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English summary
This study explores the effectiveness of the provision of personal departure time advices to
commuters to optimally distribute travel demand in order to avoid or alleviate arising
congestion and is related to the case study of business park ‘de Liesbosch’ located in
Nieuwegein in the Netherlands. The business park currently suffers several negative effects of
excessive loads on the infrastructure caused by the morning and evening commute. These
effects decrease the accessibility of the business park and therefore negatively affect the
area’s sustainability. The application of advanced technologies and the integration of travel
demand and travel supply data by Intelligent Transportation System (ITS) applications could
offer great opportunities for the domain of transport and mobility aiming to reduce
congestion.
By making use of an application on people’s smartphone the preferred times of travel of users
of the application can be extracted and when people are willing to declare a flexibility frame
which indicates how much they would be prepared to deviate from their preferred times, it
would allow displacing of their individual departure time and therefore the distributing of the
aggregated travel demand. By integrating travel supply‐ and comprehensive travel demand
data users can be scheduled in accordance with their personal characteristics, preferences
and constraints and an optimal personal departure advice can be provided.
By making use of such an application individual aspects can be included in the optimal
distributing of the travel demand and a ‘tailor‐made’ departure advice can be provided in
order to balance the total travel demand. In this way departure and arrival patterns can
intelligently be controlled and coordinated in order to decrease peak demands and limit the
exceedance of the infrastructure’s capacity. Such a measure can be very efficient by means of
anticipating on expected traffic congestion and proactively applying measures to prevent
delays instead of solving them after they occur. Because of several current developments
which are of influence on future demand like stagnating population growth, the emergence
of telecommuting in the new world of work and the rising notion of the need of an urban
transport transformation, future travel demand is very uncertain. Therefore, demand side
management measures can in many cases offer a more sustainable alternative for solving the
discrepancy between travel demand and travel supply than extending the physical
infrastructure.
Regarding the case study the optimal distributing of the travel demand concerns the problem
of scheduling of commuters which is characterized by a high extent of complexity because of
the large number of individual and heterogeneous commuters and the interacting and
interdependence between these commuters and the local infrastructure network. It is
important to recognize that departure time is a choice of travelers and that congestion arises
because too many travelers choose to travel at the same time. Therefore commuters are
dependent on as well the departure time decisions of other commuters as of the limited
capacity of the local infrastructure.
Firstly, a methodology will be proposed to generate optimal departure time advices while
commuter’s individual characteristics, preferences and constraints are taken into account. The
optimization problem to find an optimal travel demand distribution is approached with an
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equilibrium‐seeking method which is based on an iterative algorithmic procedure. Similar
procedures are usually applied in relation to dynamic traffic assignment (DTA), a process of
determining traffic flows on the basis of traveler’s origins, destinations and macro time
constraints. By using this method in combination with an agent based transportation model
individual aspects can be included because of the disaggregation of individual agents which
allows the personalizing of these agents. By using the agent based transportation modeling
framework MATSim, which makes use of a similar DTA procedure, and modifying this
procedure a model has been developed to generate optimal personal departure time advices.
The departure times are optimized by relating departure time decisions of agents to the
network‐level performance by scoring the outcome of these decisions through simulation.
Agents who arrive outside their indicated flexibility frame or encounter traffic jams and thus
have long travel times will score rather poorly. Agents who arrive on time without any delay
will receive a high score. By combining a scoring function that aims to minimize travel times
with a co‐evolutionary algorithm an iterative procedure is applied to find the ‘solution’ in
which no agent can increase their overall utility by altering their departure time decision.
Secondly, by making use of a case study this research describes quantitatively the effect of the
provision of the generated departure time advices on resulting traffic flows, within the context
of business park ‘de Liesbosch’. In this study travel demand forecasts are combined with
scenario analysis concerning the effect of crucial uncertainties like the number of commuters
making use of the application and receiving personal departure advices. By using a microscopic
transportation simulation model the effectiveness is analysed. The outcomes of simulation
are compared with the ‘base case scenario’ which represents the performance of the current
system without the interference of any measures and serves as reference for comparisons.
The effect is quantified by defined performance indicators that represent the accomplishment
of formulated goals like the minimization of travel times. Furthermore it is explored whether
the effectiveness of the provision of personal departure advices can be increased when it is
applied as part of an integral traffic management policy. Based on the principle solution
directions in which traffic management can effectively be deployed and in relation with the
context of ‘de Liesbosch’ additional measures have been proposed. These measures concern
coordinated working hours and traffic actuated signal control.
The final results are expressed in terms of improvements of the defined performance
indicators and reductions of the number of encountered delays. It can be concluded that the
generation and provision of optimal departure time advices to commuters by integrating data
can be an effective measure to alleviate congestion and improve the accessibility. The results
can even be improved by applying it in combination with other traffic management measures
like coordinated working hours and traffic actuated signal control. Finally it can be concluded
that the effectiveness of this measure is highly dependent on the number of people that will
make use of the application. The more people will participate and use the application the
better the results will be.
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Dutch Summary
Deze studie onderzoekt de effectiviteit van het voorzien van persoonlijke vertrektijdadviezen
aan reizigers om de verkeersvraag optimaal te verdelen met als doel filevorming te
verminderen of voorkomen en betreft een case study met betrekking tot bedrijventerrein ‘de
Liesbosch’ in Nieuwegein. Het bedrijventerrein wordt momenteel geteisterd door
buitensporige belastingen op het lokale infrastructuur netwerk tijdens de piekuren waardoor
de bereikbaarheid ernstig verslechterd is en de duurzaamheid van het terrein onder druk
staat. De toepassing van intelligente transportsystemen (ITS) zoals geavanceerde reiziger
informatiesystemen bieden grote mogelijkheden voor het domein van transport en mobiliteit
om files te verminderen.
Gebruikers kunnen via een app een persoonlijk vertrekadvies krijgen gebaseerd op onder
andere hun gewenste aankomst‐ of vertrektijd en bestemming. Door gebruik te maken van
een applicatie op reizigers hun smartphone kunnen gewenste reistijden onttrokken worden.
Indien gebruikers bereid zijn om een flexibiliteits frame aan te geven dat weergeeft hoe veel
ze maximaal bereid en in staat zouden zijn om af te wijken van hun gewenste reistijden biedt
dit de mogelijkheid om enigszins te schuiven met persoonlijke vertrektijden. Dit maakt het
mogelijk om de totale verkeersvraag te coördineren en te verdelen. Door het integreren van
verkeersdata afkomstig van zowel de reiziger als het netwerk, kunnen gebruikers ‘ingepland’
worden op basis van hun persoonlijke eigenschappen, voorkeuren en agenda en voorzien
worden van een centraal gecoördineerd persoonlijk reisadvies.
Door te toepassing van een dergelijk applicatie kunnen individuele aspecten die van invloed
zijn op verkeersstromen meegenomen worden in het optimaal verdelen van de verkeersvraag
en een ‘op maat gemaak’ vertrek advies kan worden verstrekt om een meer evenwichtige
verkeersvraag te creëren. Het aankomst en vertrekpatroon kan op een intelligente wijze
gecontroleerd en gecoördineerd worden om piekbelastingen die de capaciteit van het
bestaande verkeersnetwerk overschrijden te verminderen. Door te anticiperen op verwachte
congestie en het proactief nemen van maatregelen in plaats van te reageren kunnnen
maatregelen veel efficienter ingezet worden. Omdat de toekomsige verkeersvraag door
diverse huidige ontwikkelingen zoals een stagnerende bevolkingsgroei, de opkomst van het
telewerken en een toenemde vraag naar duurzamere stedelijke mobiliteit bijzonder onzeker
is bieden maatregelen die de verkeersvraag beïnvloeden vaak een meer duurzame oplossing
voor mobiliteitsproblemen dan het uibreiden van de fysieke infrastrucuur.
Het coördineren van het reispatroon betreft het optimaal verdelen van de verkeersvraag. Dit
optimaal verdelen is een complexe opgave door het grote aantal heterogene reizigers die
zowel ofderling afhankelijk zijn van elkaar als van de beperkte capaciteit van het netwerk en
daarnaast indien zij gelijktijdig reizen zowel met elkaar als met het netwerk interacteren.
Hierbij is het van belang om te erkennen dat vertrektijden keuzes van reizigers betreffen en
dat files ontstaan doordat te veel mensen kiezen om gelijktijdig te reizen. Dit betekent dat de
reizigers zowel afhankelijk zijn van de beslissingen ten aanzien van vertrektijden van andere
reizigers als de beperkte capaciteit die de beschikbare infrastructuur biedt.
Ten eerste zal een methode worden voorgesteld om optimale vertrektijdaviezen te generenen
waarbij persoonlijke kenmerken, voorkeuren en beperkingen van reizigers met betrekking tot
hun reistijden worden meegenomen. Het optimalisatieprobleem van het verdelen van de
9
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verkeersvraag in tijd is benaderd door middel van een equilibrium zoekende methode die
gebruik maakt van een iteratieve algoritmische procedure. Vergelijkbare procedures worden
toegepast met betrekking tot verkeer toedelingsmodellen. Deze modellen bepalen
verkeersstromen op basis van de herkomsten en bestemmingen van reizigers en algemene
tijdsbeperkingen op macroscopisch niveau. Door deze methode toe te passen en te
combineren met een agent‐based verkeersmodel kunnen persoonlijke kenmkerken worden
meegenomen in het optimalisatieproces. Door iedere agent afzonderlijk te modelleren
kunnen deze agents gepersonaliseerd worden met individuele eigenschappen. Door het
toepassen van de agent based verkeersmodellering software MATSim, die gebruikt maakt van
een soortgelijk verkeer toedelingsmodel, en deze aan te passen is een model ontwikkeld
waarmee optimale persoonlijke vertrektijdadviezen gegenereerd kunnen worden.
De vertrektijden worden geoptimaliseerd door het resultaat van de beslissingen van agents
ten aanzien van hun vertrektijd te simuleren en de uitkomst daarvan te waarderen met een
score. Door de scores van alle agents te sommeren kan het resultaat uitgedrukt worden als
een prestatie op netwerk niveau. Wanneer een agent buiten zijn aangegeven flexibiliteits
frame arriveert of in een file beland zal zijn reis slecht beoordeeld worden. Waneer een agent
op tijd aankomt op zijn bestemming zonder enige vertraging zal zijn reis goed beoordeeld
worden. Door het combineren van een score functie waarmee gestreefd wordt de reistijden
te minimaliseren met een co‐evolutionair algortime wordt een iteratieve procedure toegepast
om een ‘optimale’ vertrektijdverdeling te benaderen waarin geen enkele agent de
gesommeerde score kan verhogen door zijn vertrektijd aan te passen.
Ten tweede bescrhijft dit onderzoek door middel van een case study kwantitatief het effect
van het voorzien van de gegeneerde vertrekadviezen op resulterende verkeersstromen. De
case study betreft bedrijven terrein ‘de Liesbosch’. In deze studie worden voorspellingen van
de verkeersvraag gecombineerd met scenario analyses die betrekking hebben op belangrijke
onzekerheden zoals het aantal werknemers dat gebruik maakt van de applicatie en
vertrekadviezen ontvangt. Door gebruik te maken van een microscopisch simulatiemodel
wordt de effectiviteit van de maatregel geanalyseerd. De resultaten van de simulaties worden
vergeleken met het basis vergelijkingsscenario dat geldt als referentie en het huidige
functioneren van het netwerk weergeeft zonder de interventie van enige verkeers
management maatregelen.
Het effect wordt gekwantificeerd met behulp van prestatie indicatoren die gedefinieerd
worden op basis van geformuleerde doelen zoals het minimialiseren van de reistijden.
Bovendien wordt onderzocht of de effectivieit van het voorzien van persoonlijke reisadviezen
verhoogd kan worden door het toe te passen als onderdeel van een integraal
verkeersmanagement
beleid.
Op
basis
van
oplossingsrichtingen
waarnaar
verkeersmanagement kan worden uitgevoerd en op basis van de context van bedrijventerrein
‘de Liesbosch’ worden aanvullende maatregelen voorgesteld. Deze maatregelen betreffen het
coördineren van werktijden en het inzetten van dynamische verkeerslichten.
De uiteindelijke restultaten worden uitgedrukt in termen van verbetering van de
gedefinieerde prestatie indicatoren en vermindering van het aantal vertragingen. Er kan
worden geconcludeerd dat het genereren en voorzien van optimale vertrektijdadvizen aan
10

Generation and provision of personal travel advices to optimize traffic flows

werknemers van bedrijventerrein ‘de Liesbosch’ een effectieve maatregel kan zijn om
filevorming te verminderen en de bereikbaarheid te vergroten. De resultaten kunnen nog
verbeterd worden door de toepassing in combinatie met andere verkeersmanagement
maatregelen zoals gecoördineerde werktijden en dynamische verkeerslichten. Tenslotte kan
geconcludeerd worden dat de effectiviteit van de maatregel in hoge mate afhankelijk is van
het aantal gebruikers van de applicatie. Des te meer mensen deel nemen aan het programma
en gebruik maken van de app des te beter zullen de resultaten zijn.

.
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Abstract
This study explores the effectiveness of the provision of personal departure time advices to
commuters to optimally distribute travel demand in order to avoid or alleviate arising
congestion. By making use of an application on people’s smartphone individual aspects can
be included in the optimal distributing of the travel demand and a ‘tailor‐made’ departure
advice can be provided in order to balance travel demand. Departure and arrival patterns can
intelligently be controlled and coordinated in order to decrease peak demands and limit the
exceedance of the infrastructure’s capacity.
Firstly, a methodology will be proposed to generate optimal departure time advices while
commuter’s individual characteristics, preferences and constraints are taken into account. The
optimization problem to find an optimal travel demand distribution is approached with an
equilibrium‐seeking method which is based on an iterative algorithmic procedure. By using
this method in combination with an agent based transportation model, which allows the
personalizing of agents, individual aspects can be included.
Secondly, by making use of a case study, this research describes quantitatively the effect of
the provision of the generated departure advices on resulting traffic flows, within the context
of business park ‘de Liesbosch’ located in Nieuwegein in the Netherlands. The business park
currently suffers several negative effects of excessive loads on the infrastructure caused by
the morning and evening commute. These effects decrease the accessibility of the business
park and therefore negatively affect the area’s sustainability.
In this study travel demand forecasts are combined with scenario analysis concerning the
effect of crucial uncertainties like the number of commuters making use of the application
and receiving personal departure advices. By using a microscopic transportation simulation
model the effectiveness is analysed. Furthermore it is explored whether the effectiveness of
the provision of personal departure advices can be increased when it is applied as part of an
integral traffic management policy.
It can be concluded that the generation and provision of optimal departure time advices to
commuters by integrating data can be an effective measure to alleviate congestion and
improve accessibility. The results can even be improved by applying it in combination with
other traffic management measures like coordinated working hours and traffic actuated signal
control.
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1

Introduction

Currently most traffic management measures are applied when congestion has already
occurred. It could be far more useful to anticipate on expected traffic congestion and
proactively apply measures to prevent delays and other congestion related problems instead
of solving them after they occur (TrafficLink, 2015). A measure with great potential regarding
this problem is the provision of personal travel advice to enable drivers to adapt their travel
behavior on time to avoid traffic jams. By making use of an application on people’s phone
individual aspects can be included and a ‘tailor‐made’ departure advice can be provided. This
problem includes as well technological as human behavioral aspects. This research consists
out of two major parts. On the one hand, it is studied how an optimal personal travel advice
can be generated while taking into account personal preferences, characteristics and
constraints.
On the other hand, the effect of the provision of personal travel advices for the purpose of
alleviating traffic congestion is examined. In addition to this it is argued that he potential effect
of the measure can even be increased by applying it as part of an integral traffic management
policy. In order to test the effectiveness an agent based transportation model is used to model
the influence on traffic flows. It is well established that agent‐based approaches suit traffic
and transportation management very well given the geographical, functional, and temporal
distribution of data and control, as well as the frequent and flexible interaction between the
participants and their environment (Bazzan & Klügl, 2013). By making use of a case study, this
research describes quantitatively the effect of these proactive traffic management measures
within the context of business park ‘de Liesbosch’ located in Nieuwegein in the Netherlands.

1.1 Problem Definition
The problem
The business park currently suffers several negative effects of excessive loads on the
infrastructure caused by the morning and evening commute. These effects decrease the
accessibility of the business park and therefore negatively affect the area’s sustainability. The
business park is characterized by one specific type of land use and the main activity of the
people making use of this area is working. This implicates the problem that most people arrive
and leave at approximately the same times so the demand is characterized by very high and
concentrated peak demands. These peak demands exceed the limited capacity of the local
network, which results in overloading of the system and very long queues in front of the traffic
lights. The specific negative effects related to the problem at the business park will be
explained in section 5.2 where the case study is discussed.
Problem in terms of supply and demand
Infrastructure systems can be described in terms of supply and demand. The supply side of
the system is related to the quantity of physically available kilometres of asphalt and
determines the capacity of the road network. The demand side is dependent on the number
of vehicles making use of and putting pressure on the road network. When the supply of
infrastructure falls short traffic congestion arises. Traffic congestion indicates that the
relationship between the demand‐ and supply side of the infrastructure network is
jeopardized and it can be described as an expression of discrepancy between these two sides
of the infrastructure system. This can either be solved by an increase of the supply side i.e.
expansion of the infrastructure system or a decrease of the demand side.
15
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Uncertain future demand
Several current developments are influencing future demand. Because of a stagnating
population growth, the emergence of e‐business and telecommuting in the new world of work
and the rising notion of the need of an urban transport transformation, future demand is very
uncertain. Because of this reason large investments in infrastructure extensions with the
objective of increasing the supply side is probably not the most sustainable approach. Instead
of building more capacity, couldn't the existing capacity be used more efficiently? Different
demand side management measures could be implemented to reduce or better distribute the
travel demand of the road network and alleviate the pressure on the relationship between
the demand‐ and supply side of the infrastructure system.

1.2 Solution direction
Managing travel demand
Managing the travel demand can in many cases offer a more sustainable alternative for solving
the described discrepancy than extending the physical infrastructure. Regarding the
phenomenon of traffic congestion currently most measures for traffic management are
reactive and only applied when congestion has already occurred and thereafter been
identified. A proactive approach to traffic management which comprises forecasting and
anticipating on future states of the traffic system could be far more efficient to prevent traffic
jams instead of trying to solve them after they have emerged. A measure with great potential
regarding this approach is the provision of personal travel advice to enable drivers to adapt
their departure time on time to avoid traffic jams. The principal aim of such information
system is to improve mobility and reduce traffic congestion by means of balancing the excess
of demand at peak hours by spreading out the mobility demand over an extended timespan.
These measures aim to control the distribution of the travel demand and decrease the related
extent of randomness in the process of people arriving at and leaving the area. The final goal
is to improve the accessibility of the business park and avoid or decrease bottlenecks in the
local infrastructure system. The importance of providing personal advices can be
demonstrated when for example congestion arises at a certain highway and all travelers with
this highway on their route will receive the same notification with the best alternative route.
This could lead to congestion at this alternative route and would only implicate a translocation
of the problem.
Opportunities of a business park
Innovations like advanced traveler information systems offer great opportunities when they
are considered in combination with the new world of work in which people will be more
flexible regarding their work times and work places. A business park is a very interesting
location to analyse the possible effect of distributing the travel demand in time because of the
changes entailed by the emergence of the new world of work. A business park is an area of
land in which office buildings are grouped together. The local travel demand is (almost)
exclusively determined by the commuters working in the area and directly related to the
working hours of these commutes. In this new world of work most people are not strictly
bound to fixed working hours but they are rather flexible to organize their daily working
pattern. This enables the coordination of the travel demand. Personal travel advices can be
‘customized’ to the commuter’s personal agendas and their lifestyle while the related
locations and times are taken into account with a twofold objective. At the one hand, the
individual objective to provide a reliable travel advice that suits people’s schedule is of
16
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interest. At the other hand a collective objective exists to distribute the total mobility demand
over a larger timespan to alleviate the pressure on the infrastructure system and improve the
resulting traffic flows for a common benefit.
Why a business park?
At a business park the potential of the measure can be exploited to its full potential. The case
study of a business park is particularly suitable to test the effectiveness of the provision of
departure time advices to distribute travel demand because of the following reasons:






The travel demand is ‘known’: there is much information available about the
commuters and the travel demand regarding departure times and locations;
The travel demand is ‘limited’: an improvement of the system’s performance does not
induce new demand since it exclusively consist out of commuters working in the area;
The travel demand is ‘predictable’: there is little unknown traffic and the arrival and
departure process concerns a recurring process with little sources of variation;
The travel demand is ‘attainable’: commuters could relatively easily be reached by
means of their company which can contribute to the necessary public support;
The network is ‘demarcated’: the bottleneck is located in the proximity of the area.
Therefore there is little variety in the expected travel time from the moment of
departure until the arrival at the bottleneck (in case of the evening commute).

Goal of the provision of optimal travel advices
The principle goal is to improve the overall mobility and avoid or decrease bottlenecks in the
infrastructure system by distributing the travel demand and balancing the network’s inflow to
decrease excessive peaks. The following goals have been formulated:





Minimizing the total aggregated travel time;
Minimizing the total travel time losses;
Minimizing excessive individual travel times;
Minimizing the travel time uncertainty.

Figure 1: Principle of balancing demand (Transport for London, 2015)
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1.3 Research objectives
Goals of this study
Firstly, a method is developed to generate the required optimal departure times. Travel supply
and comprehensive travel demand data is integrated to optimally distribute the total travel
demand. The optimal distribution will be obtained by scheduling people in time while taking
into account their preferred times of travel and flexibility time frames. Currently such
scheduling problems are mainly approached as pure mathematical optimization assignments
ignoring personal characteristics. Calculation of a mathematical optimum is practically
impossible when you want to include individual characteristics like differences in flexibility,
preferred departure times, home‐ and work locations and interaction with and
interdependence between all travelers. In this study a method will be developed to generate
optimal departure time advices while taking into these individual aspects. An agent based
approach is part of the optimization process to enable the inclusion of these personal aspects.
Secondly, after the method has been developed to generate optimal departure times, the
effectiveness of the provision of these departure times as a personal travel advice can be
analysed by modeling and simulating affected traffic flows. A microscopic approach is adopted
to model the effectiveness. Finally, I argue that the potential effect of the measure can even
be increased by applying it as part of an integral traffic management policy in combination
with other possible traffic management measures. The effectiveness of these measures can
be evaluated independently and integrated with each other. Scenarios analysis is performed
in order to determine and compose optimal policy strategies regarding the dynamic
management of the traffic system in order to coordinate and distribute travel demand to avoid
or alleviate bottlenecks.
The private initiative
This study is initiated in response to the specific request of the largest company established in
the business park Ordina, to invent an adequate solution for the mobility problems that the
commuters encounter every day. The solution should improve the accessibility of the area and
therefore contribute to a higher level of sustainability of the area. The currently decreased
accessibility has a negative effect on as well the social, economic as ecologic sustainability of
the area. Usually the performance of infrastructure systems is considered government
responsibility and not to be possibly influenced by private initiatives. The urgency of an
improvement of the local accessibility is apparent from the fact that the study is initiated by a
private party located at the business park. This also shows that there is a growing awareness
of the possibilities of demand side managing technologies that can improve mobility. There is
a growing recognition that infrastructural expansion is not the only possible solution for
mobility related problems. The municipality and the other companies have affiliated with the
initiative of Ordina and have jointly requested the composition of a traffic management policy
consisting of measures that can contribute to a structural improvement of the accessibility of
the area. This study is the result of that request and explores the possible positive effects of
the deployment of a personal travel advice application on the accessibility of the business
park.
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Sustainability aspects
As mentioned before the decreased accessibility negatively affects the sustainability of the
business park in several respects. Regarding the economic sustainability, the current mobility
issues stands in the way of further economic development of the business park. Furthermore,
the social sustainability is jeopardized since the commuters experience several negative
effects of the daily traffic congestion. The ecological sustainability of the area is damaged as
well since the excessive queues involve high CO2‐emissions and fuel consumption. Section 5.2
will further elucidate on different sustainability aspect that are negatively affected by the
current mobility issues.
Traffic management policies
Since the current situation affects all companies established in the business park, the request
to find an adequate solution for the mobility problems that the commuters encounter
represents the urge of all companies located in the area. Besides, the different companies also
the municipality is involved in the initiative of composing a traffic management policy which
covers measures that can positively affect the area’s sustainability. The involvement and
commitment of different parties enables the organisation and execution of coordinated traffic
management policies. The provision of personal departure time advices can be applied as a
stand‐alone measure. However it can also be deployed as part of an integral traffic
management policy since of course as well other measures could be implemented and
contribute to improving the system’s performance. Therefore other measures that could as
well be effectively be deployed in the context of business park ‘de Liesbosch’ are also included
in this study. The proposed additional measures are coordinated working hours and traffic
actuated signal control. Why these measures and what they exactly involve is described in
section 7.3
A broader perspective
These measures could offer great benefits at the local scale of a business park, but also in a
broader more global perspective. The technology can be applied in innumerable locations all
over the world. Examples of applications are business parks, events, conferences, sports stadia
and in general at locations where many people want to make use of the same limited local
infrastructure network at approximately the same time. Municipalities, authorities and
governments can benefit from the implementation of advanced traveler information systems
because in general traffic congestion and the associated societal costs can be reduced and
furthermore energy‐ and environment related problems like CO2‐emissions and energy
consumption can be decreased. Moreover, people can individually benefit. People can plan a
reliable trip based on real time information and with their personal agenda and preferences
taken into account. The travel time uncertainty can be decreased and people will experience
a more reliable and comfortable journey.

