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Abstract

Static assignment methods have several limitations which form a motiva-
tion for dynamic traffic assignment (DTA). The degree project is aligned with
a research project which aims to create a disaggregate model system. The
components are the travel demand model Regent, the MATSim simulation
framework and a commercial DTA package. The scope of the degree project is
the interaction between Regent and MATSim.

A synthetic population is generated by Regent. The goal of the degree
project is to transform this population onto a form that can be simulated by
MATSim and set up a simulation of the greater Stockholm area. A method
is developed to assign activity locations to building coordinates and set the
parameters of MATSim’s utility function. The model is calibrated using the
Cadyts tool and an agent-based dynamic traffic assignment is performed with
MATSim.

In a case study, road traffic in Stockholm is simulated. Traffic is underes-
timated but the calibrated model manages to reproduce traffic counts in the
morning peak period if there are no incorrect link capacities. The Stockholm
bypass is evaluated in an alternative scenario. The result of this evaluation is
not reliable due to the prototypical nature of the model system.
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Sammanfattning

Statiska nätutläggningsmetoder har flera begränsningar som utgör en moti-
vering till dynamisk nätutläggning (DTA). Examensarbetet går parallellt med
ett forskningsprojekt som ämnar att skapa ett disaggregerat modellsystem för
trafikanalyser. Komponenterna i modellsystemet är efterfrågemodellen Regent,
simuleringsverktyget MATSim och det kommersiella DTA-paketet Transmode-
ler. Examensarbets omfattning är begränsad till interaktionen mellan Regent
och MATSim.

En syntetisk population genereras av Regent. Målet med examensarbetet
är att skapa en simuleringsmodell för Stockholm och skriva om den syntetiska
populationen till en sådan form att den kan simuleras i MATSim. En metod
utvecklas för att placera aktiveter i byggnader och ställa in parameterarna i
MATSims nyttofunktion. Modellen kalibreras med verktyget Cadyts och en
dynamisk nätutläggning görs i MATSim.

Vägtrafik i Stockholm simuleras i en fallstudie. Trafiken underskattas men
den kalibrerade modellen lyckas replikera trafikräkningar givet att det inte
finns inkorrekta länkkapaciteter. Förbifart Stockholm utvärderas i ett alterna-
tivt scenario. Modellsystemet befinner sig dock i en prototypfas vilket gör att
resultatet av denna utvärdering inte är realistiskt.
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Chapter 1

Introduction

1.1 Background
A transport system of a city is highly complex and involves a range of processes
which can be modeled on different levels. In order to analyze infrastructure projects
with system-wide and long term effects strategic transport models are used. The
fundamental building blocks of such a model are a behavioral model of travel de-
mand and a physical model of network flows. The separation between the two is not
always clear and the four-step model has traditionally been used to structure strate-
gic transport models [9]. The steps are trip generation, trip distribution, modal split
and assignment. The first three steps result into mode-specific origin-destination
(OD) matrices containing travel demand between different zones in the study area.
These matrices are used as input to a network assignment package which determines
route choice, network flows and travel times. Ideally, the network conditions are fed
back into the upper-level behavioral models.

Commonly, static assignment packages are used. Travel times are calculated
through volume-delay functions in which the delay at a link increases with the flow
on it. The use of such packages together with traditional demand models suffers
from a number of limitations, including [12]:

• No time-dependency. Static assignment packages have no notion of time.
Temporal dependencies, such as queue build-up and dissipation, can usually
not be represented.

• Inadequate congestion modeling. Static assignment packages describe delay
and not congestion. As no queues can be formed there is no spill-back of
congestion onto other links. The volume-delay functions create delay at the
bottleneck rather than upstream of it.

• Limited heterogeneity. The use of OD matrices to distinguish demand seg-
ments or vehicle classes limits the amount of information that can be used
for the route choice process. This is a serious drawback in appraisal and in
particular when it comes to the analysis of equity impacts.

1
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• No stochasticity. Static assignment packages attempt to reproduce average
conditions but the lack of stochasticity makes it difficult to represent predic-
tion uncertainty and the variability in trip makers’ behavior.

The problems above form a motivation for more advanced traffic assignment
models, possibly also necessitating the use of other data structures than OD ma-
trices. An alternative is to model each traveler individually through a microscopic
approach. In such a setting, a synthetic population aiming to reproduce the real
population is typically the starting point. Travel demand is generated by an activity-
based demand model which is used in conjuncture with a dynamic traffic assignment
(DTA) package. Travel demand can be represented using a disaggregate trip list,
essentially containing one entry with all relevant information per trip (or traveler).
One can then separate route choice from network loading and include it in the be-
havioral model instead. This allows each traveler to remain a traceable individual
throughout the entire modeling process. Route choice and network loading can be
related to characteristics of the simulated person and the disaggregate data handling
also enables analysis of arbitrary demand segments after a completed simulation run.

Figure 1.1: Regent and Transmodeler integration with MATSim framework. The
bold arrow indicates the scope of the degree project.

The national transport model in Sweden, Sampers, has been in use for around
15 years. Its applications include, for example, the study of congestion charges and
evaluations of infrastructure investments countrywide. The conclusion from these
years of use is that Sampers has limitations in urban regions with severe congestion
[3]. The research project IHOP investigated the possibility of replacing the static
assignment package of Trafikverket’s model system with a dynamic equivalent. The
demand model Regent (a sketch-version of Sampers) was coupled with two DTA
packages out of which Transmodeler was selected for further work. Building upon
this project, IHOP2 was commissioned. The goal of IHOP2 is to integrate Regent
and Transmodeler using the MATSim framework as shown in Fig. 1.1. MATSim
is an agent-based simulation toolkit which, in this setting, will be used to handle
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route and time departure choice. Regent creates a synthetic population with travel
demand while the physical flow simulation is handled by Transmodeler.

The degree project runs parallel to IHOP2. It forms an initial step of build-
ing a Stockholm model and is centered around the interaction between Regent and
MATSim. Instead of Transmodeler, MATSim’s own network flow simulator is used.
The degree project takes place during the first five months (February-June) of the
research project which continues until the end of the year. As a consequence, a
number of delimitations—described in section 1.3—are made. The simulation re-
sults in this degree project should therefore not be viewed as a basis for evaluating
the complete model system’s predictive power but rather as proof-of-technology.
IHOP2 includes participants from KTH, WSP (where the thesis is carried out) and
SWECO.

1.2 Objectives
The objective of the degree project is to:

• transform a synthetic Stockholm population generated by Regent into an agent
population that can be simulated by MATSim,

• to set up a MATSim simulation of Stockholm using an available network
representation,

• to calibrate this model system against available traffic counts, using the cali-
bration tool Cadyts which is fully integrated with MATSim, and

• to evaluate the functioning of the system by studying a hypothetical Stock-
holm bypass scenario.

The travel demand generated by Regent is on a form where each agent has a
zonal location describing where the agent lives and where the agent works. The
agent travels to work using the mode specified by the demand model but there is no
information on when this trip occurs. The contribution of this degree project is a
method that creates a disaggregate distribution of activity locations and parameter
settings such that the travel demand can be simulated in a dynamic setting.

1.3 Scope
The scope of the degree project is delimited in different dimensions. Time-wise, the
population in Regent is synthesized for the year 2006. This means that statistics
relating to the synthetic population apply to this specific year. As an effect, the
network and traffic counts are collected or adjusted such that they represent condi-
tions in 2006. Furthermore, the generated trips are given for an average work day
which goes well with the fact that MATSim simulates travel across a day.
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The region of interest is Stockholm county. The majority of those who travel
in Stockholm county do also reside in it but a somewhat larger geographical area
has been included to take into account commuters from, for example, Uppsala.
However, only trips originating or ending in Stockholm county are being simulated.

Regent uses two trip purposes: "work" and "other". The latter category includes
all trip purposes other than going to work. Work trips are assigned to individual
agents while "other" trips are calculated in an aggregate manner based on socioeco-
nomic groups. Since individual assignment of "other" trips is under way in Regent
only work trips are considered in the degree project. An additional delimitation
is made by only including the agents who drive to work, i.e. only simulating car
traffic. Outside the scope of the degree project, the model will be expanded by
using "other" trips and including public transportation.



Chapter 2

Literature Review

2.1 Transport Modeling
Transport systems around the world, in industrialized as well as developing coun-
tries, struggle with problems such as congestion, delays, accidents and pollution.
Economic growth seems to have increased travel demand and road traffic to lev-
els that exceed the capacity of most transport facilities [9]. Efficient movement of
people and goods is an integral part of a well-functioning society so these problems
come at a high cost and constitute a serious hindrance to development.

Transport modeling in itself will not solve any problems, but modeling supports
transport planning. Given that resources are limited, not only in terms of time
and money but also in space, decisions need to be careful and oriented towards
maximizing benefits while keeping costs and unwanted side-effects as low as pos-
sible. Transport models can be used to quantify the effects of policy measures or
investments and guide decisions such that they are in line with the aforementioned
objectives.

