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Foreword

New technology and changing social and economic environments have a potentially substantial impact
on the travel behavior of individuals and households. Current thinking about transport policy is heavily
influenced by the discussion on sustainable transport. A wide variety of policies, ranging from new
urbanism and land use planning to transport demand management initiatives and pricing mechanisms
have been suggested and implemented to trigger individuals to switch from cars to alternative transport
modes. Whether such spatial, transportation, and economic policies are sufficient is doubtful: it is
likely that sustainable transport also requires a dramatic shift to alternative transport modes such as
electric cars.

To provide adequate academic answers to emerging policy questions, novel methodologies need to
be developed and enhanced. It has become increasingly clear that individuals differ widely in terms of
their preferences, behavior, acceptance of new technology, and reaction to these new policies. Classic
modeling approaches and underlying theories of human choice and decision making only partially ad-
dress the relevant issues. Moreover, they are often too stringent to sufficiently represent this behavioral
heterogeneity.

Agent-based models that are increasingly explored in travel behavior research have the potential to
establish the required breakthrough. Only a few such models that go beyond toy problems are available.
This book should be applauded by bringing together some state of the art agent-based models applied to
current policy issues and new technological developments. It is complemented by underexplored issues
in the application of these models such as uncertainty analysis and the creation of synthetic populations.

The chapters witness the creative ideas, academic rigor, and professionalism of the authors. They
can serve as benchmarks for other researchers to improve.

The book is important reading for new researchers entering this field of travel behavior research. It
offers new perspectives and documents important progress in modeling travel behavior.

Harry Timmermans
Technical University of Eindhoven, The Netherlands

Harry Timmermans (1952) holds a PH D degree in Geography/Urban and Regional Planning. He studied at the Catholic
University of Nijmegen, The Netherlands. His dissertation concerned a theory of the functional and spatial structure and the
dynamics of central place systems. Since 1976, he is affiliated with the Faculty of Architecture, Building and Planning of the
Eindhoven University of Technology, The Netherlands. First as an assistant professor of Quantitative and Urban Geography,
later as an associate professor of Urban Planning Research. In 1986, he was appointed chaired professor of Urban Planning
at the same institute. In 1992, he founded the European Institute of Retailing and Services Studies (EIRASS) in Eindhoven,
The Netherlands (a sister institute of the Canadian Institute of Retailing and Services Studies). His main research interests
concern the study of human judgment and choice processes, mathematical modeling of urban systems, and spatial interaction
and choice patterns and the development of decision support and expert systems for application in urban planning. He has
published several books and many articles in journals in the fields of marketing, urban planning, architecture and urban de-
sign, geography, environmental psychology, transportation research, urban and regional economics, urban sociology, leisure
sciences, and computer science.
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Preface

This provides an overview of latest state-of-the-art research about spatial-temporal micro-simulation
methodologies for human mobility, grounded on massive amounts of big data of various types and from
various sources (e.g. GPS, mobile phones, and social networking sites). One of the applications explored
in this book is the forecasting of nationwide consequences of a massive switch to electric vehicles,
given the intertwined nature of mobility and power distribution networks. Many scientists have already
pointed out that the goal of the social sciences is not simply to understand how people behave in large
groups but to understand what motivates individuals to behave the way they do. If this fundamental
insight can be gained, it certainly is a large step forward towards the solution of this important challenge;
it can help us to better understand the dynamics of our society and, in the longer run, have an impact on
overall societal well-being. In a nutshell, this book will help achieve some very novel objectives in the
field of data-mining, transportation sciences, and its applications. Some of these objectives include:

1. Bigdata challenges: Big data coming from mobile call records, GPS trackers, and social network-
ing sites (e.g. Facebook), along with microscopic energy consumption, land-use, road network,
and public transport level-of-service data pose an enormous challenge in terms of data storage,
integration, management, and privacy.

2. Bigdata joined with behavioral motivation leading to truly novel social science laws: Big data
needs to be merged with behaviorally rich activity-travel diaries, generating a novel data-driven
theory that enables us to analyze mobility demand from the individual point-of-view, not neglect-
ing the behavioral and contextual situation of the individual.

3.  The behavioral sensitivity of the individual as the core entity in the novel simulation stan-
dard: Agent-based reality mining of big data is combined with behavioral sensitivity of the agent,
accounting for changes in human behavior when circumstances change, either due to control (e.g.
policy actions to prevent peak loads in the power network) or due to general trends (e.g. the use of
electric vehicles).

4. A novel standard for evaluation and benchmarking: The massive amounts of big data can be
used to estimate origin-destination matrices, setting a novel, better, and more detailed standard for
evaluating, validating, and benchmarking agent-based micro-simulation models.

5. Anissue of scalability: Computational power needs to be enhanced by orders of magnitude using
state-of-the-art advances in high-performance fine-grain parallel computing systems, addressing
scalability problems resulting from the behavioral theory extraction from big data and from the
adoption of this theory in a nationwide simulation environment of electrification of road transport.



