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ABSTRACT  

 

A linkage between Travel Demand Models and Road Management Systems 

 

Seyed Reza Ghobadpour 

 

Road congestion is a widespread problem across the world. While certain socioeconomic 

stratum responds better to measures to encourage the use of public transportation, others exhibit 

an inelastic behavior and remain loyal to their automobiles. Maintenance and expansion of 

transportation networks are costly and require annual investments that escape the financial abilities 

of most governments. Under this paradigm, there is a need to implement optimal decision support 

systems able to allocate scarce financial resources to accomplish reduced congestion and travel 

time, and that encourages the use of public transportation. To that end, the traditional approach 

used to handle Pavements and Road Management was extended in both cases to support a linkage 

to travel demand models illustrated through two case studies: first of a developing country where 

an attempt to alleviate road congestion is implemented. Secondly, in a city with good levels of 

Public transportation where poor support has been granted to the traditional bus system, although 

they provide the main mean of access to MRT and LRT stations. The proposed approach schedules 

investments on bus routes through measures to handle traffic and to optimize the surface condition 

of pavements in an attempt to encourage higher levels of bus ridership.    
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Chapter 1: Introduction 

1.1 Background 

The world's urban population has more than doubled since 1950, coming to nearly 4.2 

billion in 2018. Furthermore, the growth of urban traffic in cities coincided with the advent of 

faster transport modes, which made possible progressively longer commuting trips. However, the 

delimiter of city growth is rarely vehicle top speed. As cities grow and sprawl, traffic congestion 

effectively and inevitably lowers the travel speed and convenience of a private automobile 

(Unidas, 2003). Which has become a significant concern to city planners, transportation 

professionals, and policymakers (Unidas, 2003). Hence, nowadays, road agencies of cities like 

London, Singapore, and Western Australia have changed their primary tasks, from expanding the 

extensiveness of the network and constructing new infrastructures to managing and maintaining 

existing road networks in serviceable condition and policies have been shifted towards combatting 

transport congestion rather than shortening free-flow travel time. Therefore, efficient 

transportation planning is expected to effectively forecast future changes in socioeconomic 

characteristics of the users and land use patterns in order to plan maintenance activities on the 

existing and future road infrastructure assets such as pavement, since maintaining pavement 

surface conditions at acceptable levels is offers many benefits, including cost efficiency, reduction 

in noise pollution and comfort. 

However, nowadays, the rising cost of maintenance and reduced resources of 

municipalities (Horak et al., 2017) it has become necessary to optimize the use of resources and to 

place more emphasis on maintenance and rehabilitation (M&R) rather than expansion. Such a 
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process started back in the 1980s with Pavement Management System (PMS) (Hass et al. 1994), 

which assisted engineers and decision-makers in finding cost-effective optimum strategies for 

providing, evaluating, and maintaining pavements in a serviceable condition. Transportation 

agencies and municipalities often struggle to understand and respond to the travel demand growth 

and the impact of this growth on the deterioration of assets (Vanier et al. 2001). Many 

municipalities focus on corrective actions (worst first approach) and initiate to do something when 

a problem takes place. For example, in terms of pavement condition, they start to do the treatment 

when there are cracks on the pavement surface instead of having an integrated program capable of 

taking into account the preventive maintenance needs of their assets effectively and efficiently 

over their life cycle. 

Therefore, travel demand models have been developed in the 1950s for forecasting levels 

of demand across modes of transportation to link the interaction between infrastructure (assets 

condition) and user behavior (population growth) to employ as decision support tools for 

transportation planning over the last several decades. 

In this thesis, two case studies have been considered. The first one is the road network of 

the Great Metropolitan Area (GAM) in Costa Rica, comprising areas of high population density 

(6,455 people per square kilometer) surrounding the capital Sane Jose. In an area of 2.044 km2, 

GAM has a population of 2.2 million (about 50 percent of the population). 

The second one is Montreal Island: Montreal is the second-largest city in Canada, with a 

population of 1.7 million (Statistics Canada, 2016). It is one of the highest population densities 

(4,517 people per square kilometer) among North American standards and an extensive transit 

network. 
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1.2 Problem Statement 

Many travel plans and transportation strategies included within transportation impact 

regulations and in Transportation Asset Management Frameworks advocate for the preservation 

of existing roads rather than building new ones; at the same time, modern Transportation Master 

Plans (TMP) have been found to contain specific strategies to develop or improve road networks. 

However, there is a disconnection between TMP and Transportation Asset Management 

Frameworks (TAMF). 

 Planners do not take into consideration the need to sustain road networks (pavement) in a 

good level of condition, also most importantly, to consider dynamic traffic volume load data (travel 

demand). TAMF is limited and likely inaccurate because they base their forecast over average 

daily traffic (ADT) estimates and constant traffic growth neglecting the dynamics of the economic 

development of urban sprawl and other circumstances explicitly considered by travel demand 

models. 

Road agencies rarely use travel demand results to predict future deterioration. Instead, they 

adopt the common practice of using estimates of future equivalent single axle load (ESALs) during 

the pavement design of a new or rehabilitated facility without considering the possible acceleration 

(deceleration) of pavement wear related to higher (lower) than anticipated traffic volumes. 

Therefore, sustainable tactical plans are required to balance the allocation of resources from long 

term analysis into a shorter period of time to be able to conduct a trade-off between asset condition, 

travel demand and cost. 
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1.3 Research Objective 

1.3.1 Overall Goal 

The overall goal of this research is to introduce a procedure able to support decision-

making strategies to alternate congestion and encourage bus ridership by linking travel demand to 

road management systems. 

1.3.2 Research Tasks 

Two tasks were identified to address the main goal of this research: 

Task 1 

The motivation of this task was to explore the feasibility of using the output of travel 

demand models within transportation infrastructure management. As such this task illustrates a 

simple way to simulate traffic volume and use it as an input to allocate actions and strategies to 

accomplish consistent cost-benefit analyses for the entire road network.  

Task 2 

This task takes further steps to use the linkage established in task 1 to support the decision 

making of strategies oriented towards improved public transportation services. As such, this task 

accomplished the allocation of travel demand management strategies (TDM) within the decision-

making system.  

This is particularly important for congested cities as it seeks to provide adequate road 

network capacity that matches userôs demand in a way that users experience shorter travel times 

and smoother network surface. This is achieved using goal optimization to deal with conflictive 

objectives pursuing a trade-off between overall cost, road deterioration, road congestion and travel 

time. 
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1.4 Scope and Limitations 

In this thesis, the integrity of datasets was one of the main challenges. Some datasets were 

collected from different sources in different file formats. In order to be able to aggregate the data 

into one dataset, spatial and temporal consistency was required (same location and same year). As 

part of this converting and merging separate data files into one dataset that matched the given 

geographic boundaries was challenging and required months of work to properly fix boundaries 

and reallocate data proportionally. In addition, the segment's length from the demand model was 

different from the segment size of the optimization model. This further produced limitations when 

linking both models. 