2.1.1 Travel Demand Models
The demand for travel is not an end in itself. People travel, with the possible
exception of sightseeing, to participate in activities. An obvious example is people
making trips to work, which is also the main trip purpose of travelers in peak hour
traffic. The point is that the demand for travel is derived.

Another characteristic of travel demand is its spatial separation. Travel takes
place across space and most models handle this by dividing the study area into a
suitable system of zones. The demand models then aim to predict the number of
trips between each pair of zones. The question of where to travel is not the only
one a traveler needs to answer though. A number of other choices need to be made
as well, for example, which mode to use and when to travel, and possibly whether
to travel or not at all. These choices are not independent of each other and need
to be linked together in an appropriate way. The typical procedure today makes
use of discrete choice theory [5]. Hierarchies are created where lower-level choices

5
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are conditional on choices at higher levels. For instance, mode choice can be made
conditional on destination choice.

Traveling has a cost, not only consisting of monetary terms, in which the ex-
penditure of time often is the major component. In economics, both supply and
demand are treated as functions of the price (cost) of a good. The price dictates
the demanded quantity and the quantity the suppliers are willing to produce. In
transport economics, the same relationship holds between cost and travel demand
but when it comes to the supply function, the inverse relationship makes more sense.
The cost is a result of the transport system (supply) being faced with a certain level
of demand. If this level is high, the transport system might suffer from congestion
and its response will be a high cost due to long travel times. In the same way that
there is a price at which the demand and supply curves intersect, there is a level of
travel demand that gives the corresponding equilibrium point.

The level of demand is also affected by external factors not pertaining to the
transport system itself. For instance, car ownership is an important determinant of
travel demand. Different people have different needs, meaning that the composition
of a zonal population affects the travel patterns originating from the zone. Various
socioeconomic attributes have an impact on travel-related decision-making and the
modeler’s task is to capture as much of this variation as is necessary to make accurate
predictions.

The Four Step Model

Strategic transport models have traditionally been structured using the four step
model. It originates from practice in the 1960s and despite significant improvements
in modeling techniques, the structure has remained more or less the same to this
day [9]. The four steps are:

1. trip generation,

2. trip distribution,

3. modal split, and

4. assignment.

The objective of the first step is to define the total number of trips in the system.
Trip productions and attractions are calculated for each zone in the study area,
essentially defining the number of in and outgoing trips. For instance, it is likely
that the number of trips generated for a zone increases with its population. The
trips are then distributed between different OD pairs in the second step, taking into
account the trip productions and attractions. Demand is split onto different modes
in the third step. The sequence of trip distribution and modal split can be reversed
and today, the two steps are often modeled jointly using discrete choice theory [5].
The result is typically mode-specific OD matrices. In the last stage of the four step
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model demand in the form of OD matrices is loaded onto the network. Assignment
methods are more thoroughly explained in section 2.1.2.

Activity-Based Demand Models

A fundamental assumption of activity-based models is that the demand for travel
is derived from people’s desires to participate in various activities [7]. For instance,
a person might want to work and make a purchase at a shop. If the location of
these activities is somewhere else than at home the person will be required to travel.
Unlike the four step model, which turns from activity-based to trip-based already in
its first step, the assumption of derived demand is maintained. The foundation of
activity-based models is formed by behavioral theories describing how people make
choices about activity participation, including decisions about when to participate,
where to participate, and how to get there. This kind of modeling perspective is
more explicitly related to the behavior of people and therefore also more suitable
to study how behavior and activity participation—which creates travel—is affected
by policy measures.

In the early days of transport modeling, the questions were very much ori-
ented towards provision of capacity and making decisions regarding infrastructure
expansions. Today’s decision-makers are to a larger extent concerned with the
management of existing transport systems [8]. This shift has also led to different
requirements on the capabilities of modeling tools. When it comes to certain policy
measures, trip-based models fall short, largely because they fail to recognize that
the dependencies between different trips. The timing of an individual’s shopping
trip will naturally be dependent on when the individual chooses to leave work. If
this individual went to work using public transport it is highly unlikely that the
subsequent shopping trip will be by car. Furthermore, there are also geographical
dependencies that affect the locations involved in a chain of activities.

2.1.2 Traffic Assignment Methods

Travel takes place across space, and more specifically in the case of road traffic, on
streets and roads. The supply of transport infrastructure is typically represented by
the analytical construct of a network consisting of links and nodes. A link connects
two nodes and a node is connected to at least one link. Traveling along a non-
congested link is associated with a cost depending on the link’s attributes, out of
which the most important one is its length—both travel time and fuel costs increase
on average with the length of the link.

The number of vehicles that can pass a link in a given time period is not un-
limited. The typical capacity of a 3.5 m wide lane in a road in good condition is
about 1800 passenger cars per hour [9]. If trucks or buses use the link they need
to be converted into equivalent units, generally passenger cars, with one bus being
equivalent to 2-4 passenger cars.
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Figure 2.1: The typical form of a volume-delay function.

The time it takes to pass a link is not constant but changes with the flow on the
link. As the number of cars on the link increases the level of service experienced
by the travelers decreases. This relation is typically described by a volume-delay
function, an example of which is given in Fig. 2.1. Travel time does not increase
linearly with flow. When the flow approaches the capacity of the link each additional
vehicle will add more delay than those before.

Uncongested Assignment

The simplest method is all-or-nothing assignment [9]. It assumes that there are
no congestion effects and that all travelers base their route choice on the same
attributes and that they perceive them in the same way. This means that drivers
between two locations will all use the same route. However, some heterogeneity is
possible by dividing travelers into different user classes. For instance, travelers in
one class could consider nothing but travel time while in another, route choice is
strictly based on distance. Within a class, all drivers still use the same route but
this route may be different for different user classes.

Stochastic methods bring more routes into the problem. Unlike all-or-nothing,
drivers may be allocated to routes which are not objectively the best ones, and the
number of such routes can be extremely large. The stochastic approach is more
consistent with the variability of travelers’ perceptions of costs. What constitutes
the "best route" is not the same for every individual and travelers are not perfectly
informed about the attributes of different links in the network. This results in the
common observation that two drivers making the same trip use different routes. A
method that has gained relatively widespread acceptance implements these aspects
using Monte Carlo simulation [9]. Different techniques are used but they rely on the
assumptions that (i) for each link there is an objective cost, measured or estimated,
and a distribution of perceived costs with the objective cost as the mean, (ii) the
distributions are independent, and (iii) that drivers choose the route that minimizes
their perceived route costs which are calculated as a sum of the individual link costs.
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Wardrop’s Assignment

The methods described so far do not take into account congestion effects. Obviously,
such methods will be insufficient where congestion is a major issue and even more
so if the goal of the model is to study congestion levels. By using the volume-delay
functions described earlier, the spread of trips is generated by capacity limits rather
than pure randomness as in the stochastic methods. Drivers will search for efficient
routes, responding to congestion, and eventually we expect them to end up in an
equilibrium with a stable set of choices. Wardrop formulated this as [21]:

Under equilibrium conditions traffic arranges itself in congested networks
in such a way that no individual trip maker can reduce his/her path costs
by switching routes.

A more specific formulation, usually referred to as Wardrop’s first principle or user
equilibrium, is given if all trip makers perceive costs in the same way:

Under equilibrium conditions traffic arranges itself in congested networks
such that all routes between any OD pair have equal and minimum costs
while all unused routes have greater or equal costs.

The problem can be expressed in the form of a mathematical program. The solu-
tion that minimizes the objective function satisfies the conditions specified by the
Wardrop criterion. The problem is typically solved using the Frank-Wolfe algorithm
in most commercial transport modeling packages [9].

In his second principle, Wardrop proposes an alternative way of assigning traffic
onto a network [21]:

Under equilibrium conditions traffic should be arranged in congested
networks in such a way that total travel cost (all trips) is minimized.

This results in a system optimum that is clearly different from the first principle
where individuals strive to minimize their own costs. Since the latter is more behav-
iorally realistic, Wardrop’s second principle has received little attention in the past.
The principle is useful for organizing traffic though. It has been brought to light
thanks to the growing interest in road pricing where it can be utilized to determine
optimal congestion charges.

User equilibrium and stochastic methods both spread trips between two loca-
tions onto different routes. The user equilibrium is based on the assumption that
drivers, taking into account congestion effects, search for the most efficient routes.
Stochastic methods aim to represent the variability in drivers’ perceptions. A com-
bination of the two is desirable. In reality, one would expect that both capacity
restraints and the perceptual variability of drivers affect route choice. The result of
a model that tries to incorporate both effects is called a stochastic user equilibrium.
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Dynamic Traffic Assignment

Static assignment is the process that determines network flows in a steady state
setting. DTA is concerned with the same problem in a dynamic setting, using
time-varying link flows. Wardrop’s first criterion can be extended to apply to the
dynamic problems as follows [9]:

Under equilibrium conditions in networks where congestion varies over
time and travellers can choose their time of travel, traffic arranges itself
so that the total cost associated with travel on those routes that are used
by travellers at the time when they are used, are equal and no greater
than those on any route at a time when it is not used.

