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Abstract 

In this master thesis, multiagent simulation was implemented with MATSim to study the 

change would take place on travel behaviors in Stockholm County when all residents travel in 

a sustainable way under a predefined emission limit.  

In this multiagent simulation, individual person was simulated as agent with attributes, daily 

travel plans and behaviors. The attributes contained home location, workplace locations, and 

some socioeconomic attributes, which were assigned according to the demographic data and 

travelling statistics data collected. Two trips, morning commuting from home to workplace 

and evening commuting from workplace to home, were simulated while the daily travel 

plans included travelling by car, public transit, bike and working at home. Each day, the 

person was set to select a travel plan based on socioeconomic attributes, his current 

greenhouse gas emission and a monthly emission limit. The selected plan was then executed 

and his emission was updated. In the model, a working population of 771614 people in 

Stockholm County was used and one month period with 21 working days was simulated. 

Totally four monthly emission limits were tested: 30kg, 37kg, 50kg, and infinity representing 

the current scenario. 

The research shows that multiagent simulation is effective in simulating individual travel 

behaviors. The results suggest that under current scenario car is the most frequently selected 

travel mode accounting for 32%, followed by public transit 31%. There are about 12% of 

people working at home and 25% travelling by bike. Nearly 1 percent fails to select a plan 

because of the plan selection setting. When emission limit is set, the percentage of people 

changing travel behaviors is 21.2%, 25.8% and 29.9% under the emission limit 50kg, 37kg and 

30kg respectively. Most of them would abort from car and public transit to bike, public 

transit or even failing to keep their emission under the limit. The percentage of people 

changing plan to bike is 9.4%, 11.8%, 13.4% under the three limits 50kg, 37kg and 30kg 

respectively while the percentage of people changing plan to public transit or failure is 10.2%, 

12.5% and 15.2%. The result also shows that when 37kg limit is set, the people having 

problems with keeping their emission under the limit are mainly distributed at three regions: 

Stockholm City, some cities in southwest and northeast of Stockholm County, where there 

would also be more demand for public transit service. The people changing plans to bike are 

mainly distributed in Stockholm City area, where sustainable travel behavior should be 

promoted. 
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1 Introduction 

1.1 Background  

Global warming has been a global threat to sustainable development as it has caused a series 

of problems such as polar ice melt, sea level rise, and extreme weathers including heavy 

precipitation and droughts. The major reason for global warming is the large amount of 

greenhouse gas (GHG) in the atmosphere that traps the heat and causes the temperature to 

increase. Human activities, since the industrial revolution around 1750, are believed to be 

the major contribution to the significant increase of GHG. Research showed that the 

atmospheric concentration of carbon dioxide in 2005 exceeds by far the natural range over 

the last 650,000 years (Susan Solomon, 2007).   

The need to control the global warming has been widely recognized and an international 

cooperation has been established. In 1988, the intergovernmental panel on climate change 

(IPCC) was formed with the objective to assess scientific information relevant with human 

impacted climate change (IPCC, 2006) . In 1994 the United Nations framework convention on 

climate change (UNFCCC), which was an international treaty on climate change, entered into 

force with the goal to stabilize the global greenhouse gas at a level that would prevent the 

human induced impact on climate change (UNFCCC, 2005). In 1997, the Kyoto protocol was 

established and it set binding obligations on industrial countries to reduce the emission of 

GHG, which has been ratified by 191 States and European Union (EU) (UNFCCC, 2011).   

Although EU had committed a binding objective of 8% reduction of GHG emission by 

2008-2012 compared with 1990 level under the Kyoto Protocol, Sweden government was 

allowed a 4% increase as its emission was at a low level (European comission, 2002).   

Besides, Sweden has set its own objective beyond the EU target with a long-term goal to 

have no net emission of GHG by 2050 and a comprehensive strategy has been designed to 

decrease the GHG emission by 40 percent in 2020 compared with 1990 (Naturvårdsverket, 

2014). The city of Stockholm had a similar goal to be a fossil fuel free city by the year 

2050.(Stockholms stad, 2013).  