The output from optimization produced an allocation of actions across space and time that 

disregarded logical grouping of segments into corridors to facilitate the implementation of 

interventions or strategies; as such future research should look into ways to take the results and 

coordinate them to create corridors.  

The next limitation was the ability to produce a real-time feedback loop between the 

demand model and optimization model since, in this thesis, the outcome from the demand model 

was extracted manually and used as an input into the optimization model for the road management 

system, but for future research, both models must adjust through a feedback loop. 

The lack of calibration data was another challenge. In this thesis for the demand model, the 

calibration has been done from a trial and error approach to match the estimated values with 

observed values; however, in the future, there is a need for a more automated approach for the 

calibration.  
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In addition, there were segments with missing data for pavement condition indicators and 

casual factors within the deterioration model. Finally, the current budget levels for the optimization 

were unknown. To overcome this problem a specific budget level to achieve minimum levels of 

improvement was assumed in the optimization framework.   

1.5 Research Significance 

The objective of this thesis is to develop a novel linked travel demand and road 

management system to enhance the decision-making process for improved mobility. The trip-

based travel demand and traffic assignment-modeling framework (VISUM) was linked to the 

transportation asset management system (REMSOFT). The model was shown applicable for cars 

and buses within the road network. 

This thesis serves as a guide for future research or practical implementation of connected 

travel demand models to road management systems. Future researchers will be able to follow the 

same procedure to upload the datasets into the required format of VISUM and use the optimization 

algorithm to expand the model with other characteristics such as environmental factors, road 

safety, frequency of public transportation services and to include investment on public facilities. 

In this thesis, the case studies illustrate the development of initial models facing data gaps that 

often impede their implementation.   
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1.6 Organization of the Thesis 

This thesis is presented in six (6) chapters as follows: 

¶ Chapter 1 - Defines the problem statement and presents the objectives and 

structure of the thesis. 

¶ Chapter 2 - Consists of a review of the state of practice and concepts related to 

travel demand modeling and decision support systems. 

¶ Chapter 3 - presents the methodology employed for analyzing and processing 

the data and building strategic plans considering the travel demand. 

¶ Chapter 4 ï is a self-contained paper  

¶ Chapter 5 ï is a self-contained paper  

¶ Chapter 6 - summarises the most important conclusions of the thesis 

The work described in Chapters 4 and 5 has been written as self-contained journal papers 

and as such, each chapter has its own abstract. Chapter 4 and Chapter 5 will be submitted soon, as 

follow: 

Chapter 4:  Ghobad Pour, R., Amador-Jimenez, L., (2020). Investment planning to handle road 

congestion while waiting to implement public transit: a case study of costa Rica. 

 

Chapter 5: Ghobad Pour, R., Amador-Jimenez, L., (2020). Adapting road management 

systems to support traditional bus transit: a case study of Montreal. 
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Chapter 2 Literature review 

2.1 Introduction 

Urban centers around the world are experiencing increasing transport demand, and many 

are unable to handle due to inexistent road and rail infrastructure. Many developing and low-

income nations relying solely on roads have responded by building new roads or lanes; however, 

such a solution only accommodates demand in the short term, triggering land development, which 

produces more traffic in the medium term, hence returning to a congestion state. At the same time 

road agencies at many developed countries had changed their main tasks, from projecting and 

constructing new infrastructures to managing and maintaining existing networks.  

Traffic congestion arrives when travel demand exceeds the capacity of the road network. 

More traffic is often associated with detriments in road safety and pavement deterioration. 

According to the Federal Highway Administration (FHWA), congestion can be expressed as the 

resultant delay compared to the amount of time it takes to make a trip under ideal conditions. The 

most reliable congestion measure focuses on the travel time faced by road users. Highway 

congestion is caused if there are more cars on the roads, or if traffic demand approaches or goes 

beyond the existing highway system capacity. Congestion is also the product of abnormal 

circumstances such as inclement weather, presence of animals, or fallen objects on the road and 

road collisions. The traffic demands vary considerably depending on the season of the year, the 

day of the week, and even the time of day. Capacity can also adjust due to weather conditions, 

work areas traffic incidents, or the combination of drivers and vehicles on the road. Every 

municipality has its way of tackling this problem. One of the often-encountered strategies is to 

shift the demand from single-occupancy automobiles towards car-pooling or transit ridership, 
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which requires enabling facilities that encourage such alternatives. Programming of investments 

to build and maintain such facilities requires the use of the most cost-effective solutions to squeeze 

funds out of limited budgets and across systems.  

Henceforth transportation asset management (TAM) can be thought of as the solution to 

this dilemma. TAM is a strategic and systematic process of operating, maintaining, and improving 

physical assets. TAM appears to have developed from a Pavement Management System (PMS), 

with an emphasis on engineering and financial analysis based on information of high quality, to 

recognize systematic measures which will achieve and maintain the desired level of good repair at 

a minimum cost over the life cycle of the assets. 

However, to date, practical implementations of TAM has faced many drawbacks (NCHRP 

2005): (1) Modeling of static output which does not understand the dynamic nature,  of the 

transport networks (i.e., condition, safety, and capacity) that respond to demand changes in the 

transportation system from upgrades and expansion or the development of urban patterns and the 

creation of new industry and economic development in general. (2) Analytical tools that have 

limited ability to integrate various objectives across modes of transportation. 

A robust Transportation Asset Management System (TAM) generates a systematic and 

consistent framework for selecting among alternatives for Maintenance, Repair, and Rehabilitation 

(M, R&R) and should ideally determine priorities and optimal timing for upgrades and expansion 

by predicting future expected demand levels and networks performance.  

In the late 1960s and early 1970s, TAM first became popular as decision support tools for 

the whole range of activities involved in pavements provision and maintenance (OECD, 1987 and 

Peterson, 1987). Common decision-making systems for pavement management seek the 
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accomplishment of maximum levels of condition, in the form of surface or structure indicators. 

Others have added goals related to safety and travel time (Amador and Afghari 2015). Attempts 

to consider roadôs operational characteristics (speed, capacity, volume, etc.) within pavement 

management systems have opened the door for broader management frameworks such as those 

proposed by the Highway Economic Requirements System (HERS/ST) or the Highway design 

manual (HDM) of the World Bank.  

The increased computing capacity has enabled the use of advanced simulation and 

optimization methods to solve complex transport and urban planning problems. The most cost-

effective solution for allocating resources to competing alternatives was found in methods such as 

linear programming and heuristic optimization (L. E. Amador-Jiménez, 2011). 

The goal of this chapter is to establish the need for an extended decision support framework 

capable of handling strategies and investments to prioritize resources to reduce the travel time of 

most travelers and sustain the network condition at reasonable levels.  

The chapter is divided into three major sections: 1) the first one (Section 2.2) provides an 

overview of the state of practice in modeling travel demand, reviewing background, criticizing 

current models, and establishing the need for a better approach that connects to decision support 

systems. 

2) Section 2.3 reviews common strategies for counteracting congestion since these 

strategies are input within the road management system model.  