As in the the case with static assignment, a DTA problem can be formulated as a
mathematical program. The DTA problem requires a more sophisticated represen-
tation of delay than the monotonically increasing function used in static assignment.
Delay will vary with time and route traversal is not instantaneous. DTA can also
be implemented using a simulation-based approach. The critical constraints that
describe flow propagation and spatio-temporal interactions, such as vehicular move-
ments or flow conservation, are then addressed through simulation. The simulator
is typically also used in the search process in order to approach the equilibrium
solution. Since the use of a simulator requires much computational power there is
a trade-off between model resolution and tractability [15].

2.1.3 Coupling of Travel Demand and Traffic Assignment Models

The interaction between the two main components, the travel demand model and
network assignment package, of a strategic transport model is a crucial part of
the entire model system. The predicted travel demand is used as input to the
assignment package which in turn feeds back generalized travel costs to the demand
model (Fig. 2.2), a process that is iterated until some kind of convergence criterion
has been reached. This interaction adds complexity to the model system as a whole
and requires suitable data structures. This section draws from [12] and describes
how different types of travel demand and network assignment models can be coupled.

Figure 2.2: Demand and assignment model interaction.
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Typically, travel demand is represented by OD matrices. A time-dependent rep-
resentation can be achieved by separating the demand into time slices and using an
OD matrix for each slice. Similarly, multiple matrices can be used to handle differ-
ent demand segments, with regards to both the travelers’ socioeconomic attributes
and the vehicles that are used. A trip list contains disaggregate travel demand.
Each entry of the list corresponds to one trip in the OD matrix and an entry can
be associated with arbitrary information. For instance, each trip can have an exact
departure time, the income of the traveler, and if the traveler makes the trip by car,
the type of vehicle the traveler is driving. A more complex trip list can describe the
sequence of trips with all-day travel plans. This type of demand representation does
require an assignment package capable of handling trip sequences which usually is
not the case.

In the opposite direction, the assignment package produces output that repre-
sents network performance with inter-zonal data structures called impedance ma-
trices (also level-of-service matrices or skim matrices). The structure is essentially
the same as for OD matrices. Time-dependency is handled by separate matrices for
each time slice and multiple matrices are also used to distinguish demand segments
or impedance measures. For instance, speed limits and tolls can be dependent on
vehicle type leading to vehicle-specific impedances, which in themselves may be
separated into travel times and monetary costs.

A higher spatial resolution can be obtained if the network performance is re-
turned at the link level. This leaves out the possible aggregation step into inter-
zonal impedances to the demand model. An example where this might be useful is
intra-zonal travel which is modeled coarsely if there is no information about travel
times within zones. Another possibility is that the assignment returns travel times
actually experienced by individual travelers. An issue regarding the relation with
the trip list is that the coverage of paths is limited. Only travel times for paths
chosen in the assignment are returned, resulting in an incomplete representation of
network conditions.

One of the challenges of coupling travel demand and assignment models is that
they might be inconsistent with regards to the representations they use of time,
resolution and uncertainty. Relating to time, both model components can be cat-
egorized as either static or dynamic. Coupling two of the same type is rather
straightforward. For a static model system, it is necessary that both models refer
to the same analysis period. Dynamical models typically use a discretization into
time bins which means that both demand model and assignment package need to
use the same bin size to be consistent.

The combination of a static demand model and a dynamic assignment package
may be satisfactory under certain conditions. For instance, if the demand model
predicts peak-hour traffic and the off-peak traffic is relatively low, a dynamic as-
signment might produce useful results regarding queue buildup and dissipation. An
all-day assignment can be realized using a series of independent demand predictions
representing different times of day. However, the time-dependent network perfor-
mance measures of a dynamic assignment package cannot be fully utilized due to
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the independence assumption. Using a static assignment package with a dynamic
travel demand model is a common approach in practice. This involves dividing the
demand into time slices and assigning each slice separately.

Both demand and assignment models can be categorized with respect to the level
of aggregation they use. A microscopic demand model represents travelers with a
synthetic population and generates travel demand for each person. A macroscopic
demand model stratifies the population into a limited number of population seg-
ments. Using the same categories, a microscopic assignment model predicts route
choice and movements of individual vehicles while a macroscopic one bases traffic as-
signment on a continuum of vehicles. Problems can arise if the coupled demand and
assignment models use different resolutions. In the case of a macroscopic demand
model being coupled with a macroscopic assignment package the interaction is han-
dled well by OD matrices and inter-zonal impedance measures. If the demand model
uses a segmentation resulting in multiple matrices the assignment package should
be able to handle the different classes accordingly. Similarly, the performance mea-
sures calculated by the assignment package, for instance inter-zonal travel times and
monetary costs, should be compatible with those expected by the demand model.

A microscopic assignment method requires disaggregate trip makers. In use
with a macroscopic demand model, this means that the data contained in the OD
matrices needs to be translated to individual trips. This can be done using for
example sampling or rounding and letting the OD matrices represent the expected
values. The representation of heterogeneity is limited by the use of OD matrices in
the macroscopic demand model but the network performance measures returned to
it can be suitably aggregated.

Coupling a microscopic demand model with a macroscopic assignment package
will require aggregation of travel demand. The use of matrices to segment demand
will lead to aggregation bias when applied to the heterogeneous trips makers created
by the disaggregate travel demand model. The representation of network perfor-
mance is less of an issue and impedance matrices or link-level costs can be used,
though the ability to distinguish between impedances as experienced by different
travelers is once again limited by the demand segmentation.

The combination of a disaggregate demand model and microscopic assignment
package does not require any intermediate aggregation of travel demand. Every
single trip, with the socioeconomic attributes of the traveler and detailed vehicle
information, can be handled individually by the network assignment package. Route
choice can thus use heterogeneous time values of different travelers as well as being
able to take into account trip purpose. Vehicle information means that tolls or
vehicle-specific restrictions are experienced precisely by the travelers that own those
vehicles. The disaggregate approach requires appropriate data structures and this
section has made clear the limitations associated with the use of OD matrices.
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2.2 Related Work
Transport model systems have been developed and used in planning at locations
around the world. Each location, such as a city or even an entire country, has
its own distinctive features meaning that there exists a large number of location-
specific model systems. The ones of interest in this case contain an activity-based
demand model and use dynamic traffic assignment. The Tel Aviv model integration
with MATSim is one example [4]. The demand model utilizes an activity generator
that is applied to each person in the synthetic population. The result is a complete
description of every individual’s travel including the type and number of daily tours,
intermediate stops, destinations of each activity, modes used and the time slot when
travel occurs. In the standard model, OD matrices per mode for different time slots
are created from this data and then fed into an assignment package. In the cited
paper though, this step has been replaced by letting the activity generator interact
with MATSim, thus creating a system similar to the one in this degree project.

Other examples include systems that have been developed in Toronto [13],
Texas [6] and Chicago [14].





Chapter 3

Model Description

The model system consists of three components relating to each other as illustrated
in Fig. 3.1. Regent generates travel demand in the form of a synthetic population
where each individual agent is assigned two zones telling where the agent lives
and works. Travel occurs between these two zones as the agent goes to, and back
from, work. The travel demand is fed into MATSim which handles route choice,
departure time choice, and simulates traffic in an iterative process. Within this
process, the calibration tool Cadyts may be used to adjust agents’ behavior to better
reproduce traffic counts. The end result, given that the process has converged, is
an approximate stochastic user equilibrium (SUE).

This chapter gives a description of each of the three models.

Figure 3.1: Overview of model system.

3.1 Travel Demand by Regent

Regent is a travel demand model based on on the demand model of LuTRANS,
which in turn is a simplified version of the national transport model system Sam-
pers. Both Regent and LuTRANS use a nested logit model to distribute trips over
destinations and modes: on top is the choice between car or other mode, more de-
tailed mode choice follows below, and destination choice is located at the bottom
(Fig. 3.2). The modes included in the model are car as a passenger, car as a driver,
public transport, walk, and bike.

15
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Figure 3.2: Nested logit model structure in Regent.

The trip purposes are separated into work trips and other trips. The difference
between Regent and LuTRANS is that Regent uses a synthetic population and
assigns work trips to individual agents. This does not apply to other trips which are
handled by dividing the population into groups based on socioeconomic attributes,
summing the number of individuals in each group, and then distributing the trips
over destinations and modes using logit probabilities.

LuTRANS is calibrated such that trip lengths and modes shares correspond with
data in the 2005/2006 travel survey. The same applies for Regent. The network
assignment was performed with Emme which means that the calibrated parameters
are, to some extent, specific for this software. A different representation of network
performance calculated by, for example MATSim, would render different calibration
results.