19

Generation and provision of personal travel advices to optimize traffic flows

1.4 Research questions
Based on the research problem and the formulated goals of this study different research
questions have been formulated. Concerning the first formulated goal of generating optimal
departure times the following research question has to be answered:
Research Question 1: How can optimal departure time advices be generated while
taking into account commuter’s individual characteristics preferences and
constraints?
Since there are numerous locations where this measure can be applied to control and
coordinate the travel demand this research question will be approached in a general context.
After this question has been answered and a method has been developed to generate optimal
departure time advices, the possible effect of the provision of these advices can be tested.
Regarding the second formulated goal of analysing the effectiveness of the provision of these
departure times as a personal travel advice the following research question has to be
answered:

Research Question 2A: What can be the effect of the provision of personal
departure time advices to optimally distribute travel demand in order to avoid or
alleviate arising congestion?
The generic developed methodology will be applied to the considered case study area. By
making use of a case study, this research describes quantitatively the effect of this proactive
traffic management measures within the context of business park ‘de Liesbosch’ located in
Nieuwegein in the Netherlands.
In order to exploit the measure to its full potential it can be deployed in combination with
other traffic management measures like coordinated working hours and traffic actuated signal
control. I argue that the potential effect of the measure can even be increased by applying it
as part of an integral traffic management policy. In order to test this argument the following
research question has to be answered:

Research Question 2B: Can the effectiveness of the measure be increased when it
is applied as part of an integral traffic management policy in combination with
other traffic management measures?

These research questions will be answered in chapter 9 where the conclusions of this study
will be drawn.
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Sub research question
In order to be able to find well‐founded answers to the formulated research questions the
following sub question have been formulated which will be answered throughout the different
chapters of this report:
Sub research questions:


Under what circumstances does traffic congestion arise and what are the
most important influencing variables?



What principle solution directions exist in which traffic management can
effectively be deployed in order to alleviate congestion?



What information or travel advice could be provided to influence traveler’s
behavior? How can this advice be personalized?



How can the travel demand forecast be generated in order to enable the
optimal distribution of the travel demand?



What is the effect of the following (pro) active traffic management
measures on resulting traffic flows?
‐ Provision of personal departure time advices;
‐ Coordinated working hours;
‐ Traffic actuated signal control.



How can policy strategies be developed on the basis of the efficiency of
these measures to optimally distribute the traffic demand?

1.5 Research limitations
The study performed in order to answer these research questions is limited in several ways.
The most important limitations are described in this section. Furthermore during the study it
is inevitable to make different assumptions. The most important assumptions will be
described in the discussion in chapter 9.
Traveler’s response
Understanding traveler’s response to the information provision is critical to the design,
implementation and effective deployment of the proposed application. Regarding traveler’s
response to the provision of information the study is limited. Modeling the response of app‐
users on the provision of information is very complex. Traveler’s response depend on a lot of
aspects among which the type of received information, the reliability of the information and
the current traffic conditions that they perceive.
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Including adequate human behavior modeling regarding people’s individual response to the
provision of information would be too complex to include in this (limited) study. This would
require a much more in‐depth study to personal human decision making. Different papers on
the provision of traffic information via Intelligent Transportation Systems (ITS) can be found
in literature. Many of these papers explore the issue of providing (real time) traffic information
via ITS applications to drivers about expected congestion levels, and how doing so changes
their route choice (Chorus, et al., 2007). Similar studies have been performed which deal with
unpredictable expected congestion (Han, Dellaert, Raaij, & Timmermans, 2014).
In this study assumptions will have to be made regarding people’s individual response. The
performance of for example a survey to collect information regarding the response of the
population included in the research will be too comprehensive and is beyond the scope of this
research. Therefore it is assumed that commuters who make use of the application and
receive a departure advice will also follow this advice. In reality this will never be the case,
since some people will simply not follow the advice or at least deviate to some extent from
the provided departure advice. Furthermore people can always act strategically and react on
current conditions of the system which they can monitor from their working place. The
inclusion of these kind of effects would be too comprehensive for this study.
Real time system
In a real world application, where these effect do occur, the condition of the network should
be measured with a real time surveillance system to measure the system’s performance and
compare it with the forecasted system performance. Based on the difference, the travel
demand forecast and related departure time advices should be updated dynamically.
However, in this study it is assumed that commuters who participate and make use of the
application will also follow the advice. Because of this assumption there will be no difference
between the forecasted travel demand and the resulting modeled traffic demand. Therefore
there is no use in a surveillance system that compares real time measurements with the
forecasted conditions and this is left out of consideration in this study. This will be further
discussed in section 4.7 and 0 that respectively discuss the application design and the model
design.
Microsimulation instead of agent based simulation
Because of this assumed behavior the actual simulation of the effectiveness of the application
on the corresponding traffic flows concerns ‘simple’ microscopic modeling in which users
don’t negotiate with each other but in which it is assumed that they will follow the provided
departure advice. This implicates that it is not a truly agent based simulation. However an
agent based approach, in which the agents with their own behavioral rules interact with each
other, is used to generate an optimal departure advice. The optimization process is based on
agent’s learning behavior in which they can shift their departure times i.e. change their travel
behavior while they are interdependent of and interacting with each other and their
environment. Their behavior is determined by their own and the other agent’s characteristics,
preferred times, flexibility constraints and their goal to travel as little time as possible and
arrive within their ‘flexibility frame’. This will be more extensively explained in section 4.3.
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Limited optimization
Another important limitation of the research is that the spreading of the traffic demand in this
study will only concern an optimization of departure times because in the case of business
park ‘de Liesbosch’ there is only one access road available. The limited physical infrastructure
causes that all commuters arrive at and depart from the area making use of this one access
road. In other locations, where different access routes are available the optimization should
also concern different routes over which the travel demand can be distributed. This
optimization should then be dependent on the destination of the commuters. The goal of the
application however remains the same: making use of the available capacity as efficient as
possible.

1.6 Research design
Methodological justification
It is well established that agent‐based approaches suit traffic and transportation management
very well given the geographical, functional, and temporal distribution of data and control, as
well as the frequent and flexible interaction between the participants and their environment
(Bazzan & Klügl, 2013). Real traffic data will be used to construct and validate the model and
simulation could provide further insights on the possibilities of proactive traffic management.
Agent‐based modelling is a simulation technique for modelling complex systems. An agent
based model generally has three elements; a set of agents with attributes and behaviors, a set
of relationships and methods of interaction and the agents’ environment (Macal, 2010). The
systems are modelled as a collection entities called agents. The main benefits of agent based
modelling is that it captures emergent phenomena, provides a natural description of a system
and it is flexible. Agent based modeling can be implemented to model the individual behavior
like departure time decisions of travelers to simulate their influence on the system (Bazzan &
Klügl, 2013). A very important feature of agent based models is that they are essentially
decentralized. The modeler defines agent’s behavior and characteristics at individual level,
and the global behavior emerges as a result of many individuals, each following its own
behavior rules, which for example concern their extent of flexibility, living together in some
environment and communicating with each other and with the environment. Regarding
systems that contain large numbers of active objects like an infrastructure system being used
by a lot of travelers an agent based approach is more general and powerful than traditional
approaches because it enables to capture more complex structures and dynamics. Another
important advantage is that it provides for construction of models in the absence of the
knowledge about the global interdependencies (Borschev & Filippov, 2004).
Geographic information systems (GIS) are used to gather, analyze, modify, manage and
present all types of spatial information. Combining data with geographic information such as
maps, results in numerous forms of output (Frank, 1993). Open source travel supply data is
available at OpenStreetMap.org. This data concerns the specifications of the infrastructure
network. GIS is an operational and supporting information system where data can be related
to a specific location or area. With GIS many products can be created such as maps, charts,
tables and graphs. The infrastructure network of the business park GIS can provide insight in
the geographical aspects of a problem. It
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Research model
In figure 2 the research model is illustrated. The research model can be divided in a theoretical
part concerning desk research and determination of conditions and a rather practical part
which include the design and execution of the model to generate optimal departure time
advices and simulate the effect on resulting traffic flows:

Figure 2: The Research Model
Desk research
The first step of the study will concern desk research which involves a literature study,
contextual orientation and the collection of data. The literature study is related to the
identified problem and elaborates on the causes of the problem in a broad context, the
proposed solutions, measures and the methodologies used in this study. The contextual
orientation will be used to get experienced in the field of traffic flow theory and dynamic and
proactive traffic management. This contextual orientation is essential in order to propose
adequate measures to improve the problem definition described in section 1.1. It is important
to be familiar with solution directions that are usually applied to solve related problems. The
fundamentals of traffic flow theory are studied to learn the main principles that form the basis
of effective deployment of traffic management in order to improve traffic flows. The
contextual orientation together with the literature study should contribute to answering the
different formulated sub questions on the basis of which later the main research question will
be answered. Besides, the data collection concerns the collection of available traffic data
regarding the business park area. This will provide insight in current traffic flows and the onset
of congestion in the case study area.
Conditions
In order to compose a model to generate optimal departure times and test the effectiveness
of departure time shifting on the affected traffic flows the conditions which are of interest
have to be determined. Which aspects are of influence on the travel demand, the travel supply
and the interplay between these two? Important conditions for the model concern traffic
demand data, traffic supply data and personal commuter’s characteristics. The conditions for
the model will be based on the contextual orientation, the literature study and the data
collection. The first category, traffic demand data concerns information regarding the usage
of the infrastructure system e.g. the number of commuters working in the area, the number
of vehicles that make use of the infrastructure, the commuters working hours etc. These
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concern different variables that determine the travel demand at a given moment in time. On
the basis of available data a travel demand forecast can be generated to simulate the travel
demand. The second category concerns traffic supply data. This relates to the physical
infrastructure and its capacity e.g. the number of lanes, the outflow‐ and storage capacity of
the road sections and the presence and configuration of traffic signals. The third category
concerns the human behavioral aspects. The optimization of individual departure times is
dependent on people’s individual characteristics, preferences, agendas and extents of
flexibility. Figure 3 shows a conceptual overview of the model based on the different
conditions. This model design will be extended when the model is actually developed. Section
0 discusses the final model design.

Figure 3: Conceptual Agent Based Transportation Model (Ben‐Akiva, 2010)
Design
To design the model where the aforementioned conditions are combined the agent based
transportation modeling framework MATSim will be used. MATSim provides a framework to
implement large‐scale agent‐based transport simulations. The stochastic, queue based traffic
model simulates the physical world and is used to represent traffic flows that are the result of
the interplay between travel demand i.e. the collection of all people traveling from an origin
to a destination and travel supply i.e. the available infrastructure system (MATSim, 2015). GIS
will be used to gather, analyze, modify, manage and present all types of spatial information
regarding the local infrastructure network (Frank, 1993). Furthermore GIS is applied to provide
insight in the geographical aspects of the problem, to visualize the problem in its physical
context and to visualize the effect of the measure in its physical context.
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Case study ‐ scenario analysis
The case study will be used to quantitatively describe the effect of the provision of optimal
departure advices and other traffic management measures within the context of business park
‘de Liesbosch’ located in Nieuwegein in the Netherlands. A model can be created based on
the physical infrastructure of the selected area. The conditions described before will serve as
input. Simulations can be run to provide insight in how traffic management measures like
personal departure time advices influence the system’s performance, how the mobility
demand could be spread out and what would be the effect on arising congestion. By making
use of scenario analysis the effectiveness of different measures can be analyzed. Firstly, the
current state of the infrastructure system will have to be modelled making use of available
data. This concerns the ‘base case scenario’ which serves as reference and represents the
system’s performance without the interference of any measures. Secondly, measures can be
applied and represented by the introduction of changes in the system after which the model
can be simulated again. The comparison of the system’s performance before and after the
introduction of the changes will provide insight in the effectiveness of the concerning
measures.
Conclusions
Finally conclusions can be drawn based on the simulations of the model and recommendations
will be made.

1.7 Expected results
It is expected that dynamic traffic management measures like the provision of optimal
departure time advices can significantly reduce travel times and contribute to the alleviation
of congestion. Furthermore the effectiveness of the measure is expected to be increased
when it is applied as part of an integral traffic management policy in combination with other
traffic management measures. The available capacity of the local infrastructure network can
be used much more efficiently by better distributing the travel demand in time. By integrating
travel demand data and data derived from people’s smart phone with travel supply data the
departure times of commuters can be optimized. The results can be expressed in terms of
decreased trip durations or a reduction of the number of encountered delayed trips.
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2

Contextual orientation

Before adequate measures can be proposed to improve the mobility issues of business park
‘De Liesbosch’ it is important to explore the root of the current problems. Furthermore, since
it concerns a widespread problems already a lot of studies have been performed to find
solution directions in which effective measures can be deployed. This chapter represents a
summary of the most important definitions, notions, and classifications related to the mobility
issues of a business park. The problem definition introduced in section 1.1 and related to the
case study is an example of the overarching phenomenon of traffic congestion. This chapter
provides required general insight in the fundamentals of traffic flows and related traffic
congestion. Besides it describes the main principles upon which most effective traffic
management measures are based. Firstly, the concept of a traffic system will be illustrated as
an interplay between demand and supply. Secondly, it will be explained which circumstances
contribute to the emergence of traffic congestion. Finally, the self‐organizing ability of traffic
flows is described and the main directions in which traffic management can be effectively
deployed to further improve this effect are discussed. The major part of this chapter concerns
contextual information which can be assumed to be known by readers familiar with the field
of traffic flow theory. However it concerns essential knowledge in order to be able to propose
adequate solutions or measures to improve the accessibility of the business park considered
in the case study. This chapter will elaborate on the following topics, presented in this
sequence:
•
•
•
•

Traffic system;
Traffic flow theory;
Self‐organizing ability of traffic;
Traffic management solutions.

2.1 Traffic system
The next three sections will jointly provide answers to the following research question:

Under what circumstances does traffic congestion arise and what are the most
important influencing variables?

The following description of the basic mechanism governing traffic congestion has been
derived from (Miete, 2011).
Traffic demand
Traffic demand arises from people’s urge to move from one location to another. Generally
considered, traffic demand, can be seen as the aggregate result of choices made by people.
For example, the mode choices people make when they are traveling to work, echo their
preference for certain travel modes over others; their departure time decision echo their
aversion (or lack thereof) for being late etc.; and their choices also echo how they trade off
these often diverging preferences (Chorus, 2014). People’s preferences determine the
decisions they make regarding their travel behavior. These decisions concern choices whether
people travel in the first place or not, what kind of transport mode they use, from and towards
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what location they travel, which route they choose and at what time they depart. All these
combined decisions from al people together form the total travel demand. This finally results
in the definition of travel demand of a specific place in the infrastructure network namely the
amount of traffic wanting to traverse that specific section at a moment in time.
Traffic supply
The traffic supply concerns the available capacity. Capacity is usually defined as follows: “The
maximum hourly rate at which people or vehicles can reasonably be expected to traverse a
point or uniform section of a lane or roadway during a given time period under prevailing
roadway, traffic and control conditions” (Hoogendoorn & Knoop, Traffic Flow Theory and
Modelling, 2013). The rate at which vehicles can flow through is dependent on several aspects.
The most important aspect is the physically available amount of asphalt which accommodates
a certain amount of vehicles to being processed in a certain amount of time. However, the
capacity can also be limited by for example traffic lights. The traffic supply is just like the travel
demand characterized by an extent of variability. Appendix I contains a description of the
different related sources of variability.
Traffic congestion
In order to effectively undertake measures to alleviate congestion it is important to answer
the question under what circumstances traffic congestion arises and what are the most
important variables influencing the emergence of traffic jams. Traffic jams basically occur
when demand exceeds road capacity. This will often happen at a discontinuity. Such a
discontinuity could either be a local capacity reduction or a local addition to the traffic
demand. A local capacity reduction could for example concern a signalized intersection which
is the case at business park ‘de Liesbosch’. Such situation could lead to the formation of a
standing queue, in many cases reducing outflow over free conditions. This usually causes a
capacity drop. In a standing queue, disturbances may grow out to become wide‐moving jams,
showing even further reduction of outflow. Generally it can be argued that when overloading
occurs, problems tend to get worse (Hoogendoorn & Knoop, Traffic Flow Theory and
Modelling, 2013).

2.2 Traffic flow theory
Traffic flow operations on a road are controlled by the interplay between traffic demand and
traffic supply. Intuitively it is understood that traffic demand is not static but it varies over
time. During rush hour traffic demand is obviously high. This in contrast to traffic supply which
also is dynamic and is actually dependent on the demand. This dependency is rather
counterintuitive. In order to explain this interaction process the single access road of the
business park considered in the case study is considered. The traffic demand starts from zero
and will gradually increase. A bottleneck is located at the end of the road. This bottleneck
implicates a local capacity reduction. The capacity reduction is caused by the signalized
intersection where queues arise in front of the traffic lights. This is the situation as
encountered at business park ‘de Liesbosch’ which is considered and more extensively
discussed in chapter 5.
The road section is homogeneous besides this bottleneck at the end of the road. There are no
connections to other roads which could implicate a local addition to or reduction of the traffic
demand. When the demand is less than the bottleneck’s capacity vehicles can move ‘freely’
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and these conditions are referred to as being ‘free flow’. The average traffic speed
corresponding to these conditions is referred to as the ‘free speed’. The value of this speed
usually is basically controlled by the speed limit. When the demand gradually increases, at first
the average speed will not decrease significantly. However, when demand increases further
towards the capacity, the average traffic speed gradually decreases to the so called ‘capacity
or critical speed’ (Miete, 2011).
At the moment that demand exceeds capacity and thus the critical accumulation of vehicles
in the network is reached, the traffic flow will instantly break down. The surplus is stored in a
queue that will arise upstream the bottleneck. The outflow rate of the queue is called the
queue discharge rate. This discharge rate is smaller than the maximum flow rate before the
traffic flow breaks down. Before this moment the flow rate concerns the free flow capacity.
This difference in capacity is called the ‘capacity drop’ (Hoogendoorn, 2007). Important to
notice is that this capacity drop causes that arising of traffic congestion is a highly self‐
reinforcing process. From the moment that a traffic jam occurs, the outflow rate will reduce
which causes rapid deterioration of the traffic conditions and an even worse reduction of the
capacity.
The state of the traffic in the queue is called ‘congested’. Within the traffic jam, the average
traffic flow is determined by the queue discharge rate. The average speed of the vehicles in
the queue is dependent on the average traffic flow in this queue during a specific timespan.
All the aforementioned relationships and notions are visualised in Figure 4. This figure shows
an example of the ‘fundamental diagram’. The fundamental diagram visualizes the most
important basic principles of traffic flow theory. The fundamental relation describes the
average relation between traffic flow (q) and velocity (u). This fundamental relation can also
be expressed making use of the traffic density (k). The relationship between the three
variables can be expressed by the ‘fundamental relation’. The fundamental relation is valid for
stationary and homogeneous traffic states and is expressed as: q = k ٠ u.

Figure 4: The network fundamental diagram (Hoogendoorn & Knoop, Traffic Flow Theory
and Modelling, 2013)
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As long as the traffic demand which determines the queue’s inflow continues to be higher
than the outflow, the queue will increase. This means that the delay that travelers encounter
will increase as well. The drop in capacity is especially important in this regard.

2.3 Self‐organizing ability of traffic
After the basic mechanisms governing traffic congestion have been described, it is important
to note that before congestion arises traffic is characterized by a high extent of efficient self‐
organization. As long as the critical accumulation of vehicles in the network is not reached and
it is not too ‘busy’ on the road network, the traffic system appears to organise itself
sufficiently. The individual choices of the commuters participating in the traffic system and
interacting with each other and their environment lead to a balanced system in which the
available capacity is effectively used (Hoogendoorn & Bertini, 2012). However this
phenomenon of efficient self‐organization has its boundaries. If the traffic load increases,
efficient self‐organization stagnates. The network fundamental diagram clearly shows this
relationship and the impact of failing self‐organization and the need to control traffic by
means of traffic management measures. The underlying mechanisms of traffic flow theory
discussed in section 2.2 are pivotal in the design of effective traffic management measures.

2.4 Traffic management solutions
In this section the main solution directions are discussed in which measures can be deployed
to improve infrastructure system’s functioning. These directions will form the basis upon
which measures will be proposed regarding business park ‘de Liesbosch’. This section will
provide the basis for answering the following research question:

What principle solution directions exist in which traffic management can
effectively be deployed in order to alleviate congestion?

Traffic management aims to improve the performance of traffic systems. In order to efficiently
and effectively introduce measures it is important to address the fundamental principles
underlying the problem. The two main causes for the deteriorated outflow of congested
networks are the described capacity drop and spill‐back. Spill‐back simply occurs because
queues take up space. A traffic jam which arises at bottleneck as described in section 2.2 may
grow upstream until it will also affect vehicles that don’t even have to pass the bottleneck. As
a result, congestion will propagate over other roads in the network causing so‐called grid‐lock
phenomena. The capacity drop describes the difference between the free flow capacity and
the decreased queue discharge rate. These causes provide directions in which network traffic
flow operations can be improved. Overloading of the infrastructure system results in a
reduction of network performance, and the two main underlying causes for this performance
degeneration, point towards the main directions in which traffic management can be
effectively deployed to improve network operations. Four principle solution directions can be
appointed (Transport and Planning TU Delft, 2015) and (Hoogendoorn & Bertini, 2012). These
four directions are the following:
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Reduce the inflow
By limiting the inflow of the network the number of vehicles that simultaneously make
use of the network can be restrained. This principle aims to keep the accumulation of
vehicles in the network below the critical accumulation.



Prevent blockades
By redistributing traffic to less sensitive parts of the network of less sensitive moments
in time queues can be shortened. By shortening queues, spillback effects can be
reduced.



Increase throughput
By increasing the throughput of the network the accumulation of vehicles in the
network can kept down the critical accumulation as well. When the outflow of the
network can be increased the onset of congestion can be prevented or postponed.