3) Next, Section 2.4 discusses and reviews the fundamentals of decision support systems. 

It summarizes their advantages and limitations for the modeling of travel time and congestion and 
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focuses on road infrastructure works (M&R actions) and strategies to facilitate traffic movements 

with an eye those useful to reduce travel time and congestion.  

2.2 Travel Demand Modeling  

2.2.1 Overview of Travel Demand Models 

This chapter presents a detailed and comprehensive review of the literature on travel 

demand modeling. The objective of the literature review is to determine the related work and 

research already conducted in this field. The literature review will be presented in two sections. 

First, it will provide detail descriptions of aggregate demand models, i.e., four-step models, and, 

second, concentrate on the short description of disaggregate models of travel demand at the 

strategic level (i.e., activity-based). Travel demand forecasting is a key part of transport planning 

and policy analysis. A travel-demand model is defined as:  

ña mathematical relationship between travel-demand flows and their characteristics on the 

one hand, and given activity and transportation supply systems and their characteristics.ò 

(Cascetta, 2009) 

Since the 1950s, numerous travel demand models have been developed based on various 

assumptions and with different approaches to forecast future demand. Cascetta, 2009 classified 

travel demand models according to the level of detail into two broad categories:  

a) Aggregate travel demand models  

b) Disaggregate travel demand models  

The first generation of travel demand models developed in the 1950s was aggregate in 

nature. In such models, the attributes for a group of users are compiled (for example, the average 

travel times or costs of all trips between two zones. In disaggregate travel demand models, 
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attributes are viewed at the individual level (e.g. travel times or costs between the actual origin of 

the trip and the destination points). Based on the sequence of choices, Cassetta, 2009 has also 

classified the travel demand models into three broad classes:  

a) trip-based models (Four Step Modeling) 

b) trip-chaining models   

c) activity-based models. 

Currently, two main techniques for travel demand modeling are being used (Husein, 2017). 

They include the trip-based, and the activity-based, modeling processes. Trip-based models 

assume that each origin-destination trip decision is made independently without considering the 

interrelationship between the various trip selection attributes (e.g., time, destination, and mode).  

Activity -based models predict the demand for travel as a result of taking part in activities at various 

space and time points. 

To estimate traffic volumes for this research, the Four-Step Modeling (FSM) technique is 

the best technique because of its simplicity and its ability to produce acceptable results. However, 

activity-based models have the potential to lead to more realistic and accurate predictions ( 

Castiglione et al., 2014). Many of these models still heavily focus on the static correlation between 

observed travel behavior and explanatory variables such as income level, Car ownership, land-use, 

etc. Due to their complexity and extensive data requirements, activity-based transportation models 

were not adopted at the same pace by practitioners. Despite this limitation, the four-step modeling 

process is still accepted and used by most Metropolitan Planning Organizations (MPOs) due to the 

reasonably satisfactory results produced by this model type (MARTIN, MCGUCKIN, & Barton-

Aschman Associates, 1998). 
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To modelers, the benefits of activity-based transport models in capturing individuals ' 

behavioral realism and their ability to get closer to an understanding of individual behavior are 

clear and effective. However, for practitioners and decision-makers at the macro level, it often 

proved to be less valued or misunderstood in the past, since the decisions for transport planning 

are generally based on aggregate demand forecasts and transport facilities performance (Janssens 

& Wets, 2005). Thus, the following sections describe in detail the series of choices in aggregate 

and disaggregate travel demand models. 

2.2.2 Aggregate travel demand models 

The aggregate model of the travel demand was developed in the 1950s and focused 

primarily on the zonal system. In a geographical area, various attributes are aggregated as an 

analysis unit to estimate travel demand. Traditional models have been enhanced and modified 

since their first development, but in this thesis, we have only focused on the original framework 

of the traditional model explained in the literature for simplicity. 

 Factors considered in the four-step travel demand forecasting technique included the time 

of day analysis, peak-period spreading, mode choice, and trip assignment. 

 

 

 

 

 

 

 



 

14 

 

 

 

 

The four stages are sequentially applied, and each has a different mathematical model to 

forecast the future demand for travel between pairs of Origin-Destination. A brief description of 

the four different stages is presented below. 

2.2.3 Trip Generation   

The first stage of the traditional 4-stage model is trip generation. In this stage, the models 

estimate the total number of trips produced and attracted in each zone using the zonal information 

from land use, population and economic forecasts of the area for different trip purposes, such as 

work trips that begin or end at home, home-based non-work trips (shopping trips, school trips) and 

trips that neither begin nor end at home. The trip generation process uses household travel surveys 

Figure2-1 Four-Step Process Transportation 
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and land use data such as population, households, housing units, and employment to calculate trip 

productions and attractions in the study area for each Transportation Analysis Zone (TAZ). 

The trip production is typically estimated based on household characteristics, namely 

household size, and the number of vehicles available in a household. Trip attractions are generally 

estimated based on different criteria for each land use type, such as floor areas. For commercial, 

retail, and industrial land uses, for instance, the Gross Floor Area (GFA) of the development is 

considered for estimating the rates. Although this approach results in an accurate estimation of the 

trip generation, it is considered an expensive practice and is not feasible for traffic zones with 

larger scales. 

Therefore, other policies and guidelines are commonly being used to estimate trip 

generation. Some of these common guidelines can be found in Mousavi, Bunker, and Lee (2012). 

In Australia, the most common guideline for trip-generation estimation is the RTA Guide to Traffic 

Generating Developments (Rasouli, 2018). Another international guideline for estimating the 

traffic generation of different land uses is the Trip Generation Handbook, which contains the 

standard guidelines for the United States (US) and includes a wide range of information for various 

land uses (Trip Generation Manual, 10th Edition ©  2018). 

The total number of trips produced and attracted is estimated by different mathematical 

models, namely linear regression models, cross-classification models, or trip rate models (Ortúzar 

& Willumsen, 2011a; Roorda & Miller, 2005). The output of this first stage is the number of trips 

produced and attracted by each zone, which is used in the trip distribution stage to make a trip 

matrix. 



 

16 

 

2.2.4 Trip Distribution  

Trip distribution is the second step of Four-Step Modelling (FSM). The central concept of 

trip distribution is to calculate the number of trips generated among the destination TAZs. The 

primary purpose of this step is to create trip linkage or interaction between the zones for 

commuters.  The inputs to a trip distribution model are the zonal productions (Pi) and attractions 

(Aj) , and the output is the Origin-Destination matrix (OD) or, in other words, the production 

attraction (P/A) matrix). It should be noted when the trip distribution phase precedes modal split 

analysis; the results include trips by all modes. In actual practice, however, multimodal trip 

distribution models are seldom, and in most cases, highway-oriented models have been used to 

distribute trips of all modes; however, in actual practice, the model should have the distribution 

model for each mode of transport and each trip purpose. Since the trip maker decisions related to 

destination and travel mode usually are made simultaneously, it is believed that ideally trip 

distribution should be combined with modal split analysis. 

