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Abstract. Incompatibilities between urban transport and land use are rapidly 
growing in developing countries. Due to this mismatch, vehicle ownership is 
increasing dreadfully causing urban areas for various problems including 
congestion and air pollution. This study attempts to investigate the household 
travel behaviour on vehicle ownership, mode choice and trip sharing aspects by 
developing a nested logit (NL) model as a basic step of the analysis. Then, the 
estimated NL model is used for integrated policy assessments based on relocation 
of residences, road pricing, and reduction of transit fares. The policy impacts are 
presented as the reductions of vehicle kilometres of travel and air pollution 
considering Bangkok Metropolitan Region as a case study. 

1. Introduction 
Incompatibilities between urban transport and land use are rapidly growing in developing 
countries. Even though both transport and land use sectors have been gaining variety of 
improvements with the growing economic conditions in developing countries, interrelation 
between them has not been well established at the initial stages of planning and decision 
making of such improvements. Due to this mismatch of transport and land use, vehicle 
ownership and usage in developing countries are increasing dreadfully causing urban areas 
for severe environmental damages such as traffic congestion and environmental pollution. 
Sirinivasan and Ferreira [2] explained in their recent article that traffic congestion is mainly 
due to lack of coordination between land use and transport planning. On the other hand, 
uncontrollably rising land prices in Central Business District (CBD) encourage urban 
dwellers to locate their residences in the suburbs and as a result, suburban sprawling is 
getting more attraction in recent years. The outcome from suburban sprawling has 
disadvantages and is troublesome if a country cannot provide adequate infrastructures and 
transit facilities to manage daily transport needs between the suburbs and CBD. It is clear 
that most of the developing countries have inefficient transportation systems and limited 
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highway networks, which may not be sufficient enough to serve suburbs. Consequently, 
most of the households in the suburbs who daily commute to CBD use their own vehicles 
rather than travelling by inferior transit provisions available in the system. This may finally 
increase vehicle ownership creating adverse effects on the environment and the society. 
Webster et al. [3] highlighted the importance of integrating transport and land use aspects in 
urban planning approaches.  

In developing countries, travel decisions among the household members are inextricably 
interrelated, and therefore, household travel behaviour governs this research study. Most of 
the households in developing countries are single-vehicle owners, and therefore, the 
possibility of generating household serving trips is considerably high. Vehicle users, in 
most cases the commuters, usually take the responsibility of driving for other household 
members by sharing vehicles for multipurpose/destination trips. By observing person trip 
data in developing countries, trip sharing can be identified as one of the popular travel 
attractions for the vehicle owning households, for instance car and motorcycle shared trips 
make up 30% of household trips [Dissanayake and Morikawa, 1]. Therefore, analysing trip-
sharing behaviour is important, especially for investigating urban policies in developing 
countries. Accordingly, major travel decisions of vehicle ownership, mode choice and trip 
sharing are analysed in a comprehensive modelling framework in this study. 

This study attempts to investigate interactive transport and land use policies to generate 
environmentally sustainable urban system. As the first step of the study, a nested logit (NL) 
model is developed to investigate the household travel behaviour for vehicle ownership, 
mode choice and trip sharing aspects. The nest structure consists of two levels where the 
upper level characterizes with car owning, motorcycle owning and no vehicle owning 
choices, and the lower level represents the household related mode choices. Since trip 
sharing is fairly popular event among the vehicle owning households in developing 
countries, it is considered as one of the mode choice options in the proposed NL model. In 
the analysis, two traveller households are considered where the main traveller is a 
commuter and the travel purpose of the second traveller of the same household can be any 
type such as work, school, recreation or shopping. The estimated NL model is successfully 
applied for policy analysis over relocating residences. In addition, several policies are 
investigated by combining relocation policies with road pricing and transit fare reductions 
to understand the combined effect with the integrated policy aspects. Impacts of the policies 
are expressed in the forms of congestion reduction and air quality improvements 
considering Bangkok Metropolitan Region (BMR) as a case study. With the proposed 
policies, vehicle kilometres of travel (VKT) and air pollution can be successfully reduced to 
improve the mobility and the air quality of the region.  

Past investigations of impact assessment of transport/land-use policies were mainly 
based on aggregate demand modelling. In general, aggregate demand models provide over 
and under estimates and therefore, accuracy of the results cannot be well guaranteed. As an 
attempt to overcome this, present research considers disaggregate demand modelling at 
household level even though the investigations related to disaggregate models are very 
complicated and time consuming. Furthermore, analysis conducted at household level is 
advantageous in order to incorporate the interrelationships of the household members 
travelling such as trip chaining and sharing. In addition, this study applies disaggregate 
demand models directly in estimating reductions of Vehicle Kilometres of travel (VKT) 
and air pollution to receive accurate estimates that can be addressed as one of the 
innovative ideas in the present research. 
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2. Study area and data description 
The empirical analysis is conducted for Bangkok Metropolitan Region (BMR) in Thailand. 
The BMR consists of Bangkok Metropolitan Area (BMA) and five adjacent provinces of 
Samut Prakan, Nonthaburi, Pathum Thani, Nakorn Pathom and Samut Sakorn. The study 
region includes 505 internal traffic zones. The area of the BMR is about 7760 km2 and the 
total population was 13.8 million in 2001. BMR is split into three major zones: CBD, Inner 
Suburb and Outer Suburb, and the Inner and the Outer Ring Roads are considered as zone 
separation cordons (figure 1). Total daily person trips in BMR are about 22 million in 2001 
and 90% of those are generated within the CBD and the Inner Suburb zones. BMR is 
identified as one of the worst metropolitan areas in the world due to traffic congestion. 
Especially during morning and evening commute hours, the traffic situation there is 
extremely severe. In BMR, the lowest travel speed occurs in the central area of Bangkok 
(CBD), which is about 5~10 km/hr. The travel speed increases as the distance from the city 
centre increases. 
 