The population in Regent was synthesized for Mälardalen, a region in eastern
Sweden extending the greater Stockholm area. In the method of this procedure, an
individual is drawn from the 2005/2006 travel survey and an attempt is made to
add the individual to a zone. Tables containing the distribution of the population
with respect to age group, sex, income, housing type and car ownership have been

Table 3.1: Example agent generated by Regent.

id 1885872
sex woman
birth year 1966
income 300 000 SEK/year
housing type apartment
home zone 711401
work zone 720106
mode car
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created for each such zone. If the added agent improves the fit to the tables,
the individual is added and a new individual is drawn. If not, the individual is
switched with an already existing one in the zone and evaluated similarly, with the
procedure possibly being repeated with a number of different individuals in the zone.
When a satisfactory degree of fit has been reached the synthetic population has a
composition that corresponds well to the marginal distributions of the variables
specified above. Since the individuals that are drawn are real respondents of the
travel survey the method also takes into account the correlations that exist between
the different variables.

An example of an agent generated by Regent is given in Table 3.1. The first five
attributes are a result of the population synthesis while the last three are obtained
from the nested logit model.

Figure 3.3: MATSim cycle.

3.2 MATSim Framework

MATSim is an activity-based, extendable, multi-agent simulation framework. It
has been designed to handle large-scale scenarios meaning that it is capable of
simulating a large number of agents interacting in an urban environment. The
framework structure has allowed the development of a variety of modules with
different functionality. This section is based on the description in [1] and explains
the main concepts of MATSim.

Currently, MATSim models a single day. A co-evolutionary algorithm optimizes
the schedule of each agent. The schedule is represented by a plan—or several com-
peting plans—which is essentially an itinerary containing activities the agent wishes
to perform. The co-evolutionary algorithm is applied through an iterative process
illustrated in Fig. 3.3. Travel demand is exogenous to the model although necessary
to create initial plans. For instance, an activity-based demand model can be used to
generate an activity chain for each agent. The initial plans are executed in a traffic
simulation and given a score. The next step in the cycle is replanning which means
that either new plans are created or that the best plan is selected. In the end this



18 CHAPTER 3. MODEL DESCRIPTION

process will converge, maximizing plan scores of the individual agents. The result
is an approximate stochastic user equilibrium.

3.2.1 Strategy Modules

The step following the scoring of plans is replanning. This is the stage where
new plans are generated and where it is determined which plan is going to be
executed in the next iteration. How agents adapt their behavior is therefore to
a large extent governed by the modules that create or select plans. In transport
modeling terminology this corresponds to choice set generation and choice. In
MATSim, they are called strategy modules and the user has the option to choose
which ones should be invoked. The user also specifies the probability that a certain
strategy module will be applied to an agent in the replanning phase. Some important
strategy modules are presented below:

• Route innovation. The route choice model is a shortest path algorithm that
uses time-dependent generalized costs for every link. The knowledge about
congestion in the network—in the form of travel times averaged into 15 min
time bins—is acquired from the network flow simulation in the previous it-
eration. The generalized costs also include monetary costs, such as tolls or
distance-based costs for driving, and transfer penalties on public transport
trips.

• Time innovation. The time innovation module shifts activity end times ran-
domly within a configurable range.

• Mode innovation. There are different mode innovation strategies that change
the mode of transportation used in plan. The main difference between them
is whether they allow multiple modes in a plan or not.

• Selectors. Agents have a set of plans. If a new plan has not been generated,
which plan that is going to be executed in the next iteration is determined by
a selector. The recommended selector is based on the score difference between
two plans—the last executed plan and one chosen randomly from the agent’s
set of plans. The choice probabilities of this selector converge to those of a
multinomial logit model.

In the above, the first three modules relate to choice set generation while the
last is choice. A specification of strategies could be as follows: use route, time and
mode innovation with a probability of 0.1 each, and let the selector be used with a
probability of 0.7. This means that, on average, 30 % of the agents will receive a
new plan in an iteration of the MATSim cycle. The plans that have been generated
are also automatically selected since a plan is only given a score after it has been
executed. The selector allows randomness in the plan choice but plans with a high
score will be selected more often than those with lower scores. The size of an agent’s
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plan set is configurable. As new plans are generated, the size will eventually become
larger than what is permitted and the worst plan will be dropped.

Figure 3.4: Links and nodes in a MATSim network.

3.2.2 Traffic Flow Model
Since MATSim is developed for large-scale scenarios the traffic flow model needs
to be efficient enough to simulate a large number of agents in reasonable time. As
a consequence, a queue-based approach is used. The network consists of nodes
and links with each link being represented as a first-in first-out queue. A vehicle
entering a link will be placed at the end of the queue and stay at the link for at least
the travel time corresponding to the link’s free speed velocity. The maximum rate
at which vehicles can leave a link is defined by its outflow capacity and a vehicle
cannot leave until it is at the front of the queue. A final restriction is imposed by
the queues at downstream links. A vehicle cannot move to the next link if there is
no space available on it. The number of vehicles that can fit onto a link is defined
by its storage capacity. Both the outflow capacity and the storage capacity are
subject to scaling factors. Typically, only a sample of the whole population is used
in a simulation requiring that the outflow and storage capacities are scaled down
accordingly.

3.2.3 Scoring Function
How the agents behave is determined by which plans they choose to execute. A
scoring function is used to evaluate executed plans and high-scoring plans are more
likely to be executed again than plans with low scores. In principle, the scoring
function rewards activity participation and punishes time spent traveling. As such,
a good plan will have short time windows for traveling and more time dedicated to
activities. The total score Splan of a plan is given by:

Splan =
N−1∑
q=0

Sact,q +
N−1∑
q=0

Strav,q (3.1)

where q is an activity and N the number of activities in the plan. MATSim includes
a wrap-around concept which means that the last activity is the same as the first.
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In other words, the morning home activity will be added on to the home activity
occurring in the evening.

The term Sact,q is the sum of all scores related to performing activity q while
Strav,q includes all travel-related factors. More specifically, Sact,q and Strav,q are
made up of the terms shown in Equation 3.2 and Equation 3.6, respectively.

Sact,q = Sdur,q + Swait,q + SlateArr,q + SearlyDep,q + SshortDur,q (3.2)

First of all, performing an activity for the duration tdur,q leads to a score addition
of Sdur,q = βdurttyp,q ln(tdur,q/t0,1) where βdur,q is the marginal utility of performing
the activity, ttyp,q its typical duration and t0,1 the minimum duration at which the
utility starts to be positive.

Activities in MATSim are specified by their opening times. For instance, a
work activity can open at 6 am, have a latest start time at 9 am and close at 8
pm. Furthermore, the hour until which the agent should stay can be defined as
well as the activity’s minimum duration. For example, the work activity could
require that the agent is there until 4 pm and that the agent spends at least 8 hours
at the activity. Depending on when the agent arrives—and leaves—the utility of
performing an activity can be decreased. If the agent is early the score is given by
Swait,q = βwaittwait,q. With the example hours this would apply when the agent
arrives before 6 am. If the agent is late a penalty is received as specified by

SlateArr,q =
{
βlateArr(tstart,q − tlatestArr,q) if tstart,q > tlatestArr,q

0 else
(3.3)

where βlateArr is a parameter determining how severely late arrivals are punished,
tstart,q the start time (i.e. when the agent arrives to the activity) and tlatestArr,q the
time after which an arriving agent is considered being late. Again, if the example
hours are used, tlatestArr is 9 am and agent is late if the activity is started after that
hour. Similarly, an agent can receive a penalty for leaving too early, given by

SearlyDep,q =
{
βearlyDep(tearliestDep,q − tend,q) if tend,q < tearliestDep,q

0 else
(3.4)

where βearlyDep is a parameter that sets the level, tearliestDep,q the earliest end time
of the activity (4 pm in the example work activity) and tend the time at which the
agent ends the activity.

The last term of Equation 3.2 pertains to an agent not fulfilling the requirements
on activity duration. It is given by

SshortDur,q =
{
βshortDur(tshortDur,q − tdur,q) if tdur,q < tshortDur,q

0 else
(3.5)

where βshortDur sets the level of the penalty, tshortDur,q is the shortest duration and
tdur,q the agent’s actual duration of activity q.
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The other part of the scoring function in Equation 3.1 handles the travel part
of an agent’s schedule. The utility of a trip following an activity q is specified by

Strav,q = Cmode(q) + βtrav,mode(q)ttrav,q + βccq+(
βd,mode(q) + βcγd,mode(q)

)
dtrav,q + βtransfxtransf (3.6)

where:

• Cmode(q) is a mode-specific constant,

• βtrav,mode(q) is the marginal utility of traveling by a mode,

• ttrav,q is the travel time between activity q and activity q + 1,

• βc is the marginal utility of money,

• cq is the monetary cost of the leg,

• βd,mode(q) is the marginal utility of distance,

• γd,mode(q) is the mode-specific distance cost rate,

• dtrav,q is the distance travelled,

• βtransf is the tranfer penalty in public transport and

• xtransf,q is a binary variable indicating whether a transfer has taken place
between the previous and current leg.