In order to reach the goal, limitations should be put on GHG emission. Generally, the sources 

of GHG include transportation, industry, electricity, agriculture, etc. Typically, in Sweden, 

transportation was the largest sector of greenhouse gas emission in 2012, which produced 

19 million tons of carbon dioxide equivalents and accounted for 33.2% of total emission 

(Naturvårdsverket, 2014). Among the GHG of transportation sector, 17.9 million tons of 

carbon dioxide equivalents were generated by road transportation. In order to reduce the 

greenhouse gas emission produced by transportation as well as the overall emission of the 

country, many measures have been taken such as promoting diesel-powered cars, exempting 

taxes for transport biofuels, imposing vehicle tax based on carbon-dioxide, etc.  
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Promotion of sustainable travel behaviors such as bicycle and public transit is also one way to 

reduce the GHG emission. However, with more people travelling sustainably, there would be 

a bigger pressure on transportation infrastructure such as bicycle roads and public transit 

system. Predictions of changes of travelling behaviors as well as the evaluation of the current 

infrastructure thus become important. 

1.2 Objectives  

The overall objective of this research is to study sustainable travel behaviors in Stockholm 

County using multi-agent simulation. The specific objectives are two folds. The first is to 

study what effects it will have on travel behaviors if all residents travel in a sustainable 

manner i.e. under a specific GHG emission limit. The second objective is to find the places 

where more people would travel by bike and public transit so that city planners could better 

plan future infrastructures such as building more bike roads and increasing the frequency of 

buses, subways and commuter trains. 

1.3 Outline  

The thesis is organized as follows. Related technology and literature review are introduced in 

Chapter 2 and methodology is presented in Chapter 3. In Chapter 4 the result is presented 

and discussed and the model is validated and compared with a model developed at Sweco 

with a similar objective. A conclusion is drawn and further research is discussed in Chapter 5.  
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2 Related technology and literature review  

The technologies adopted in the thesis consisted of agent based modelling, travel demand 

modelling and transportation system simulation. The former two have formed into research 

fields, which were introduced in Section 2.1 and 2.2. After that, previous studies in the 

transportation system simulation and those related with the topic of the thesis were 

reviewed in Section 2.3.   

2.1 Agent based modelling 

Agent based modelling (ABM), is a computational paradigm in which individual agent’s 

behaviors such as actions and interactions are simulated to study the system’s emerging 

overall behavior. A multiagent system general consists of multiple intelligent agents and an 

environment. With agent representing real world entities, interaction among agents or 

between agent and environment could be simulated and complex phenomena could be 

reproduced. It has been applied to many areas including biology, economics, social science 

and transportation etc.     

Several researchers have defined the process of building ABM. An 7-step ODD protocol 

(Overview, Design concepts, and Details) was designed by Volker Grimm et al. (2010). The 

overview part defined the purpose of the model and some global design such as entities, 

scale and process of the simulation. The design concept part dealt with more detailed design 

of agents including attributes, behaviors. Finally in the details part, the detailed 

implementation of the system was designed such as initialization, input data etc. Kevin M. 

Johnston et al. (2013) suggested 10 steps or questions for building ABM in a more concrete 

and explicit way including agent design, environment design, model verification and 

validation.  

With the rapid development of computation technologies in recent years, many kinds of 

software, both generic and specialized, have been developed for ABM and many of them are 

integrated with Geographic information system (GIS) because in most cases, the agent’s 

position and movement need to be considered. Generic software often defines paradigm for 

building ABM and enables the user to build various types of model from scratch. For example, 

GAMA is an open source simulation platform for building spatially explicit agent-based 

simulations (Patrick Taillandier et al., 2012). It provides a rich modelling language GAML for 

model building and supports three types of topology environments including grid, graph and 

continuous space. It supports multi-scale modelling and offers built-in spatial functions such 

as routing from one point to another on a road network. The visualization for simulation is 

also excellent but the simulation speed is relatively slow and it has not been applied to large 

scale simulation yet. Agent Analyst is an open source software developed to integrate an 