Even distribution of traffic
By informing or guiding traffic rest‐capacity in the network or at other moments in
time can be used. This distributing aims to balance out the travel demand in order to
use the available capacity more efficiently.

These four principle solution directions form the basis for network traffic management. Most
of the effective traffic management measures can be traced back to these principle solution
directions. Concrete solutions will be described in chapter 3. The solutions that later will be
proposed concerning the improvement of the mobility issues related to business park ‘de
Liesbosch will all be based on these four solution directions.
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3 Literature study
3.1 Introduction
In chapter 2 it has already been stressed that the mobility related problems that negatively
affect the sustainability of business park ‘de Liesbosch’ is part of a widespread problem. In a
broad context traffic congestion is a global problem that affects many people and causes large
costs to society. The collection, combination and integration of data offer the possibility to
provide traffic information and personal travel advices to better distribute the traffic demand.
This chapter contains a literature review related to the observed problem and suggested
measures to alleviate the problem. Firstly, mobility problems like traffic congestion and the
underlying phenomenon of urban growth will concisely be illustrated. Secondly, the
opportunities of data integration by Intelligent Transportation System (ITS) – applications in
relation to the described problems are explained. Thirdly, the specific measure of providing
information to travelers will be discussed. Fourthly, the possibilities of transportation
modelling to test the effectiveness of measures making use of ITS applications and different
modeling approaches will be explained. There will be elaborated on agent based
transportation modeling. MATSim provides a framework to implement large‐scale agent‐
based transport simulations. The sections in this chapter will discussed the following subjects
successively:





Problem: traffic congestion;
Solution: ITS applications;
Measure: information provision;
Effectiveness: transportation modeling.

3.2 Problem: traffic congestion
Urbanization
The number of people living in urban areas has been rapidly growing over the last century.
Many people all over the world have moved from rural areas to urban districts. At this very
moment already more than half of human and 80% of European population is living in urban
areas (THINK, 2011). The large concentrations of people that come along with the urbanization
process raise a variety of technical, social, economic and organisational problems like
overcrowding, traffic congestion, excessive carbon emissions, and high rates of consumption
of non‐renewable resources, which tend to jeopardize the economic and environmental
sustainability of cities (Accenture, 2011). Current cities are complex systems that are
characterised by massive numbers of interconnected citizens, businesses, different modes of
transport, communication networks, services and utilities (Neirotti et al., 2014). These cities
are subject to a concurrence of various fundamental developments like shifting economic
power, dramatically changing demographic patterns and long‐term resource pressures. These
developments implicate as well great challenges as enormous opportunities regarding urban
development. On the one hand the rapid growth faced by several cities has generated traffic
congestion, pollution and depletion of energy sources (Kim & Han, 2012 in Neirotti et al.,
2014). On the other hand, the potential of cities to impact the quality of life of populations,
shape economic activity and stimulate sustainable growth, is increasing because of the rising
number of people living in cities.
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Mobility problems
One of the most important issues related with urban expansion is traffic congestion and the
different problems it implicates. Traffic congestion on Dutch highways caused businesses
economic damages between 613 and 797 million euros in 2013 (TNO, 2014). Furthermore it
causes problems regarding energy efficiency and pollutant emissions. Road transportation
accounts for 83% of the energy consumed by the whole transport sector and 85% of the total
CO2‐emissions (Net!Works European Technology Platform, 2011). It is obvious that urban
transportation contributes significantly to different urbanisation related problems. The main
problems related to the domain of urban transportation are the following:





Prominent contribution to CO2‐emissions: impacting global climate change;
Severe congestion and excessive travel times: impacting social and economic activities;
Increasing air pollution: impacting health and quality of life;
Energy consumption: impacting non‐renewable energy stock.

Sustainability of measures
Traffic congestion causes immense costs to society in various ways. An urgent question is how
to accurately respond to this problem. Often proposed is the extension of the infrastructure
system by adding lanes or improving the infrastructure network. The Dutch government has
already budgeted over 25 billion euros until 2028 to improve the traffic flow on the Dutch
road network (Rijksoverheid, 2013). However the question is whether adding asphalt and
expanding the road network is the most sustainable way of solving the problem since there
are several ongoing developments, like stagnating population growth, e‐business and
telecommuting that make future demand doubtful. Furthermore, projects concerning the
expansion of the infrastructure system are typically very expensive and time consuming. So is
there not too much emphasis on the expensive supply side infrastructure of the problem and
too little consideration of demand side management? This implicates the need to rethink
urban transport making use of a holistic approach. However the problem is characterised by
a high extent of complexity because of the great number of influencing aspects, a variety of
stakeholders and the important role of individual behavior of people making use of the
infrastructure network.

3.3 Solution: ITS applications
Data integration
Regarding the question how to respond to the outlined situation great opportunities arise
from the potential of the application of information and communication technologies (ICT) to
optimize the use and exploitation of city assets like transport infrastructures. The integration
of big and public data offers a lot of opportunities for cities regarding the provision of insight
into problems characterised with a high extent of complexity. This can stimulate intelligent
and sustainable urban development and contribute substantially to solve emerging problems
of urban living like traffic congestion and its related problems. The application of ICT to
optimize the use and exploitation of city assets is often referred to as Smart City solutions.
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Smart Cities
Despite the absence of one generally accepted definition of a Smart City it can be noticed that
the most prevalent definitions of the concept in literature are characterised by a pervasive
use of ICT technologies, which, in various urban domains, help cities make better use of their
resources. This application of advanced technologies and innovations and the integration of
data helps to contribute to well informed decision‐ and policymaking with the objective to
create a responsible and sustainable living environment. This need to create a sustainable
living environment exists side by side with another important goal: the need to create a
competitive and attractive economic and social environment in which citizens, companies and
government live, work and interact (Accenture, 2011). In general a twofold objective could be
distinguished. Creating a sustainable living environment and a competitive and attractive
economic and social environment. The central function of ICT systems in this process towards
such an environment could be described as the city digital nervous systems that obtains data
from heterogeneous sources. Many Smart Cities are thus sophisticated systems that ‘‘sense
and act’’, and in which a great volume of real‐time information is processed and integrated
across multiple processes, systems, organizations and value chains to optimise operations and
inform authorities on incipient problems (Neirotti et al., 2014).
Smart Mobility
The application of advanced technologies and data integration could offer great opportunities
for the domain of transport and mobility as it can have huge impact on cities sustainability
and citizens’ quality of life. Traffic congestion and a number of energy‐related and
environmental problems can be reduced (Net!Works European Technology Platform, 2011).
Because of the concurrence of various fundamental developments future urban mobility is a
domain with great potential. These developments include: advances in computing,
communications and sensing technologies, the growing awareness of environmental
sustainability issues, the aging of physical infrastructure in developed countries and the need
for massive new infrastructure in less developed ones (Ben‐Akiva, 2010). Regarding the
domain of transportation the concepts Smart Mobility and Intelligent Transportation Systems
(ITS) are often encountered in literature. Smart Mobility can be considered the general theme
of integrating data to make better use of the available resources in the domain of transport
and mobility.
Intelligent Transportation System objectives
Intelligent transportation initiatives involve the application of new strategies and technologies
to help to offset the emissions generated by transport systems and to support the
development of a more intelligent infrastructure that uses energy more efficiently. Neirotti et
al. (2014) distinguishes three main objectives regarding transport, mobility and logistics:
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Optimising logistics and transportation in urban areas by taking into account traffic
conditions and energy consumption;
Providing users with dynamic and multi‐modal information for traffic and transport
efficiency;
Assuring sustainable public transportation by means of environmental friendly fuels
and innovative propulsion systems.
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Why Intelligent Transportation Systems?
The increasing demands on transport and mobility and the need for sustainable solutions has
stimulated the research in this field of study. ITS applications are developed in order to
respond to and satisfy these increasing demands. During recent years there has been a lot of
research performed in the field of ITS. The magnitude of this field of study has been based on
the belief that the advances in computing, communications and sensing technologies provide
powerful capabilities to model, evaluate, realise and optimise next generation urban mobility
systems (Ben‐Akiva, 2010). ITS applications are very topical because mobility is associated with
a high extent of societal relevance. Improvements gained using innovative technology directly
affect daily life of many people as well as the economy. This explains why traffic‐related topics
are on the agenda of many funding agencies which contributes to the amount of research
(Bazzan & Klügl, 2013).

3.4 Measure: information provision
This study mainly concerns the application of ITS to influence travelers by means of
information provision. There are many applications of ITS and there are a number of other
related topics that could be part of a broader overview. However, in this review we will focus
on the second objective of ITS distinguished by Neirotti (2014); providing users with dynamic
information for traffic and transport efficiency. This section will provide answers to the
following research question:

What information or travel advice could be provided to influence traveler’s
behavior? How can this advice be personalized?

The increasing research in the field of studying the effects of travel information on activity‐
travel patterns has been stimulated by the recognition that the provision of personal travel
information to individuals offers great opportunities in changing individuals behavior in a way
that benefits the transport system as a whole (Parvaneh, Arentze, & Timmermans, 2012).
Types of information provision
However, the way in which travel information changes travelers’ behavior is dependent on
the type of information, the moment of informing and the range of the message. The provision
of travel information to individuals may be carried out both pre‐trip and en‐route. It can be as
well public, as personal and the information can be either descriptive or prescriptive.
Furthermore, the information can be based on historical, real time or forecasted data.
Depending on the type of information, individuals may respond to the information differently
and they may or may not change their activity‐travel schedule. It can cause changes in
individuals’ beliefs and consequently their decisions. However, these changes would depend
on type of received information and reliability of the information (Parvaneh, Arentze, &
Timmermans, 2012). Quite some papers have been written about the provision or traffic
information making use of ITS. Most papers on the topic explore the issue of providing real
time information to drivers about expected congestion levels, and how doing so changes
people’s travel decisions like route‐ or departure time choice (Han, Dellaert, Raaij, &
Timmermans, 2014).
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Predictability of traveler’s response
The purpose of ITS‐applications which provide information to travelers is to reconcile
information from a variety of sources to generate predictions of the future system state. These
forecasts can then be used to produce information for travellers, such as, travel time
recommendations or alternative mode or route. The reactions of travellers to the prediction
will have an effect on the future state of the network. Since this reaction is dependent on a
lot of aspects among which the type of received information and reliability of the information,
as described before, it is extremely difficult to anticipate correctly on traveler’s response.
Therefore, in such a system a real time data collecting system should be integrated. The
changes in the state of the network are reflected in the next set of measurements collected
by the real time surveillance system. The forecasting system is then recalibrated based on the
new data and generates a new prediction. Traveler’s reaction to the predicted traffic
conditions and corresponding recommendations disseminated from the real‐time model
presents a key challenge to the generation of such information. A non‐represented reaction
that influences the future state of the transportation network would invalidate the prediction
of the model (Ben‐Akiva, 2010). Therefore, the real‐time model needs to anticipate the
reaction to the generated information through behavioural models in order to guarantee
consistency. It should include a behavioural model of the travellers’ sensitivity to information,
their flexibility, their limitations and even strategic behavior.
Modeling of traveler’s response
Behavioural models of traveller’s sensitivity to information, their flexibility, their limitations
and even strategic behavior require the distinction between individual travelers and therefore
a micro simulation approach which is based on the concept of agent based modeling can be
very suitable. By means of representation of individuals as agents in the model it can be
simulated how people will react in the future to new infrastructures, new technologies,
innovations in system management, demand side measures and policy changes. The decision
process of the agents can be modelled using an activity‐based approach (McNally & Rindt,
2007). Activity‐based modelling focuses not just on trips but also, and more importantly, on
the activities that drive the demand for travel. Therefore, such a model needs to represent
what each agent does in their daily life, the activities they participate in, and the impact on
the transportation system. Appendix II contains a description of the differences between
activity‐ and trip based models.

3.5 Analysis: transportation modeling
Purpose of modeling
The increasing demands to create a responsible and sustainable living environment has driven
an increase of emphasis on the objective of cities policy‐ and decision makers to improve
transport and mobility systems and implement sustainable solutions in this domain. ITS
applications are developed in order to respond to and satisfy these increasing demands. The
efficiency of cities’ transportation infrastructure determine to a high extent the viability and
economic success of the development of such a responsible and sustainable living
environment. Therefore it is essential to make well informed decisions. To enable this it is
important to be able to forecast the response of transportation demand to changes in the
supply side, the attributes of the transportation system and changes in the demand side, the
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attributes of the people using the transportation system. Transportation models are used for
this purpose (Bhat & Koppelman, 2003).
Why transportation modeling?
Modeling is a way of studying problems that occur in the real world. “Modeling includes the
process of mapping the problem from the real world to the world of models, – the process of
abstraction, – model analysis and optimization, and mapping the solution back to the real
system. A simulation model may be considered as a set of rules that define how the modeled
systems behavior changes in the future, based on the current state” (Borschev & Filippov,
2004). Modeling is very often applied in the domain of transportation planning because
experimenting with the real system is too expensive or impossible (Bhat & Koppelman, 2003).
Modeling allows the optimization of systems prior to implementation. It is often used to
analyse and evaluate the effectiveness of possible measures to solve a certain problem. In
order to explore and evaluate complicated future scenarios a simulation model is usually the
only viable option.
Modeling approaches
The subject of transportation models is the aggregated future travel demand of a considered
population. This population consists out of travelers who are going to use the transport
system. The system is by definition limited by its capacity which means that travelers end up
competing for that available capacity. Individuals do not care about the functioning of the
total system; they only have interest in the part they use. It is up to the planners, and thus,
planning technology, to consider the entire system, how the collective impact of the individual
decisions made by its users affect the system as a whole, and how those users will react to the
system. It makes sense, then, for the planning technology to model the behavior of individual
travelers (Balmer, 2007). From a broad perspective two main modeling approaches in the field
of transportation modeling can be distinguished i.e. macroscopic‐ and microscopic
transportation modeling. Macroscopic models consider the properties of traffic flows as a
whole. On the contrary, microscopic models pertain to the individual driver‐vehicle unit and
these models describe the behavior of individual vehicles (Hoogendoorn, 2007).
Macroscopic approach: modeling traffic flows
The traditional macro‐modeling approach was developed to evaluate the impact of capital‐
intensive infrastructure investment projects during a period where rapid extensions of
transportation supply were arguably accommodating the growth in population and economic
activity (McNally, The Four Step Model, 2007). These investments concerned supply side
extension measures which aimed to satisfy the growing demand. However these investments
which implicated an increase of the supply side of the infrastructure system automatically
triggered a corresponding increase of the demand side. This reinforcing process caused an
enormous expansion of the infrastructure system during the last decades. This process can be
described as a vicious circle and is visualised in figure 5.
The original cause of the problem is an excessive traffic demand. This cause leads to the
problem of traffic congestion. The most important expression of this problem is a deteriorated
functionality of the traffic system. A possible measure aiming to solve the problem could be
an extension of the network in order to increase the supply. This increase of supply results
into an improved functionality of the system. The effect of this is a higher attractiveness of
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the system and a higher attractiveness of the car as transportation mode. This is the essential
part that leads to the paradoxical effect in which an increase of the supply side could lead to
a system’s functioning that is even worse than it was before any measures were taken. The
extension increases the demand to such an extent that a similar or possibly even greater
excess of demand arises.

Figure 5: Reinforcing principle of induced demand derived from (Hymel, Small, & Van
Dender, 2010)
Demand side management
Because of the uncertainty of future demand and the rising notion of the need for a more
efficient and sustainable use of our currently existing infrastructure system most emerging
measures encountered in literature focus on demand side management rather than increasing
the supply side. These demand side management measures aim to influence the travel
demand and more specific people and their travel related decision making. However it could
be argued that demand side management measures could have a similar paradoxical effect.
The alleviation of the network that measures like peak spreading cause could result in a better
functioning system. This improvement in the functioning of the system would make it more
attractive and traffic demand would therefore rise again. Although in the case of a business
park (or a similar area) as considered in this study the demand is limited since it exclusively
consist of the commuters working at the business park. So an improved accessibility of the
area wouldn’t cause a higher demand. Furthermore, in general peak spreading does not only
imply a better distribution of traffic in time but also a better distribution among the network.
By spreading traffic among different routes, the supply side can be used more efficiently.
Improving the efficiency is the fundamental goal of managing the demand side.
Microscopic approach: modeling travelers
Returning to the subject of transportation modeling the need for a microscopic approach in
which individuals are modeled as distinct entities has already been stressed. Macroscopic
approaches have usually been trip based. Activity‐based modelling focuses not just on trips
but also, and more importantly, on the activities of people that drive the demand for travel
and very well fits a microscopic modeling approach (Ben‐Akiva, 2010). “The motivation of the
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activity approach is that travel decisions are activity based, and that any understanding of
travel behavior is secondary to a fundamental understanding of activity behavior. The activity
approach explicitly recognizes and addresses the inability of trip‐based models to reflect
underlying behavior and, therefore, the inability of such models to be responsive to evolving
policies oriented toward management versus expansion of transportation infrastructure and
services” (McNally, The Four Step Model, 2007). In literature several comparisons between
the trip and activity based approaches can be found. McNally (2007) describes both
methodologies. Bazzan (2013) discusses the applications of agent based approaches and
explains why agents and activity‐based approaches perfectly fit together. Bhat (1999) focusses
on activity‐based modeling and explains its main advantages above the limitations of the trip‐
based approach. These explanations are not specifically relevant in relation to the subject of
this study but can serve as additional background information. Therefore a summary can be
found in appendix II.
Behavior‐oriented modeling
The need for realistic representations of behavior in travel demand modeling directly relates
to the previously described differences between supply‐ and demand side management
measures and is well acknowledged in literature and has recently increasingly been
emphasized. Bhat & Koppelman (1999) state this need very clearly: “The need is particularly
acute today as emphasis shifts from evaluating long‐term investment‐based capital
improvement strategies to understanding travel behavior responses to shorter‐term
congestion management policies such as alternate work schedules, personal travel advices,
telecommuting, and congestion‐pricing. This implicates the need to replace the traditional
statistically‐oriented trip based modeling approach to travel demand by a more behaviorally‐
oriented activity‐based modeling approach.”
This more behaviorally‐oriented activity‐based modeling approach allows evaluation of travel
demand management measures and management policies (McNally & Rindt, 2007). This
means that the effectiveness of ITS applications like the provision of personal travel advices
can be modeled and optimal management policies can be determined on the basis of the
results of simulations. The provision of personal travel advice aims to influence people’s travel
behavior by directing individual’s decisions regarding route, departure times and therefore
activity pattern. A microscopic bottom‐up activity based approach enables studying the effect
of these measures by modeling individual drivers. The concurrence of the behavior of these
individual drivers determine the emerging behavior of the total system. The provision of
personal travel advices will influence the individual behavior and therefore also the behavior
of the infrastructure system.
Agent based approach
Agent based microsimulation (ABM) perfectly fits modeling the efficiency of demand side
management measures as which ITS applications can be applied. Basically, ABM is a
microscopic bottom up modeling approach applied in a wide variety of domains among which
transportation modeling. Borschev & Filippov (2004) offer an accurate description of the
modeling paradigm containing the most important characteristics: “an important feature of
agent based models is that they are essentially decentralized. In Agent Based models the
global system behavior will not be defined. Instead, behavior is defined at individual level, and
the global behavior emerges as a result of many individuals, each following its own behavior
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rules, living together in some environment and communicating with each other and with the
environment”. This means that agents are interconnect with and interdependent on each
other and the environment. Furthermore agent based models distinguish between individual
agents. This allows to differentiate between individual commuters with their own
characteristics, preferences, constraints and their plans or activity patterns. Every person’s
days consist out of a collection of activities. The performance of these activities in combination
with the corresponding locations and times of these activities determine people’s desire to
travel. The system’s behavior emerges from the collection of people’s individual behavior. So,
in essence activities determine people’s travel behavior and the collection of all people
together aiming to perform their desired activities determine the behavior of the system.
Traffic congestion can in this way be considered as a result of too many people traveling at
the same moment in time and at the same location in space caused by the concurrent
execution of their daily plans which are based on their desire to perform activities. This means
that an important possible solution regarding the problem of traffic congestion is affecting
human behavior and their activity patterns. Different measures could be implemented in
order to change people’s decision making process and their resulting travel behavior. These
changes in decisions could for example concern changes of departure time choices. An agent
based model can be used to test what effect changes in people’s individual behavior have on
the system’s emerging overall behavior. The disaggregation of individual agents allow the
personalizing of agents with individual characteristics, preferences and constraints that are of
influence of their decision making and can be very useful in relation to the generation of
optimal departure time advices that are personally customized.
Departure time decisions
First there will be further elucidated on departure time decisions. The general emphasis
regarding the cause of traffic congestion in the remainders of this report is the importance of
trip timing as a cause of congestion. It is important to recognize that departure time is a choice
of travelers and that congestion arises because many travelers choose to travel at the same
time. The origin of this problem is twofold, as well the time when people travel as the location
is of importance. In particular, the tendency towards wanting to do similar things at the same
time and the same location results in mobility issues, for example at large sports stadia,
convention centers or business parks (Fosgerau & Smal, 2012). The model developed in this
study will mainly focus on departure time modeling therefore the key issues in modeling
departure time decisions are outlined in the next section.
Schedule‐ and travel time disutility
In the context of departure time modeling in relation with peak spreading it is useful to
distinguish between macro and micro time of travel choice. This difference will later be
important regarding the generation of optimal departure time advices and will be discussed
in section 4.3. Micro departure time choice is related to the phenomenon of peak‐spreading.
As congestion increases in a network, some travelers will choose to depart a bit earlier or a bit
later than originally desired in order to avoid the worse of congestion. Macro departure time
choice concern decisions between travelling at different periods in terms of hours.
Micro departure time choice is related to the phenomenon of peak‐spreading and therefore
highly relevant in the case of optimizing a travel demand distribution. As congestion increases,
some travelers will choose to depart a bit earlier or a bit later than originally desired in order
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to avoid the worse of congestion (Órtuzar & Willumsen, 2011). The general morning and
evening commute problem, in which commuters choose a departure time and/or traveling
route to reach their destination so as to minimize their own travel costs concerns micro
departure time decision making. Vickrey (1969) did pioneering work on this topic and since
then the problem has attracted considerable attention. A basic concept in micro departure
time choice is that travelers have a preferred time of travel and any shift away from it incurs
disutility, known as schedule disutility. The difference between actual and desired arrival or
departure times is the definition of schedule delay (Hendrickson & Kocur, 1981). The preferred
time of travel may be defined as the preferred departure time (P.D.T.) or preferred arrival
time (P.A.T.), the second one being more important for certain activities (e.g. work with a fixed
starting time and business meetings). The schedule disutility can be added to the travel time
disutility to express a combined utility function for travel with variable departure time. The
travel time and schedule disutility can be used to express agent’s utility of an outcome of a
simulated scenario. This concept will play a crucial role regarding the generation op optimal
departure advices. The next chapter will explain how these optimal departure time advices
can be generated and will directly elaborate on the topic of departure time decisions.
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4

Model to generate optimal departure advices

In order to enable the provision of optimal departure advices it is essential to generate an
optimal travel demand distribution. This chapter explores how the travel demand can be
optimally distributed in time while taking into account the commuter’s preferred times of
travel, flexibility frames, characteristics and goals. The procedure of scheduling users to obtain
people’s optimal individual departure time recommendation will be described. Since there are
numerous locations where this measure can be applied to control and coordinate the travel
demand it will be approached in a general context. A generic methodology is presented that
afterwards will be applied to business park ‘de Liesbosch’. This chapter will provide an answer
to the following research question:
Research Question 1: How can optimal departure time advices be generated while
taking into account commuter’s individual characteristics preferences and
constraints?
Optimization approaches
Currently studies regarding travel demand optimization are usually approached as purely
mathematical optimization assignments. These mathematical approaches apply the basic
principle of equilibrium and have been used for a long time since pioneering work of Vickrey
(Vickrey, 1969 in Órtuzar & Willumsen, 2011). Órtuzar & Willumsen (2011) offer an overview
of related literature. Several authors have extended Vickrey’s model to account for (some)
heterogeneity among travelers in their P.A.T.’s and/or in the parameters associated with
travel duration and schedule delay. The problem has been approached by segmenting the
population into homogeneous subgroups according to the values of their P.A.T.’s and utility
parameters. These approaches however are still limited regarding the inclusion of individual
aspects which actually are of great interest since the provision of personal advice is aimed at
individual commuters and their personal characteristics affect resulting traffic flows.
Regarding transportation modeling optimization assignments are usually applied in relation
to traffic assignment i.e. the process to determining traffic flows on the basis of traveler’s
origins and destinations. I argue that a similar optimization approach as used in relation to
traffic assignment can be applied and combined with agent based modeling to generate
optimal departure time advices. In this way the travel demand distribution can be optimized
while personal aspects are taken into account.
This chapter will explain how this study combines and modifies the currently existing
methodologies in order to generate optimal personal departure times. In order to clearly
explain how this is applied I will provide a minor side step to traffic assignment. By describing
the procedure of traffic assignment and how this is already combined with agent based
(transportation) models it will be explained how a similar approach can be used to optimize
travel demand distributions in time.

