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In this paper, a national transport demand model is developed with a case study of Thailand focusing on the passenger transport. A state-of-the-art review of European national transport models focusing on prominent and well-documented examples from the Netherlands, Italy, Sweden and the UK is carried out. These models are highly disaggregate, usually based on individual utility maximisation represented in the form of logit models. Some earlier attempts to implement a national transport model in Thailand are reviewed and gaps between Thailand’s and European countries’ national models are then identified in order to identify the modelling requirements for developing a new model for Thailand. From the characteristics of Thailand identified motor vehicle ownership and its availability has emerged as a very important issue for its national transport model. A series of motor vehicle ownership models is developed, which will provide inputs to a trip generation model. An exponential trip generation model is proposed to replace the existing linear regression model and a combined destination and mode choice logit model to replace the existing doubly constrained gravity model. These forms are consistent with the utility theory and are considered to be superior in terms of behavioural richness than the existing four-stage model.

National Transport Demand Modelling: 

General Approach and Application to Thailand

1.0
Introduction

In order to start solving transportation problems of a nation, it is important to understand the current situation and what is likely to happen in the future. To that end, there is a need for a National Transport Model to make forecasts of traffic and travel demand considering interactions with transportation supply at the national level. Such models have been constructed for a number of countries since the 1980s. Most of them have been constructed for European countries such as the Netherlands, Italy, Norway, Denmark, Sweden, Germany, Austria, Switzerland and recently the UK. But, now there is an increasing number of non-European countries building national transport models.

A national transport model would be used in planning, analysing and evaluating projects aimed at solving transport and traffic problems at the national level. Such a model would be used for investigation of national policy issues, which might be cross-modal or uni-modal. It might also be implemented on a regional or a more local level, but the model would not have a fine level of detail. There may be an explicit representation of all traffic movements within the country and across its borders including either or both personal and freight transport.

Since the majority of national transport models have been constructed for western countries, they have been devised against the background of a particular type of country and may well not be sufficiently general or appropriate for use in developing countries. To consider the modelling requirements particular to developing countries, the characteristic of one such country, namely Thailand, will be examined in more detail.

This paper will investigate and describe some approaches used in developed countries in Europe, such as the Netherlands, Italy, Sweden and the UK, in developing their national transport models (Section 2.0). The paper will then introduce some earlier attempts to implement these models in a developing country with a case study of Thailand together with the country’s characteristics (Section 3.0). In Section 4.0, gaps between European countries’ and Thailand’s models are identified and in Section 5.0, a new national transport demand model for Thailand is proposed. Finally, conclusions and recommendations are made in Section 6.0.
2.0 National Transport Models in Europe

National Models have been in use in Europe for nearly 20 years. Some examples of well documented European national transport models are from the Netherlands (HCG, 1992 and Gunn, 1994), Italy (Cascetta, 1995 and 1997) Sweden (SIKA, 2002) and the UK (DfT, 2003). These models are briefly presented here and more detailed reviews can be found in Daly and Sillaparcharn (2004) and Sillaparcharn (2005 and 2006a). Other models, less well documented in English, have been developed for Denmark, Norway, Germany, Austria and Switzerland.

2.1
Modelling Background and Objectives

The Dutch National Model System (LMS) was probably the first disaggregate national travel demand forecasting system. The model system has been used since 1986, and has been extensively updated and extended throughout its lifetime (HCG, 1992). It has served as a kind of ‘prototype’ disaggregate model in Europe – most clearly for the Norwegian National Model (Lundqvist and Mattsson, 2001). It was originally designed to be a tool for strategic appraisal of new road and rail links but its scope of application has gradually widened to also include, for example, environmental and IT issues. The Italian national model system, SISD, was developed in the mid 1990s to provide support for a wide range of decision making within the Italian Ministry of Transport. The first generation of the Swedish national model, SAMPERS, was developed in the beginning of the 1980s, a second generation during the first half of 1990s. The Swedish system aims to provide not only demand forecast for the national planning process, but also environmental impact and cost-benefit calculations for investment planning in transport. In 2002, the UK National Transport Model, NTM, developed to support policy making by illustrating how different policies interact and how they impact on key outcomes - particularly traffic and trips by mode, congestion and emissions, was completed. It builds upon a range of techniques, including some of those used in the National Road Traffic Forecast (NRTF) 1997 model used for the original 10 Year Plan analysis (DfT, 2003).