Distributing trips are usually based on the function of time and distance and are dependent 

on how many trips are anticipated to occur between the two zones. Among the various methods to 

model trip distribution, the gravity model adapted from Newtonôs gravity theory is commonly used 

in the trip distribution process. This method works on the basis that allocates the produced trips of 

a zone to others for different trip purposes based on some friction variables between pair of zones 

(McNally, 2007). These frictions can be different such as travel time, distance, and travel cost. As 

a rule of thumb, people are willing to make longer trips to work from where they live if alternatives 

for the trip purpose are available.  
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NCHRP 365 provides the use of gamma-function coefficients of several samples for urban 

areas as synthetic friction factors. Other calibrated models for similar communities can also 

provide friction factors. Between the traffic assignment step and the trip distribution stages of the 

model, an iterative feedback loop can be set to use the congested travel time as an input into the 

distribution process. 

2.2.5 Mode Choice 

This step is most important for urban models of alternate modes of travel, such as walking, 

biking, or driving any motor car or preferring public transportation to drive from one place to 

another. The main aim of this stage is to transform productions-attraction trips in different modes 

into origins and destinations. 

Mode choice can be defined as the intention of travelers in choosing their mode of transport for their 

trips. Mode choice is highly dependent on a travelerôs personal intentions to choose the means of travel.  

It divides the production attraction (P / A) matrix into separate matrixes for every travel mode 

from the trip distribution stage. Modal split models mainly link the likelihood of transit use to 

mathematically explaining variables or factors. The mode choice models are very data-intensive; 

one possible source of data is home interview surveys. O-D surveys are usually used to develop 

mode choice models. The analysis involves the processing of a variety of data for both demand 

and supply. In developing these models, there is an assumption that needs to be taken, which is the 

variables that explain the present level of transit usage will do so in much the same manner in the 

future. Ashalatha, Manju, & Zacharia (2013) researched Thiruvananthapuram, India they describe 

the method-choice step as a process of arriving at decisions on a particular mode of transport in 

certain circumstances. 



 

18 

 

Several factors are affecting mode choice models; these factors can be group into three 

levels: trip makers characteristics such as income, car-ownership, car availability, and age. trip 

characteristics such as trip Purpose - work, shop, recreation, and trip length. Transportation 

Systems Characteristics such as waiting time, speed, cost, and access to a terminal or transfer 

location. 

The mentioned characteristics can be used to estimate the mode choice models. The most 

common mathematical form is logit models. The logit model is a mathematical formulation that 

estimates the probability of choosing a specific mode based on attributes from trip characteristics 

such as cost and level of service. The NCHRP Report 365 outlines the procedure to develop a 

model based on incremental logit formulation. It uses variables such as in-vehicle travel times, 

out-of vehicle time (walk, wait, and transit time) and the cost of travel to calculate the probability 

of choosing a mode of transport (Chiou, Jou, & Yang, 2015; Shen, Chen, & Pan, 2016). 

2.2.6 Trip Assignment 

The last step in four-step modeling is traffic assignment, which allocates the loadings, or 

user volumes, on each segment of the road network and transit trips onto the model transportation 

network. The unit for this user volume can be a number of vehicles, the number of total persons, 

or the number of transit riders. Depending on the software and the type of analysis, the trip 

assignment is different. There are two main types of assignments: the car assignment, which 

handles car routing, and the other one is public transport (transit) assignment that deals with routing 

of linked passenger trips. 

Popular traffic assignment models include the User Equilibrium model, Stochastic 

Equilibrium model, and Incremental Assignment model. A mathematical algorithm is used in 
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models for the traffic assignment to links between origination destination zones. The final output 

of the estimate is, for example, the volume of vehicles on each road and the number of passengers 

on each link, taking two modes into account, i.e., car and public transit. Different methods are used 

for traffic assignments in the network such as "all-or-nothing" assignment, equilibrium assignment 

and so on (McNally, 2007; Ortúzar & Willumsen, 2011a). In the all-or-nothing method, all trips 

between two pairs of zones will be assigned to a single route based on the available capacity. The 

Equilibrium assignment distributes the demand according to Wardropôs first principle as follow: 

Every road user selects his or her route in such a way, that the impedance on all alternative routes 

is the same, and that switching to a different route would increase personal travel time (user 

optimum)." The underlying assumption of that action is that every road user is fully informed of 

the network situation. This theory is accepted by transport planning with a fundamental methodical 

advantage of equilibrium assignment ï the existence and uniqueness of the assignment outcome 

are guaranteed with very general specifications (expressed in network object volumes). 

In the transit assignment, the line route is one of the main elements regards the assignment, 

which consists of a set of links called line segments. There are different types of transit assignment 

depending on time table data and the environment. The most common transit assignment is 

transport system-, headway- and timetable-based. The transport system-based procedure is used 

when the aim is to evaluate the whole system instead of analyzing single transit lines. This does 

not include a transit line and is used to create a public transport network in which passengers 

choose the shortest routes. The headway-based assignment is based on the optimum strategy theory 

involving speeds and travel times for the public transport lines involved. Since this form of 



 

20 

 

procedure does not allow exact timetables, it is only useful when the schedules are undetermined 

for long-term transport planning. 

Input data such as network attributes and land use attributes are needed in the previously 

described four-stage process. Data reflecting travel behavior in the study area is, however, needed 

to ensure precise estimates at each step. The travel behavior parameters include trip rate tables and 

vehicle occupancy factors; as mention before, such an approach results in an accurate estimation 

of the trip generation. Then the estimates are validated and calibrated using actual traffic counts 

and using past models that were developed for estimating traffic volumes for validation. 

2.2.7 Disaggregate travel demand models 

One of the significant innovations in the travel demand analysis was the development of 

disaggregate models using discrete choice methods in the early 1970s; however, in general, these 

models have focused on modeling individual trips made during the day (Roorda, 2005). The 

disaggregate approach assumes that aggregate behaviors are the result of numerous individual 

decisions. The approach models individual choices as a function of the characteristics of the 

alternatives available and the socio-demographic attributes of each individual. One of the types of 

disaggregate models called activity-based model contains detailed travel information of 

individuals (e.g., time/duration of trips/activities, location, frequency, sequence) and required of 

extensive data, which in turn signifies a high cost for collecting individual data. Given the cost and 

data securement issues, this thesis rather implements the four-step models as the primary approach 

to stimulate travel demand. 
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2.3 Common Strategies for counteracting congestion 

Travel demand models enable the identification of congestion over a transportation 

network. Strategies and scenarios are often tested with the same models to counteract congestion.  

Traffic congestion arises from many factors, including increased transport and travel 

demand for intensified economic and leisure activities and a growing population. In some 

metropolitan areas, because of funding constraints, it is challenging to perform major expansions 

involving land expropriation or build underground (elevated) structures. Modern solutions seek to 

accomplish the modal shift from automobile to public transit or towards active transportation to 

reduce congestion. There is increased world-wide support to public transit (Secretary-general, 

Group, & Transport, 2016); in fact, many cities are moving towards much stranger support of 

Transit. Many recent transportation impact assessment regulations include Policies to discourage 

car travel and support public transportation, as seen in Table 2-1. 