4.1 Traffic assignment optimization
The goal of traffic assignment is to determine the network traffic flows and conditions that
result from the mutual interactions among the route choices that travelers make in traveling
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from their origins to their destinations, and the congestion that results from their travel over
the network (Transportation Research Board, 2011). Since people will usually choose the ‘best’
alternative route with the least travel time, traffic assignment is often applied as an
optimization process in which an equilibrium state is to be approximated such that no traveler
would be better off by selecting a different route for any given trip. In this equilibrium state
no commuter can increase their overall utility by altering their route choice (Órtuzar &
Willumsen, 2011). This is the Nash Equilibrium statement for the dynamic traffic assignment
(Nash, 1951).
The equilibrium‐seeking DTA methods are based on iterative algorithmic procedures that are
particularly aimed at describing individual route choice adjustment as well as at relating such
changes to the network‐level performance through simulation. These iterative procedures
adjust traveler’s routes and relate this by simulation to their performance in order to finally
select the respective minimal experienced travel time route (Transportation Research Board,
2011). Such DTA methods can also include (macro) departure time decisions that concern
choices between travelling at different periods in terms of hours
Route optimization in agent based transportation models
In agent based transportation models, these route (and time) optimization approaches are
often applied to perform traffic assignment. When data is available about origins and
destinations these origins and destinations have to be linked to each other by the trips that
people travel. The process that is often applied to perform this step of ‘linking’ origins to
destinations is a common element of simulation‐based route assignment, and is implemented
by some form of the following procedure:
1. Start with an initial “guess” for the routes;
2. Executing all routes simultaneously in a traffic flow simulation and assess the
performance;
3. Re‐adjust some or all of the routes using the results of the simulation;
4. Go to 2 (Balmer, 2007).

Figure 6: Assignment problem (Rodrigue, 2009)

By repeating this procedure until no route adjustment increases the performance equilibrium
has been found. Figure 6 shows the assignment problem of linking origins and destinations.
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Departure time optimization
A similar optimization procedure could be performed in which the departure times and thus
corresponding travel demand distribution is subject of the optimization by iteratively
readjusting them. Therefore, regarding the generation of optimal personal departure times a
similar optimization process could be used and linked with an agent based model to include
personal characteristics, preferences and constraints. In order to generate the best collection
of departure times with the least travel times an optimization process can be applied in which
an equilibrium state is to be approximated such that no traveler would be better off by
selecting a different departure time for any given trip. In this study the DTA‐procedure of
MATSim will be adjusted in order to optimize departure time decisions. MATSim provides a
framework to implement large‐scale agent‐based transport simulations and makes use of an
iterative algorithmic procedure to perform DTA. The DTA‐procedure of MATSim will be
described in section 4.4.
The combination of on the one hand such an iterative optimization process and on the other
hand the disaggregation of agent based models that allow the personalizing of agents with
individual characteristics, preferences and constraints that are of influence of their decision
making are the basis of the proposed methodology. The applied optimization process will be
discussed in the next sections.
Why not yet applied?
The adjustment of route‐optimization to departure time optimization is a relatively simple
adaptation. However, in literature I haven’t found any similar applications in which this
approach is used to provide personal departure time advices in order to coordinate and
control travel demand distributions. A possible explanation could be that the provision of
personal ‘tailor‐made’ advices is still an emerging technology and the process of bidirectional
communication in which travelers indicate information about their locations, preferred times
of travel, flexibility frames and in return receive an optimal advice is not yet (often) applied.
Furthermore there are quite some restrictions that cause that such an approach is only
suitable in very specific locations.
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The travel demand has to be ‘known’: information has to be available about the
number of travelers, their routes, their locations and other characteristics that are of
influence. This requires bidirectional communication in which the advice is (among
others) based on information that is made available by the commuters that use the
application;



The travel demand should be ‘limited’: There should be little or none ‘rest’ or
unexpected travel demand that cannot be predicted or influenced. Furthermore, an
improvement of the system’s performance shouldn’t induce new demand. In a
demarcated area like a business park the total travel demand (almost) exclusively
consist out of the commuters working in the area;



The travel demand should be very good ‘predictable’: In order to provide personal
departure advices which are based on an optimal travel demand distribution. In case
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there is a lot of variety in the travel demand distribution it will be very hard to generate
a good prediction and this will harm the reliability of the provided advice;


The considered are should be ‘demarcated’: The travel duration from the moment of
departure, which is to be optimized, until the moment of arriving at the bottleneck
should be very short. This in order to minimize the effects of variety. The longer this
duration is, the higher the related variability and the less predictable the moment of
arrival at the bottleneck is.

These restrictions cause that the technology can exclusively be applied in specific locations
which comply with these restrictions. The case study of business park ‘de Liesbosch’ is
specifically suitable since all formulated restrictions are met.
Subject of optimization: the departure‐ and arrival process
Subject of the study is the departure‐ and arrival process visualized in figure 7. The process
considered here is very simple. In the morning people leave their home to go working and
after their trip they arrive at the business park and start working. After they finished working
people will leave the business park in order to travel home (or somewhere else). Of course
people’s activity pattern is not always as simple as stated here. However in this study a
demarcated area is considered which allows this simplification. It is of no importance in this
study what specific activity precedes the working activity or what activity will be performed
afterwards and at what location this activity find place because there is only one access road
which all commuters have to pass through.

Figure 7: The commuting arrival and departure process
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4.2 Scheduling with complexity
The basic idea of scheduling is that people who are flexible regarding their working hours and
have their preferred times of travel during the peak hours need to be selected and dependent
on their allowed flexibility frame the most suitable timeslot available should be appointed.
However this scheduling assignment is characterized by complexity. The most ideal (and
simple) situation regarding the optimal distribution of the travel demand would implicate that
all commuters use the application and thus can be influenced and in addition that all people
are unlimited flexible regarding their working hours. In this hypothetical situation in which
everybody is unlimited flexible, the scheduling process would be very simple. The travel
demand could be distributed evenly in time resulting in a system in which the capacity will
never be exceeded. However, in reality this will never be the case. First of all not everyone will
make use of the possibility to receive personal travel advices and not everyone will be willing
to submit data concerning their personal agenda. Furthermore, everyone is, at least to some
extent, bounded with regard to their working hours. In this case the most important variables
are people’s working hours and the flexibility regarding these working hours.
Individual differences
First, the distinction has to be made between people who use the application and therefore
can be influenced (app users) and people who don’t and cannot be influenced, (non‐app
users). There are a lot of aspects that complicate the scheduling process in one way or another
and the optimal scheduling is dependent on a lot of personal aspects. The following questions
are relevant regarding the optimal scheduling of individuals:






Does the traveler use the application?
What are the indicated preferred times of travel?
Have available flexibility frames been indicated?
What are the traveler’s company’s core working hours?
What are the corresponding locations of the planned activities?

However, the main complexity arises from the fact that the scheduling process is not only
dependent on these different aspects of one single individual commuter but on these aspects
of a great number of interconnected and interdependent commuters. So, it is obvious that the
problem is characterized by a high extent of complexity. Summarized, the main complexity is
caused by the following aspects:





Large number of individual users;
Heterogeneity of individual users;
Interacting and interdependence between individual users;
Interacting and interdependence with the environment.

Large number of individual users
Dependent on the day of the week the number of commuters that arrive at and depart from
the area differs. Historical data (see section 6.4) shows that the number of commuters that
make use of the area can amount approximately 2000 commuters in one day. This large
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number of commuters putting pressure on the limited capacity of the available infrastructure
cause the mobility problems.
Heterogeneity of individual users
The people working at the business park will differ from each other in various aspects.
Commuters differ from each other depending on the company they work for. This concerns
the flexibility regarding their working hours, their core working hours, their working location
etc. Also within the same company there are differences between employees which are of
influence regarding the travel demand and corresponding load on the local infrastructure
system. When for example many people with the same intended travel direction will travel
home and arrive approximately simultaneously at the signalized intersection gridlock effect
could occur which will deteriorate possible arising congestion. A similar problem could be
encountered when too many people want to leave the same parking area during a short time
span. These two examples show the (possible) importance of different personal characteristics
which could influence the functionality of the system.
Interacting and interdependence between individual users
System’s performance is dependent on travel behavior of the commuters. If they all travel at
approximately the same times congestion will occur. This means that the utility of the
commuters is not only dependent on their own departure time decisions but also on
departure time decisions of other commuters. If everybody leaves at their preferred time of
travel many people will encounter travel time losses and experience an unsatisfying journey.
However since most commuters are not strictly bound to their working hours they can
probably deviate to some extent. This shifting of departure times will affect as well their own
travel utility as the utility of other commuters. When some commuters will choose a more ‘off
peak’ time of travel this will also positively affect commuter’s utility who still travel at peak
hour.
Interacting and interdependence with the environment
People are not only dependent on the behavior of other people but also on their environment
and the interaction with their environment. The available physical infrastructure determines
to a high extent the capacity of the network and therefore to a high extent the resulting travel
time. The outflow capacity of the network is for example dependent on the outflow allowed
by the configuration of the traffic lights.

4.3 Departure time optimization
Including complicating aspects
I argue that by applying an equilibrium‐seeking method and relating it to the performance of
the system through agent based transport simulations these previously described
‘complicating aspects’ can be included in the optimization process. The optimization process
adopted in this study aims to optimize the system’s performance by minimizing the total travel
time while taking into account personal time frames. This optimization goal is expressed in a
‘scoring function’ that quantifies the outcome of a simulation (by expressing the summed
utility of all commuters). The equilibrium seeking is performed by making use of a co‐
evolutionary algorithm that is usually applied for traffic assignment. The co‐evolutionary
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algorithm is used to improve and eventually optimize the travel demand distribution by
shifting departure times. This concept will be explained in the next section.
Agent based optimization: interacting and learning
The proposed optimization process makes use of agent based modeling and is based on
agent’s interacting and learning capabilities. Agent’s behavior in this context concerns their
departure time decision. Since the outcome for every agent is as well dependent on their own
decisions as the other agent’s decisions they have to interact to find an optimal solution. By
applying an iterative procedure, agents can choose to shift their departure times slightly. This
will have an effect on the system, on their own utility and on other’s utility. Agents will
compare the resulting utility with previous utilities and will ‘prefer’ the departure time with
the best outcome, the departure time with the worst outcome will be discarded. This means
that the agent’s possess learning capabilities which enables them to improve their personal
outcome. When all (flexible) agents can improve their outcome like this by interacting and
learning equilibrium can be achieved.
Utility maximization
So each agent tries to perform its daily activity’s as much as possible to its personal
satisfaction. All agents wants to start and end their activities at their preferred times.
Furthermore, everybody wants to travel as little time as possible. The level of satisfaction by
which agents have performed their collection of daily activities can be expressed as their
personal scoring or utility. When agents for example encounter congestion during their trips
this will negatively affect their utility. This implies that the effective utility of a daily plan can
only be determined by the interaction of all agents.
Scoring function
The scoring function should represent the objective of optimization. Any iterative traffic
assignment procedure includes a scoring function to evaluate the performance of each
iteration. Since the goal of route optimization as a part of DTA is also minimizing travel times
a similar scoring function can be applied in relation to the departure time optimization
concerned in this study. In practice different scoring functions are used dependent on the
specific goal of the optimization process. Therefore, literature has been studied to find scoring
functions that have already been applied in practice. In the optimization of this study we want
to minimize travel times and take into account personal time frames therefore travel time‐
and schedule disutility have to be included (Órtuzar & Willumsen, 2011). The scoring function
has the following targets with the following priorities:
1. Agents perform their planned activities;
2. Agents arrive within the indicated time frame respecting target (1);
3. Agent’s total travel time is minimized respecting target (1) and (2);
Charypar‐Nagel scoring function
I have adopted the scoring function of Charypar & Nagel (2005). They explored activity‐based
demand generation, which constructs complete all‐day activity plans for each member of a
population, and derives transportation demand from the fact that consecutive activities at
different locations need to be connected by travel. (Additional explanation can be found in
appendix II offering an explanation about the differences between trip‐based and activity‐
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based modeling approaches). Their demand generation process is capable to generate fully
specified plans including patterns, locations, and times at a large scale by a similar iterative
optimization process (Charypar & Nagel, 2005).
The applied scoring function includes utility for performing activities, disutility for traveling
and disutility for arriving either early or late. This exactly meets the requirements for the
optimization process in this study. To enable agents to compare the result of different
departure time decisions and corresponding plans, it is necessary to assign a quantitative
score to the performance of each plan. The total score of a plan is computed as the sum of
individual contributions. The mathematical version of the scoring function is:

V is the total utility for a given plan;
Vperfi is the (positive) utility earned for performing activity i;
Vlatei is the (negative) utility earned for arriving late at activity i;
Vlegj is the negative utility earned for traveling during leg or trip j.
A logarithmic form is used for the positive utility earned by performing an activity. In this study
it is completely irrelevant that this function is logarithmic. The only requirement is that
performing an activity entails positive utility to ensure that the agents decide to go working
instead of staying home. The positive reward of performing activity i is:

Vperf

i is

the actual performed duration of the activity;
tperf,i is the “typical” duration of an activity;
βperf is the marginal utility of an activity at its typical duration.

The negative penalty of arriving late is:

tlate/early is the amount of time the agent arrived late or early;
βlate ≤ 0 is the marginal utility for arriving late or early.
The negative penalty of traveling is:

βtrav,mode ≤ 0 is the marginal utility for travel
ttrav is the number of hours spent traveling during trip i.
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MATSim contains several scoring functions which can be applied dependent on the specific
goal of a traffic assignment/demand‐generation assignment. The Charypar‐Nagel scoring
function is one of the available scoring functions and can simply be selected by adjusting the
configuration file which is used to run the optimization procedure.
The final departure time optimization procedure
By combining this scoring function with the described optimization procedure each individual
agent’s departure time can iteratively be optimized based on the following procedure:
1. Generate the daily plans for each agent in the system. This means that for each agent
its daily plan is indicated which consist of activities at locations and preferences
regarding:
a.
preferred arrival / departure times;
b.
earliest arrival / departure times;
c.
latest arrival / departure times;
2. Simulation of all daily plans is executed in the physical environment accordingly to
every agent’s preferred times. This corresponds to the original travel demand and
results in the current arrival and departure process;
3. The utility of the execution of the individual plan for each agent is calculated. Agents
who arrive outside their flexibility frame or encounter traffic jams and thus have long
travel times will score rather poorly. Agents who arrive on time without any delay will
receive a high score;
4. A defined percentage of the flexible agents will be selected randomly. An existing plan
of these agents will be copied and their departure times will be shifted randomly with
a defined maximum displacement;
5. Simulation is executed accordingly to the collection of these rescheduled plans
complemented with the plans which have remained unchanged since the last
execution;

6. The utility of the execution of the individual plan for each agent is again calculated.
The outcome of the executed plans of each agent is compared with the outcome of
the previously executed plans on the basis of which the worst scoring plan is discarded;
7. Start from step 4 again........ And again until ‘equilibrium’ has been reached
8. When the optimization process has reached a steady state the departure times of each
agent can be distracted and provided to the user as an optimal departure advice.
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The co‐evolutionary algorithm applied to the demand optimization is graphically represented
in figure 8.

Figure 8: The optimization process derived from (MATSim, 2015)

4.4 Adjusting MATSim’s traffic assignment
The proposed method aims to find equilibrium by adjusting individual departure times and
relating such adjustments to changes to the network‐level performance through simulation.
MATSim is used perform this simulation. MATSim provides a framework to implement large‐
scale agent‐based transport simulations. The traffic assignment process which is used in
MATSim should be modified in order to create the previously described procedure.
MATSim applies DTA in which routes and macro departure time decisions are optimized.
Agents can select the respective minimal experienced travel time route and can for example
adjust their times to go shopping at an off time peak period. These time adjustments concern
shifts in hours and concern macro time decisions. In the parameters concerning activities it
can be specified that work should for example start no earlier than 7 am, and no later than 10
am. In addition, it could be specified that it should not stretch beyond 6pm. The specifications
are usually defined for different activity types as being home, working, leisure etc. To perform
this dynamic traffic assignment MATSim makes use of a replanning strategy to reroute
(ReRoute) and a replanning strategy to adjust time (TimeAllocationMutator). Standard
settings look as follows:

Figure 9: Replanning strategies dynamic traffic assignment (MATSim, 2015)
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Modifying the traffic assignment procedure
In order to modify the DTA‐procedure in such a way that it can be used to optimize the travel
demand distribution as explained in the procedure described in section 4.3 different
adjustments had to be made.
Firstly, the equilibrium‐seeking DTA method of MATSim is particularly aimed at describing
individual route choice adjustment. Since the optimization that needs to be performed to
generate optimal departure times does not concern routes this has to be eliminated out of
the optimization procedure. By discarding the standard rerouting strategy the optimization
will not any longer concern route optimization.
Secondly, the current replanning strategy to adjust departure times concerns macro departure
time decisions. Since the desired departure time optimization concerns micro departure time
decisions this replanning strategy has to be modified as well. The ‘mutation range’ determines
the maximum displacement of a departure time decision. In the standard DTA‐procedure, this
mutation range amounts 1800 seconds which equals 30 minutes per adjustment. This means
that the actual adjustment is randomly generated between 0 and 30 minute. In order to reach
equilibrium within a relatively little amount of iterations a mutation range of 7200 seconds is
even advised (MATSim, 2015). The departure time decisions that are entailed by slight
departure time decisions which are subject of this study concern micro departure time
decisions. In order to optimize micro departure time decisions this replanning strategy has
been modified as well. The mutation range has been set to 300 seconds which means that the
actual readjustment of a departure time will vary between 0 and 5 minutes per adjustment.
Thirdly, instead of specifying general macro time constraints defined for different activity
types as being home, working, leisure etc. activity time preferences and constraints have to
be defined for every agent and every activity of the agents separately. These time constraints
have been defined by Preferred Departure Times and Early‐ and Late Flexibility Frames which
together determine their Earliest and Latest Arrival or Departure times. This will be explained
in the remainder of this section.
Time constraints
These time constraints are part of the optimization procedure and linked with the defined
scoring function. When agents depart before their Earliest Departure Time or arrive after their
Latest Arrival Time they will receive negative utility. The time preferences and constraints used
have been defined as follows:
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Early departures and late arrivals will result in negative utility. Early arrivals because of trips
with a short duration or late departures that do not result in late arrivals because of short trips
will not receive negative utility. Therefor for every activity the Earliest Departure Time (E.D.T.)
and Latest Arrival Time (L.A.T.) have to be defined. These time constraints have been defined
as follows:

These preferences and constraints are essential in the finding of optimal departure times. The
indication of a flexibility frame by users of the application is the crucial component upon which
the whole concept of scheduling is based. When people are willing to declare a flexibility frame
which indicates how much they would be prepared to deviate from their preferred time, it
would allow displacing of their individual travel demand and therefore the distributing of the
aggregated travel demand. The declaration of a flexibility frame comprises as well an early as
a late flexibility frame. The extent of flexibility is a typical individual characteristic which differs
for each person and is dependent on the person’s agenda. Figure 10 shows the relationship
between the different personal time preferences and constraints.

Figure 10: Personal time preferences and constraints regarding the morning commute.
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4.5 Functioning of departure time optimization
This section shows the principle functioning of the described methodology. The used data
concerns business park ‘de Liesbosch’. The exact input will be described in section 6.6. In the
context of this chapter it should only demonstrate the functioning of the suggested approach
to generate optimal departure advices. The original departure pattern represents the travel
demand of 1880 agents. It has been assumed that all agents have as well an early as late
flexibility frame of ten minutes which allows the coordination of the travel demand
distribution.
The described iterative optimization process has been repeated 1000 times in order to find
equilibrium. Figure 11 shows the average executed score of all agents for every iteration. It
can be noticed that the optimization process increases the overall score of the agents until a
‘steady‐state’ has been reached. In equilibrium readjusting departure times of agents does
not significantly improve the network‐level performance anymore. After equilibrium has been
reached it can be noticed that the average executed score starts to fluctuate around an
approximated maximum score. This fluctuation is caused by agents who adjust their times
resulting in violating the indicated flexibility frames and receiving negative utility as a penalty
for this. The outcome shows that the average executed score which represents the agent’s
utility significantly increases by optimizing departure times.

Figure 11: average executed score

Figure 11: Average executed score of agents per iteration
The effect on the system’s performance can even better be visualized by means of the
departure, arrival and en‐route pattern. In the next section the influence of the optimization
process on these patterns will be shown and the effect on the system’s performance will be
explained.
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4.6 Optimized departure and arrival process
Visualisation of the influence of the applied optimization on the system’s functioning is shown
in figure 12a‐d by visualizing the outcome after respectively 1, 25, 50 and 1000 iterations. The
figures show that the proposed optimization process spreads out the travel demand. The
travel demand that exceeds the capacity, which is represented by the arrivals pattern, is
balanced in order to minimize this excess. The en‐route pattern is a good indicator of the
system’s performance since it shows the number of vehicles that is simultaneously in the
network. In the original situation the very high and concentrated peaks indicate that
congestion arises during the peak hours.

Figure 12a: The arrival‐ and departure process after 1 iteration

Figure 12b: The arrival‐ and departure process after 25 iterations
56

Generation and provision of personal travel advices to optimize traffic flows

The optimization process aims to minimize travel times, while personal time constraints are
taken into account. Figure 12a‐d clearly show that this minimization result in a significant
reduction of congestion. The maximum number of vehicles in the network in the original
situation amounts 92 vehicles. After 1000 iterations this number amounts only 42 vehicles. In
chapter 8 different scenarios are simulated and the results are analysed. In this chapter there
will be eluciodated on they system’s performance on the basis of different performance
indicators that are defined. At this place in this report it is important to demonstrate that the
proposed methodology is able to optimize the travel demand and improve the system’s
performance

Figure 12c: The arrival‐ and departure process after 50 iterations

Figure 12d: The arrival‐ and departure process after 1000 iterations
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Outcome of the optimization process
The previously described process aims to generate optimal departure time advices. The
optimal departure pattern concerns outcome of the process. Optimal departure times can be
extracted. The specific output will be discussed in section 6.7. These generated optimal
departure times can be provided to the users by means of an application on their smartphone.