2.2
Model Structures 

The different European national models mentioned above have much in common. They often use disaggregate nested (tree) logit structures and require similar kind of data. Their development has been stimulated by the exchange of ideas, knowledge, results and software among a group of modelling experts, consultants and clients that have met regularly and also formed specially dedicated fora for discussion (Daly and Sillaparcharn, 2004). 

The oldest national model reviewed is the Dutch Landelijk Model System, LMS, which has been in use since 1986 and has been extensively updated and extended through during its lifetime. It was extended from earlier urban/regional models to the national level. Age cohort-based licence holding and car ownership models are linked to tour frequency, mode and destination choice models. These models are highly disaggregate, usually based on individual utility maximisation represented in the form of multinomial nested logit models. The resulting OD rail passenger and car driver trip matrices are assigned to the rail and road networks – in the latter case choosing the time of the day in response to congestion levels on the roads. When applied to forecasting, enumeration of prototypical samples are used together with the ‘pivot-point’ approach for driver and train passenger flows, i.e. the model system is only used to calculate changes that are applied to ‘observed’ base year OD matrices (Gunn, 2001 and Hofman, 2001).

For the Italian Sistema Informatico di Supporto alle Decisioni or SISD system, The constructing team had good contact with the Dutch and other teams (Norwegian), and was well aware of the other national modelling work done up to the start of 1993. Therefore, the SISD relies heavily on disaggregate nested logit models (Daly, 2000). Compared to the Dutch LMS, much more emphasis has been put on the information supporting non-specialist users (Lundqvist and Mattsson, 2001), and on behavioural detail at the expense of geographical detail: the whole of Italy is only represented by only 270 zones, five times bigger than the Netherlands, which is more than seven times smaller.

In addition, the new Swedish SAMPERS system belongs very much to the mainstream tradition. As for the choice models, which handle the traditional choices, it relies almost totally on the nested logit approach. The model structure is shown in Figure 1 (SIKA, 2002). It covers all trip purposes and all trip lengths including international trips. It is a very large system, larger than the Dutch NMS and the Italian SISD. It covers about 8,500 zones for local and regional, 700 zones for domestic long distance trips and almost 200 zones for international trips. SAMPERS as well as the Norwegian NTM-4 and the Danish NTM models employ EMME/2 software package for the assignment of car and public transport trips to the different networks.

Unlike other European countries, a mix of approaches has been used to develop a national model for the UK. National traffic forecasting in Britain has developed from a partial use of disaggregate models (such as a car ownership model) in the 1970s, to aggregate traffic models in the 1980s, and in more recently, model centred on behavioural modelling and treatment of supply constraints in the National Road Traffic Forecasts (NRTF 1997) and National Transport Model (NTM 2002). The latter is composed of a series of sub-models, which is illustrated in Figure 2 (DfT, 2003). Instead of having a comprehensive model system that produces trip matrices by modes that are assigned to detailed networks, the focus has been on overall vehicle kilometres and on their dependence on a few crucial determinants such as GDP, fuel price and demographic factors (Worsley and Harris, 2001).

3.0 Thailand and her National Transport Model

3.1 Characteristics of Thailand

Thailand is situated in the heart of the South East Asian mainland and covers an area of 513,155 squared kilometres. In 2004, it had a total population of almost 65 million with an annual growth rate of 0.9 percent. It had been praised by the World Bank as one of the fastest growing and most successful developing countries with an average GDP annual growth of 5.4% during 1975-2001. Some key statistics regarding Thailand’s area, population, economy and transportation are summarised in Table 1.
Thailand’s fast economic development is matched with increased amounts of travel and has highlighted the inadequacy of the transport infrastructure. Currently, the infrastructure is not sufficient to cope with the increased inter- and intra-urban transport. The situation is at a critical stage in Bangkok and other major cities and is worsening, fuelled by increasing rates of motor vehicle ownership. In order to support the country’s further economic growth, there is an urgent need for substantial investment in transport infrastructures, e.g. roads, railways and mass transit. Consequently, in order to assist in the planning of such investments, there is a need for methods which can produce long-term forecasts of the changes in travel demand and supply. A cross-modal national transport model can provide a consistent response to various transport measures. An example of such a model will be presented in the next section.
3.2 National Transport Models in Thailand