 Transportation engineers and planners have developed a variety of strategies to manage 

demand, which are more critical to transport operations than strategies to increase capacity 

(supply) of facilities and that better use needs to be made of existing and new transport 

infrastructure. These strategies fall into two general categories: Travel demand management, 

Transportation System Management ( Adamson, Yo, & Hoy, 2005). 

2.3.1 Travel Demand Management (TDM) 

TDM consists of strategies that foster increased efficiency of the transportation system by 

influencing travel demand by mode, time of day, frequency, trip length, regulation, route, or 

cost(Abdul Majid et al., 2015). In other words, these strategies include putting more people into 

fewer vehicles (through ridesharing, increased public transportation ridership, or dedicated 
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highway lanes for high-occupancy vehicles), shifting the time of travel and eliminating the need 

for travel altogether.1990s was the end of major highway construction and many planning agencies 

had shifted to short-term planning to deal with the deterioration of transportation infrastructure 

and transportation congestion. Moreover, the growth in travel demand was no longer able to be 

accommodated by increasing supply levels. As a result, integrated TDM strategies, especially 

those enabled by advanced technology, had a more significant role to play in the revitalized long-

term strategic transportation planning process. 

2.3.2 Transportation System Management and Operations (TSM) 

TSM strategies are improvements intended to utilize the existing transportation systemôs 

capacity to the greatest extent possible. These improvements consist of geometric improvements 

or traffic control strategies rather than increasing the number of general use lanes (Abdul Majid et 

al., 2015). In recent years, transportation engineers and planners more than just building new 

infrastructure have embraced strategies that deal with the management of existing roads. 

Transportation System Management and Operations (TSM&O) aims to reduce the impact of a 

number of road incidents and control short-term demand for existing road space. This mechanism 

is the core concept behind Transportation System Management and operations. 

2.3.3 Candidate strategies (TDM and TSM) for this thesis 

Identification and characterization of actions and strategies intended to reduce demand or 

increase the capacity of road segments have been previously done (Papageorgiou et al. .2003). 

Table 2-1shows 24 operational strategies that were selected from an initial list of more than 100 

as being particularly useful in enhancing the performance characteristics of links, corridors, and 

networks (Texas Transportation Institute, 2005) and, therefore useful for the models developed in 
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this thesis. Some of the strategies are applicable only to freeways, some are applicable only to 

arterials, and others are applicable in both environments. 

Table 2-1 Strategies to Improve Capacity (Kittelson et al., 2011) 

       Notes: HOV = High Occupancy Vehicle; HOT = High Occupancy Toll; Alt LT = Alternate Left Turn; VMS = Variable    

Message Sign; DMS = Dynamic Message Sign 

2.4 Decision support systems for road management system 

Road infrastructure is key to a sustainable and competitive economy (Amador-Jimenez & 

Willis, 2012). Increasing demands and rising financial and human resources render infrastructure 

planning a dynamic and daunting challenge for governments and agencies. In the face of these 

challenges, public and private agencies around the world have gradually realized the advantages 

of implementing asset management systems. Infrastructure asset management is a system and 

decision-making mechanism which takes into account a range of properties and covers the entire 

service life of a resource from a technical and economic point of view  (Vanier & Rahman, 2004). 

This seeks to bring a systematic method of cost-effective operation maintenance upgrading and 

Freeway Arterial  Both 

HOV Lanes Signal Retiming Narrow Lanes 

Ramp Metering Signal Coordination Reversible Lanes 

Ramp Closures Adaptive Signals Truck Only Lanes 

Congestion Pricing Raised medians Truck Restrictions 

Pricing by Distance Right/Left Turn Channelization Pre-Trip Information 

HOT Lanes Alt Left Turn Treatments In-Vehicle Info 

Weaving Section 

Improvements 
Access Points Variable Lanes 

Frontage Road Queue Management VMS/DMS 
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extension of physical assets, a practical strategy for achieving well-defined priorities for both short 

and long-term planning (AASHTO, 2010). 

Infrastructure asset management has evolved from pavement management systems. Since 

most infrastructure systems matured and demands began to increase rapidly in the mid-1960s. The 

development of management systems proceeded with bridge management systems and integrated 

infrastructure management systems (Uddin, 2005). The evolution of decision support and 

management systems is summarized in Table 2-3. 

Pavement Management System (PMS) is relating all the main phases of pavement work 

together. Such as planning, designing, constructing, maintaining rehabilitating, monitoring, and 

evaluating pavement conditions (Uddin, 2005). The goal of PMS is to make the best use of 

available funding to enhance or preserve roadways pavement. PMS finds the best time through the 

life cycle to apply a particular treatment on a specific pavement segment. These strategies are 

capable of maintaining existing pavements in good condition and keeping the number of roads in 

poor condition at a minimum by considering the cost-effectiveness of each treatment. One of the 

essential components for PMS is a database. This database should include documenting the 

historical and current road conditions (functional and structural), the pavement structure such as 

pavement type, thicknesses and traffic information. 

There has been a shift in the past 30 years toward maintenance and rehabilitation M&R 

strategies rather than new construction (Birdsall & Hajdin, 2008). The reasons for this shift were; 

first, there were enough constructed infrastructures like road network, and second, those 

infrastructures have deteriorated and need to be maintained and rehabilitated in order to deliver an 

adequate level of service. Therefore, pavement investment policies face essential policy questions 
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regarding the uses of pavement maintenance and rehabilitation (M&R) such as which pavement 

section to treat, which type of treatment to apply in the current budget period, and when this 

treatment must be applied.  

Insufficient resources and financial limitations lead to the development of new methods in 

optimization to help asset management decision-makers to program and plan M&R works. 

Optimization methods such as linear programming (most formal methods of optimization), non-

linear programming, integer programming, or heuristic methods are examples of various 

techniques and decision-making strategies commonly used in the state of practice of transportation 

asset management. An essential component of the pavement optimization models is the pavement 

deterioration model, the maintenance decision process, the cost of M&R activities, the available 

budget, and the functional classification of roads. These models ensure the maximization of the 

overall condition of the road network, taking into account other important factors such as traffic 

demand. The development and implementation of a network-level optimization model for 

pavement M&R have been provided by Gao, et al. 2012, while a project-level optimal framework 

has been offered by Irfan, Khurshid, Bai, Labi, & Morin, 2012.  
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Table 2-2 Historical Evolution of Decision Support Systems 

System Authors Description 

Elimination Et Choix 

Traduisant la Realite 

(ELECTRE) 

Roy and Sussman, in 

1966 

Multi -criteria decision making of bridges 

Weighted Sum Model 

(WSM) 

Fishburn (1967) Determine an adequate asset management solution 

for the dam. 