ABM development platform—the Recursive Porous Agent Simulation Toolkit 

(Repast)—within ArcGIS (Kevin M. Johnston & Daniel G. Brown, 2013). The functionalities 
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and model building process of Agent analyst is similar with those of GAMA. However, its 

visualization and simulation speed is not as good as GAMA. Specialized software offers more 

built-in functionalities but only limited types of model could be built, which is more oriented 

at research in specific fields. For instance, MATSim is a java-based framework for large scale 

agent-based micro simulation of transportation system developed by teams at ETH Zurich 

and TU Berlin (M Balmer et al., 2008). It offers of several built-in modules for different 

functionalities such as mobility simulation, traffic signal simulation. The user only needs to 

define a travel plan including origin, destination and departure time while the mobility 

module could handle routing and the movement of agents on a road network. Importing 

network from open source data is supported. All the features are useful in microscopic 

transportation simulation. Unlike GAMA and Agent analyst, MATSim doesn’t support 

simultaneous visualization of simulation and the visualization is usually done for the 

simulation result. Besides, there have been some applications for MATSim for large scale 

simulation of travel behavior in city level (M Balmer et al., 2008; Konrad Meister et al., 2010). 

Therefore, MATSim is used in the research.  

2.2 Travel demand modelling  

Travel demand modelling, or travel demand forecasting, is the process to estimate the 

number of people travelling from one region to another in a city. The traditional approach in 

travel demand modeling is a four-step trip-based approach consisting of trip generation, trip 

distribution, route choice and mode choice. The trip generation determines the number of 

trips in each region of a city then the trip distribution determines the origin and destination 

of each trip. The route choice was then determined in the third step and finally the mode 

choice was determined. The main drawback of the traditional approach is that the trip is 

used as the unit of analysis and no dependence is considered among the trips. As it can be 

seen from the steps above, the scheduling and organization of trips are ignored. In real world, 

when multiple types of activities, such as residential, shopping and entertainment, are 

considered, the approach cannot represent some relationships between these activities. For 

example, if a person drives for working in the morning, he would tend to drive for shopping 

and returning home in the evening. If a person get late for one activity, the later ones may be 

postponed as well.   

Therefore, most recent research on the travel demand modelling has shifted from the 

traditional trip based approach to an activity based approach, which focuses on the spatial 

and temporal distribution of activities. There are no standard steps in this approach and 

various models have been developed. Examples of such models includes Travel Activity 

Scheduler for Household Agents (TASHA) developed for Great Toronto (M Hatzopoulou et al., 

2010). ALBATROSS is a learning based transportation oriented simulation system which has 

been applied to Netherland for air quality study (Theo Arentze et al., 2000). 

The main difference between the two approaches mentioned above is that trip based 
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approach is statistically-oriented while activity based approach is behavior oriented (Chandra 

R Bhat et al., 1999). In the later approach, the unit of analysis of individual person or group 

of people with similar travel pattern rather than the number of trips from region to region in 

the previous trip-based approach.  

Although the advantage of activity based approach applied to travel demand modelling has 

been recognized for a long time by several researchers (Yoram Shiftan, 2000), the 

applications are still limited and more detailed data on the travel behaviors are required, 

such as daily activities and scheduling.  

2.3 Previous studies 

An increasing number of researches have been conducted to apply agent based modelling to 

transportation system simulation. The three major modes simulated in those applications 

were pedestrian movement, vehicle movement and public transit system. 

In pedestrian movement simulation, the nature of pedestrian’s behavior in urban area 

determined that the agent should not only have attributes like position, speed and direction, 

but also should be able to move with an overall goal, plan ahead, alter route, modify 

direction and speed and avoid collision etc. In most cases when such factors were considered, 

the simulation was carried out in microscopic level where an individual pedestrian was 

represented as the agent and the study area was relatively small. For instance, Mordechai 

Haklay et al. (2001) developed a STREET model using Swarm and GIS to simulate pedestrian 

movement in town centers. In that model, both vector data like buildings, road network and 

raster data like land type were used while individual pedestrian was simulated as agent with 

attributes of position, speed, direction, route etc. The agent’s movement is not restricted to 

the road network but in a two dimensional raster space where the value of each cell 

indicates the walkability. Arnaud Banos et al. (2007) designed a prototype called MAGE 

explore the behavior of pedestrians in subway station. John M Usher et al. (2010) introduced 

an individual-based Intermodal Simulator for the Analysis of Pedestrian Traffic(ISAPT), which 

was used to simulate the collision avoidance of pedestrian considering the changes in speed 

and trajectory ,passing strategies, and distance between objects. A more detailed review of 

the simulation of pedestrian behaviors can be found in Eleonora Papadimitriou et al. (2009). 