Figure 3.5: Score development of a plan containing three activities and two trips.

Fig. 3.5 provides an example of how the score of a plan can be accumulated
during a day. The agent participates in three activities and makes two trips between
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them. The day starts with a home activity and the score increases. The agent then
travels to work, reducing the score linearly, and arrives at work before it has opened.
Until work opens nothing happens with the score, meaning that βwait = 0. However,
there is an opportunity cost of time that punishes waiting. For instance, instead of
waiting the agent could have stayed at home longer and gained a higher score from
that activity. At the opening time of work, the score suddenly drops and starts
increasing again. The drop is explained by the activity’s minimum duration to
reach positive utility. A similar pattern then repeats itself when the agent walks to
lunch. At the optimum, the slope of the utility function at the end of each activity
should be the same. If this was not the case the agent could increase the score by
prolonging one activity at the expense of another.

3.2.4 Marginal Utility of Travel Time Savings

The time budget of an agent is constrained to 24 hours. This creates an opportunity
cost of time since time spent traveling limits the amount of time that can be spent
on activities. Reducing travel time by ∆ttrav does therefore not only increase utility
by βtrav,mode(q)∆ttrav through the effect of the direct marginal utility of traveling,
but there is also a contribution from the ability to prolong activity durations. The
marginal utility of travel time savings can thus be written as

mUTTS = δ

δttrav
Strav + δ

δtdur
Sdur = −βtrav + βdur

ttyp,q

tdur,q
(3.7)

which, at the activity’s typical duration tdur,q = ttyp,q, simplifies to

mUTTS = −βtrav + βdur (3.8)

Similarly the marginal utility of waiting time savings is not only given by βwait,
but can be calculated as

mUWTS = βwait + βdur
ttyp,q

tdur,q
(3.9)

The marginal utility of arriving late is βlate. There is no additional opportunity
cost of time since arriving late implies leaving the previous activity early. As such,
the total time spent on activities remains unchanged.

3.3 Calibration with Cadyts
The simple mathematical structure of the four step model has brought on a variety of
automatic calibration procedures. To some extent, the model output of a simulation
framework is the result of a sequence of processing steps, lacking a comprehensive
mathematical formulation. Calibration of micro-simulations is therefore a task that
often relies on intuition rather than an integrated mathematical method [11]. The
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Cadyts tool, which can be used directly with MATSim, tries to overcome this by
allowing calibration of arbitrary choice dimensions in a fully disaggregate manner.

Cadyts adjusts agents’ behavior by adding utility-corrective terms, ∆Sa(k), to
the score of a plan for each link a and each calibration time step k. Assuming light
congestion and traffic counts that are normally and independently distributed, the
correction terms become

∆Sa(k) = ya(k)− qa(k)
σ2

a(k) (3.10)

where ya(k) is the actual count measurement on link a in time step k, qa(k) is the
simulated counterpart and σ2

a(k) is an estimate of the measurement variance. This
is utilized in a Bayesian manner forming a posterior choice probability for plan i of
agent n, given count data y, that is essentially on the form [10]:

Pn(i | y) ∼ exp

Sn(i) +
∑
ak∈i

ya(k)− qa(k)
σ2

a(k)

 (3.11)

where Sn(i) is the prior score of a plan, as calculated by Eq. 3.1. The correction
terms are computed independently of plans but the total utility correction for plan
i only consists of terms that are covered by the plan, as indicated by the subscript
ak ∈ i.

From Eq. 3.11 it can be seen that a simulated flow lower than the measured will
create a positive utility correction, thus increasing the probability of selecting the
plan. Such corrections will be produced for all agents with plans that include the
same link at the same time step. As their behavior is guided towards using that
link the difference between measured and simulated flows is reduced. Similarly,
a simulated flow that is higher than the measured will create a negative utility
correction and reduce the number of agents traveling at the corresponding link.
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Methodology

This chapter describes the methods used in the degree project. It covers the trans-
lation of zonal locations to links, how various simulation parameters were set, the
creation of initial demand, and an overview and implementation of model compo-
nents such as the network or traffic counts. Different external data sets have been
used. A summary of these is provided in Appendix A.

4.1 Assignment of Activity Locations

Each agent of the synthetic population has a zone where the agent lives and a zone
where the agent works. In MATSim, the location of an activity is defined by the
link at which the activity is performed. This means that the zonal locations need
to be translated to specific links. It is possible to specify the location of an activity
using coordinates. MATSim will use the coordinates, find the nearest link, and
assign the activity to this link.

To achieve the mapping from zones to links it would be possible to simply
assign all activities in a zone the coordinates of the zone’s centroid. The effect of
this would be that every agent performing an activity in that zone would travel to
or from the same link, potentially causing congestion where there should be none.
Another alternative is to distribute activity coordinates randomly across the zone.
Such an approach would eliminate the issue with congestion on links closest to zonal
centroids but it would still not be a very accurate representation of where people
live and work. A zone can to a large extent be made up of forested areas and lakes
while activities in it are performed in a much smaller built-up area.

The two activity types used in the simulation, "home" and "work", do mostly
take place in buildings. A reasonable way of spatially distributing activities is
therefore to assign them locations inside buildings. The Swedish mapping, cadastral
and land registration authority provides "Fastighetskartan"—a map that contains
building information. In the vector version of the map, buildings are represented
by polygon features and the use of each building is specified. Hence there are three
geographical layers involved in the assignment of activity locations (Fig. 4.1). The
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Figure 4.1: The three geospatial layers involved in assigning activity locations to
links.

first layer consists of zonal boundaries. This is the level of precision used by Regent.
Buildings make up the second layer and using a suitable method, the zonal location
needs to be transferred to a building. The last step involves taking the building
location and mapping in onto the network in the third layer. As mentioned before,
this is done automatically in MATSim when coordinates are specified but some care
needs to be taken regarding which links activities should be placed on.

The type of residential building an agent lives in, either single-family or multi-
family, is indicated by a variable generated by Regent. With the map containing
zonal boundaries and ids, the location of an activity could be set in the following
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Figure 4.2: Procedure of assigning coordinates to an activity.
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steps (Fig. 4.2): First, all buildings are assigned to their corresponding zones. This
is done by checking which zonal geometry the building geometry intersects. A
building is only assigned to one zone. Depending on the activity type, either a work
or residential building is drawn and assigned to the activity. If it is a home activity,
the drawn residential building will be of the same type as the agent’s housing type
variable. That is, an agent with an attribute telling it lives in a single-family home
will be put in a building polygon that is defined as a single-family home. The
drawing is performed as sampling with replacement. A building is drawn from
the appropriate set of buildings, given zone and activity type, and is not excluded
from the set the next time a building is to be drawn. This means that multiple
activity locations can be set inside the same building. For single-family homes, the
probability that a certain building will be drawn is equal for all buildings. The
motivation behind this is that the number of people living in a single-family home
is about the same for all houses of this kind. For multi-family houses and work
buildings though, the number of people in the building is likely to be proportional
to the floor space. The base size of the building can be calculated easily but total
floor space or height is not part of the data in "Fastighetskartan". However, within
a zone, buildings are of similar height. Therefore it not an unreasonable assumption
to believe that the number of people in a building is proportional to the base area
of it. As a consequence, the probability that a multi-family home or work building
is chosen is dependent on the base size of the building—a building that is twice
as large as another will be twice as likely to be assigned to an activity. After the
activity has been assigned to a building, a random point from the building geometry
is calculated and used as the coordinate of the activity.

The step of going from coordinates to links is handled within MATSim. However
to avoid activities being placed on highway links these were removed from the
network during this computation. That is, activities were placed on a subset of
the network that later on was used in the simulation.

4.2 Parameter Selection

4.2.1 Activity Parameters

As shown in section 3.2.3, the execution of a plan and the score it leads to is
dependent on the parameters associated with the different activities that make up
the plan. These parameters create a window during which the activity can be
performed. Without such constraints agents could start work during the night to
minimize travel times by traveling on a non-congested network. The parameters
affect the stationary distribution that the simulation converges to. Depending on
how the parameters are set the resulting distribution of travel will be different. A
benefit of dynamic models is the existence of temporal dependencies so one should
try to choose the parameters such that the resulting activity schedules are realistic.

The travel survey contains detailed information on how people in Stockholm
travel. Fig. 4.3a shows when people going by car arrive at work or school (these
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(b) Distribution of time spent at work.

Figure 4.3: Work activity data from travel survey.

two trip purposes are grouped together). There is a significant peak at 08:00 and
the arrivals are mostly concentrated around this hour. Two smaller peaks exist at
07:00 and 09:00 but few arrive earlier than 06:45 and later than 09:30. These two
values were used as the opening time and latest start time of the work activity
(Table 4.1). Fig. 4.3b shows the time the respondents of the travel survey spent at
work. 9 hours is clearly the most common duration and this was used to set the
typical duration of the work activity. An unconstrained parameter shows that the
corresponding restriction is not imposed. An agent cannot, for example, arrive late
at home.