The ability to understand dynamics of human mobility is crucial for tasks like urban planning and
transportation management. The rapid growth of large spatio-temporal datasets gives us the possibility
to develop more sophisticated and accurate methods and algorithms going towards a complete view on
mobility. Private and public institutions have recognized mobility data as a source of information to as-
sess the lifestyle, habits, and demands of citizens in terms of mobility. Chapter 1 provides an overview
of a few approaches to extract mobility profiles of individuals from two important examples of big data
sources: the GPS traces of vehicles and the GSM traces of mobile phones. The key of all the methods
presented is that from the analysis of the individual histories it is possible to derive better information
about the collectivity. Similarly, the pervasiveness of mobile devices and location-based services pro-
duces as side effects an increasing volume of mobility data, which in turn creates the opportunity for a
novel generation of analysis methods of movement behaviors. Chapter 2 relies upon the same amount of
big data but focuses on the specific problem of predicting future locations, which is aimed at predicting
with a certain accuracy the next location of a moving object.

An activity-based approach, which estimates an individual induced traffic demand derived from
activities, has been applied for traffic demand forecast research. The activity-based approach normally
uses different types of input data: daily activity-trip schedule and population data, as well as environ-
ment information. In general, for privacy reasons, population data is made available only as aggregated
frequency distributions; furthermore, that data is snapshots that apply to a specific moment in time.
Therefore, it is indispensable to develop disaggregation and evolution simulation methods to population
data. A synthetic population technique that provides a solution to this problem is presented in chapter 3.

Over the last decades, the trip-based approach, also known as the four-step model, has been playing
an unrivalled role in transportation demand research in Korea. It has been used to predict changes in
traffic volume resulting from new transportation policy measures and has allowed benefit-cost analyses
for new infrastructure provisions. It has been increasingly difficult for the trip-based model to antici-
pate individual responses to new transportation policy inputs and infrastructure provision as the society
becomes personalized and diversified. Activity-Based Modeling (ABM) approaches, predicting travel
demand derived from individual activity participations, were introduced to complement the trip-based
approach in this regard. Chapter 4 provides some deep insights on using an activity-based approach for a
real world scenario (i.e. Seoul city). Similarly, chapter 5 demonstrates the feasibility of applying an inte-
grated micro-simulation model of activity-travel demand and dynamic traffic assignment for analyzing the
impact of pricing policies on traveler activity-travel choices. From a market’s point of view, the realistic
example presented in both of these chapters show strong valorisation potential of the approaches used.

Proper, accurate, and on time data collection is an important challenge for transportation scientists.
For example, the underreporting of road accidents has been widely accepted as a common phenomenon.
In many developing countries this remains a critical problem as inappropriate information regarding
road accidents does not provide a base to analyse its root causes. Chapter 6 shows various features of a
unique data collection mechanism along with the discussion of some success stories where the collected
data has contributed significantly to improving road safety conditions.

Travel Demand Management (TDM) consists of a variety of policy measures that affect the transpor-
tation system'’s effectiveness by changing travel behavior. Although the primary objective to implement
such TDM strategies is not to improve traffic safety, their impact on traffic safety should not be neglected.



Chapter 7 explains that activity-based transportation models provide an adequate range of in-depth in-
formation about individuals’ travel behavior to realistically simulate and evaluate TDM strategies. The
main advantage of these models is that the impact of applying a TDM strategy will be accounted for,
for each individual, throughout a decision making process instead of applying the scenario to a general
population level.

The increasing expressiveness of spatio-temporal micro-simulation systems makes them attractive for
a wide range of real world applications. However, the broad field of applications puts new challenges to
the quality of micro-simulation systems. They are no longer expected to reflect a few selected mobility
characteristics but to be a realistic representation of the real world. In consequence, the validation of
spatio-temporal micro-simulations has to be deepened and to be especially moved towards a holistic
view on movement validation. Chapter 8 paves the way for a novel, better, and more detailed evaluation
standard for spatio-temporal micro-simulation systems. The chapter collects and structures’ various
aspects that have to be considered for the validation and comparison of movement data.

In the next chapter, the issue of validation is explained further because in the specific case of activity-
based models of travel demand, a micro-simulation approach is adopted, thereby inevitably including a
stochastic error that is caused by the statistical distributions of random components. As a result, running
a transport micro-simulation model several times with the same input will generate different outputs.
In order to take the variation of outputs in each model run into account, a common approach is to run
the model multiple times and to use the average value of the results. The question then becomes: What
is the minimum number of model runs required to reach a stable result? Chapter 9 provides details on
systematic experiments that are carried out by using FEATHERS, an activity-based micro-simulation
modeling framework currently implemented for Flanders (Belgium). Six levels of geographic detail are
taken into account, which are building block level, subzone level, zone level, superzone level, province
level, and the whole Flanders. Three travel indices (i.e. the average daily number of activities per person,
the average daily number of trips per person, and the average daily distance travelled per person) as
well as their corresponding segmentations with respect to socio-demographic variables, transport mode
alternatives, and activity types are calculated by running the model 100 times. The results show that ap-
plication of FEATHERS at a highly aggregated level only requires limited model runs. However, when
a more disaggregated level is considered (the degree of the aggregation here not only refers to the size
of the geographical scale but also to the detailed extent of the index), a larger number of model runs is
needed to ensure confidence of a certain percentile of zones at this level to be stable.