Pavement asset 

management 

Developed in the 1970s  

Rehan et al. 1994 

Determine an appropriate asset management 

approach for pavement 

Pavement asset 

management 

Developed in the 1970s  

Rehan et al. 1994 

Comprehensive allocation of pavement-related 

works including construction, maintenance, 

rehabilitation, inspection and pavement conditions 

assessment 

The World Bank 

provided the Highway 

Design Manual System 

(HDMS). 

Developed in the 1980s 

Finn, 1998 

Fundamentals of road management related to the 

decision-making progress 

Analytical Hierarchy 

Process (AHP) 

Saaty in 1980 Multi -Criteria Decision Makings 

The Technique for Order 

of Preference by 

Similarity to Ideal 

Solution (TOPSIS) 

Hwang and Yoon 

(1981) 

Multi -Criteria Decision Makings 

Asset management 

system (AMS) using 

capacity-based Approach 

In the late 2000s (Xu et 

al.) 

AMS by utilizing the Risk-Return Trade-Off 

the municipal asset 

management system 

Howard, R. J., 2001 Avoid the negative effects of declining municipal 

road infrastructure as it was necessary to maintain 

a successful and competitive economy 

Agent-Based Modeling Bernhardt et al. 2008 paradigm in order to develop asset optimization 

Life-cycle cost approach Corotis in 2009 Used for the management of Civil Infrastructure 

Systems 

Dynamic Programming 

Models 

In 2011 Management Bridges for improving structural 

classes (inspection, repair, and rehabilitation) 

Infrastructure 

Performance Rating 

Models 

Mohammed et al.,2014 Models in order to manage wastewater treatment 

plans 

Big Data-Based 

Deterioration Prediction 

Models 

Kobayashi et al., 2016 To find the best solution to the problem of 

maintenance 
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2.4.1 International Roughness Index (IRI) 

One of the critical pavement indicators that were employed in a pavement management 

system is the International roughness index (IRI). The IRI was developed by the World Bank in 

1986 and was based on the expansion of the concept of the NCHRP. It shows the smoothness of 

the pavement surface. It is an indicator of the level of comfort experienced by the traveling public 

while riding over a pavement surface (FHWA, 2018). Smoothness also has to do with other 

advantages, including lower fuel and vehicle repair costs (Dam et al.). IRI tests accumulated 

suspension movement in a vehicle that traverses a given distance. 

Traffic conditions especially ESAL, are of the utmost importance in contributing to the IRI 

performance as ESAL numbers have a significant impact on changes in the pavement surface 

conditions. Therefore, the IRI value prediction requires a suitable traffic design. Equivalent single 

axle load (ESAL) is a quantity associated with pavement damage caused by a regular axle load of 

80 kilonewtons (kN) (18,000-pound-force lbs) carried by a single axle with dual tires. The IRI 

units are expressed of slope (m/km, in/mi, mm/m, etc.). The lower IRI means the road is perfectly 

flat paved such as IRI of 0.0 (m/km) and for the upper limit, there is no theoretical upper threshold 

although values above 8 (m / km) represent pavement is in the worse condition, and it needs M&R 

strategies. IRI is an index most widely used in the world to describe longitudinal road roughness 

for the pavement management system (M¼ļka, 2017). 

The different methods used worldwide to assess road roughness. Using high-speed longitudinal 

pavement equipment has become the industry standard for measuring road roughness. The 

different methods used worldwide to assess road roughness. Using high-speed longitudinal 

pavement equipment has become the industry standard for measuring pavement roughness. Inertial 
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Profilers are vehicle-mounted instrumentation systems that measure vertical deviations of 

pavement surface along the direction of travel has been shown in Figure 2-2. 

 

 

Figure 2-2 Inertial Profiler work principle (Jeong, Lim, Suh, & Nam, 2014) 

2.4.2 Deflection Basin area 

Deflection measures are used for measuring the pavement structure's reaction to a known 

applied load. After a load is applied on the pavement Figure 2-3 by Falling Weight Deflectometer 

test, The AREA Parameter is the index to represent these series of numbers for our simplicity 

which is normalized area of a vertical slice between the middle of test load and 914 mm (3 feet) 

away from the test load through a deflection basin. To get the normalized AREA Parameter, we 

need to divide the slice area by the deflection measured at the center of the test. The area gives 

information regarding the subgrade soil strength and pavement strength based on the amount of 

deflection induced by the pavement. The Deflection basin area equation is: 
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where: AREA = the FWD AREA Parameter. (inches or mm).  

D0 = surface deflection at the test load center 

D1 = surface deflection at 12 inches from the test load center   

D2 = surface deflection at 24 inches from the test load center  

D3 = surface deflection at 36 inches from the test load center 

 

 

Figure 2-3 Impact load deflection test for Basin Area (Beltrán & Romo, 2014) 

The maximum AREA value in theory is 36 inches (915 mm) when D0 = D1 = D2 = D3=1  

For all four deflection measurements to be almost identical, the pavement should be extremely 

rigid, such as rigid pavement or thick hot mix asphalt. The minimum Area value, in theory, should 

be no less than 11.1 in. (280 mm) under two conditions: same elastic modulus for all pavement 

layer or no stiffness contribution to the underlying subgrade from pavement layers above it. 

2.4.3 Pavement Performance Prediction Models 

The acceptable and efficient model of pavement performance prediction (PPP) is the basis 

for the long-term analysis of PMS. These models are mainly aimed to predict future pavement 

conditions under specified traffic loading and environmental conditions (Kulkarni & Miller, 

2003a). The PPP models have significant features that are essential for the long-range in the 

process of PMS. These models are used for prioritizing road segment maintenance treatments in 
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the network. Also, these models have been used by transportation agencies to estimate required 

long-range investment (budget) during the pavement life-span and consequences of budget 

allocation for maintenance treatments of a particular road segment on the future pavement 

condition of that road segment (Amin, 2015). 

The most commonly employed treatments for pavement preservation, maintenance, and 

reconstruction, such as crack sealing, micro-surfacing, resurfacing, reconstruction is described 

below. 

1. Crack-sealing: placing materials into developed cracks to prevent water and 

incompressible materials from intruding through cracks. (California Department of 

Transportation, (2003). 

2. Micro-surfacing:  A surface maintenance solution in which a polymer-modified emulsion 

mixture consisting of graded aggregates, mineral fillers, water, and additives is used to 

reduce water penetration, provide skid resistance, enhance appearance, and correct 

weathering, raveling, slight profile defects, and weather damage. (California Department 

of Transportation (2003)). 

3. Resurfacing: A method of installing a new layer of asphalt over the current surface (also 

known as overlaying) (usually one and a half to two inches). Sometimes, resurfacing can 

be accompanied by milling, partially removing the damaged, cracked portion of the 

existing layer before overlaying (Washington State Department of Transportation (2013)) 

4. Reconstruction: Replacing the whole existing pavement structure by the placement of an 

equivalent or an increased-strength pavement structure. (FHWA, Office of Asset 

Management (2005)). 
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The objective of any Pavement Management System (PMS) is to allow maximum use of the 

available funding to improve or preserve the roadway pavement. PMS determines the best point 

through the life cycle of each pavement section to apply a given maintenance treatment. This 

strategy aims at maintaining existing pavements in good condition and keeping the number of 

roads in poor condition at a minimum. The PMS consists of two essential components: a 

comprehensive database and a set of tools and optimization techniques to assist policymakers in 

establishing cost-effective strategies for the evaluation and maintenance of roadway pavement. 