The first national model for Thailand, NAM, was set up in the UTDM (Urban Transport Database and Model Development) project conducted between 1995 and 1997 (MVA et al 1998). The project had been financed jointly by the Royal Thai Government and the Asian Development Bank (ADB). The NAM model was maintained and enhanced in four subsequent projects: the Transport Data and Model Center Project (TDMC) during 1997 and 2000 (JMP and ESRI 2000), TDMC II (2000-2004) (AMP and ESRI 2004a), TDMC III (2000-2004) (AMP and ESRI 2004b) and TDMC IV (2005-2006). The discussion here is mainly based on the NAM models from the TDMC I to III projects due to the fact that the information on TDMC IV project was not yet available.

The NAM model system relies heavily on the aggregate conventional four-stage modelling approach. The model structure is illustrated in Figure 3. Simple formulae are used in each stage of the modelling, with very few parameters. The growth factor method is used in the trip generation stage, a doubly constrained gravity model is employed in the trip distribution stage, a utility function is used in the modal split stage and the TRIPS/CUBE software is applied for car and public transport trip assignment. 

The NAM (2004) model has a total of 937 zones covering 76 provinces within Thailand and 11 external links to neighbouring countries. There is no consideration of differing trip purposes or differing time of day here. However, the model does cover both passenger and freight transport. The data used for the basic modelling is little more than population data by province, together with economic data. A validation and calibration procedure was employed to improve the fit of the model predictions to observed traffic flows. The model structure could apply fairly equally to any developing country and has little Thai-specific content. 
4.0 Gaps between European Countries’ and Thailand’s National Models

In this section, gaps between European Countries’ national models from Section 2.0 and Thailand’s model from Section 3.1 are identified. It is found that there is a clear difference between national transport models from European countries and Thailand due to:

· the data availability on trips, traffic and travel costs; and

· the outputs that are required from the model.

Most national models from Europe use disaggregate logit choice models which are considered to be superior in terms of behavioural richness. However, this model structure may not be practical to use in Thailand since there are many limitations and constraints: lack of availability of suitable data; lack of resources available for study and of levels of training and skill of analysts. For these reasons, an aggregate conventional four-stage model structure is popular and still in use in Thailand as well as in many other parts of the world despite the fact that there are many criticisms and concerns about this modelling method.

The data required for use in aggregate and disaggregate models are different. An aggregate model requires less detailed data at the zonal level (e.g. provincial data is used in the Thai NAM model) while a disaggregate model requires data of a much finer detail (e.g. household level which is collected from a national transport survey, the Dutch OVG, the Swedish Riks RVU and the UK NTS). As data collection is very expensive, many developing countries including Thailand may not consider spending their limited budget on it. This also includes lack of updating the existing database. Therefore, a model that requires less data (such as an aggregate model) is more appropriate. The outputs required from the models from developed and developing countries are also different. In a developing country, the government tends to focus more on a “predict and provide” policy - future traffic volumes are predicted and measures to deal with these predicted levels are then devised (as occurs in Thailand). In developed countries focus is more on integrated transport (such as in the UK), the environment (as in Norway or the UK) and transport demand management (e.g. road user charging in the extended version of the Dutch LMS).
In the next section, some improvements to the existing Thai model are proposed. 

5.0
Proposed National Transport Model for Thailand

Since the Thai NAM model structure is based on a conventional sequential four-stage modelling process, which had many criticisms, there are many concerns about the underlying method. Key concerns are: almost exclusive focus on highway transportation; lack of mathematical consistency between stages; lack of sensitivity to key policy variables; lack of an explicit behavioural basis and wasteful use of data (as the data is aggregated before modelling). 