Over the last decade, traffic simulation frameworks advanced into an indispensable tool for traf-
fic planning and infrastructure management. For these simulations, sophisticated models are used to
“mimic” traffic systems in a lifelike fashion. In most cases, these models focus on a rather technical
scope. Human factors, such as the drivers’ behaviour, are either neglected or estimated without any
proven connection to reality. Chapter 10 presents an analysis of psychological driver models in order to
establish such connection.

Chapter 11 describes the authors’ continued efforts and experiences with the development, calibra-
tion, validation, and application of a regional agent-based traffic model of a medium-sized metropolitan
area with the goal of shedding light on the challenges, lessons learned, and the opportunities of regional
agent-based transportation models. Specifically, the chapter highlights efficient procedures foridentifying
network coding errors and describes how one might go about validating and calibrating such complex
models so as to achieve a good match between the model’s simulated results and the field counts.
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Modeling activities and travel for individuals in order to estimate traffic demand leads to large-scale
simulations. Most current models simulate individuals acting in a mutually independent way except
for the use of the shared transportation infrastructure. As soon as cooperation between autonomous
individuals is accounted for, the need for agent-based simulation emerges. Chapter 12 presents a novel
agent-based model for the carpooling application.

The last series of chapters in this book relate to the rise in both development and usage of electric
vehicles all around the world. This rise has influenced not only the transportation infrastructure but
also has an impact on the electricity grid. Chapter 13 provides an overview of electric power systems.
The purpose is to describe the structure and operation of the power system and its evolution to the new
smart grids.

Battery-electric and plug-in hybrid-electric vehicles are envisioned by many as a way to reduce
CO, traffic emissions, support the integration of renewable electricity generation, and increase energy
security. Electric vehicle modeling is an active field of research, especially with regards to assessing
the impact of electric vehicles on the electricity network. Chapter 14 presents a framework for electric
vehicle modeling that provides strong capabilities for detailed electricity demand modeling. This model
is built on an agent-based travel demand and traffic simulation.

As mentioned earlier, electric mobility is becoming an option for reducing greenhouse gas emissions
of road transport and decreasing the external dependence on fossil fuels. However, this new kind of
mobility will introduce additional loads to the power system, and it is important to determine its effects
on it. An application related to electric mobility and its impact on the electric grid from Flanders region
is presented in chapter 15.

Similarly, chapter 16 presents a coordination algorithm for charging electric vehicles that can be used
for avoiding capacity problems in the power distribution grid and for decreasing imbalance costs for
retailers. Since it is expected that the fraction of electric vehicles will exceed 50% in the next decades,
charging these vehicles will roughly double the domestic power consumption, and not all parts of the
grid are expected to be able to provide the required power. Therefore, this chapter is quite interesting for
the stakeholders from the power industry to be able to manage the future needs.

Last, but not the least, chapter 17 assesses the impact of different technical solutions and their impact
on the ability of a fleet of plug-in hybrid-electric vehicles to drive in electric mode as much as possible.
The technical solutions covered in this chapter to attain this objective include: charging at low and me-
dium power; charging at home, at work, and at other locations; and using fleets with small, medium,
and large battery sizes. The driving behavior of the fleet is modeled using an availability analysis based
on statistical data from Flanders and The Netherlands.

This book is mostly based on the work performed within the European FP7 project called Data Science
for Simulating the Era of Electric Vehicles (DATASIM) (www.datasim-fp7.eu). Many researchers are
working on the problems defined above in the framework of this project. However, it would be difficult
for any small group of people to cover such a broad topic with the appropriate depth and expertise. In
order to tackle this challenge for this book, we, the editors, looked to our colleagues from within and
outside the DATASIM project consortium to find experts from the domain in question. You can see that
the list of authors has grown quite large and contains a good mixture of academics, consultants, and
people from the industry. We are very fortunate to have received contributions from the knowledgeable
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authors in this book, and we are extremely grateful for this. We applaud the efforts of our contributors,
partners, advisory board, reviewers, and all the others who helped us make this book a success. We all
hope to see the important research work presented in this book used in our everyday lives soon!

Davy Janssens
Hasselt University, Belgium

Ansar-Ul-Haque Yasar
Hasselt University, Belgium

Luk Knapen
Hasselt University, Belgium
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