In this approach, the constraints of the two activities described in Table 4.1
apply to all agents. However, an arbitrary number of activities can be specified in
MATSim. This creates the possibility to introduce more variability by specifying
many activities with different constraints. Work could thus be represented by a
number of activities that are associated to agents using an appropriate method.
For instance, those agents who have fixed working hours and start work at 08:00
could have an activity with the opening time 07:59 and the latest start time at
08:00.

Table 4.1: Values used for activity parameters.

Parameter Home Work

opening time unconstrained 06:45
latest start time unconstrained 09:30
earliest end time unconstrained unconstrained
closing time unconstrained 20:00
minimal duration unconstrained unconstrained
typical duration 12 h 9 h
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4.2.2 Scoring Function Parameters
The Vickrey parameters of 6/h, 12/h and 18/h are the marginal penalties for being
early, traveling, and arriving late, respectively [1]. They correspond to the marginal
utilities described in section 3.2.4 and are therefore consistent with the equations

−βwait + βdur = 6/h
−βtrav + βdur = 12/h
−βlateArr = 18/h

(4.1)

The travel demand model Regent uses the parameters defined in Table 4.2. The
travel time and cost parameters correspond to a value of time of 81 SEK/h.

Table 4.2: Regent parameters.

Parameter Value

travel time car -1.76/h
cost car -0.0218/SEK
distance cost rate car 1.3 SEK/km

Rather than using the default MATSim values, the scoring function parameters
have been set based on the parameter values in Regent. However, there is one issue
which makes the translation somewhat arbitrary. As mentioned in section 3.2.4,
the marginal utility of travel time savings is made up of the two parameters βtrav

and βperf . The travel time parameter estimated in the logit model represents the
overall effect which means that its value needs to be divided between βtrav and
βperf . Currently, there is no good way of achieving this split [1].

Table 4.3: Values used for parameters in scoring function.

Parameter Value

βdur 12/h
βtrav 0/h
βlateArr -18/h
βwait 6/h
βc 0.149/SEK
γd 1.3 SEK/km

An approach described in the user guide [16] is to let βperf absorb the value of
the estimated parameter in its entirety and set βtrav = 0/h. This does not mean
that travel time is not punished—there is an implicit cost of not being able to
participate in activities, resulting in a disutility of −βperf . To keep the consistency
with the Vickrey parameters Equation 4.1 gives βdur = 12/h and βwait = 6/h.
Relating this to the estimated parameters of the logit model means that the travel
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time parameter value of 1.76/h has been scaled up to 12/h. To maintain the same
ratio the cost parameter has been scaled up correspondingly. The distance cost rate
is the same as the one used in Regent. The parameters of the scoring function are
given in Table 4.3.

4.3 Setting Up the Simulations

Running a simulation in MATSim requires that certain input files have been pre-
pared. The number of such files varies depending on which modules are invoked
but some of them are a necessity. First of all, one needs the agent population and
its trips that are going to be simulated. In MATSim, this is given by a plans file
containing what is often referred to as initial demand. Secondly, the agents and
their trips need to be simulated on a network. This network is also given by a file.

A configuration file specifies the location of the plans and network files and
contains all the parameters that are set for the simulation. This is sufficient to
run a MATSim simulation. Two additional files have been used for the Stockholm
simulations: a tolls file specifying the location of toll stations and how the charge
varies across the day, and a file containing hourly traffic counts at different links in
Stockholm.

4.3.1 Creating Initial Demand

Regent predicts travel demand for a large region in eastern Sweden. The ambition
of the degree project was not to simulate traffic in this entire region but to focus
on Stockholm county. Regent produces a synthetic population where the home
(and work) locations of the agents are given on a zonal level. In order to discard
all irrelevant trips, only agents living in the zones shown in Fig. 4.4 have been
considered as potential trip makers. The selection was made large enough to contain
towns at commuter distance from Stockholm and small enough to remain within
the extent of the network. Further filtering was made by only including agents
who either start or end their trip in Stockholm county. The motivation behind this
is that while agents coming to Stockholm from outside the county contribute to
congestion, the trips within the outer regions are of little importance.

The resulting population consisted of around 760 000 employed agents. Out of
these, 22 % do not make any trip to work due to reasons such as only working part
time, sickness, etc., and 39 % drive to work. Only car traffic was simulated and
39 % of the population equals 298 005 drivers. For the simulations a 10 % sample
was used rendering a final population of around 29 800 agents. This required that
the link capacity and storage factors were scaled down accordingly (see section 4.4).
The algorithm described in Fig. 4.2 was applied to the two activities of each agent
in order to specify activity locations. Initially, all agents were set to leave home at
07:00 and leave work at 16:00. This information was used to generate the initial
demand required to run MATSim.
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Stockholm

Uppsala

Figure 4.4: The map shows the traffic zones where agents are taken into account.
The thick line indicates the border of Stockholm county.

4.3.2 Network

The network (Fig. 4.5) was provided from the German consultancy Senozon. Speed
limits and capacities are based on the road classification used in OpenStreetMap1—
a collaborative project to create a free map of the world. The network was largely
left unaltered but some modifications were made. In order to represent 2006 con-
ditions a motorway finished in 2014 was removed. The speed limits on highways
and residential streets have been adjusted to match Swedish conditions and some
capacities were changed after observing unrealistic queues on certain links.

1https://www.openstreetmap.org/



4.3. SETTING UP THE SIMULATIONS 33

Figure 4.5: Links of the network.
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4.3.3 Congestion Charges

The Stockholm congestion charges were implemented permanently on August 1,
2007. Prior to that a seven-month trial took place during the first half of 2006. The
tax is collected for vehicles entering and leaving central Stockholm at the locations
displayed in Fig. 4.6. It can be noted that Essingeleden, a motorway indicated by
the green lines, is exempt from charges and that a driver can use it to pass through
the toll area. The amount that needs to be paid varies across the day as shown in
Table 4.4. The maximum amount of 20 SEK has to be paid during the two peak
periods 07:30-08:29 and 16:00-17:29.

Figure 4.6: The locations of the toll stations [18].

Congestion charges can be included in a MATSim simulation by invoking the
Roadpricing module [1]. The network links at which congestion charges are collected
need to be specified in a separate file together with information about when the
different charges apply. The charge is added to the cost term cq in the scoring
function (Eq. 3.6) and will thus effect the score of the plan. As such, it is not only
the trip during which the toll is paid that receives an additional cost but a plan
describing an all-day schedule.
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Table 4.4: Congestion charge during the day.

Time period Toll charge

06:30-06:59 10 SEK
07:00-07:29 15 SEK
07:30-08:29 20 SEK
08:30-08:59 15 SEK
09:00-15:29 10 SEK
15:30-15:59 15 SEK
16:00-17:29 20 SEK
17:30-17:59 15 SEK
18:00-18:29 10 SEK
18:30-06:29 0 SEK

4.3.4 Traffic Counts
Traffic counts from seven locations (Fig. 4.7) have been used to calibrate the agents’
behavior and to evaluate the model’s capability to predict network flows. The data
has been collected by the motorway control system installed at motorways around
Stockholm. It was provided as volumes per lane per minute and was aggregated
into hourly link volumes. Given that only agents traveling to work are included in
the model the hours were selected such that the share of commuters is maximized.
The morning peak hours were deemed to satisfy this objective and the counts were
therefore prepared for the six hours from 05:00 to 11:00. Another option could be
to use the afternoon peak, in exclusion or possibly together with the other counts.
The problem is that people will do various tasks on their way home unlike in the
morning. An individual going shopping before work is a less frequent occurrence
than a shopping trip immediately after work.

4.4 Running the Simulations
A configuration file is used to gather all information necessary to run MATSim.
The configuration file contains paths to other files such as the ones containing
congestion charges information or traffic counts. It also includes activity and scoring
function parameters as well as a specification of the strategy modules discussed in
section 3.2.1.

Furthermore, there are a few other important parameters that need to be set. It
is necessary to specify the number of iterations that the simulation is going to run.
The goal is to reach an equilibrium so the simulation needs to iterate a sufficient
amount of times. Whether or not convergence has been reached is evaluated by
visual inspection. A graph is created that shows the average of the agents’ plan
scores for each iteration. When this curve does no longer increase, the agents’
plans do not get better and an approximate equilibrium has been reached. The
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Figure 4.7: The location of the counting stations.

innovation modules that generate new plans are usually turned off before the final
iteration. The reason for this is that in a converged state, newly generated plans
will generally be worse than those already existing. The new plans are selected
automatically though which means that a certain share of all agents will use poor
plans. In this case, 600 iterations were used for the simulation and the innovation
modules were turned off after 480 iterations.