If data, budget and technical expertise were available, a superior disaggregate logit-type model should be implemented for Thailand. However, they are not, but improvements to the existing NAM model are still urgently required. For example, the model should include more explicit recognition of motor vehicle ownership (and its availability). This aspect is not covered at present in the NAM model, but due to its importance, it will be included in the proposed national transport model in the next section.
5.1
Proposed Motor Vehicle Ownership Models for Thailand

In this section, a consideration of growth in motor vehicle ownership with respect to growth in income and growth in population is made followed by the development of a series of motor vehicle ownership models. The term “motor vehicle” includes: (1) car; (2) motorcycle; (3) truck and goods vehicle and (4) bus and coach. The reason to include motorcycle in the proposed national model is that motorcycle accounts for more than 60% of the motor vehicle population in Thailand (Table 1) and lower income people, who cannot afford to buy a car, can sometimes afford a motorcycle. These models forecast a number of vehicles registered for selected years, the outputs of which act as inputs for a trip generation model. The proposed motor vehicle ownership models are briefly presented below.
Motor Vehicle Ownership Models

Car Ownership Model
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Motorcycle Ownership Model
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Truck Ownership Model
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Bus and Coach Ownership Model
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Adjusted R Squared = 0.724

Where C1000 is the number of cars per 1,000 inhabitants; MC1000 is the number of motorcycles per 1,000 inhabitants; T1000 is the number of trucks and heavy goods vehicles per 1,000 inhabitants; B1000 is the number of buses and coaches per 1,000 inhabitants; Distance is a distance from Bangkok in kilometre; GPPpH is the gross provincial product per capita; and all motor vehicle ownership models are estimated using weighted least squares technique in which POP1000 (the population in thousands) is selected as a weight variable. 
All proposed vehicle ownership models have good statistical properties. The estimated model coefficients are all significant and the models have high adjusted R-squared value and fit the data very well within 12% of observed values during the base years. In these models, Bangkok and vicinity provinces are grouped together due to the fact that these vicinity provinces are very close to Bangkok and a high proportion of their population may come to work in Bangkok and register their cars in Bangkok, which in turn reduces the number of cars registered in these provinces but increases the number of cars registered in Bangkok. The weighted least squares modification is applied to all proposed models in order to solve the homoscedasticity problem and a linear distance from Bangkok term (Distance) implies a difference in fuel price between Bangkok and other provinces. The car ownership model gives reasonable income elasticities with respect to car ownership and a sensible saturation level when compared with other studies. The forecast for a case of increasing income shows that the car ownership levels will increase together with truck levels. However, as people own more cars, motorcycle and bus ownership levels will decrease (see Figure 4). More information about the car ownership model can be found in Sillaparcharn (2006b) and the motor vehicles ownership models in (Sillaparcharn 2007a).
In the next section, the national transport demand model for Thailand is proposed.

5.2
Proposed National Transport Demand Model for Thailand

The development of the proposed national transport demand model is then presented. The motor vehicle ownership models forecast a number of vehicles registered for selected years, the outputs of which act as inputs for a trip generation model and combined destination and mode choice model.

For trip generation modelling, Daly (1997) compared different trip generation modelling forms and concluded that a logit choice model appears to offer the best approach as it addresses the data correctly and is consistent with utility maximisation. The exponential model represents a close approximation to the logit model when trip rate is low and can be properly estimated only using aggregate data. Other model forms, such as linear regression models, category analysis, elasticity models are rejected because they either lack consistency with utility maximisation or are unable to incorporate an accessibility variable. In more recent paper, Daly and Miller (2006) show that the exponential model has the same expectation of the forecast number of trips as a logit model in which two model components are identical and it thus has secure a basis in utility theory. Therefore, considering data availability, the exponential trip generation model is considered the best option and is proposed (see equation [5]) to replace an existing linear regression model, which contains a constant. The existing from is considered to be incorrect as one would expect the estimated regression line to pass through the origin i.e. no trip is generated when there is no population (population = 0). 

Trip Generation Model
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[5]

Where t1000i is the number of trips generated per 1,000 inhabitants from province i.