The database should contain comprehensive information on historical and current road conditions 

(functional and structural), pavement structure (pavement type, number and thickness of layers, 

etc.), traffic and environmental information. The set of tools and optimization methods help in 

determining the current and future conditions of roadway segments, estimating necessary financial 

resources, identifying the most cost-effective maintenance treatments, and prioritizing roadway 

segments for rehabilitation projects. 

PMS addresses questions about which pavement section to treat, which type of treatment 

to apply, and when this treatment must be applied. PMS must integrate three management levels 

that vary in terms of information detail and complexity of used models in decision making process: 

strategic, network and project level. At the network level, the primary purpose is the design of the 

network maintenance program, given overall budget constraints (Torres-Machí, Chamorro, 

Videla, Pellicer, and Yepes, 2014). 

The key elements of an optimization model include the pavement deterioration model, 

maintenance decision-making process, cost of M&R actions cost, available budget, functional 

classification of the roadways, and cost-factor associated with the maintenance treatment type. The 
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system ensures that the overall condition of the roadway network is maximized considering other 

significant factors such as traffic demand and environmental impact. The road maintenance in 

PMS is a multi-objective optimization problem for several reasons (Saha and Ksaibati, 2017). 

These reasons are: (1) the objective of engineers or decision-makers is to maximize the overall 

condition of road network under specific budget limitations; (2) preventive and minor 

rehabilitation treatments are more cost-effective than reconstruction; (3) budget should be more 

than a certain amount to achieve maximum benefit to society; and (4) the best mix of roadway 

segments for rehabilitation should include the segments with high traffic volume. 
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Chapter 3: Methodology 

3.1 Introduction 

This chapter presents the methodology employed to develop the models used in this 

research. The ultimate goal was to obtain long-term plans for interventions and improvements of 

roads that consider car demand. The chapter is divided into two sections. The first section describes 

the travel demand model development. The second sections explain the road management system 

model development. The flowchart of the methodology is shown in Figure 3-1. This study 

simulates the traffic volume on each road segment through a travel demand model by incorporating 

the four-step method. An accurate traffic volume is essential for transportation analysis and 

management, such as pavement management, maintenance schedule, pavement design, and economic 

evaluations for safety projects (Wang, Gan, & Alluri, 2013). 
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Figure 3-1 Flowchart of the methodology 

3.2   Travel demand model development 

Developing a TDM model, in particular, is time-consuming and cost-intensive to collect 

the data needed for a robust model. Therefore, the four-step model approach is used in this study. 

The reason for using four-step models is that these models represent reality in a simplified way 

and can be used to analyze the implications of specific policies or strategies. In comparison to field 

monitoring, the outcome of these models can be obtained quicker and at lower cost and risk. The 

use of these models in this study is to predict future conditions without a policy intervention or 
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design and find out which road infrastructure, such as pavement, will deteriorate at a future date. 

Other use of four-step models can be cost benefit analysis for the new road facilities or new 

planning proposal in terms of environmental and social impact assessments. 

3.2.1 Data sources and description 

 Development of a travel demand model requires several data types including the 

following:   

1. Transportation road network: with links and nodes. Each link must contain attributes of the 

posted speed, number of lanes, free flow capacity, whether the carriageway is divided or 

undivided, etcetera. 

2. Population data in transportation analysis zones divided into groups based on relevant 

socioeconomic characteristics that influence the number of trips made by each household 

or individual. 

3. Aggregated Land use data for each transportation analysis zone in total GFA area or 

number of employees per land-use type 

4. Estimation of travel time cost for each pair of TAZ 

5. AADT for control points across the network from recent data counts 

6. A dataset that contains pavement surface and structural condition in terms of International 

Roughness Index (IRI) and Area-basin deflection. 

In this study, the transportation road network was obtained from the open street map 

(www.openstreetmap.org) and also from Open Data Portal for both case studies. The dataset is a 

GIS file format that contains centers of several road segments, including a unique identifier of each 

segment of the road, road type, number of lanes, and the length of the segment. Population data 

http://www.openstreetmap.org)/
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are used to get a broader meaning about the population in general by using information from the 

census data in order to use it in transportation analysis. In the costa Rica case study, population 

data was provided by the ministry of transportation, and in Montreal, case study data has been 

obtained from Statistics Canada (http://datacentre.chass.utoronto.ca/census/). The household and 

individual information such as population, income, and auto-ownership can be derived from O-D 

surveys and should be aggregated by the TAZ level. Pavement dataset was provided by the 

National Materials and Structural Models Laboratory (LANAMME) of the University of Costa 

Rica and an open data portal from the city of Montreal 

(http://donnees.ville.montreal.qc.ca/dataset/) and was used to develop Pavement Performance 

Prediction (PPP) models. 

3.2.2 Demand model software selection  

The selection of tools/packages for travel modeling depends mainly on the following 

factors: project specifications, cost of acquiring software. Therefore, VISUM from the PTV group 

was a good choice. VISUM is a detailed, versatile traffic and transport planning software system. 

The system is used around the world for the preparation of local, national and state-wide 

infrastructure planning. Its user-friendly interface, it is well-organized command structure and the 

good user manual made it possible to finish this study. 

3.2.3 The four-step model approach in VISUM 

A study area needs to be divided into zones, the number of zones and their size is depended 

on the purpose of the model, and what precision is feasible. Information from land use and 

population for each zone should be aggregated into zone level. A road network similar to the 

current conditions is also required for the model, which in VISUM they called links. Residential 

http://datacentre.chass.utoronto.ca/census/
http://donnees.ville.montreal.qc.ca/dataset/geobase
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streets and dead-end streets are typically often ignored because traffic on larger collecting roads is 

of much greater importance. 

The model estimation is done in four stages, which is why we call four-step models. Trip 

generation (step one), is relating all the data regarding land-use and demographics, and other socio-

economic together and trip factors decide the frequency of trip origin or destination in each zone. 

The trip distribution (step two) measures how much traffic flows between each pair of zones, based 

on how well links connect the zones. The consistency and quality of the link are often calculated 

by travel time. 

Mode choice (step three) measures the proportion of trips between each zone using a 

specified mode of transport. 

The trip assignment (step four) specifies the flow of traffic through the road network. 

Techniques of measurement also take account of delays caused by congestions. These delays are 

calculated to calculate new travel time between zones, and with the new travel time step, two is 

then repeated. In VISUM there is a feedback loop function that takes care of these repetitions.  

The idea of production and attraction is an essential element of four-stage models. Each 

trip happens between two points where trip intentions are to do a specific activity such as going to 

work, school, and others. 