The traffic flow simulation is affected by the link flow and storage capacity factors
which scale how many vehicles can pass and fit on a link with regards to sample
size. A 10 % sample translates to two 0.1 factors. However, these are typically set
higher to avoid unrealistic queueing and the values used in the simulation were 0.14
for storage capacity and 0.12 for link flow.

The simulation output is stochastic. In order to obtain an indicative mean
multiple simulations need to be run. The sequence of random numbers is specified
by a random seed. Each scenario in the case study has been simulated five times
with different seeds.



Chapter 5

Case Study

Disclaimer: This case study does not claim to
realistically assess the Stockholm
bypass.

5.1 Scenario Description
Stockholm is located where Lake Mälaren meets the Baltic sea (Fig. 5.1). The natu-
ral barriers formed by the water surfaces limit the amount of connections that exist
across the city. In particular, this is a problem for north-south communications.
The latest road connection built across the Mälaren-Saltsjön cut is Essingeleden,
opened to traffic in 1967. Since then, the population of Stockholm has grown by 30
% and car ownership has increased. Essingeleden is today the most used road in all
of Sweden and congestion during peak hours is prevalent at both Essingeleden and
most main roads approaching central Stockholm.

A pre-study in 2001 identified further problems [19]. There is a significant—
social and economical—gap between the municipalities in southern and northern
Stockholm. Four out of the five richest are located north of Mälaren-Saltsjön while
four out of the five poorest are located south of this cut. There are also more
workplaces per inhabitant as well as a higher representation of educational and
cultural institutions in the northern half. The limited south-north accessibility is a
hindrance to the existence of a shared job market and might further increase the
gap between the two regions.

In order to improve the situation different connections to the west of Stockholm
were evaluated [20]. Out of these, the bypass was selected as the one that best
resolved the challenges of:

• connecting the southern and northern parts of the county without putting
additional stress on Stockholm’s central areas,

• creating a bypass for long-distance traffic,

• reducing congestion on Stockholm city access roads,
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• improving the possibilities to create a shared job and housing market,

• improving the opportunities for regional centers, and

• facilitating development in a region with high growth.

Figure 5.1: The location of the Stockholm bypass (red) and Essingeleden (blue).

The case study consists of two scenarios. The first one aims to represent the
conditions in Stockholm in 2006 and simulates car drivers going to work. The
ambition is to compare the simulated scenario with the real traffic situation and
relate this to how the simulation has been set up. The second scenario is simply
the first one with the bypass added to it. Naturally, the effects of the bypass will
be different in around 2025 when it is planned to open than under the conditions
of 2006. However, the study should be able to provide some interesting insights
regarding the simulation response to the bypass.
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Figure 5.2: Location of home and work activities in the inner city of Stockholm.

5.2 Initial Demand

A goal of the degree project was to transform the synthetic population generated
by Regent on to a form that can be simulated by MATSim. This process and its
intermediate results have to a large extent been described in the previous chapter.
A significant part of the work revolved around spatially distributing activities to
buildings and obtaining xy coordinates. Fig. 5.2 shows the result of this procedure
for the inner-city of Stockholm. The city center is mainly made up of office buildings
and the activity locations do reflect that well. As desired, larger buildings tend to
have more locations inside them than smaller ones.

One might notice that there are two crosses in the water and not inside buildings.
The explanation for this is that no match has been made between the agent’s housing
type and the buildings contained in the map. For instance, there are people living in
houseboats. In the population statistics these individuals are probably categorized
as living in single-family homes. No boats are included in the map though and the
activity location is therefore placed at a random point in the zone.
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5.3 Base Scenario

5.3.1 Convergence
The simulation is an iterative process that runs until it ends at an iteration that has
been specified by the user. Whether or not the assignment has reached convergence
is determined by visually inspecting the average score statistics. Fig. 5.3 shows how
the scores have evolved in the simulation of the base scenario. Each agent has a
set of plans and the best plan, the worst plan and the average of the plan scores
in the set can be obtained. The curves in the figure correspond to these variables
averaged over the entire agent population.

The scores improve quickly over the first 50 iterations but the curves flatten
and a converged state seems to have been reached in the end. The fluctuations
of the curves represent the stochasticity in the system that results from how new
plans are generated and selected by the agents. After 480 iterations the innovation
modules (which shift activity end times or generate new routes) are turned off and
the agents start selecting plans from fixed choice sets. A visible effect of this is that
the fluctuations of the curves disappear.

5.3.2 Departure Time Distribution
Initially, the home and work activities of all agents end at 07:00 and 16:00, respec-
tively. Since the end of an activity is the start of a journey the word departure
time may as well be used. As long as the time innovation module is invoked the

Figure 5.3: Convergence of score statistics in base scenario.
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departure times will be shifted randomly within a time range, eventually converging
to a final distribution. An overview of this process is provided by Fig. 5.4 which
shows how the number of departures, arrivals and vehicles en route is distributed in
time. The initial situation is illustrated in Fig. 5.4a. One can easily identify the two
time points at which all agents leave home. With so many vehicles crowding the
network simultaneously there is severe congestion, evident by observing the number
of vehicles en route. After two hours, a third of the 29 800 agents (10 % sample)
are still en route and the last ones arrive around 7 hours after their departure.

Figs. 5.4b-5.4d show how the departure times approach the converged distri-
bution displayed in Fig. 5.4e. It is of course suboptimal that all agents depart
simultaneously so the two peaks spread out. Another effect is that while departures
from work remain distributed around 07:00, the second peak has moved to 17:30.

There are multiple parameters that shape the outcome of the converged distri-
bution. The opening times of the work activity impose certain restrictions that can
be observed directly in Fig 5.4e. Work opens at 06:45 and there is an arrival peak
at exactly this hour. The time point after which the agents receive a penalty for
being late is 09:30, also visible in the figure as a sharp drop in arrivals. Few agents
leave work after 20:00 even though the activity’s closing time is at 21:00. A ques-
tion one might ask is why the agents do not work longer and drive home on a less
congested network. One answer is given by the typical durations of the home and
work activities which are 12 and 9 hours, respectively. At the typical durations, the
marginal utility of performing either activity is the same. The form of the function
however, dictates that spending an additional hour at home will increase the score
more than an additional hour at work. The agents will therefore increase their time
at home more than their time at work. However, as the agents increase their time
at work to more than 9 hours it becomes different from the real world. It would
have been more suitable to set a longer typical duration for the home activity to
keep the work time to around 9 hours.

The scoring of plans also takes into account congestion charges. During the
time period 18:30-06:29 there is no charge and the maximum value of 20 SEK has
to be paid between 07:30 and 08:29. The large number of arrivals at the opening
time of work and the number of arrivals before 07:30 seems to be an effect of agents
trying to avoid paying the charges. However, Fig. 5.4 is based on all vehicles in the
simulation and not all of them need to pay congestion charges. The overall effect
of congestion charges in the figure is therefore not as clear as the work activity’s
opening times which apply to every agent.

Fig. 5.4e can be compared to the profile of flows coming in and out of the inner
city of Stockholm (Fig. 5.5). The second figure does not apply to traffic in the entire
region as Fig. 5.4e does but should be sufficient to give an impression of how flows
are distributed across the day. An obvious difference between the two is the lack
of midday traffic in the simulation. Apart from home, work is the only activity in
the simulation. Every agent is assigned a work activity and all of them are thus at
work in the middle of the day.

The morning peak hour in Stockholm is centered around 08:00. In the simu-
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(a) After first iteration. (b) After 20 iterations.

(c) After 60 iterations. (d) After 140 iterations.

(e) Converged distribution after 600 iterations.

Figure 5.4: Evolution of the number of departures (red), arrivals (blue) and vehicles
en route (green).
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lation, the highest number of vehicles en route occurs at 06:40. Possible reasons
why it is this early have already been discussed and the simulated afternoon peak
corresponds well to the temporal location of the real one. Noteworthy is the relation
between the heights of the two simulated peaks. At the maximum in the morning,
there are more than twice as many vehicles than at the afternoon maximum. This
is clearly different from Fig. 5.5 where the peaks are more or less equal in height.
The opening times of the work activity put limits on the possible arrival times,
compressing the morning peak. Also, the opening time of 06:45 seems to be very
attractive with many agents arriving exactly at that time point.

Figure 5.5: Flows in and out of the inner city in April during the trial of the
congestion charges in 2006 and one year before. The colored areas show when there
is no charge (green) and when it is 10 SEK (yellow), 15 SEK (orange) and 20 SEK
(red) [2].

5.3.3 Calibration

The traffic flows at the locations displayed in Fig. 4.6 have been compared to the
corresponding traffic counts (Fig. 5.6). One observation that can be made imme-
diately is that there is almost no simulated traffic at all between 10:00 and 11:00,
which can also be realized by inspecting Fig. 5.4e. Furthermore the simulated flows
09:00-10:00 are in all cases significantly smaller than the real flows. Overall the
traffic is underestimated. The simulation produces somewhat reasonable flows for
the first three hours but as time moves on the difference becomes greater. Two links
have significantly smaller flows for all hours: E4 Frösunda northbound (Fig. 5.6a)
and E4 Västertorp southbound (Fig. 5.6f). At these two links the simulated flows
are so restricted that one would expect an incorrect representation of the network.