4.7 Application of departure time optimization
After the proposed process of generating departure time advices has been described and the
functioning has been demonstrated it is important to explain how this can be applied in the
real world by an ITS‐application. To explain how the application should function and what
steps are required in order to provide personal departure advices an application design has
been developed. The application design that I developed shows how the application will
function, the different components that are required and what procedure underlies the
generation and provision of these advices. The application design has (partially) been derived
from a paper of Ben‐Akiva (2010) about future urban mobility in which the future functionality
of (real‐time) traffic management systems are described. The design of the application is
visualized in figure 13. At the right side the different successive steps of the process are
visualized. The left part shows the interrelationship between the different components of the
model. Five major phases have been distinguished:
1. Input data
The integration of travel demand‐ and travel supply data forms the basis of an ITS‐
application to provide personal departure advices. Travel supply data concerns
information about the infrastructure network and traffic light configurations. Travel
demand data is used to generate a travel demand forecast. This can be based on
historical (count) data, real‐time data and data derived from app‐users. Real time data
about the current state of the system can be measured by a surveillance system.
2. Agent based transportation model
The provision of the optimal departure advices will be generated as described in
section 4.3.
3. Provision of optimal departure advices
The application provides a departure time advice to the user within his flexibility
frame. This can for example be provided 10 minutes before his optimal departure
moment by a message on the user’s smartphone.
4. Real world
The provision of advices will affect app‐user’s departure time decisions and therefore
the traffic flows in the real world. The system’s performance will be influenced by
commuter’s behavior.

58

Generation and provision of personal travel advices to optimize traffic flows

5. Feedback loop
The dashed lines indicate an iterative feedback loop. The changes in the state of the
network caused by the reactions of commuters are reflected in the next set of
measurements collected by the real time surveillance system. The real‐time
forecasting system is then recalibrated based on the new data and generates a new
prediction. This measurement could in reality for example be carried out making use
of GPS data derived from people’s mobile phones or a simple traffic counting system.
Time and position data can provide insight in the current travel times and state of the
system. In the case that traffic actuated signal control is part of the traffic management
policy there is as well a feedback loop that updates the travel supply data since the
traffic light configurations are dependent on the current system’s performance.

Figure 13: The application design (Ben‐Akiva, 2010)
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5

Case study: Business park ‘de Liesbosch’

In the previous chapter it has been described how I approached the generation of optimal
departure advices and how this can be implemented as an ITS‐application. In this chapter it is
explained how the effect of the provision of these personal departure advices is analysed. By
making use of a case study, this research describes quantitatively the effect of this proactive
traffic management measure within the context of business park ‘de Liesbosch’ located in
Nieuwegein in the Netherlands. The effectiveness will be analysed making use of microscopic
transportation simulation.

5.1 The problem
A business park area like ‘de Liesbosch’, with an aggregation of office buildings is characterized
by one specific type of land use and the main activity of the people making use of this area is
working. This implicates that most people arrive and leave at approximately the same times.
In the morning they arrive before they start their working day and in the evening they leave
after they have finished work. This phenomenon leads to the problem that the traffic demand
in the area is very low at the greater part of the day and ‘explodes’ during the morning and
evening peak hours. This means that the demand is characterized by very high and
concentrated peak demands. These peak demands cause an excess of demand beyond the
limited capacity of the network which leads to congestion represented by long queues in front
of the traffic lights. In the current situation the arrival‐ and departure process is completely
uncoordinated and characterized by a high extent of randomness which causes the high peak
demands and result in overloading of the system. The network fundamental diagram,
comprehensively described in section 2.2, shows that when the demand exceeds capacity and
thus the number of vehicles in the network exceed the critical accumulation, the production
of the network stagnates. After this moment problems tend to get even worse because of the
reduced outflow. Because of this it is essential for good functionality of the system that the
demand will not grow higher than the maximal production of the network. Figure 14 shows
the principle of peak spreading in relation to the fundamental diagram.

Figure 14: Peak spreading in relation to the fundamental diagram (Hoogendoorn &
Knoop, Traffic Flow Theory and Modelling, 2013)

5.2 Negative effects
Business park ‘de Liesbosch’ is located in Nieuwegein, close to the city of Utrecht in the
Netherlands. The business park is an aggregation of office buildings. The area is located near
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the A12 and A27 and only has two access roads at its disposal accommodated with traffic
lights. Figure 15 visualizes the location of the business park and the local infrastructure
network.

Figure 15: Location of business park de Liesbosch (www.openstreetmap.org)
During the morning‐ and evening peak hours people who work in the area will arrive at and
depart from the area at approximately the same times resulting in bottlenecks at the two
access roads. These bottlenecks express themselves in long queues at the traffic lights. The
current situation results in the following negative effects:







Decreased accessibility of the area which harms the economic development of the
area;
Excessive queues and corresponding time losses;
Deteriorated congestion at the main road network affecting many people;
Decreased accessibility for emergency services;
High travel time uncertainty;
Serious feeling of insecurity because of the impossibility to leave the area quickly.

Sustainability aspects
These effects negatively affect the sustainability of the area. Regarding the economic
sustainability, the current mobility issues stands in the way of further economic development
of the business park. There is still land available in the area for possible future expansion.
However, the mobility related problems obstruct the economic potential of the area since an
increase of commuters and corresponding travel demand in the current situation would even
deteriorate the accessibility and sustainability of the area. Therefore, improvement of the
accessibility would also implicate an increased potential of the economic development of the
business park. Furthermore, the social sustainability is jeopardized since the commuters
experience several negative effects of the daily traffic congestion. The current arrival and
departure process is characterized by a very high travel time uncertainty. This increases the
probability of people arriving late at for example business meetings and disturbs a
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comfortable and reliable trip as well to as from work. Furthermore, excessive queues in front
of the traffic lights and corresponding waiting times and travel time losses are an important
cause of annoyance. In addition the current situation also means that the area is hardly
accessible for emergency services like ambulances. This causes that commuters experience an
increased feeling of insecurity. The ecological sustainability of the area is damaged as well
since the excessive queues involve high CO2‐emissions and fuel consumption.
Area of study
Unless the fact that the complete area is affected by decreased accessibility a bus trap divides
the business park in two separate distinguishable areas. The bus trap prohibits car traffic
(during peak hours) to enter one area from the other and vice versa. The southern area is
characterized by a high variety of companies representing as well office‐ as retail functions.
The northern part of the area is subject of this study. This area is mainly occupied by large
office buildings accommodating the commuters working in the area. There is only one access
road which has to process all arriving and departing traffic in the area. Figure 16 offers a map
of the area and a visual representation of the office complexes located in the area.
To obtain better insight in the current problematic situation with regard to the accessibility of
the area an interview has been conducted with the location manager of the department of
real estate of Ordina, responsible for the mobility issues of the area. The head office of Ordina
is located at business park de Liesbosch and is the largest institution established in the area.
During the interview the great need for a structural improvement of the accessibility has been
emphatically stressed. Currently the most complaints of commuters are twofold. At the one
hand the excessive travel times and corresponding travel time uncertainty are a major source
of annoyance. On the other hand it is often emphasized that commuters experience a great
extent of insecurity. This feeling of insecurity is caused by the impossibility to leave the area
quickly in case of emergency. When people need to leave the area within a short time because
of a critical situation either in‐ or outside the area, the limited accessibility of the business
park prevents this.

Figure 16: Map and visual representation of the business park (www.openstreetmap.org)
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5.3 Importance and societal relevance
The problem is associated with a high extent of societal relevance. Achieved improvements
directly affect daily life of many people as well as the economy and the sustainability of the
area. The considered area facilitates approximately 2000 commuters who travel (almost) on
a daily basis to the area to work (see data analysis in section 6.4). This means that a lot of
people are affected by the problems described in section 1.1. It is important to emphasize that
there are a lot of comparable areas with similar problems as well in the Netherlands as in the
rest of the world. This means that a solution which improves the situation could be applied at
numerous locations like other business parks, event areas, conference locations, sports stadia
or other local networks with a limited capacity. In this more general context, a solution to the
problem could not only have a positive effect on the sustainability of the area in a local context
but it could also contribute to sustainability in a more general perspective. It could contribute
to the reduction of the effects of the main problems related to the domain of urban
transportation distinguished in section 3.2:





Congestion and excessive travel times;
Energy consumption;
CO2‐emissions;
Air pollution.

5.4 Hypotheses
By making use of a case study, this research describes quantitatively the effect of the provision
of personal departure advices within the context of business park ‘de Liesbosch’ located in
Nieuwegein in the Netherlands. The research to be conducted aims to answer the research
questions formulated in section 1.4. First we will focus on ‘Research Question 2A’:
Research Question 2A: What can be the effect of the provision of personal
departure time advices to optimally distribute travel demand in order to avoid or
alleviate arising congestion?
The following hypothesis has been formulated:
Hypothesis: Dynamic traffic management measures like the provision of optimal
departure time advices can significantly reduce travel times and contribute to the
alleviation of congestion.

5.5 Research methodology
In order to find an answer on this research question and to test the formulated hypothesis the
effectiveness will be analysed making use of microscopic transportation simulation. However
before simulations can be performed a model has to be constructed. In order to construct this
model conditions have to be determined. Thereafter scenarios can be developed, prepared
and subsequently simulated. The outcomes of these simulations need to be processed, where
after the final results can be analysed. On the basis of these analysis conclusions can be drawn.
64

Generation and provision of personal travel advices to optimize traffic flows

The following steps have to be performed to enable the answering of the research question.
Three main phases have been distinguished:
Conditions for the model
 Data collection;
 Data processing and analysis;
 Travel demand forecasting;
 Generating input;
 Constructing the model.
Scenario analysis
 Developing scenarios;
 Preparing scenario input;
 Running simulations;
 Processing outcomes;
 Analysing results.
Conclusions and discussion
 Drawing conclusions;
 Discussion and recommendations.
The model to be constructed plays an essential role and will therefore first be described in the
next section. Thereafter the subsequent chapters will elucidate on the three distinguished
main phases.

5.6 Model design
Modeling allows the optimization of ITS‐applications prior to implementation. It is used to
analyse and evaluate the effectiveness of the measures to solve the current accessibility
issues. In order to explore and evaluate complicated future scenarios a simulation model is
the only viable option before implementation. Therefore, before the application will be
developed and deployed in the real world the effectiveness will be tested in this study. The
resulting traffic flows are modeled making use of a microscopic transportation model. The
model that is to be developed has to be able to test the effectiveness of the application that
is going to generate and provide optimal departure advices. On the basis of the developed
application design which has been described in section 4.7 the model design is developed that
describes the model that is used in this study to test the effectiveness by means of simulation
and is shown in figure 17.
Simplifications model design
This study focuses on the generation of optimal departure time advices and the possible
effectiveness of the provision of these advices. The effectiveness is dependent on the
response of travelers to this information. The modeling of the individual response to the
provided information is too complex and therefor simplified in this study by the assumption
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that commuters who make use of the application will also follow the provided advice. Because
of this reason there will be no difference between the forecasted future system’s state and
the system’s resulting traffic flows. Therefore there is no surveillance system modeled which
measures the state of the system and dynamically updates the forecast. In the model design
the ‘real world’ is modeled making use of a micro simulation transportation model.

Figure 17: Model design (Ben‐Akiva, 2010)
1. Data input
The model design shows that data collection, data processing, forecasting and input
generation concern a great part of the model design. The next chapter describes the
conditions for the model and explains which data is required, what data sources could be
used, how the data has to be processed, how a travel demand can be forecasted and how
this forecast can be converted into population input for the agent based transportation
model.
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Data collection
Data has to be collected in order to enable the forecasting of the travel demand and travel
supply to be modeled. In this study this will not concern real time data so historical data
has to be collected. Furthermore assumptions have to be made regarding app‐user’s data
which relate to their personal characteristics like preferred departure times, flexibility
frames and locations. The data collection will be described in section 0.
Data analysis & processing
Historical data will concern raw data and will therefore need to be processed before it can
be actually used for forecasting. This step of data analysis and processing consists out of
analysing, arranging, filtering and selecting appropriate data. The data analysis and
processing will be described in section 6.4.
Forecasting
On the basis of the processed data the travel demand needs to be forecasted. This
forecasting will be performed by direct estimations of traffic volumes by trend analysis.
This approach is appropriate if the trend is expected to continue, which is true for short‐
range forecasts as it concerns in this study (Chatterjee & Venigalla, 2011). The travel
demand forecasting will be described in section 6.5.
Input generation
The travel demand forecast needs to be ‘translated’ into the required data format of the
model. The input generation concerns the conversion of the forecasted travel demand into
population input for the model. The extracted travel supply data also needs to be
converted into the required network input format. The input generation will be described
in section 6.6
2. Agent based transportation model
The provision of the optimal personal departure time advices will be generated by the
iterative optimization procedure which uses simulation to determine network‐level
performance. This has been described in 4.3.
3. Provision of optimal departure advices
The optimal departure times generated by the equilibrium seeking method will serve as
input for the micro simulation transportation model. The provided advice is assumed to
be followed by the agents in the model.
4. Micro simulation transportation model
By means of micro simulation resulting traffic flows are modeled. The departure advices
will influence the performance of the system. The outcome of the simulations have to be
processed in order to enable meaningful analysis. The system’s performance can be
analysed and compared with the original system’s performance. On the basis of this
comparison the effectiveness of the measure can be evaluated. As well other measures
could be implemented to improve the system’s performance. The effectiveness of these
measures can be analysed in a similar way. MATSim will be used to perform the micro
simulations. The MATSim transportation model will be discussed in the next section.
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5.7 MATSim transportation model
To perform the micro simulation MATSim is used which offers a modeling framework to
implement (agent based) transport simulations. This section provides a short description how
traffic flows are simulated within MATSim. Appendix IV provides a little more specific
information about the constraints that determine the actual traffic flow simulation.
Traffic flow simulation
The agent’s plans get executed along each other in a representation of the physical world. This
means that the agents and their vehicles are moved around in the network. During this
execution of the plans, agents can influence each other by taking up space in the virtual world.
If too many agents want to travel on the same road at a specific time, they generate a traffic
jam in the mobility simulation. The stochastic, queue based traffic simulation simulates the
physical world. It is implemented as a queue simulation (Cetin, Burri, & Nagel, 2003), which
means that each street (link) is represented as a FIFO (first‐in first‐out) queue with three
restrictions. First, each agent has to remain for a certain time on the link, corresponding to
the free speed travel time. Second, a link storage capacity is defined which limits the number
of agents on the link. If this capacity has been reached, no more agents can enter this link.
Third, there is a flow capacity, which limits the number of vehicles that can leave the link in
any given time step. The outflow capacity is defined as the maximum hourly rate at which
vehicles can reasonably be expected to traverse a link during a given time period under
prevailing roadway, traffic and control conditions’ (Hoogendoorn & Knoop, Traffic Flow
Theory and Modelling, 2013). In other words a roads’ capacity is the number of vehicle it can
produce as outflow per time unit. If a road is considered that can produce one vehicle as
outflow each 6 seconds this would mean that every minute 10 vehicles can leave the road.
The capacity of this road would then be 600 vehicles per hour. In MATSim the capacity
determines the time between the outflow of two successive queuing vehicles.
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6

Conditions for the simulation model

After the design of the model has been explained the conditions for the model can be
determined. This chapter will describe how the conditions for the model have been
determined. This contains the required data input, data collection, data analysis, forecasting
travel demand and input generation. First it will be described what input is required and
subsequently it is explained how this data has been prepared.

6.1 Required input data
To compose the model different input data sets are required. The model design visualized in
figure 17 shows that the input for the model concerns network input, population input and
app user data which concern individual characteristics. These input data sets are described in
this section. The model combines comprehensive traffic supply‐ and traffic demand data.
These crucial components are represented respectively by the network and the population
and their characteristics. So, the most important input for the model consists of the following:



Traffic supply data: the network;
Traffic demand data: the population;

Network Input
The first important input for the model concerns the network which determines the travel
supply. The network represents the physical available infrastructure and determines the
capacity of the network. The network represents the physical available infrastructure and
determines the capacity of the network. The network consists of nodes and connecting links
and these are defined as follows:
Nodes
 The node id;
 The x‐ and y‐ coordinate of the node;
Links










The link id;
The start node of the link;
The end node of the link;
The length of the link;
The speed limit of the link;
The number of lanes of this link;
The maximum flow capacity of the link;
The allowed transport modes of the link;
The storage capacity or physical queuing capacity of the link;

These variables are required in order to run the stochastic, queue based traffic simulation
described in section 5.7. The maximum flow capacity and storage capacity basically govern the
traffic flows through the network. The Network input file, after being extracted from
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OpenStreetMap and converted into the required format of a MATSim network contains the
necessary information. A basic network file looks as follows:

Figure 18: Network input file
Population Input
The second important input for the model concerns the population which represents the
travel demand. In the adopted microscopic approach every single person is modeled and
simulated individually as an agent. An agent is defined by different characteristics which are
of influence regarding the travel demand of this agent and their personal plans which contain
their daily activities. These plans can be considered as the agent’s individual schedule
consisting of activities with their corresponding location and time. Synthetic populations of
agents can be further characterized with different attributes. Agents are defined as follows:
Agents
 The agent id;
 The home activity;
 The home location x‐ and y‐coordinate;
 The preferred departure time morning;
 The early flexibility frame;
 The late flexibility frame;
 The expected travel time;
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The work activity;
Work location x‐ and y‐coordinate;
The preferred departure time evening;
The early flexibility frame;
The late flexibility frame;
The expected travel time;
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The company;
The application participation qualification;
The travel mode;
(Additional characteristics).

A basic population file looks as follows:

Figure 19: Population input file

6.2 Data sources
In order to compose the required input data sets it is necessary to collect travel demand‐ and
travel supply data. This section describes which data sources could be used to collect data.
Network input
Open source data about the road network is available at OpenStreetMap and can simply be
extracted. Furthermore data is available from NDW (national database road traffic
information).
Population input
A population need to be synthetically generated on the basis of available data. However
sufficient data about the current travel demand i.e. arrival‐ and departure process is essential
to create a realistic representation. Different data sources can (jointly) be used to generate a
representative synthetic population. The different sources differ from each other with regard
to as well the related validity as the reliability. Different data sources could as well be used as
historical and as real time data. The following types of data have been distinguished:
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Application data;
Real time data
Historical data.
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These different types of data can be obtained from different data sources as:
 Count data;
 GPS data;
 Clocking data;
 Parking gate data;
 Other sources.
Application data
Application data concerns data that is directly extracted from people’s phone or indicated by
the user of the application. This concerns personal information about people’s personal
agenda including preferred departure or arrival times, flexibility frames, locations of their
activities etc. The indicated time values extracted from the application (preferred time and
flexibility frames) are essential input and are used to define Earliest Departure Times‐ and
Latest Arrival Times of the agent’s travels. These are directly used as constraints in the
optimization process that is applied to generate optimal departure advices.
Users can indicate their preferred departure‐ or arrival time and their early‐ and late flexibility
time frames. This means that people can set the time that they would like to depart or arrive
at their destination as desired originally when they wouldn’t be influenced by the travel
demand of other people and the limited capacity of the infrastructure. When people are
willing to declare a flexibility frame which indicates how much they would be prepared to
deviate from their preferred time, it would allow displacing of their individual travel demand
and therefore the distributing of the aggregated travel demand. The declaration of a flexibility
frame comprises as well an early as a late flexibility frame. The extent of flexibility is a typical
individual characteristic which differs for each person and is dependent on the people’s
agenda. Figure 20 shows how app users could indicate their personal time preferences and –
constraints.

Figure 20: Departure time preferences input

72

Generation and provision of personal travel advices to optimize traffic flows

Real time data
Real time data can be used to provide information about the current state of the system. Real
time data can be collected by measurement of the system’s state. This measurement could in
reality be carried out making use of different technologies. These technologies could concern
traffic count systems or GPS tracking making use of people’s smart phone. Time and position
data can provide insight in the current travel times and state of the system. It could provide
information about the current trip durations, queue lengths, travel speeds etc. However, this
real time data only provides an indication of the current system’s state and only concern’s a
‘snapshot’ of the current conditions. Therefore it can be used to dynamically update the travel
demand forecast.
Historical data
In order to generate a realistic and reliable travel demand forecast that forms the basis of the
distributing of the travel demand it is necessary to include historical data since this provides
insight in the historical travel demand trend. Historical trends can be identified and
extrapolated to estimate future traffic volumes. The reliability of such an estimation is
dependent on the available data.
The following distinguished data sources could as well be use as historical data and as real
time data:
Count data
Traffic counts provides street‐level traffic data for a network. The number of vehicles passing
a link during a certain period. This data can be made available by different institutions. This
data is collected by a variety of traffic count equipment. Permanent inductive loops are
considered the most reliable traffic detection method available. Portable counters are used
to collect short term duration traffic counts or classification studies. Portable units are utilized
for performing average daily traffic counts and speed studies.
Clocking and parking gate data
Data collected by clocking systems or parking gates can be very valuable. Clocking data does
not directly provide demand data of exclusively car traffic but it can provide good insight in
the travel demand pattern. The data needs to be factored to exclude aspects like carpooling
and other transport modes. Parking gate data can even be more valuable since it directly
provides information about the number of vehicles instead of number of peoples and also
include information about people’s parking location.
Other sources
Dependent on the context other sources could possibly be used to collect data.
It is important to stress that the reliability and validity of the data is of essential importance
regarding the generation of a realistic travel demand forecast. This is discussed in section 6.4.
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6.3 Data collection
Network
First the OpenStreetMap network of business park ‘de Liesbosch’ and its direct surroundings
has been exported. Figure 21 shows a map of the exported local infrastructure network in its
geographical context.

Figure 21: Local infrastructure network exported from OpenStreetMap.org
Population
In order to guarantee a useful employment of the travel demand optimization and to
maximize the efficiency of the scheduling application it is essential to collect valid and reliable
data to enable a realistic travel demand forecast. In section 6.2 different data sources have
already been discussed which could be used to generate a travel demand forecast. The data
used in this study concerns historical clocking data and has been made available by Ordina.
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Ordina is the largest institution established in the area and represents approximately 50% of
the commuters of the business park (see data analysis in section 6.4). The company makes use
of a clocking system which collects data of the number of people who are in the office complex
during the day. Every 5 minutes it is registered how many people are in the building at that
moment in time. In this study the clocking data of Ordina from 11‐04‐2014 until 23‐04‐2015
has been collected. This information contains the complex occupation data from more than
one year i.e. 378 days. The total number of registered occupation values included in the raw
data set amounts 81.945.
Reliability of the data
This data can be used to obtain a better insight in the arrival‐ and departure process. However
before this data can be used to compose a travel demand forecast it is necessary to perform
data analysis to examine whether the data is characterized by a sufficient extent of regularity
to determine whether the data can be used to project future demand. The reliability of the
travel demand forecast is highly dependent on the variation of the data upon which this
forecast is based. The greater the variation in the available data the less reliable the forecast
is. Therefore the next section will discuss the variation in the available data by applying simple
trend analysis.
Validity of the data
The validity of the used data is limited since it measures the number of people arriving and
leaving instead of the number of vehicles which is of actual importance. Because of a lack of
available data it is not possible to use other data with a higher extent of validity. This limitation
will make the travel demand forecast less reliable. However because the aim of this study is
to test the effect that demand side management measures could have on the travel demand
distribution the actual travel demand forecast does not have the highest priority but rather
the distribution of the travel demand.