  

Figure 1. Study Area: Bangkok Metropolitan Region. 
The data, which are used in this study, were obtained from the household travel survey 

that was conducted in BMR during 1995/96. The Urban Transport Database and Model 
Development (UTDM) Project was responsible for the survey (1998). The survey provides 
a wide variety of data useful for understanding travel behaviour, and the data consists of 
attributes of the trips that were made on the date of the survey as well as information of 
household members. Although there was a large amount of households in the database, 
1205 households were selected for the empirical analysis according to the model 
requirement of two-traveller households, of the two one traveller has to be a commuter. In 
the database, trips were indicated using the zones of origins and destinations with all 
independent mode (unlinked) trips. Therefore, it is easy to distinguish interrelations among 
the trips for both travellers such as trip purposes, trip patterns (chained, shared or unlinked), 
origin and destination zones, transfer zones, travel times and time of day. Geographical 
information of the study region was originally computerized by Mapinfo Geographical 
Information System based Arc-view software, which is helpful for easy reference and 
meaningful comparison as necessary. Furthermore, location-based information such as trip 
length is measured on the existing road network using the criteria of the shortest distance 
between origin and destination zones. To help strengthen the overall database, the Bangkok 
Environmental Improvement (BEIP) Project provided an additional database for the home 
interview survey (1997). 

1. CBD 
2. Inner Suburb Zone 
3.  Outer Suburb Zone 

Outer Ring Road 

Inner Ring Road 
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3. Modelling household travel behaviour 
The transportation modes in BMR at the time of data collection were bus, rail, car, 
motorcycle, hired motorcycle, taxi, and ferry. Since the user attraction towards rail and 
ferry are very low, the choice set of transport modes for this study excludes those travel 
options from the analysis. This study investigates the travel decisions of two-traveller 
households, with one of the travellers making a commuter trip. The travel purpose of the 
second traveller in the household can be work, shopping, private business, social or 
recreation. When both travellers share the same vehicle, the commuter has to drop by the 
destination of the second traveller before reaching his destination.  

The model proposed in this study has two levels (figure 2). The upper level illustrates 
the household choices for car owning, motorcycle owning and no vehicle owning. The 
lower level represents the corresponding mode choice combinations for two-traveller 
households and it has 17 options. In Fig. 2, C, CSH, M, MSH, B, H and T represent car, car 
sharing, motorcycle, motorcycle sharing, bus, hired motorcycle and taxi, respectively. 

 
 
 
 
 
 
 
 
 
 

Figure 2. A Nested Logit Model of vehicle ownership, mode choice and trip sharing. 

4. Model estimation and results 
The model is estimated using Gauss software package. Most of the parameters are with 
reasonable significance and expected signs. Alternative specific constants for Alternatives 
2, 3, 4, 9, 10, 11 and 16 are significantly positive indicating the household preference of 
using separate modes than forming shared trips. In addition, all households with or without 
vehicles have a preference for bus mode (Alternative 5, 12, 15) since the common 
alternative specific constant is positively significant. Coefficients for the travel time and the 
travel cost/income are significantly negative as expected. The scale parameter of the upper 
level is estimated to be 0.49, and it falls in the limit between 0 and 1 preserving the nesting 
behaviour of the proposed NL model. In the NL model, many dummy variables are 
included to investigate the behavioural trend on vehicle ownership, mode choice as well as 

Household mode choices Household mode choices Alt. Commuter Second traveller Alt. Commuter Second traveller 
1 Car sharing (CSH) Car sharing (CSH) 7,14,17 Taxi (T) Taxi (T) 
2 Car (C) Bus (B) 8 Motorcycle sharing (MSH) Motorcycle sharing (MSH) 
3 Car (C) Hired motorcycle (H) 9 Motorcycle (M) Bus (B) 
4 Car (C) Taxi (T) 10 Motorcycle (M) Hired motorcycle (H) 
5,12,15 Bus (B) Bus (B) 11 Motorcycle (M) Taxi (T) 
6,13,16 Hired motorcycle (H) Hired motorcycle (H)    

  1 2 3   4 5 6  7   8 9  10  11 12  13  14     15 16   17 

No Vehicle owning Car owning Motorcycle owning 

1:C 
2:B 

1 & 2 
CSH 

1:C 
2:H 

1:C 
2:T 

1:B 
2:B 

1:H 
2:H 

1:T 
2:T 

1:M 
2:B 

1 & 2 
MSH 

1:M 
2:H 

1:M 
2:T 

1:B 
2:B 

1:H 
2:H 

1:T 
2:T 

1:B 
2:B 

1:H 
2:H 

1:T 
2:T 



Integrated transport and land use policies for developing countries 315 

trip sharing aspects. The Value of Time (VOT) is calculated using the results and it is found 
as 30 Thai Baht/hr. The goodness of fit for the model has a high value of 0.41. 