44 CHAPTER 5. CASE STUDY

Hour

6 7 8 9 10 11

V
o
lu

m
e
 [
v
e
h
]

0

1000

2000

3000

4000

5000

simulated volume

counts volume

(a) E4 Frösunda northbound.
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(b) E4 Frösunda southbound.
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(c) Essingeleden northbound.
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(d) Essingeleden southbound.
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(e) E4 Västertorp northbound.
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(f) E4 Västertorp southbound.
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(g) Nynäsvägen northbound.
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(h) Södra länken westbound.

Figure 5.6: Simulated volumes (blue) and counts (yellow) for the 6th to 11th hour
of the day, corresponding to 05:00-11:00.
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(a) E4 Frösunda northbound.
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(b) E4 Frösunda southbound.

Hour

6 7 8 9 10

V
o
lu

m
e
 [
v
e
h
]

0

1000

2000

3000

4000

5000

6000

7000

simulated volume

counts volume

(c) Essingeleden northbound.
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(d) Essingeleden southbound.
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(e) E4 Västertorp northbound.
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(f) E4 Västertorp southbound.
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(g) Nynäsvägen northbound.
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(h) Södra länken westbound.

Figure 5.7: Calibrated simulation volumes (blue) and counts (yellow) for the 6th to
10th hour of the day, corresponding to 05:00-10:00.
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By inspecting upstream links of E4 Frösunda northbound it could indeed be found
that one link had a too low capacity. This link was an important motorway con-
nection and its capacity restraint had a clear effect on the flows downstream of it.
However, no such link could be found for E4 Västertorp southbound which seems
to suffer from a similar restriction.

For the calibration, the last hour of the measurements has been removed. Only
work trips are being simulated so the calibration should only be made against the
corresponding real-world work traffic. From the travel survey data it could be seen
that few individuals arrive at work after 09:30. As a consequence, it is likely that
the measured traffic after 10:00 has a much lower share of commuters going to work,
and as such it makes sense to remove it from the calibration procedure.

The results of the calibration are presented in Fig. 5.7. At some of the links a
very close fit between simulated and measured flows has been achieved. For the two
problematic ones discussed above, the calibration has not managed to eliminate the
difference between simulated and measured flows. For E4 Frösunda northbound this
does not come as a surprise—when the simulated flow is restricted by an incorrect
capacity limit demand calibration will not help much. This is also an indication
that there might be an undiscovered network error that affects E4 Västertorp south-
bound. A method could be devised to calibrate network parameters but this was
outside the scope of the degree project.

A peculiar result is found in Fig. 5.7b. While the 7th, 9th and 10th hour have
more or less perfectly calibrated flows, the simulated flow for the 8th hour is close
to zero. Either this is a bug or utility is gained by moving the traffic from the 8th
hour to some other point in space or time. The only counts that were used for
the calibration are the ones illustrated, which means that there is no undisclosed
measurement that might introduce this phenomenon. One explanation could be
that traffic 07:00-08:00 on that link continues to Essingeleden and further on E4
Västertorp. The shift could then be explained by it being more beneficial to correct
flows on two links than on a single one.

5.3.4 Congestion Levels

The congestion in the network is illustrated in Fig. 5.8 by comparing the free flow
speed with the maximum travel time experienced by the agents. This applies tot
he (simulated) peak hour 06:00-07:00 and the most severe congestion exists at the
connections traversing the Saltsjö-Mälaren cut. Both Essingeleden (to the west)
and the central bridge in Stockholm have parts where the travel time is more than
10 times higher than what it would be with free flow speeds. One can observe that
the congestion on the bridges is more severe in the northbound direction than in
the opposite one. This is an expected result since it reflects the imbalance between
the northern and southern halves of Stockholm—more people live in the south and
travel to work in the north than the other way around. In the afternoon, the
opposite pattern would be observed.
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Figure 5.8: Congestion in the simulation peak hour 06-07. The color indicates the
ratio between the maximum travel time in the peak hour and the free speed travel
time.

5.4 Bypass Scenario

One of objectives of the bypass was to provide a north-south connection without
putting additional stress on central Stockholm and to relieve congestion on major
access roads. The relative flow change during the simulated morning peak period
(05:00-10:00) is illustrated in Fig. 5.9. The colored links indicate where a statisti-
cally significant (95 % level) change in volumes have been observed based on the 5
simulation runs of each scenario. Only links with a flow of at least 1000 vehicles
during the morning were included. A reduction of 15-30 % can be observed on
Essingeleden. However, this occurs mainly in the southbound direction which, in
the morning, is not as congested as the northbound direction. At the most heavily
used Essingeleden link the total flow during the morning hours drops from 20 100
to 19 400 vehicles. This is in the southbound direction and the change is not sta-
tistically significant. In the opposite direction there is a statistically significant
reduction from 11 400 to 8 900 vehicles.

The simulated volumes at the bypass are low. The bypass can be separated into
two parts: an upper part connecting the northern half of Stockholm with the island
seen to the left in Fig. 5.9 and a lower part connecting said island with southern
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Figure 5.9: Relative flow change in the simulation peak hour 06-07. A negative
number indicates a flow decrease.

Stockholm. Over the course of the entire day, the most used segment is passed by
only 3 700 vehicles. In the morning peak hour 06:00-07:00, the flow is around 600
vehicles in both directions at the upper part. At the lower part 1 500 vehicles pass
in the southbound direction and 1 000 vehicles in the northbound direction. This
can be compared to the capacity of the bypass which was set to 5 400 veh/h.

When viewing these figures one needs to keep in mind the caveats of the simu-
lation. In particular, demand is underestimated in several ways:

• Only trips to work are simulated.

• Commercial traffic that accounts for around 20 % of total traffic in Stockholm
is not included [17].

• Long-distance traffic is not included.

• The bypass scenario uses the population from 2006. Since then, Stockholm
has grown and is likely to continue to grow.
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Figure 5.10: Routes and home locations of the travelers who pass the bypass.

This leads to underestimated congestion which further amplifies the effect on the
use of the bypass. If other roads are not that congested the benefit of using the
bypass will also be smaller.

Who uses the bypass it to some extent answered by Fig. 5.10. It illustrates
the home locations and routes of travelers passing the bypass. A concentration of
homes can be seen in the northern and southern parts where the bypass is located
but also on the island to the west of it.

The mean income for the agents who use the bypass was calculated. The result
was 289 000, which can be compared to the mean of the entire population which is
291 000. As such, it cannot be said that there is a distributional effect of the bypass
that in particular benefits poor people.





Chapter 6

Conclusions

A method has been developed to transform the synthetic population of Regent onto
a form that can be simulated by MATSim. The method uses three geographic
layers and produces a distribution of home and work locations that corresponds
well to actual residential areas and workplaces. The accuracy of how many agents
are assigned to a building is limited by a lack of data and is based on assumptions
relating to building size. A possible direction for future work is to try to form
households that live in single-family homes, although it could be argued that it
would be more suitable to include this already in the demand model.

The model was set up based on travel survey data and parameters from the
Regent demand model. The survey data was used to specify activity opening times
which have a significant effect on the temporal distribution of travel. The results
showed that the two simulated peak hours were centered around 06:45 and 17:30
with the first one being less spread than the other. Currently, a single work activity
is applied to all agents. A direction for future work could be to use multiple activities
to describe work and assign them to different agents using an appropriate method.
Such a method could take into account, for example, that some people have fixed
working hours while others have flextime.

Comparisons with traffic counts showed that the simulated flows were not unre-
alistic for the early hours (05:00-08:00) of the morning peak. The calibrated system
managed to replicate counts but suffered from errors in network parameters. Ca-
pacities in the network were only adjusted manually based on visual inspection
but a proper calibration of a network consisting of 131 000 links would require an
automatic procedure.

The simulation of the Stockholm bypass showed that its benefits in the current
model setting are small. The volumes at the bypass were far from its capacity
but it did provide some relief at other important links. However, it is clear that
the simulation underestimates traffic in general which has an effect on the use of
the bypass. The current model setting only simulates work trips. Commercial and
long-distance traffic is also not included. The demand is based on a 2006 synthetic
population and, given the growth rate of Stockholm, it is likely that there will be
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more traffic at the time the bypass is opened.
Suitable steps in the further development of the model is to include other trip

purposes, commercial traffic and public transportation.
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Appendix A

Summary of External Data

Table A.1: Values used for parameters in scoring function.

Content Filetype Source

Building polygons for Stockholm county shape maps.slu.se
Traffic zone boundaries shape WSP
Stockholm road network xml Senozon
Synthetic population generated by Regent txt SWECO
Traffic counts csv Trafikverket
Work activity data from travel survey txt KTH
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