6.4 Data analysis and processing
The data analysis that has been performed concerns trend analysis. Trend Analysis is the
practice of collecting information and attempting to identify a pattern, or trend, in the
available data. To determine which data could best be used to project future travel demands
different periods of time have been considered i.e. long‐, mid‐, and shot term time spans
concerning respectively quarterly, monthly and weekly periods of time. The corresponding
units of analysis are months, weeks and days. Table 1 provides an overview of the considered
time spans which have been subject of the trend analysis.
Table 1: Levels of data analysis
Timespan
Long term
Mid term
Short term
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Scope
Quarter
Month
Week

Unit of analysis
Month
Week
Day
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Long term pattern
Firstly a long term pattern is considered. Figure 22 shows a long term pattern of the complex
occupation data. The data is characterized by a strongly recognizable recurrent pattern. The
identified pattern recurs on a weekly basis without significant long term deviations during this
period. However, when a similar time span of 4 months is considered from the beginning of
June until the end of September a considerable deviation from the long term pattern can be
observed. This is shown in figure 23. This temporarily decrease of occupation can simply be
explained by the holiday period.

Figure 22: Complex occupation 01‐01‐2015 until 23‐04‐2015

Figure 23: Complex occupation 01‐06‐2014 until 21‐09‐2014
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To check the variety of the data the maximum complex occupation per day has been
compared. The analysis concerns data from 01‐01‐2015 until 20‐04‐2015. This concerns the
most recent data available from this year. Irregularities due to particularities like public
holidays have been left out of consideration. Weekends have been excluded as well. Table 2
shows the outcome of this comparison.
Table 2: Weekdays comparisons
Monday
Tuesday
Wednesday
Thursday
Friday

Average
1035,4
1073,1
814,6
984,5
601,9

Ratio
96,48
100,00
75,91
91,74
56,09

Minimum
941
978
707
873
520

Maximum
1086
1135
864
1061
660

St. Dev.
37,39
37,09
36,23
45,44
41,46

It can be noticed that the average maximum complex occupations per day differ to a high
extent. Tuesdays entail the highest loads on the infrastructure network followed respectively
by Mondays, Thursday and Wednesdays. Fridays are the least busy working days. The average
of Fridays amounts merely 56% of Tuesdays occupation.
Mid‐term pattern
Secondly a mid‐term pattern is considered. Here even a more regular pattern is recognizable
with less long term deviation effects and therefore very little variety between different weeks.
Figure 24 shows a monthly pattern which concerns the occupation data from 01‐03‐2015 until
31‐03‐2015.

Figure 24: Complex occupation 02‐03‐2015 until 31‐03‐2015
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Short‐term pattern
Besides the simple data comparison graphical analysis can be applied. Graphical analysis of
the daily pattern, visualized in figure 25, show that there is a high extent of variety between
the different days of the week. This matches the results in table 3 and confirm that in general
Tuesdays are characterized with the highest loads on the infrastructure network.

Figure 25: Weekly travel demand pattern
When in contrast similar weekdays, in this case Tuesdays, are analysed it can be noticed that
there is very little variety between the different datasets. This can be seen in figure 26. This
shows that the data is highly reliable and can be used to generate travel demand forecasts.
More comprehensive data analysis could be performed of course, however as mentioned
before in this study the reliability of the travel demand forecast has not the highest priority
which allows this simplified data analysis and forecasting process.

Figure 26: Tuesday’s daily travel demand pattern
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6.5 Forecast travel demand
This section will provide answer on the following research question:

How can the travel demand forecast be generated in order to enable
optimal distribution?
Travel demand forecasting is one of the most important and difficult tasks of transportation
planning. There are different types of travel prediction techniques, and the one to be used in
a particular case must be compatible with the nature of problem and scope of planning
(Chatterjee & Venigalla, 2011). In this study the relative simple direct estimation of traffic
volumes by trend analysis has been applied. The historical trend can be identified and
extrapolated to estimate future traffic volumes. This approach is appropriate if the trend is
expected to continue, which commonly is true for short‐range forecasts as it concerns in this
study. Of course there are other and more advanced travel forecasting techniques. However
this study concerns the effectiveness of measures to distribute the travel demand therefore
the actual forecasting procedure has not the highest priority and direct estimation by trend
analysis is an appropriate method.
Direct estimation of traffic volume by trend analysis
On the basis of the simple trend analysis described in the previous chapter the following data
limitations have been formulated regarding the generation of a reliable travel demand
forecast:





Include only similar working days to minimize variety of data;
Avoid too extended timespan to exclude long term effects;
Avoid too limited timespan to restrain random deviations;
Exclude irregularities like holidays which disturb the pattern.

The collected data is used in order to generate a representative population. Since there is a
high extent of variety between the different days of the week every weekday requires a
specific individual travel demand forecast. Data from the past 8 same weekdays is used to
create a travel demand forecast on the basis of which a synthetic population is generated in
order to simulate a daily arrival‐ and departure process.
The goal of the model as formulated in section 1.3 concerns analysing the effectiveness of the
provision of optimal departure times as a personal travel advice by modeling and simulating
affected traffic flows. Because the data analysis showed that Tuesdays are usually the busiest
working days and therefore entail the biggest mobility related problems these are also the
days to achieve the greatest effectiveness. Data of Tuesdays represent the highest load on the
mobility network and since the possible effect of the measures to be deployed is to be tested
data from Tuesdays has been selected to generate travel demand forecast.
The available data has been categorized in timeslots of 5 minutes. This implies that every day
consists of 288 timeslots. Occupancy data of all timeslots from the past 8 similar weekdays are
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averaged. This gives the average frequency of people arriving or leaving for every timeslot.
Then a moving average is applied on these frequencies. A moving average is commonly used
with time series data to smooth out short‐term fluctuations and highlight longer‐term trends
(Chatterjee & Venigalla, 2011). By applying a 3 point average the major fluctuations in the
data, which are caused by the limited dataset of 8 values per timeslot, are balanced. Extending
the dataset is avoided since it could entail long term effects. The obtained number is used as
the expected number of people entering or leaving the complex during that timeslot. So for
example the expected number of people between 08:25 and 08:30 is based on data from the
past 8 similar weekdays from 08:20 until 08:35. Since this number does not concern the
expected number of vehicles arriving at or departing from the area but the number of people
entering or leaving the building this data has to be factored to calculate the forecasted number
of vehicles. Finally this expected number of vehicles that arrive or leave within every timeslot
of 5 minutes has been used as frequency to randomly generate departure times within the
timeslots. The total collection of all generated departure times together constitute the
forecasted travel demand. During this process of generating a synthetic population the
following assumptions have been made which imply uncertainties regarding the travel
demand forecast:
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The used data concerns the number of people present in the building at moments in
time. This does not always correspond with the exact number of people who arrive or
depart from the office. When during a certain timespan for example 3 commuters
leave and 3 arrive the occupation of the building will stay the same. However, during
the morning peak nearly nobody will leave the office and in the evening peak hours
nearly nobody will arrive. It is assumed that in the morning nobody will leave and in
the evening nobody will arrive. This could lead to an underestimation of the travel
demand.



The data covers approximately 50% of the commuters working in the area. The other
50% of the commuters are also forecasted making use of the available data.
Dependent on the core working hours of the different companies the original data can
be manipulated. This principle will later be applied when the effectiveness of
coordinated working hours is evaluated.



Not the number of people entering or leaving the building is of interest in this study
but rather the number of vehicles entering or leaving the area. Because of this reason
a correction have to be introduced to exclude car‐poolers and people who travel with
another transport mode like bicycle or public transport. By performing fieldwork also
count data has been collected. This data does not concern the number of people
entering the building but the required data about number of vehicles arriving at and
leaving the area. The count data and the clocking data have been compared. Based on
this comparison the assumption has been made that 80% of the commuters arrive with
a personal vehicle.
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The travel demand forecast concerning the timeslots between 06:00 and 07:00 looks as
follows:

Figure 27: Included data and travel demand forecasts

6.6 Input generation
After data has been collected, analysed and processed the input for the model can be
generated.
Network input
The street network has been extracted from OpenStreetMap (www.openstreetmap.org) and
converted into a MATSim network and consists of 208 nodes and 377 links. Figure 28 shows
an overview of the modeled network. The network considered in this study concerns the
demarcated northern area of the business park and contains all roads present in the business
park and the access road used to arrive at or depart from the area. The network is demarcated
by the intersection equipped with the traffic lights. During the arrival process in the morning,
all traffic flows to the business park merge here. During the departure process in the evening,
the traffic flow leaving the business park splits up into the different directions at this point. An
agent is considered to be ‘part of the system’ from the moment he enters the queue at the
traffic light in the morning. When he enters his associated parking area he leaves the network.
In the evening the opposing process is considered. The agent is considered to enter the system
at the moment he leaves the parking area and enters the network. At the moment het leaves
the queue at the intersection he is considered to be out of the network. Beyond this
intersection traffic is out of the scope of this study because it can hardly be influenced, there
is too much variability and uncertainty to analyse meaningfully.
An important component of the network is the signalized intersection where agents enter or
leave the network. This intersection determines to a high extent the outflow of the system
and therefore the performance of the system. At the signalized intersections queues divide
into multiple lanes that block mutually if one of the lanes is completely jammed. This
phenomenon is called spill‐back or blocking effects. Queue models can be used to model
traffic flow and spill‐back at signalized intersections realistically (Grether, Neumann, & Nagel,
2012).
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In this model waiting queues for distinct turning movements, including their spatial extension
are modelled explicitly. Thus, in case of spill‐back mutual blocking effects between several
turning directions are captured. This is important if traffic signals are simulated
microscopically. If a single queue is used, the first vehicle blocks all other vehicles upstream.
This models reality correctly if there is only one lane for all turning moves. In the case,
however, that there are several lanes for signalized turning‐movements, a single queue model
distorts the effects of signalization.

Figure 28: The modeled network
In contrast, Figure 29 shows the applied modelling approach with multiple queues. Vehicles
with distinct turn intentions do not block each other until the available space for queueing on
the lane is used completely like it occurs in reality. At the signalized intersection commuters
have to make a decision between one of the tree directions. Dependent on their home
location they will either turn left, turn right, or continue straight ahead. Figure 29 shows that
in the case that too many agents with the same intended direction (in this case straight on)
arrive approximately at the same time at the intersection, agents with another direction are
blocked. Despite the fact that there is plenty of space in the queue of their turning direction.
In order to model this correctly the extracted and converted network has been extended with
four links that represent the four queuing lanes at the intersection. There are two queue lanes
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for the people with the intended direction straight on, and one to turn right and one to turn
left. By extending the network with four different queue lanes and assigning agents with a
home location that is related to one of the three possible turning directions the intersection
can be modeled realistically. People will choose a queueing lane on the basis of their intended
direction and spillback effects are captured as in reality.

Figure 29: Multiple queues modeled to capture spillback correctly. Derived from (Grether,
Neumann, & Nagel, 2012)
Population input
The output of the travel demand forecasting process concerns a complete list of departure
times which together represent the travel demand. These departure times have to be assigned
to the agents. Based on the historical data 1880 agents representing 3760 trips have been
forecasted. Section 6.1 discussed the required input data and its format. Excel has been used
to automatically generate 1880 agents. Every agent is assigned with a departure time in the
morning and the evening. He is assigned with a home location, the company he works for, the
parking area in which he parks his car and the corresponding location. These characteristics
are randomly assigned based on a pre‐set probabilities based on the number of people
working for the different companies and the number of parking places per parking area (See
appendix V). Because of a lack of information it is assumed that the intended direction at the
intersection when traveling home is equally divided over the three directions. This data is
automatically formatted into the required input format and looks as follows:

Figure 30: Population input format
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Subpopulations
It is assumed that non app users have fixed departure times and will not shift their departure
times. App users at the other hand will shift their departure time based on the provided
optimal departure time. Because of a lack of information about people’s flexibility and their
willingness to deviate from their preferred departure time it is assumed that all flexible agents
have similar flexibility frames. As well the early as late flexibility frames of the app users are
assumed to be 10 minutes. This a relatively short amount of time that many people would
probably be willing to maximally deviate from their preferred times of travel. Furthermore the
total frame could offer the possibility to coordinate the arrival‐ and departure process and
decrease the related extent of randomness in this process.
Home and work locations
Home locations are divided in three possible directions. Because of a lack of information it is
assumed that the home direction of the commuters at the traffic lights is equally divided over
the three different directions. The work locations of the commuters are divided accordingly
to the parking locations in the area. 9 parking areas have been distinguished. The exact
number of parking places for each parking area is not known, but because of the similarities
between the office towers where the majority of the parking places are located it is assumed
that the parking places are equally distributed over the different parking areas.
Flexibility constraints
Originally, with regard to dynamic traffic assignment time constraints are related to activity
types as working or leisure and define for example that work should start between 6 am and
10 am. Therefore the flexibility constraints are defined in relation to agent’s activities. In order
to enable the proposed optimization procedure it is required to define for each agent’s activity
the Earliest Departure Time and the Latest Start Time, which concerns respectively the earliest
time an agent can leave or the latest time that an agent can arrive in accordance with their
indicated time frame.
For every agent two Preferred Departure Times have been defined on the basis of the travel
demand forecast. On the basis of this and dependent on the Expected Trip Duration and the
Early and Late Flexibility Frames the Earliest Departure Time and the Latest Arrival Time can
be defined. Figure 32 shows how these constraints have been defined for every activity.

Figure 31: Earliest Departure Time and the Latest Arrival Time Constraints
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6.7 Output of simulation
In MATSim, events are used to document changes in the state of an agent. Each event contains
one or multiple attributes. By default, the time when the event occurred is contained.
Additionally, information like the id of the agent who caused the event or the id of the link
where the event occurred is included. Events are created when an agent ends an activity,
performs a trip to the next activity and starts that activity (MATSim, 2015).
By default, the MATSim simulation module creates a so called events‐files. This file contains
every single event that has been created by the simulation, including all attributes. Therefore,
the events‐file contains all information that might be used for post‐processing of the
simulation results. The output of simulations by MATSim is rather unstructured and looks as
follows:

Figure 32: Output data of simulations
To enable the meaningful analysis of this data it has to be processed. The processing of this
data has been performed by using excel. All event data has been arranged, filtered, sorted and
required calculations have been performed. This data has been processed in order to express
the outcome of the simulation in terms of performance indicators which are described in
section 7.5. By extracting the departure and arrival times of the agents the trip durations can
be determined. On the basis of the trip durations further analysis can be performed.
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7

Scenario analysis

The effectiveness of measures like the provision of personal departure time advices to
commuters is analysed by comparing different scenarios. The results of simulation without
interference of any measures can be compared with the results of simulation after measures
have been deployed. By making use of scenario analysis such comparisons can provide insight
in the effect of a specific application of a measure either stand‐alone or as part of an integral
policy.

7.1 Why scenario analysis?
Scenario analysis is a strategic process of analysing decisions or alternatives by considering
possible outcomes. It is not a predictive mechanism, but rather an analytic tool to manage
uncertainty. In this study forecasts are used to predict the arrival and departure pattern.
Scenario analysis is not aimed at obtaining forecasts but advocates the creation of alternative
images of the future development of the external environment. In doing so, scenarios
highlight crucial uncertainties, with impact the decisions managers have to make in order to
determine an optimal policy to improve the current situation (Postma & Liebl, 2005).
The request of companies established in the business park concerned the invention of an
adequate solution for the mobility problems that the commuters encounter every day. A
traffic management policy should be composed which covers measures that improve the
accessibility of the area and therefore contribute to a higher level of sustainability of the area.
In order to determine which measures could be part of such a traffic management policy and
furthermore in what form they could optimally be applied this study makes use of scenario
analysis focusing on the effect of crucial uncertainties concerning deployable measures.
Such a crucial uncertainty could for example concern the number of people willing to deviate
from their preferred times of travel and making use of the application to become part of the
‘scheduling program’. The percentage of commuters that will make use of the application has
been defined as the participation rate. It is expected that he higher the participation rate the
more effective the measure will probably be. Such crucial uncertainties are subject of the
scenario analysis.

7.2 Solution directions
Since congestion arises when too many commuters arrive or depart at approximately the
same times the number of vehicles that are simultaneously in the network should be reduced.
A great variety of measures could be introduced that encourage commuters to use other
transport modes in order to travel to work like public transport or bicycles. Besides,
commuters can be stimulated to carpool or work at home. The purpose of these measures is
to influence mobility choices with the goal to reduce the total number of vehicles.
In this study only traffic management measures are considered assuming that the number of
vehicles that make use of the infrastructure system remains the same. Based on the main
solution directions derived from Hoogendoorn & Bertini (2012) in which traffic management
can effectively be deployed to improve network operations the following solution directions
have been distinguished regarding the mobility issues of business park ‘de Liesbosch’:
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Reduce the inflow
Balancing and limiting the inflow of the network to keep the accumulation below the
critical accumulation;



Prevent blockades
Reducing spill‐back effects by shortening queues in front of the traffic lights in order
to prevent mutual blocking;



Increase throughput
Increasing the outflow of the network to keep the accumulation below the critical
accumulation;



Even distribution of traffic
Redistributing traffic by informing and guiding commuters to less sensitive moments
in time i.e. off‐peak hours.

7.3 Measures
Based on these solution directions the following measures have been identified that could
effectively be deployed in the context of business park ‘de Liesbosch’:





Provision of optimal departure advices;
Traffic actuated signal control;
Coordinated working hours;
Combined traffic management policies.

What these measures exactly mean and why these measures are proposed will be discussed
in this section. The provision of optimal departure time advices has already been discussed in
section 1.2 and will therefore not separately be discussed here.
Traffic actuated signal control
The bottleneck in the local network of ‘de Liesbosch’ concerns the signalized intersection.
During the evening commute all traffic leaving the area ends up in the same queue in front of
the traffic light. By (temporarily) increasing the outflow of the network the accumulation of
vehicles in the network can be reduced and the bottleneck can be alleviated.
A measure that nowadays often is applied is traffic actuated signal control. Traffic control at
intersections is done automatically using a cyclic sequence of green, amber and red signals.
Green and red times can be fixed and predetermined. An alternative is semi‐actuated control
or fully actuated control; the mode of operation where all approaches have detectors and all
green phases are controlled by means of detector information (Viti & van Zuylen, 2009). Traffic
actuated signal control can extend the green phases in case of long queue lengths. When
during the evening peak hour excessive queues are arising an increase of the outflow could
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mean that the total queue length is limited and the corresponding waiting times in front of
the traffic lights can be reduced. The reduction of the queue length can prevent blockades.
The municipality owns and manages the concerning traffic signals. Because the municipality
is one of the initiators of the request of composing a traffic management policy which covers
measures that can positively affect the area’s sustainability and the municipality owns the
traffic signals, traffic actuated signal control could be a feasible measure that can significantly
contribute to an improvement of the business park’s accessibility. It needs to be emphasized
that this measure entails negative effects for other traffic flows. This will be discussed in
section 8.3.
Coordinated working hours
Since the current mobility problem affects all companies established in the business park, the
request of Ordina, represents the urge of all companies in the area to find an adequate
solution for the mobility problems that the commuters encounter. The involvement and
commitment of different parties enables the organisation and execution of coordinated traffic
management policies.
The collaboration of different parties can contribute to the coordination of the travel demand.
In order to distribute traffic evenly in time it could be very interesting to coordinate and adjust
the travel demand of different companies to one another. When the departure and arrival
pattern represented by commuters of different companies would be differentiated the
demand could be spread out. This could be achieved by the coordination of company’s core
working hours in consultation with each other to stimulate a coordinated arrival and
departure pattern. By making use of coordinated working hours, the highest ‘peaks’ can be
shifted relative to each other. This measures aims to balance and limit the inflow of the
network to restrain the accumulation of vehicles in the network.
Combined traffic management policies
The different measures can be deployed as stand‐alone measures. However probably the
effectiveness of the measures can be reinforced when they are combined and applied as an
integral traffic management policy. This demands collaboration between the involved parties
but could implicate that the measures could be deployed less drastically to achieve significant
results anyway. Making use of scenario analysis it can be tested for example what would be
the effect if only a limited number of commuters makes use of the application and traffic
actuated signal control would be applied to merely slightly increase the green times and
related throughput.

7.4 Scenarios
The different scenarios that are simulated and analyzed relate to the different measures and
the form in which they are applied. The outcome of a simulation i.e. the system’s performance
is dependent on three key aspects: the travel demand, the travel supply and the concerning
traffic management measures. The effectivity of a measure is therefore also dependent on
these three interrelated key aspects. Despite the fact that the travel supply is characterized
by a level of temporal variability (as explained in section 2.1), in this study it is assumed to be
constant unless a measure directly influences the network and therefore the travel supply.
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The travel demand has been forecasted as described in section 6.5. The measures have been
discussed previously and the related crucial uncertainties are subject of the scenarios.
Comparing scenarios
First a ‘base case scenario’ will be analyzed. The ‘base case scenario’ represents the current
situation without any interference of traffic management measures. This scenario is very
important since the effectiveness of measures on the system’s performance can only be
evaluated by comparison with the current performance of the system. The ‘base case
scenario’ is also used to validate the model since it has to represent the systems’ performance
in the real world. The outcomes of simulation of the ‘base case scenario’ concerning travel
times should approximately correspond with the travel times people encounter in the real
world at the same moment in time. Subsequently, the different scenarios are analyzed and
compared with the ‘base case scenario’ to draw conclusions about the possible effects of the
different traffic management measures. The different scenarios to be simulated have been
developed in order to answer the following research question and the test the corresponding
formulated hypotheses:
Research Question 2A: What can be the effect of the provision of personal
departure time advices to optimally distribute travel demand in order to avoid or
alleviate arising congestion?

Hypothesis 2A: Dynamic traffic management measures like the provision of
optimal departure time advices can significantly reduce travel times and
contribute to the alleviation of congestion.

First the effectiveness of the provision of optimal departure advices will be analysed.
Subsequently measures are evaluated which can be part of an integral traffic management
policy. Finally combined policies will be simulated to determine what could be the effect if the
departure time advice application is complemented with other traffic management measures.
This should enable the answering of the following research question and testing of
corresponding hypothesis:
Research Question 2B: Can the effectiveness of the measure be increased when it
is applied as part of an integral traffic management policy in combination with
other traffic management measures?

Hypothesis 2B‐ The effectiveness of the measure can be increased when it is
applied as part of an integral traffic management policy in combination with other
traffic management measures.
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Table 3 shows an overview of the scenarios to be simulated.
Table 3: Scenarios
Nr.

Crucial uncertainty

Description

1.0

‐

The current situation

Scenario 2:
Provision of personal
departure time advices

2.0
2.1
2.2
2.3
2.4

Participation rate

Base case scenario
25% of agents
50% of agents
75% of agents
100% of agents

Scenario 3:
Coordinated working
hours

3.0
3.1
3.2

Peak shift

Base case scenario
30 minutes shift
60 minutes shift

Scenario 4:
Traffic actuated signal
control

4.0
4.1
4.2
4.3

Throughput at
intersection

Base case scenario
+ 5% outflow capacity
+ 10% outflow capacity
+ 15% outflow capacity

Scenario 5:
Combined traffic
management
policies

5.0
5.1
5.n

Combinations

Base case scenario
Policy 1
Policy n

Scenario 1:
Base case scenario

7.5 Performance indicators
In order to enable comparisons and test the effectiveness of the different measures it is
important to quantify the performance of the system. This quantification is performed by
comparing performance indicators. Because these performance indicators should represent
the performance of the system as result of the deployed measures they are based on the goals
of these measures as defined in section 1.2. These goals are the following:





Minimizing the total aggregated travel time;
Minimizing excessive individual travel times;
Minimizing the travel time uncertainty;
Minimizing the total travel time losses.