There are some difficulties to build a theoretically sound trip generation model which has desirable statistical properties, i.e. high model fit, statistically significant coefficients with sensible values of the expected sign. It is more difficult to build the model which has sound behavioural richness. Due to data availability, the logit model is not applicable and the exponential model, which can be estimated with aggregate data, is selected. It also produces sensible forecasts which are within 4% of observed values during a base year. For a future year, it forecasts a range of 3.89 to 5.68 million inter-provincial trips in 2026. It has good statistical properties and more importantly, it has a secure basis in utility theory. More information about the trip generation model can be found in Sillaparcharn (2007c).
For trip distribution modelling, the use of the disaggregate logit choice model as in many European national transport models is considered to be superior in terms of behavioural richness than the existing double constrained gravity model. For this reason, a new model is proposed using a logit structure (destination choice model). A combination of destination and mode choice modelling into one integrated stage is also considered as it would require less data and would reduce a computer running time. For these reasons, the combined destination and mode choice model is proposed (see equations [6] and [7]). 

Destination and Mode Choice Model
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	Coefficient
	Estimate
	Coefficient
	Estimate
	Coefficient
	Estimate

	Asc2
	3.19E-02
	lambda
	-3.55E-03
	b
	5.49E-02

	Asc3
	-1.3945426
	lambdaC
	-7.12E-03
	
	

	Asc4
	-3.3395427
	c
	3.63E-02
	
	


"Rho-Squared" w.r.t. Zero      


= 0.3767

"Rho-Squared" w.r.t. Constants 


= 0.1695

Where ti is the number of trips generated from province i; tijm is the number of trips from province i to province j by mode m; ASCm is a specific mode constant value of travel by mode m; gcijm is the generalised cost of travel from province i to province j by mode m in Baht; λm is a generic coefficient of variable of generalised cost by mode m; POPj is the population for destination province j; µj is a generic coefficient for destination province j; d1 is a dummy variable, which is 1 when m = 1 (car) and 0 otherwise; d2 is a dummy variable, which is 1 when m = 2 (bus) and 0 otherwise; c is the car ownership coefficient; and b is the bus ownership coefficient.

However, before getting the final model, there are some difficulties encountered in order to build a theoretically sound combined trip distribution and modal split model, which has desirable statistical properties, i.e. high Rho-squared. It is more difficult to find the model which has sound behavioural richness, good fit and overcomes these difficulties. Three different model nested structures (a joint logit and two nested structures: one has mode choice before destination choice another has destination choice before choice) are tested. It is found that a joint logit structure produces sensible mode shares and mean trip lengths for each mode, comparable to the base year data. In addition, the population and destination coefficients help the model in destination choice modelling and the car and bus ownership terms help in mode choice modelling. The generic coefficient of generalised cost for car (λc) is separately estimated from other modes and this term helps the model get a closer mean trip length by car to the observed value. Moreover, different price elasticities, both own and cross price elasticities, are calculated for each mode and they are comparable to other studies. More information about the combined destination and mode choice model can be found in Sillaparcharn (2007d).
6.0
Conclusions and Recommendations

In this paper, a national transport demand model is developed with a case study of Thailand focusing on the passenger transport. A state-of-the-art review of national transport models around the world, especially focusing on prominent and well-documented examples from the Netherlands, Italy, Sweden and the UK is carried out (Section 2). These models are highly disaggregate, usually based on individual utility maximisation represented in the form of logit models. Some earlier attempts to implement a national transport model in Thailand are reviewed in and gaps between Thailand’s and European countries’ national models are then identified in order to identify the modelling requirements for developing a new model for Thailand (Sections 3 and 4). 
Since, the existing Thai national model structure is based on conventional four-stage modelling, there are many criticisms and concerns: it focuses almost exclusively on highway transportation, lacks mathematical consistency between stages, lacks sensitivity to key policy variables, lacks an explicit behavioural basis, and is wasteful in its use of data (as the data is aggregated before modelling). These concerns motivated the model proposed in this paper.  

If data, budget and technical expertise were available, a superior disaggregate logit-type model should be implemented for Thailand. However, they are not, but improvements to the existing NAM model are still urgently required. For example, the model should include more explicit recognition of motor vehicle ownership. The factor has a strong influence on trip generation. The factor can be easily incorporated into the NAM model as new variables. In addition, it is worthwhile to develop a car ownership model to provide input for the trip generation model. 
The proposed national transport demand model structure relies on the conventional four-stage modelling approach. Simple formulae are used in each stage of the modelling, with very few parameters to take account of limited data availability. The number of registered vehicles for selected years, forecasted using the vehicle ownership models acts as input for a trip generation model, which in turn forecasts a number of trips generated. Due to data availability, the logit model is not applicable and the exponential model, which can be estimated with aggregate data, is selected for trip generation modelling. The generated trips are then input a combined destination and mode choice model. Of the different model structures tested, it is found that a joint logit structure produces sensible mode shares and mean trip lengths for each mode, comparable to the base year data. The proposed demand model is considered to be consistent with the utility theory and to be superior in terms of behavioural richness than the existing four-stage model.