3.2.4 Matrix corrections in VISUM 

Many four-step models use so called matrix correction (or matrix update) techniques. 

Matrix correction methods are used in VISUM are meant to adjust a demand matrix, to adjust a 

given OD matrix results for a supply match the real supply observed from traffic counts. Matrix 

correction can be useful in several situations: The results from the trip distribution matrix are not 
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only will be based on the productions, attractions, and connection quality between zones but also 

a combination of factor and traffic counts. A demand matrix based on survey data is outdated and 

It can be updated without the need for a new O-D survey. The change will be based only on census 

data. (PTV VISUM manual, 2018).  

3.3   VISUM model structure  

The first step is to group population-based on similar characteristics in the study area. There 

is an assumption that needs to make here, which is the traffic behavior of the different groups 

should be different, but within the individual groups, it should be as homogenous as possible. In 

VISUM these groups called person-group. For this study, full-time worker, part-time worker, full-

time student, Income level and car ownership has been chosen as person groups due to data 

availability. The second step is to define the trip purpose or activity pair. The demand model is 

based on the assumption that trip purposes or external activities cause mobility. The trip purposes 

used are home-based work, home-based school, and home-based other. A combination of person-

groups and activity pairs will be demand stratums. It links an activity chain with one or several 

person groups. The third step gravity model, which is a mathematical model for trip distribution 

calculation, is used to distribute trips between zones for each demand stratum. In the fourth step, 

trips will be divided into two general modes, which are private such as car and public such as bus, 

metro, rail for each of the demand stratums. Finally, for each of the two modes, these demand 

strata are linked and separately assigned to the road network. The following sections will give 

detail information from each four-step models in VISUM. 
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3.3.1 Trip Generation (Production and Attraction) VISUM procedure 

The selected approach in this step is to calculate trip rates based on the purpose of trips 

considering the person groups which represent the same mobility behavior. Indicating the critical 

variables to group mobility behavior is an easy task. Depending on the available O-D survey and 

the demographical data in the study area, these key variables, such as Income-level, employment, 

age groups, car ownership, etc., can be extracted. For this study, different age groups, different 

income levels, and employment status had been considered. Figure 3-2 shows the person groups 

in VISUM. 

 

 

Figure 3-2 Person group characteristics 
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The next step in the trip generation model is to define the activities to describe the location 

of the population during the day. Activities used for this study are work, school, and others. The 

combination of the person groups and activity pairs will create the demand stratums (demand 

strata). Figure 3-3 shows the demand strata for the four-step model. 

 

 

Figure 3-3 Demand strata four-step model 

After defining the person groups, O-D survey is used for estimating trip rates to determine 

how many trips a person does per day, depending on the category of the person group. Two 

methods have been used. The first method is linear regression to evaluate the number of generated 

trips based on historical data. Linear regression equations evaluate the number of generated trips 

that attract to the study area (dependent variable) from independent variables (Zenina & Borisov, 

2014). The following equation represents this relation between variables. 
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ὣ ὥ ὦὼ  ὦὼ Ễ ὦὼ                                        [3.1] 

Where 

Y:  the dependent variable (trips/household) 

ὼ, ὼ ,é, ὼ: independent variables (population, number of vehicles, gross floor area for 

different land-use) 

ὦ, ὦ ,é, ὦ: regression coefficients (trip rates)  that show to what extent Y changes 

 

The second method for estimating trip rates that have been used for this study is called 

Cross-Classification or Category Analysis. This method is based on estimating the response; for 

example, the number of trip productions per household for a specific purpose. The method 

determines these rates empirically and typically requires large quantities of data. The number of 

households in each class is indeed a crucial element for this method (Ortúzar & Willumsen, 2011). 

The following equation 3.2 is used. 

ὸ Ὤ                                             [3.2] 

Where 

ὸ Ὤ : average number of trips with purpose p made by members of households of type h 

Ὕ Ὤ : observed trips by purpose group 

ὌὬ : number of households in the same category 

After that, we need to find out where the population in the study area is going; therefore, 

there is a need for measurement of attraction per zone. The available data for this study was the 

floor area in square meters of different land-uses such as schools, offices, and others. For that 

matter, Arcmap software has been used to calculate the gross floor area of each category in each 
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zone. Furthermore, the estimated measurement units need to be multiplied with a trip rate. For 

example, a school might generate one trip per 2 m2 while a factory generates one trip per 13 m2. 

Figure 3-4 shows the trip generation model in VISUM. 

 

 

Figure 3-4 Trip generation model in VISUM 

 

3.3.2 Trip Distribution (gravity model) VISUM procedure  

The next step is to define the distribution model in VISUM. Production and attraction per 

zone for each person group estimated from the previous step now it is the time to distribute those 

population groups between each pair of the zone. VISUM uses a gravity model to calculate the 

trip distribution. The program estimates the free-flow travel time and trip length to create a skim 

matrix which is a matrix of all the travel times and distances between all the zones. Then skim 
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matrix used as an indicator for the gravity model to distribute the trips. The general formula for 

the gravity model is showed as follows. 

ὝὭὮ ὖὭ  
ὃὮ ὊὭὮ  ὑὭὮ 

В ὃὑὊὭὯ  ὑὭὯ 
ᾀέὲὩί
Ὧρ

       [3.3]   

 

Where: 

 

ὝὭὮ = number of trips from zone Ὥ to zone Ὦ, 

ὖὭ = number of trips productions in zone Ὥ, 

ὃὮ = number of trips attractions in zone  Ὦ, 

ὊὭὮ = friction factor relating the spatial separation between zone Ὥ and zone Ὦ, and 

ὑὭὮ = optional trip distribution adjustment factor for interchanges between zones Ὥ and 

zone Ὦ 
 

 

The gravity model has parameters to adjust the relationships between travel cost and 

travel time for each trip purpose. Such parameters influence every average trip length of each trip 

type. In this thesis, the ñCombinedò utility function controls the impact of the distance factor in 

the gravity model. 

 

Ὂὧ ὥz ὦᶻὩ ᶻ         [3.4]   

 

Where: 

a,b and c = friction coefficients 

 

Figure 3-5 shows the trip distribution procedure, which has been implemented after trip 

generation in order to distribute trips between zones.  
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Figure 3-5 Trip distribution setup in VISUM 

3.3.3 Mode choice (logit model) VISUM procedure 

The third step of the four-step model is mode choice. In this step zone to zone person trips 

which is calculated from the previous step, is split into different modes using public transport and 

private transport. The private transport in this demand model is car and for public transport is the 

bus network. Trip matrices calculated in the previous step (one for each demand stratum) will be 

split into trip matrices for each mode of transportation. The trip matrices will be joined together 

for each mode to be an input for the trip assignment step. The generalized logit model is the most 

common approach in mode choice models.  The model calculates the probability of choosing a 

particular mode for road users (NCHRP Report 365, 1998). The generalized logit model is given 

in equation 3.5.  
































































































































































