The performance indicators that accordingly have been formulated are the following:
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Average Trip Duration;
Maximum Trip Duration;
Average Delayed Trip Duration;
Total Travel Time Losses.
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The following descriptions define the formulated performance indicators, discusses what they
measure and how they are calculated:


Average Trip Duration (A.T.D.)
This indicator assesses the goal to minimize the total aggregated travel time. The
average trip duration indicates the average time that an agent has travelled during one
trip, from entering the network until arriving at its destination. All trips of all agents
are included. The Average Trip Duration is calculated as follows:



Maximum Trip Duration (M.T.D.)
The Maximum Trip Duration assesses the goal to minimize excessive travel times. This
indicator provides the longest trip duration encountered during one trip. This concerns
only that one trip with the most excessive trip duration. The Maximum Trip Duration
is calculated as follows:



Average Delayed Trip Duration (A.D.T.D.)
This indicator assesses the goal to minimize the travel time uncertainty. The Average
Delayed Trip Duration indicates the average time that an agent who is delayed has
travelled during one trip, from entering the network until arriving at its destination.
Only delayed trips are included and the higher this value the more uncertain the travel
time is. The Average Delayed Trip Duration is calculated as follows:



Total Travel Time Losses (T.T.T.L.)
The Total Travel Time Losses assesses the goal to minimize the total travel time losses.
Indicates how much the delayed trips exceed the accepted travel duration. Only the
excess of the delayed trips is included. The Total Travel Time Losses is calculated as
follows:

The abbreviations (like A.T.D.) will only be used in tables. In text the performance indicators
will be referred to with their full designation (like Average Trip Duration) to prevent
ambiguities
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Number of delays
Besides the information that is provided by comparing these performance indicators it is
interesting to analyse the number of delayed trips since this will represent the number of
people that is negatively affected by the mobility issues. Therefore all trips will be categorized
on the basis of the corresponding trip durations. 4 categories have been defined on the basis
of which the trips will be classified. The following degrees of delay have been formulated:





No delay;
Slight delay;
Moderate delay;
Severe delay.

In order to distinguish between trips that are either on time or delayed an upper limit has to
be defined which determines whether a trip is on time and thus acceptable or not. This
distinction has been made to differ between trips that involve a tolerable waiting time in the
queue in front of the traffic lights and trips which excessive waiting times due to congestion
in the network. The minimum duration of a trip can be achieved when an agent can move in
free flow through the complete network and the corresponding trip time amounts
approximately 63 seconds. However because of the signalized intersection and the influence
of other agents in the network this will usually not be achieved. Definitely not during peak
hours. Trips with a duration shorter than 5 minutes are assessed as being acceptable. Trips
that last longer than 5 minutes are assessed as delayed ranging from slightly delayed to
severely delayed. Table 4 shows the classification of degrees of delay and corresponding trip
durations:
Table 4: Classification of degrees of delay
Trip Duration
0 – 5 minutes
5 – 10 minutes
10 – 15 minutes
+ 15 minutes

Classification
No delay
Slight delay
Moderate delay
Severe delay

The frequency that shows how many trips with the different degrees of delay have been
traveled provide insight in the number of delayed trips and how often the different degrees
of delay have been encountered.
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8

Simulation results and analysis

8.1 Scenario 1: Base case scenario
The ‘base case scenario’ aims to simulate the outcome of the forecasted travel demand as
realistic as possible. Because the forecast is based on historical data it should reflect the real
world’s system’s performance without the interference of any traffic management measures.
In other words it should represent the current situation (at a similar weekday i.e. Tuesday).
Figure 33 shows the departure‐ arrival‐ and en‐route pattern of the outcome of the simulation
of the ‘base case scenario’:

Figure 33: departure‐, arrival‐ and en‐route pattern base case scenario
The departure pattern represents the number of vehicles entering the network. The arrival
pattern visualizes the number of vehicles leaving the network. The en‐route patterns shows
the accumulation of vehicles that are simultaneously in the network and is a good indicator to
analyse whether congestion occurs.
The number of arrivals during a time span is delimited by the capacity of the network. This is
represented by the arrival pattern that approximates a horizontal asymptote that indicates
the network’s capacity when congestion has occurred. When the travel demand i.e. the
number of departures exceed the capacity of the network, the network will reach its limits.
The number of departures will be higher than the number of arrivals which implicates that the
number of en‐route vehicles will increase. From this moment queues increase and congestion
occurs. Figure 33 shows that in the ‘base case scenario’ as well during the morning peak as
during the evening peak hours congestion occurs. The maximum number of vehicles en‐route
reaches its maximum during the evening peak.
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The results of simulation of the ‘base case scenario’ are here discussed:
Performance indicators
The Average Trip Duration in the ‘base case scenario’ amounts 03:54 minutes. However the
average duration of all trips considered in isolation is not a really meaningful indicator of the
performance of the system since a large part of the agent’s trips are executed at off‐peak
hours. Table 6 shows that 2665 trips of the total 3760 trips have encountered no delay.
Therefore it is necessary to exclude the trips that are not delayed and exclusively consider the
travel times of the trips that are actually delayed. Table 5 gives a short overview of the four
distinguished trip performance indicators:
Table 5: Performance indicators base case scenario
Base Case

A.T.D.

M.T.D.

A.D.T.D.

T.T.T.L

Duration

00:03:54

00:16:41

00:08:39

66:27:48

The Max Trip Duration is an important performance indicator that provides information about
an individual agent instead of a collection of agents. This value indicates whether agents
encounter excessive queueing times and how much this is in the most drastic case. The
Maximum Trip Duration in the current situation amounts 16:41 minutes. The Total Travel Time
losses amount 66:27:48 hours which means that agents have in total spent more than 66 hours
waiting in front of the traffic lights during this single simulated day. These 66 hours come even
on top of the 5 minutes per delayed agent which have been considered as acceptable. This
value shows that there is a lot of room for improvement concerning the travel time losses
experienced during arriving and leaving the business park.
Frequencies of degrees of delay
Every agent travels two trips as they represent commuters for each 2‐tuple (home‐work). A
total of 1880 agents therefore result in 3760 trips. Table 6 gives an overview of the frequencies
of degrees of delay that have been encountered by the agents in the ‘base case scenario’.
Table 6: Frequencies of degrees of delay base case scenario
Scenario

No delay

Slight delay

Serious delay

Severe delay

Total delays

Frequency

2665

827

246

22

1095

In the current situation during a total of 1095 trips agents have encountered delays. This
means that during approximately 29% of all executed trips in the area congestion has been
encountered. 268 trips are seriously delayed of which 22 are even severely delayed. A severe
delay indicates a trip time that exceeds 15 minutes which implies that the trip lasted almost
at least fifteen times longer than a trip in complete free flow conditions. These results form
the basis for further comparisons.
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8.2 Scenario 2: Provision of personal departure time advices
This scenario test the effectiveness of the provision of personal departure time advices.
Goal: Provide users with an optimal personal departure advice by integrating
travel supply‐ and comprehensive personal travel demand data to optimally
distribute the total travel demand in order to minimize travel times.

Variable: participation rate
The number of people making use of the application and willing to deviate from their
preferred times of travel is of influence on the effectiveness of the measure. It is expected
that a higher participation rate will entail a higher effectiveness of the measure. Therefore
regarding this measure the crucial uncertainty which is subject of the scenario analysis
concerns the percentage of agents that make use of the application.
Prepared scenarios
To test the effect of the provision of personal departure time advices with different
participation rates four scenarios have been prepared. These scenarios are only differentiated
from each other by adjusting the participation rate of the agents. The modeled participation
rates concern respectively 25%, 50%, 75% and 100%. To analyze the efficiency the results will
be compared to the ‘base case scenario’ and to each other. The developed scenarios that are
being compared are the following:






Scenario 2.0
Scenario 2.1
Scenario 2.2
Scenario 2.3
Scenario 2.4

:
:
:
:
:

‘base case scenario’
participation rate = 25% of agents
participation rate = 50% of agents
participation rate = 75% of agents
participation rate = 100% of agents

Limitations of the model
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In the model it is assumed that every user leaves exactly at the moment at which he
or she has been scheduled. However here will always be some deviation. This could be
improved by adding a randomness factor to the scheduled time in the final simulation.
Too which extent this would affect the overall outcome however is doubtful since
everybody will leave at least a little bit earlier or later than the advised departure time.
This could either reinforce or balance this effect.
The flexible users are scheduled accordingly to the travel demand forecast. Because
this travel demand intrinsically entails some extent of uncertainty as explained in
section 5.5 the outcome of the optimization process is also characterized by a certain
level of uncertainty. However this is insuperable since the exact departure times of all
commuters is never known on forehand.
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The results of the simulated scenarios are compared and analysed on the basis of the
performance indicators and frequencies of the degrees of delay.
Performance indicators
Table 7 shows the results of the simulated scenarios expressed by means of the performance
indicators. The upper section of the table shows for the different scenarios the absolute
duration of the performance indicators. The lower section shows these durations expressed
as an index relative to the ‘base case scenario’, in which the ‘base case scenario’ is equal to
100.
Table 7: Performance indicators scenario 2
Scenario

A.T.D.

M.T.D.

A.D.T.D.

T.T.T.L

Base Case

00:03:54

00:16:41

00:08:39

66:27:48

25 %

00:03:42

00:16:53

00:08:14

55:26:09

50 %

00:03:14

00:15:14

00:07:12

31:32:34

75 %

00:02:48

00:13:44

00:07:43

15:47:14

100 %

00:02:24

00:09:34

00:06:37

04:40:48

Base Case

100,00

100,00

100,00

100,00

25 %

94,97

101,20

95,33

83,41

50 %

82,79

91,31

83,35

47,46

75 %

72,25

60,04

84,99

23,75

100 %

71,65

82,32

89,28

7,02

The Total Travel Time Losses in the ‘base case scenario’ amount 66:27:48 hours. In the most
ideal scenario in which 100% of the commuters make use of the application this can be
brought back to only 04:40:48 hours. This concerns a reduction of the Total Travel Time Losses
of 93%. With participation rates of 75%, 50%, and 25% this reduction would respectively
amount 76%, 53% and 17%. The Maximum Trip Duration will only decrease when more than
25% of the commuters participate. In the case only 25% will participate the average travel
time and the Total Travel Time Losses will decrease. This means that most of the people will
benefit from the deployment of the application with a limited participation rate. However the
Maximum Trip Duration shows that some people will be negatively affected since this
indicator increases to 00:16:53 minutes and the number of severely delayed people also
increases significantly. The results show that the provision of optimal departure time advices
can significantly decrease travel times and contribute to the reduction of congestion. The
effectiveness of this measure is dependent on the number of people who will make use of the
application. The more people participate the better the result will be.
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Frequencies of degrees of delay
Table 8 shows the frequencies of how often a degree of delay has been encountered. The
upper section of the table shows for the different scenarios the absolute number of trips that
have been encountered regarding the distinguished degrees of delay. The lower section shows
these values expressed as an index relative to the ‘base case scenario’, in which the ‘base case
scenario’ is equal to 100.
Table 8: Frequencies of degrees of delay scenario 2
Scenario

No delay

Slight delay

Moderate delay

Severe delay

Total delays

Base Case

2665

827

246

22

1095

25 %

2733

836

154

37

1027

50 %

2901

752

106

1

859

75 %

3408

261

91

0

352

100 %

3586

174

0

0

174

Base Case

100,00

100,00

100,00

100,00

100,00

25 %

102,55

101,09

62,60

168,18

93,79

50 %

108,86

90,93

43,09

4,55

78,45

75 %

127,88

31,56

36,99

0,00

32,15

100 %

134,56

21,04

0,00

0,00

15,89

The results of the simulation shows that the measure can have significant effect on the
number of agents that encounter delays. In the case that 100% of the commuters would use
the application and can be scheduled the total number of delays can be reduced with 84,11%
from 1095 delayed trips to 174 delayed trips. The number of trips with severe delays will
almost be completely solved when 50% or more will participate. These results clearly show
that the effectiveness of the measure is dependent on the participation rate. The more people
participate and make use of the application the higher the effectiveness of the measure is.
Important to notice is that in the case that only 25% of the commuters would make use of the
application the number of severely delayed trips increases. This effect is also recognizable by
analysis of the performance indicators.
In appendix III the departure‐ arrival‐ and en‐route patterns of the outcome of the simulated
scenarios are visualised.
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Visualization of the effect in the physical context
Besides by means of the previously described results the effect can also be visualized in the
physical context. By making use of a GIS visualizer that has been developed for MATSim
snapshots can be created of the system’s state. Comparisons of these snapshots show the
effect of the measure on the queue length in time. Figure 34 shows the situation in the ‘base
case scenario’. The green dots represent vehicles that can move at the free flow speed. Red
dots indicate vehicles that are slowed down by capacity constraints which have been
discussed in section 5.7.

16:00:00

17:00:00

16:30:00

17:30:00

Figure 34: Visualization of the simulation of the base case scenario
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Visualization of the effect in the physical context
Figure 32 shows the simulated situation in its physical context when the provision of departure
advice has been applied with a participation rate of 100%. It can be noticed that the travel
demand is much more balanced which results in shorter queue lengths. These visualisations
also demonstrate that gridlock effects can be reduced. In figure 34 vehicles are blocked before
the beginning of the queue lanes by vehicles with another intended direction at the
intersection. In figure 35 this effect is not recognizable anymore.

16:00:00

16:30:00

17:00:00

17:30:00

Figure 35: Visualization of the simulation of scenario 1.4
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8.3 Scenario 3: Coordinated working hours
This scenario tests the effectiveness of the introduction of coordinated working hours.

Goal: Spread the inflow of the network by the coordination of working hours
to better distribute the travel demand in order to minimize travel times.

In the base case scenario the synthetic population has been generated on the basis of the data
of Ordina as described in section 6.5. It had been assumed that the other commuters are
represented by a similar arrival‐ and departure pattern. However when the working hours of
the different companies established at the business park would be coordinated the travel
demand could be spread out and therefore better distributed. Because the arrival and
departure pattern in the base case scenario is characterized by very high and concentrated
peak demands a shift of the peaks of the distinguished populations could mean that the peak
of the aggregated demand would be spread out instead of ‘on top of each other’. Figure 36
shows this principle.
Variable: peak shift
The extent to which the peaks are shifted relative to each other is of influence on the
effectiveness of the measure. It is expected that a greater shift will entail a higher
effectiveness of the measure. Therefore regarding this measure the crucial uncertainty which
is subject of the scenario analysis concerns the shift in minutes between the two peaks
represented by the commuters of Ordina and the other commuters.

Figure 36: Principle of peak spreading by coordinated working hours

102

Generation and provision of personal travel advices to optimize traffic flows

Prepared scenarios
To test the effect of coordinated working hours with different peak shifts two scenarios have
been prepared. These scenarios are only differentiated from each other by adjusting the
extent to which the peaks have been shifted. The first scenario tests the effectiveness of a
shift of 30 minutes. Therefore two subpopulations have been generated. The first group
contains all employees of Ordina, whose departure times are generated based on the
previously developed travel demand forecast. The second population represents the
employees of the other companies established at the business park. The departure times of
the agents belonging to this group are generated based on manipulated data which is shifted
30 minutes with respect to first group. With regard to the second scenario the same procedure
is maintained, but the data is shifted with 60 minutes. The following scenarios have been
simulated and compared to test the effect of coordinated working hours:




Scenario 3.0 :
Scenario 3.1 :
Scenario 3.2 :

base case scenario
Peak shift of 30 minutes
Peak shift of 60 minutes

Limitations of the model
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In this scenario it is assumed that the travel demand of the other companies which
together represent 50% of the commuters is characterized by a similar travel demand
pattern as represented by the commuters of Ordina. However their core working hours
are adjusted which implicates that the travel demand is shifted. When for example the
highest peak load in the morning caused by commuters of Ordina occurs at 09:00 hours
in the morning. A displacement of the working hours of the other commuters with 30
minutes would mean that their corresponding highest peak load takes place at 08:30.
To generate a synthetic population to simulate the effect of coordinated working hours
the existing data has been extended. The available data has been combined with
processed data which concerns manipulated original data. A travel demand forecast
will be generated on the basis of this data in a similar way as described in section 6.5.
The manipulation of data to realistically represent the departure‐ and arrival pattern
of the group whose departure times have been shifted is a complex procedure and
dependent on a lot of aspects. In this study it is (over)simplified by shifting the original
raw data, upon which the travel demand forecasted is based, with the shift in minutes
according to the modeled scenario. However in this study the simulation of the arrival
and departure pattern as realistic possible has not the highest priority. In this context
it is applied to explore the possible effect that could be achieved by introducing
coordinated working hours to control the travel demand.

Generation and provision of personal travel advices to optimize traffic flows

Performance indicators
Table 9 shows the results of the simulated scenarios expressed by means of the performance
indicators. The upper section of the table shows for the different scenarios the absolute
duration of the performance indicators. The lower section shows these durations expressed
as an index relative to the ‘base case scenario’, in which the ‘base case scenario’ is equal to
100.
Table 9: Performance indicators scenario 3
Scenario

A.T.D.

M.T.D.

A.D.T.D.

T.T.T.L

Base Case

00:03:54

00:16:41

00:08:39

66:27:48

30 minutes

00:03:02

00:11:20

00:06:59

25:08:32

60 minutes

00:02:16

00:10:08

00:07:13

07:44:56

Base Case

100,00

100,00

100,00

100,00

30 minutes

78,01

67,93

80,77

37,83

60 minutes

58,38

60,74

83,60

11,66

The shifting of departure times between two equally sized populations can have great
influence on the trip durations travelled by the agents. By spreading the travel demand and
limiting the inflow the Total Travel Time Losses can be reduced with more than 41 hours per
day in case of a peak shift of 30 minutes and more than 58 hours in case of a 60 minutes shift.
These improvements concern respectively a reduction of 62% and 82% compared to the
current situation. Table 10 contains frequencies of degrees of delay and shows that the
coordination of working hours can drastically reduce the number of agents that encounter
moderate and severe delays. This is also shown by the outcome of the Maximum Trip
Durations in both scenarios. The greatest effect has been achieved by the shift of 30 minutes
which shortened the most excessive trip duration with 05:21 minutes. An additional increase
of 30 minutes difference in time between the peaks of the subpopulation’s travel demand
only result in an extra decrease of 01:21 minutes.
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Frequencies of degrees of delay
Table 10 shows the frequency of how often a degree of delays has been encountered. The
upper section of the table shows for the different scenarios the absolute number of trips that
have been encountered with the distinguished degrees of delay. The lower section shows
these values expressed as an index relative to the ‘base case scenario’, in which the ‘base case
scenario’ is equal to 100.
Table 10: Frequencies of degrees of delay scenario 3
Scenario

No delay

Slight delay

Moderate delay

Severe delay

Total delays

Base Case

2665

827

246

22

1095

30 minutes

2997

725

38

0

763

60 minutes

3551

207

2

0

209

Base Case

100,00

100,00

100,00

100,00

100,00

30 minutes

112,46

87,67

15,45

0,00

69,68

60 minutes

133,25

25,03

0,81

0,00

19,09

The outcomes of simulation show that the coordination of working hours can significantly
reduce the number of agents that encounter delays. A shift of the travel demand pattern of
30 minutes between two equally sized populations can already solve all severely delayed trips.
The total number of delays can be reduced with 30%. When this shift would amount 60
minutes a reduction of 80% of the number of delayed trips can be achieved. In this case as
well almost all moderate delays will be reduced to slight delay or even an acceptable trip
duration. The outcomes underline that the effectiveness of the measure is dependent on the
difference in time between the peaks of the subpopulation’s travel demand. The greater this
difference is the more effective the principle of peak spreading is applied.
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8.4 Scenario 4: Traffic actuated signal control
This scenario tests the effectiveness of the application of traffic actuated signal control.

Goal: Increase the outflow capacity of the network by the extension of green
times in order to minimize travel times and alleviate congestion.

The fundamental principle of this measure is increasing the outflow of the network to reduce
the accumulation of vehicles in the network. Traffic actuated signal control could be used to
dynamically manage the traffic light configurations. During the evening commute all
commuters, independent of their intended direction at the intersection will end up in the
same queue. Therefore, it could be effective to extend the outflow capacity of this queue
during the evening peak making use of extended green times.
Variable: peak shift
The extent to which the outflow capacity is increased is of influence on the effectiveness of
the measure. It is expected that a greater increase of the capacity will entail a higher
effectiveness of the measure. Therefore regarding this measure the crucial uncertainty which
is subject of the scenario analysis concerns the extent to which the green time of the traffic
signals is extended.
Prepared scenarios
Different scenarios have been prepared to test the possible effect. These scenarios are only
differentiated from each other by adjusting the outflow capacity of the links in front of the
signalized intersection. The modeled outflow capacities are respectively increased by 5%, 10%
and 15%. To analyze the efficiency the results will be compared to the ‘base case scenario’
and to each other. The developed scenarios that are being compared are the following:





Scenario 4.0
Scenario 4.1
Scenario 4.2
Scenario 4.3

:
:
:
:

base case scenario
outflow capacity = + 5%
outflow capacity = + 10%
outflow capacity = + 15%

Limitations of the model
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The outflow at the intersection is not modeled as dynamic or truly traffic actuated,
what would mean that the outflow is dependent on the system’s state i.e. the queue
length. The outflow during the evening commute is modeled as a constant increased
capacity.
It is important to emphasize that extension of green times will influence other traffic
flows since a decrease of the outflow of vehicles from other directions at the signalized
intersection is inherent. The extent to which the green times could possibly be
extended is unknown. Research should be performed to explore what would be the
effect on other traffic flows and what would be a permissible traffic control policy. If
Generation and provision of personal travel advices to optimize traffic flows

the possible positive effects are accompanied with even more negative effects for
other traffic flows this is not a sustainable measure. Since this is highly dependent on
the specific location and there is not any information available it is left out of
consideration here.

Performance indicators
Table 11 shows the results of the simulated scenarios expressed by means of the performance
indicators. The upper section of the table shows for the different scenarios the absolute
duration of the performance indicators. The lower section shows these durations expressed
as an index relative to the ‘base case scenario’, in which the ‘base case scenario’ is equal to
100.
Table 11: Performance indicators scenario 4
Scenario

A.T.D.

M.T.D.

A.D.T.D.

T.T.T.L

Base Case

00:03:54

00:16:41

00:08:39

66:27:48

+ 5%

00:03:21

00:13:33

00:07:46

42:33:49

+ 10%

00:03:01

00:11:13

00:07:26

29:27:43

+ 15%

00:02:49

00:10:01

00:07:21

23:22:21

Base Case

100,00

100,00

100,00

100,00

+ 5%

86,12

81,22

89,87

64,04

+ 10%

77,66

67,23

85,96

44,33

+ 15%

72,25

60,04

84,99

35,17

The extension of the outflow capacity does not affect the travel demand like the previous
measures did. This measure only adjust the capacity of the network which mean that the
arrival rate or queue discharge rate is higher than in the other scenarios. This implicates that
the horizontal ‘asymptote’ that the arrival pattern approximates when the network is
overloaded has a higher value when the green times are extended. An extension of the
outflow capacity with only 5% would result in a reduction of almost 24 hours regarding the
Total Travel Time Losses in one day. The effectiveness of this measure is dependent on the
extent to which the green time will be extended. The longer the green time of the traffic
signals of the different directions the higher the outflow capacity of the network will be and
the higher the effectiveness of the measure will be.
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Frequencies of degrees of delay
Table 12 shows the frequency of how often a degree of delays has been encountered. The
upper section of the table shows for the different scenarios the absolute number of trips that
have been encountered with the distinguished degrees of delay. The lower section shows
these values expressed as an index relative to the ‘base case scenario’, in which the ‘base case
scenario’ is equal to 100.
Table 12: Frequencies of degrees of delay scenario 4
Scenario

No delay

Slight delay

Moderate delay

Severe delay

Total delays

Base Case

2665

827

246

22

1095

+ 5%

2837

815

108

0

923

+ 10%

3032

700

28

0

859

+ 15%

3162

597

1

0

598

Base Case

100,00

100,00

100,00

100,00

100,00

+ 5%

106,45

98,55

43,90

0,00

93,79

+ 10%

113,77

84,64

11,38

0,00

78,45

+ 15%

118,65

72,19

0,41

0,00

32,15

Similar results are displayed by the performance indicators. The results of the simulations
show that an increase of the outflow capacity reduces the number of delayed trips. A slight
increase of 5% causes a reduction of 6,21% of the total number of delays. An increase of 10%
and 15% cause a decrease of respectively 21,55% and 67,85%.
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8.5 Scenario 5: Combined traffic management policies
To maximize the benefits of the proposed measures and to exploit their full potential it is
important to apply appropriate management policies accordingly.