5. Model application for urban policies 
The estimated NL model is used to investigate urban policies on transport and land use. 
Policies are mainly conducted by relocating residences in suburbs to improve the traffic 
situation in CBDs. Integrated policies are also analysed by combining residential relocation 
with road pricing and transit fare reductions. Policy scenarios conducted are as follows: 
• Scenario 1: Relocating residence 
Change residential locations considering its convenience for the commuter and household 
members, and the easy accessibility to their destinations. 
• Scenario 2: Relocating residences and road pricing 
Change residential locations together with a road pricing policy for CBD travel [car tax (80 
Baht/day) and mc tax (30 Baht/day)].  
• Scenario 3: Relocating residences, road pricing and transit subsidy. 
Change residential locations with a road pricing policy for CBD travel [car tax (80 
Baht/day) and mc tax (30 Baht/day)] and transit subsidy (25% of bus fare reduction). 

5.1. Assessment of policy related impacts 
Policy scenarios are analysed using the estimated NL model to quantify the policy impacts: 
� Reduction of vehicle kilometres of travel (VKT) 
� Reduction of air pollution (Nox, So2, CO, PM, HC) 
Household choice probabilities for each alternative are explicitly incorporated in 

quantifying the policy related impacts. The method of calculating VKT for each alternative 
and the total VKT for the entire household travel are described in equations (1) and (2). 

In the Equations (1) and (2), N is the total number of households in the data sample, 
VKTn(i) is VKT by alternative i for household n, T(VKT) is the total VKT, Pn(i) is the 
probability that alternative i is chosen by household n, dn is the travel distance of household 
n, dnshare is the distance of the shared ride, dn1 is the commuters’ travel distance, and dn2 is 
the second travellers’ travel distance. 
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5.1.1. Reduction of vehicle kilometres of travel (VKT) 

The VKT for the base case (without policy) and the Scenarios 1 through 3 are calculated 
separately using the Equations 1 and 2. Accordingly, policy scenario 1 based on relocating 
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residences shows a great effect in reducing private vehicle usage in the area up to 55%. 
Although integrated policies in Scenario 2 and 3 continue to reduce VKT in the area, the 
resultant effects due to road pricing and transit fare reduction are found as negligible.  

5.1.2. Reduction of air pollution 

For the air pollution estimations, country-level emission factors are applied rather than 
using composite emission factor with a default speed, especially to improve the accuracy of 
the results. Therefore, pollutant emission factors due to mobile source emissions that are 
used in this study were obtained from the Pollution Control Department in Bangkok.  

Equation 3 explains the procedure of estimating air pollution where E(AP) indicates the 
expected value of air pollution emission in milligrams, F(AP)car and F(AP)mc are emission 
factors for car travel and motorcycle travel in mg/km. The reductions of air pollution levels 
for Nox, Sox, CO, PM and HC are calculated. All the pollutants are reasonably reduced with 
the scenarios discussed in this study and reductions are in the range from 18% to 26%. 

According to the results, air pollution in the region can be greatly reduced up to the 
range of 50% with the residence relocation policies. For all scenarios 1, 2 and 3, show 
similar reductions of air pollution, and therefore, scenario 1 is found as the most attractive 
policy since the changes made by road pricing and bus fare reductions make only a small 
effect. 
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6. Conclusions 

Integrated transport and land use policies for developing countries are investigated 
considering, relocating residences, road pricing and reducing transit fares. The NL model is 
found to be a suitable technique to model the basic domain of the household mobility over 
vehicle ownership, mode choice and trip sharing decisions that is later applied to 



Integrated transport and land use policies for developing countries 317 

investigate the policies. Relocation of residences is analysed as the basic policy in this 
study. Consequently, several policy scenarios are investigated by integrating relocating 
residences with road pricing policy in CBD and transit fare reductions. 

Related impacts of the policies are estimated with corresponding reductions of VKT and 
air pollution. For the calculation of VKT and air pollution, household choice probabilities 
for each travel option are explicitly incorporated. In addition, to improve the level of 
accuracy of the pollution estimates, country-level emission factors are used in the analysis. 
The resultant reductions of VKT and air pollution are found to be very attractive and 
therefore, the regional mobility can be significantly improved with the policies concerned. 
Furthermore, the previous investigations that have been conducted so far in this context, 
especially for air pollution estimations are in aggregate basis and some uncertainties can be 
involved in the findings. The principal objective of this study is to apply the concepts of 
disaggregate modelling directly for the estimation of VKT and air pollution levels aiming 
to improve the reliability of the analysis.  
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