In addition, it is recommended here that new modes of transport such as a mass transit system, high-speed rail and low cost airlines should be incorporated into the NAM model. However, some of these modes are entirely new in Thailand and to take them into account, additional travel surveys should be conducted together with detailed seven-day travel diaries and stated preference (SP) surveys. These surveys would help in estimating parameter values in the modal split model. In addition, SP surveys can provide information concerning what individuals would choose to do or how they would rank/rate certain options in one or more hypothetical situations; such as responses toward choices that are entirely new. 

Moreover, a national transport model would be used for investigation of national policy issues over a long period, it is subject to a wide range of uncertainties raising questions about its accuracy. Their users find it helpful to have an indication of the uncertainties around the central estimate. For the proposed model, the propagation of model errors and uncertainty are evaluated in Sillaparcharn (2007b). Finally, it should be noted that transport models on their own do not solve transport problems. To be useful, they must be utilised within a decision process adapted to the chosen decision-making style. Transport master plans need revising at regular intervals and other decision-making strategies need supporting with the inclusion of fresh information regularly collected to check progress and correct course where necessary (Ortuzar and Willumsen, 2001). 
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Table 1: Thailand’s Key Figures
	Area 
	
	
	 Population
	

	 (sq.km./ sq.mi.)
	514,000/198,455**
	
	 Total (millions)
	64.87 (2004 est)**

	 Cities/ Provinces
	76*
	
	 Growth Rate
	0.9% (2004 est)**

	 Economy
	
	
	 Density (per sq.mi.)
	327 (2004 est)**

	 GDP - purchasing power parity
	$445.8 billion (2002 est.)**
	
	 Transportation
	

	 GDP - real growth rate
	5.3% (2002 est.)**
	
	 Railways
	4,071 km (2001)**

	 GDP - per capita: purchasing power parity 
	$7,000 (2002 est.)**
	
	 Highways
	

	 Inflation rate (consumer prices): 
	0.6% (2002 est.)**
	
	 Total
	64,600 km (1996)**

	 GDP - composition by sector
	
	
	 paved: 
	62,985 km (1996)**

	 Agriculture: 
	11% (2001 est.)****
	
	 unpaved: 
	1,615 km (1996)**

	 industry: 
	40% (2001 est.)****
	
	 Waterways
	4,000 km**

	 services: 
	49% (2001 est.)****
	
	 Airports
	110 (2000 est.)**

	 Population below poverty line:
	13% (1998)****
	
	 Motor Vehicles (thousands)
	

	 Household income or consumption by percentage share 
	
	
	 Cars and Vans
	2665 (2000)***

	 lowest 10%:
	3% (1998)****
	
	 Goods Vehicles
	3209 (2000)***

	 highest 10%:
	32% (1998)****
	
	 Motorcycles, Scooters and    Mopeds
	13817 (2000)***

	 Labor force: 
	33.4 million (2001 est.)**
	
	 etc.
	339 (2000)***

	 Unemployment rate: 
	2.9% (2001 est.)**
	
	 Total
	20030 (2000)***

	 Budget
	
	
	
	

	 revenues: 
	$19 billion (2000 est.)****
	
	*    Wikipedia 2004
	*** MOT 2003

	 expenditures:
	$21 billion (2000 est.)****
	
	**   Infoplease 2004
	**** Reference Guides 2004


Figure 1: Structure of Swedish SAMPERS Model
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Figure 2: Structure of UK NTM Model
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Source: DfT 2003

Figure 3: Structure of Thailand’s NAM Model (2000)
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Source: JMP and ESRI 2000
Figure 4: Relationship between Different Forecast Vehicle Ownership Levels
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