Goal: increase the effectiveness of the measures by applying them as part of
an integral traffic management policy.
The hypothesis has been formulated that he effectiveness of the provision of optimal
departure time advices can be increased when it is applied as part of an integral traffic
management policy in combination with other traffic management interventions.
Since Ordina represents approximately 50% of the commuters it could be useful to test the
case in which only the employees of Ordina make use of the application and receive departure
recommendations. In scenario 1.2 the effect of a participation rate of 50% has already been
evaluated. However the effect can probably be increased by combining the measure with
other measures. Since the coordination of working hours at this scale will be very hard to
realise there will be focused on the combination of providing personal travel advices and
traffic actuated signal control.
Variable: participation rate and peak shift
It is expected that the combined application of measures will entail a higher effectiveness than
the deployment of stand‐alone measures. The subject of the scenario analysis are the
participation rate and the extent to which the green time of the traffic signals is extended.
Prepared scenarios
To analyze the efficiency the results will be compared to the ‘base case scenario’ and to
scenarios in which the measures are applied in isolation. The developed scenarios that are
being compared are the following:





Scenario 5.0
Scenario 5.1
Scenario 5.2
Scenario 5.3

:
:
:
:

base case scenario
participation rate = 50%
outflow capacity = +5%
participation rate = 50% and outflow capacity = +5%

Prepared scenarios
The prepare scenarios only concerns an example of how the combination of different
measures could be analysed. Scenario analysis allows the modeling of all kind of combinations
of measures and enables the evaluation of different traffic management policies. Therefore
the developed model can be used as a tool for decision makers to determine an optimal policy
strategy. All variables can be individually altered to test the difference in effect compared to
the ‘base case scenario’.
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Performance indicators
Table 13 shows the results of the simulated scenarios expressed by means of the performance
indicators. The upper section of the table shows for the different scenarios the absolute
duration of the performance indicators. The lower section shows these durations expressed
as an index relative to the ‘base case scenario’, in which the ‘base case scenario’ is equal to
100.
Table 13: Performance indicators scenario 5
Scenario

A.T.D.

M.T.D.

A.D.T.D.

T.T.T.L

Base Case

00:03:54

00:16:41

00:08:39

66:27:48

50%

00:03:13

00:15:14

00:07:12

31:32:34

+ 5%

00:03:21

00:13:33

00:07:46

42:33:49

50% + 5%

00:02:41

00:09:02

00:06:18

12:12:42

Base Case

100,00

100,00

100,00

100,00

50%

82,79

91,31

83,35

47,46

+ 5%

86,12

81,22

89,87

64,04

50% + 5%

69,19

54,15

72,84

18,37

The valuation of the performance indicators confirm that the integral application will reinforce
the performance improvements of the system as a result of the separately deployed
measures. The outcome of all four indicators have improved significantly compared to the
outcome of the standalone measures.
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Delays frequency
Table 14 shows the frequency of how often a degree of delays has been encountered. The
upper section of the table shows for the different scenarios the absolute number of trips that
have been encountered with the distinguished degrees of delay. The lower section shows
these values expressed as an index relative to the ‘base case scenario’, in which the ‘base case
scenario’ is equal to 100.
Table 14: Frequencies of degrees of delay scenario 5
Scenario

No delay

Slight delay

Moderate delay

Severe delay

Total delays

Base Case

2665

827

246

22

1095

50 %

2901

752

106

1

859

+ 5%

2837

815

108

0

923

50% +5%

3194

566

0

0

566

Base Case

100,00

100,00

100,00

100,00

100,00

50 %

108,86

90,93

43,09

4,55

78,45

+ 5%

106,45

98,55

43,90

0,00

93,79

50% + 5%

119,85

68,44

0,00

0,00

51,69

The results concerning the frequency of degree of delays show that the combined application
of the two measures will reinforce the improvements achieved by the deployment of the
measures separately from each other. Where the total number of delays compared to the
‘base case scenario’ had been reduced with 21,55% in the case of a participation rate of the
application of 50%. The reduction will amount 48,31% when the traffic signal configuration
would have increased the queue discharge rate with 5%. The combined application would
improve all moderate and severe delays to at most a slightly delayed trip.
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9 Conclusions & Discussion
9.1 Conclusions
In this chapter the final results and findings of this research will be presented. The conclusions
will be presented as answers to the main research questions as described in section 1.4. The
methodology will be reviewed, the outcomes of the model will be concluded and finally the
practicality and usefulness of the model will be described. The sub‐question have been
answered through the different chapters of this report and have contributed to the final
answering of the research questions.
Research Question 1: How can optimal departure time advices be generated while
taking into account commuter’s individual characteristics preferences and
constraints?
The generation of optimal departure times concerns an optimization assignment. This
optimization problem relates to finding an optimal travel demand distribution. The problem
has been approached with an equilibrium‐seeking method which is based on an iterative
algorithmic procedure. Similar procedures are usually applied in relation to dynamic traffic
assignment (DTA). A process of determining traffic flows on the basis of traveler’s origins,
destinations and macro time constraints. By using this method in combination with an agent
based transportation model, which allows the personalizing of agents, personal aspects like
characteristics, preferences and constraints can be included. By using the agent based
transportation model MATSim, which applies a similar DTA procedure, and modifying this
procedure as described in section 4.4, a model has been developed to generate optimal
departure time advices.
The application of this method as demonstrated in section 4.6, shows that the travel demand
distribution can be optimized by minimizing agent’s travel times. The balancing of the travel
demand spreads out peak demands and decreases excesses of the infrastructure’s capacity.
The functioning of the model has been visualized by the resulting departure‐, arrival‐ and en‐
route patterns before and after the agents have been scheduled.
Research Question 2A: What can be the effect of the provision of personal
departure time advices to optimally distribute travel demand in order to avoid or
alleviate arising congestion?
By making use of a case study the effect of the provision of the generated departure advices
on resulting traffic flows have been described quantitatively within the context of business
park ‘de Liesbosch’. The business park currently suffers from excessive loads on the
infrastructure caused by the morning and evening commute. These effects decrease the
accessibility of the business park and negatively affect the area’s sustainability.
The effectiveness of the measure has been analysed making use of a microscopic
transportation simulation model. By defining performance indicators that represent the
accomplishment of formulated goals like the minimization of travel times and frequencies of
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encountered degrees of delay the effectiveness has been quantified. The outcome of the
simulations have been compared with the results of the ‘base case scenario’.
On the basis of these outcomes it can be concluded that the provision of personal travel
advices can significantly minimize travel times and alleviate congestion. The Total Travel Time
Losses in the ‘base case scenario’ amount 66:27:48 hours. In the most ideal scenario in which
100% of the commuters make use of the application this can be brought back to only 04:40:48
hours. The total number of delays can in this case be reduced with 84,11% from 1095 delayed
trips to 174 delayed trips. The number of trips with severe delays will practically be completely
solved when 50% or more of the commuters will participate. It can be concluded that the
effectiveness of this measure is highly dependent on the number of people that will make use
of the application. The more people will participate the better the results will be.
Research Question 2B: Can the effectiveness of the measure be increased when it
is applied as part of an integral traffic management policy in combination with
other traffic management measures?
Besides the provision of optimal departure advices other traffic management measures can
be implemented. Based on the principle solution directions in which traffic management can
effectively be deployed and in relation with the context of ‘de Liesbosch’ additional measures
have been proposed. These measures concern the coordination of working hours and traffic
actuated signal control. In order to determine which measures could be part of an optimal
traffic management policy and furthermore in what form they could optimally be applied this
study has made use of scenario analysis focusing on the effect of crucial uncertainties
concerning the deployable measures. The effectiveness of the measures have as well been
analysed separately as in combination with each other.
The results of the scenario analysis confirm that the effectiveness of the provision of personal
departure advices can be even increased when it is applied as part of an integral traffic
management policy in combination with other traffic management measures like traffic
actuated signal control. The results, as well the delays frequency distribution as the rating of
the performance indicators confirm the hypothesis that the combined application of different
measures will reinforce the improvements achieved by the deployment of the measures
separately.
Scenario analysis allows the modeling of all kind of combinations of measures and enables the
evaluation of different traffic management policies. Therefore the developed model can be
used as a tool for decision makers to determine an optimal policy strategy. All variables can
be individually altered to test the difference in effect compared to the ‘base case scenario’.
The final results are expressed in terms of improvements of the defined performance
indicators and reductions of the number of encountered delays. Table 15 provides an
overview of the combined results. This overview shows that the different measures can
significantly contribute to the formulated goals of minimizing the total aggregated travel time,
minimizing excessive individual travel times, minimizing the travel time uncertainty and
minimizing the total travel time losses.
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It can be concluded that the generation and provision of optimal departure time advices to
commuters by integrating travel supply‐ and comprehensive personal travel demand data is
an effective measure to optimally distribute the total travel demand in order to minimize
travel times and alleviate congestion.
Table 15: Reductions of delays and duration of performance indicators per scenario
Number
of delays

A.T.D.

M.T.D.

A.D.T.D.

T.T.T.L

Scenario 1:
Base case scenario

‐

‐

‐

‐

‐

Scenario 2:
25% of agents
50% of agents
75% of agents
100% of agents

6%
22%
68%
84%

5%
20%
28%
39%

‐1%
9%
18%
43%

5%
17%
11%
24%

17%
53%
76%
93%

Scenario 3:
30 minutes peak shift
60 minutes peak shift

30%
81%

22%
42%

32%
39%

19%
17%

62%
88%

Scenario 4:
+ 5% outflow capacity
+ 10% outflow capacity
+ 15% outflow capacity

6%
22%
68%

14%
22%
28%

9%
33%
40%

10%
14%
15%

36%
56%
65%

48%

31%

46%

17%

82%

Scenario 5:
50% of agents and
+ 5% outflow capacity

Societal relevance
The implementation of the measures is associated with a high extent of societal relevance.
The achieved improvements will directly affect daily life of many people as well as the
economy and the sustainability of the area. A lot of people are affected by the problems
described in section 1.2 and a lot of people can therefore directly benefit from the
improvement of the business park’s accessibility.
Regarding the societal relevance is important to emphasize that there are a lot of comparable
areas with similar problems as well in the Netherlands as in the rest of the world. This means
that a solution that can improve the mobility issues of business park ‘de Liesbosch’ could be
applied at numerous locations like other business parks, event areas, conference locations,
sports stadia or other local networks with a limited capacity. In this more general context, the
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measure could not only have a positive effect on the sustainability of the area in a local context
but it could also contribute to sustainability in a more general perspective. In the case that the
proposed technology would be widely applied in numerous locations, it could contribute to
the reduction of the effects of the main problems related to the domain of urban
transportation distinguished in section 3.2
Usefulness and applicability
The model can be applied to any (urban) areas as long as data of the available infrastructure
is available and sufficient reliable data about the travel demand is at hand. Since there are
many areas with similar mobility issues as the business park that has been subject of this case
study, it can be applied at many locations. The model can be implemented at any other local
infrastructure network with a limited capacity by following a similar procedure as followed in
this thesis. However, in order to effectively implement the provision of optimal departure time
advices the following conditions, distinguished and discussed in section 1.2 should be met:






The travel demand is ‘known’;
The travel demand is ‘limited’;
The travel demand is ‘predictable’;
The travel demand is ‘attainable’;
The network is ‘demarcated’.

Further developments regarding ‘de Liesbosch’
Regarding business park ‘de Liesbosch’ the first major steps towards implementation are
currently taken. The municipality of Utrecht and the different companies established at the
business park have already made available necessary funding to develop a prototype of the
ITS application. The aim is to launch a pilot to test the effectiveness of the real deployment
which can provide additional insight in the effect of the measure on affected traffic flows. This
pilot will also enable the study of traveler’s response on the provision of optimal departure
time advices.
Scientific relevance
This study shows that the provision of optimal departure advices can significantly minimize
travel times, alleviate congestion and therefore improve the accessibility of local
infrastructure networks. However, because of the different limitations and assumptions of
this study, the results are not completely realistic and will overestimate the real effect in case
the measure will really be deployed. Regarding traveler’s response to the provision of the
generated advices this study is limited and further research is necessary in order to include
individual human responses and improve the model.

9.2 Discussions and recommendations
In this section the functioning of the model, the limitations and the conceivable improvements
of the model are discussed.
Discussion of the model
In this section the different limitations of the model and the assumptions that had to be made
are described. The most important limitations and assumption are the following:
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Regarding traveler’s response to the provision of information the study is limited.
Including human behavior modeling regarding people’s individual response to the
provision of information would be too complex to include in this (limited) study. This
would require a much more in‐depth study to personal human decision making and I
believe that a PhD research would be more suitable to effectively include this.
Furthermore the assumption has been made that all flexible users have an early‐ and
late flexibility frame of ten minutes. In reality this will differ per person. However
because of a lack of information an assumption had to be made.
In the model it is assumed that every user leaves exactly at the moment at which he
or she has been scheduled. However here will always be some deviation. This could be
improved by adding a randomness factor to the scheduled time in the final simulation.
Repeating the simulation with the adjusted departure times, where this randomness
has been included could provide a better and more realistic insight in the real effect
on the resulting travel times.
The flexible users are scheduled accordingly to the travel demand forecast. Because
this travel demand intrinsically entails some extent of uncertainty the outcome of the
optimization process is also characterized by a certain level of uncertainty

During the process of generating a synthetic population the following assumptions have been
made which imply uncertainties regarding the travel demand forecast:
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The used data collects the number of people present in the building at moments in
time. This does not always correspond with the exact number of people who arrive or
depart from the office. It has been assumed that in the morning nobody will leave and
in the evening nobody will arrive. This could lead to an underestimation of the travel
demand.
The data covers approximately 50% of the commuters working in the area. The other
50% of the commuters are also forecasted making use of the available data
Not the number of people entering or leaving the building is of interest in this study
but rather the number of vehicles entering or leaving the area. Because of this reason
a correction had to be introduced to exclude car‐poolers and people who travel with
another transport mode like bicycle or public transport.
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Generic model
The adopted approach integrates comprehensive data which include a great number of
aspects affecting the travel demand and is furthermore site specific. However because of a
possible lack of information, too much complexity, the site specificity, the desire for generality
and simpler applicability at a variety of locations a more generic model could be useful.
The aspects included in the comprehensive model are very site and context specific and when
a specific demarcated area like a business park or event area is considered it is possible to
include these kind of aspects. However, when the goal is to achieve a generic model that can
be applied at any random location it could be too complex and comprehensive of nature.
Furthermore, and perhaps even more important it could be impossible to collect the required
travel demand data.
Because of these reasons it could be useful to develop a generic model that enables an
approximation of an optimal travel demand distribution in time without taking into account
all these site‐ or context specific aspects and individual personal characteristics affecting
respectively the travel supply and ‐demand. Despite the fact that a generic model cannot
include all these aspects it can pursue the same goal as the comprehensive model. Essentially
the approach aims to distribute the travel demand in time as balanced as possible. So it would
be interesting to test the difference of effectiveness whether these aspects are included or
excluded from the optimization process.
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11 Appendices
11.1 Appendix I
Sources of variability in traffic congestion
A important complicating factor in the process governing traffic congestion is that as well
traffic demand as traffic supply are characterized by a significant level of temporal variability.
There are various different aspects influencing the emergence of and development process of
traffic jams. As for the traffic supply, the following sources of variability are identified by Miete
(2011). The following are the most important factors influencing traffic congestion:











Variations in weather conditions;
Variations in luminance;
Incidents;
Road works;
Traffic control actions;
Variations in vehicle population;
Variations in driver population;
‘Intrinsic’ variations in human behavior;
Demonstrations;
Emergencies.

Regarding the demand fluctuations, the following factors have been distinguished:











Regular pattern of variation in human travel behavior over the day;
Regular pattern of variation in human travel behavior over the days of the week;
Regular pattern of variation in human travel behavior over the periods of the year;
Public holidays;
Events;
Strike actions;
Weather conditions;
Road works;
Emergencies;
Other variations in human travel behavior (i.e. those not explained by the
aforementioned factors).

Two other factors influencing the traffic demands are:



Travel behavioral changes in response to traffic information;
Travel behavioral changes in response to one’s recent travel experiences.

It could be discussed whether the two latter factors can be considered to cause fluctuations
of demand. These behavioral changes are the result of variations in traffic conditions caused
by the other distinguished factors influencing traffic demand and supply. If the previous
mentioned factors wouldn’t cause any fluctuations in traffic conditions there wouldn’t be any
changing of one’s travel behavior in response to information on the actual traffic conditions
or one’s own recent travel experiences either.
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11.2 Appendix II
Activity versus trip based approach
The activity based approach
The four‐step model, has dominated the history of demand modeling for person travel. The
trip based approach uses individual trips as the unit of analysis and usually includes four
sequential steps. The following description of these steps is derived from a report from the
transportation research board being part of the American national highway research program
(Transportation Research Board, 2012):
 Trip generation
The purpose of this first is the estimation of the total trips of each type which have its
origin or destination in each location or zone, on the basis of the amount of activity in an
analysis area. A trip generation model consist of some explanatory variables which are
related to travel behavior and some functions that determine the expected number of
trips based on these variables. These variables usually include the number of households
classified by characteristics such as:
‐
‐
‐
‐
‐
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number of persons;
number of workers;
vehicle availability;
income level;
employment by type.



Trip distribution
This second step of trip distribution is about the number of trips which are travelled
between each location or zone. In essence, it connects the trip origins and destinations
from the previous step. For each origin it is determined which fraction of its outgoing
trips go to which destination. The outcome of this step is an origin‐destination (OD)
matrix, which specifies the number of trips that go from each origin to each
destination.



Mode choice
In this step, the trips in the OD‐matrix are split into trips by travel mode. These trips
can be made by different means of transportation, e.g. by walking, driving, taking the
bus, etc., but they can be generally grouped into car, transit, and non‐motorized
modes. This step computes that choice.



Route choice
This step assigns the vehicle trips to the roadway network to obtain link volumes and
travel times and the person trips to the transit network. Each car trip is assigned to a
path on the network. These paths are sensitive to congestion. Typically, a user
equilibrium is searched for here: All paths used for a given OD pair should have the
same travel time; and no unused path should be faster.
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In a theoretical context travel has always been considered as derived from the desire for
performing activities. However in practice not activity based methods but trip based modeling
approaches have usually been used (McNally, 2007). The conventional trip‐based model of
travel demand forecasting has always lacked a valid representation of underlying travel
behavior. In the next section the main limitations of the approach will be discussed.

Figure A1: The four step model (McNally, 2007)

Limitations
The weaknesses and limitations of trip‐based models have been discussed by many authors.
McNally and Rindt (2008) summarize the concerning limitations:
Ignorance of travel as a demand derived from activity participation decisions;
Lack of disaggregation by individual travelers, using traffic streams without discerning what
individual travelers are doing (Balmer, 2007);
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A focus on individual trips, ignoring the spatial and temporal interrelationship and
dependence between all trips and activities comprising an individual’s activity pattern;
Misrepresentation of overall behavior as an outcome of a true choice process, rather
than as defined by a range of complex constraints which delimit or even define choice;
Inadequate specification of the interrelationships between travel and activity
participation and scheduling, including activity linkages and interpersonal constraints;
Misspecification of individual choice sets, resulting from the inability to establish
distinct choice alternatives available to the decision maker in a constrained
environment;
The construction of models based strictly on the concept of utility maximization,
neglecting substantial evidence relative to alternate decision strategies involving
household dynamics, information levels, choice complexity, discontinuous
specifications, and habit formation.
The organization (scheduling) of trips is not considered; that is, there is no distinction
between home‐based trips made as part of a single‐stop sojourn from home and those
made as part of a multiple‐stop sojourn from home
Generation and provision of personal travel advices to optimize traffic flows

In summary, trip‐based methods do not reflect the linkages between trips and activities, the
temporal constraints and dependencies of activity scheduling, nor the underlying activity
behavior that generates the trips. Therefore, there is little policy‐sensitivity. The behavioral
inadequacy of the trip‐based approach, and the consequent limitations of the approach in
evaluating demand management policies, has led to the emergence of the activity‐based
approach to demand analysis (Balmer, 2007).

Activity based approach
The activity‐based approach to travel demand analysis views travel as a derived demand;
derived from the need to pursue activities distributed in space. The approach originates from
the realization that the need and desire to participate in activities is more basic than the travel
that some of these participations may entail. By placing primary emphasis on activity
participation and focusing on sequences or patterns of activity behavior, such an approach
can address congestion‐management issues through an examination of how people modify
their activity patterns. Distinguishing between travelers in a transport planning application
allows planners to connect travelers’ decisions with their specific demographic data, making
their choices more realistic and behaviorally motivated (Balmer, 2007). Activity based
approaches are characterized as follows (McNally, 2007):
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Travel is derived from the demand for activity participation;
Sequences or patterns of behavior, and not individual trips, are the relevant unit of
analysis;
Household and other social structures influence travel and activity behavior;
Spatial, temporal, transportation, and interpersonal interdependencies constrain both
activity and travel behavior;
Activity‐based approaches reflect the scheduling of activities in time and space.
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11.3 Appendix III
Visualization of the departure‐ arrival‐ and en‐route patterns of scenario 2
Scenario 2.1
The departure‐ arrival‐ and en‐route pattern with a participation rate of 25%:

Scenario 2.2
The departure‐ arrival‐ and en‐route pattern with a participation rate of 50%:
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Scenario 2.3
The departure‐ arrival‐ and en‐route pattern with a participation rate of 75%:

Scenario 2.4
The departure‐ arrival‐ and en‐route pattern with a participation rate of 100%:
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11.4 Appendix IV
MATSim’s Traffic flow simulation
Each link has, from the input files, the attributes free flow velocity v0, length L, capacity C and
number of lanes nlanes. Free flow travel time is calculated by T0 = L / v0. The storage constraint
of a link is calculated as N = L * nlanes / l, where l is the space a single vehicle in the average
occupies in a jam, which is the inverse of the jam density. This space has been defined as: l =
7.5m. A vehicle is moved to the next link if (1) it has arrived at the end of the link, (2) it can be
moved according to capacity, and (3) there is space on the destination link). The three
conditions mean the following:


A vehicle that enters link a at time t0 cannot leave the link before time t0 + T0, where T0
is the free speed link travel time as explained above.



The condition “vehicle can be moved according to capacity” is determined as
-

N < C or ( rnd < f )

Where C is the integer part of the capacity of the link (in vehicles per time step), f is
the fractional part of the capacity of the link, and N is the number of the vehicles which
already left the same link in the same time step, rnd is a random number such that 0 ≤
rnd ≤ 1. According to this formula, vehicles can leave the link if the leaving capacity of
the link has not yet been exhausted for this time step. If the capacity per time step is
non‐integer, then we move the last vehicle with a probability which is equal to the non‐
integer part of the capacity per time step.
 “Space on destination link”: If the destination link is full, the vehicle will not move
across the intersection.

11.5 Appendix V
Modeled parking areas and corresponding parking places
Company

Agents

Ordina

940

1.
2.
3.
4.

Ballast Nedam

705

5. Tower E+F
6. Tower F+G
7. Extra parking

235
235
235

Other

235

8. Other 1
9. Other 2

117
118

1880
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Parking Areas
Tower A+B
Tower C+D
Tower A+ Visitors
Extra parking

9 Areas

Parking places
235
235
235
235

1880
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