing, so the capacity of spatial areas is still increasing over time. In order tp 

redevelop numerous old high-rise buildings developed in the 1970s in the urban core and 

urban fringe areas, new housing projects are planned or are under construction. Hence, in 

this study, we have not taken capacity constraints into account. Up to a given time, the 

capacity constraints of urban areas of Hanoi will reach peak point, so future studies on 

residential location choice in Hanoi city should consider this issue. Third, three types of 

location of residential location (i.e. urban core, urban fringe and suburban) are fixed. 

However, people’s residential location choice may affect the built environment of 

residential location. For example, with more people choosing to live in the suburbs, 

suburban areas may become more crowded. In other words, there may be locational 
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externalities due to the changes in people’s residential location choice. In addition to this 

issue, choice set generation in dynamic modeling of residential location remains an issue of 

available alternatives over time. However, the change in internal and external constraints 

could lead to the change in choice set over time. Hence, future studies in the context of 

developing-country cities should take these issues into account. Fourth, neighborhood 

reputation may influence on people’s residential location choice. This is may be true for 

some neighborhoods in all three areas (i.e. urban core, urban fringe and suburban) in Hanoi 

city. Neighborhood reputations can be measured by either people’s perceptions or 

objective neighborhood characteristics (Permentier et al., 2008). With respect to perceived 

neighborhood reputation, such information is not available, so we did not take it into 

account. Objective neighborhood reputation may be measured by three groups of factors, 

including: 1) functional factors 2) physical factors and 3) social factors (Permentier et al., 

2008). Basically, objective measures of neighborhood reputation are based on objective 

neighborhood characteristics. For details, please refer to the paper of Permentier et al. Due 

to data limitations, we could only partially reflect objective neighborhood reputation by 

including land use attributes in the model estimation. Future studies of residential location 

choice in Hanoi should consider this issue. Fifth, a large amount of Hanoi residents were 

born and brought up in Hanoi city. In such a situation, the bonding (i.e. place attachment) 

between individuals and their meaningful places (i.e. home and neighborhood) may occur 

(Scannell and Gifford, 2010). This is an interesting topic for future studies on residential 

location choices in the Hanoi context. Sixth, it is worth looking at how each household 

member contributes to their household residential location choice in the context of Asia 

developing-country cities where the social, cultural and economic context may differ from 

that in Western countries. This has not been done in this study, so future studies should 

consider this. 
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Appendix A: Questionnaire Form of Household Interview 

Survey in 2005 

 

It is noted that this questionnaire form was designed by JICA. 
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Appendix B: Questionnaire Form of Household Interview 

Survey in 2011 
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