In vehicle movement simulation, the main component is driver-vehicle agent. The driver is 

capable of steering the vehicle with advanced behaviors such as accelerating, braking, 

overtaking, switching lanes, changing route to avoid congestion etc. Other features could be 

represented as agent as well, for instance, traffic lights at the intersection and road segments 

with attributes like lanes, speed limit, capacity.   Partich AM Ehlert et al. (2001) introduced 

a model of reactive agent that was capable of tactical level driving and had special driving 

styles. Hussein Dia (2002) built a model to simulate individual driver behavior under the 

influence of real time traffic, in which the driving behavior was designed according to a 

survey from drivers and the scenario is a single commuting corridor with traffic signals 
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considered. Hussein Dia et al. (2007) proposed an agent-based neural network model to 

analyze  commuters’ route choice behavior in response to advanced traveler information 

systems. Arnaud Doniec et al. (2008) built a multi-agent model based on studies of driving 

psychology to simulate the traffic inside an road intersection. Dustin Carlino et al. (2012) 

introduced an open source multiagent microscopic traffic simulator called AORTA, which was 

applied to testing intersection policy in city scale.  

Different from the two transportation modes discussed above, the elements in public transit 

simulation usually contains passengers, bus vehicles, bus stops and timetables. As defined by 

David Meignan et al. (2007), a bus network consists of four basic static components: bus stop, 

bus station, itinerary and line. The itinerary is an oriented path in the road network serving 

several bus stops and generally two itineraries are grouped into a line corresponding to the 

two directions of the same bus. A bus station is a group of close bus stops, which enables the 

passenger to exchange. Complex phenomena could also be simulated such as passengers 

waiting, boarding and alighting, bus capacity etc. For instance, Oded Cats et al. (2010) built a 

mesoscopic model with Mezzo for evaluation of operations planning and control in public 

transit system where the boarding and alighting process was simulated. Jesper Bláfoss 

Ingvardson et al. (2012) developed a mesoscopic simulation model to study service reliability 

of rapid bus transit system in Copenhagen.  

As can be seen from above, the numerous differences among the three modes make it more 

complicated to simulate multimodal transportation. A frequently adopted approach is 

simplifying the modes of less interest or importance. For instance, Konrad Meister et al. 

(2010) developed a model with MATSim for travel demand optimization in Switzerland which 

contained 6 million agents and a network with 1 million links. In that model, car mode was 

the simulated in details while other modes such as walk, bike, and public transit were 

simplified with static travel time and distance. Jesper Bláfoss Ingvardson and JK Jensen (2012) 

studied a rapid bus transit system where car traffic was taken into consideration by 

classifying each road based on the observed car traffic volume and then adjusting the speed 

of bus on that road to represent the influence of car traffic.  

Regarding the simulations of emission or air pollution related with transportation, activity 

based modelling was frequently adopted and its advantage for emission analysis has been 

recognized by several researchers (Yoram Shiftan, 2000). Carolien Beckx et al. (2009) 

combined population data generate by activity-based model ALBATROSS with hourly 

aggregated air pollution data for exposure assessment an urban area in the Netherlands. 

Jiang Yang Hao et al. (2010) integrated activity based travel demand model TASHA with 

MATSim to study vehicles emission in the area of Great Toronto. S Dhondt et al. (2012) 

studied the impacts of fuel price increase policy on population’s exposure to elemental 

carbon.  

Although the relationship between GHG emission and transportation has been explored, the 

relationship between emission and residents’ travel behavior especially the emission limit 
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and sustainable commuting pattern has not been explored sufficiently.  
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3 Methodology 

The methods used in the thesis consist of four steps: data collection, travel demand 

modelling, input data generation and model simulation. A flow chart is shown in Figure 1. 

Most of the data used in the thesis was provided or pre-processed by employees at Sweco. In 

the travel demand modelling, the demographic data and travelling statistics were used to 

create a population file which contained the attributes of people such as id, car ownership, 

car type etc. In the next input data generation step, the population file as well as the 

network data and count data collected were converted into special XML format in MATSim. 

Finally the input files were loaded into MATSim to run the simulation and the results 

consisted of a custom simulation record file containing the mode choice, emission, travel 

time and distance for each person and a count file which was used for the model validation. 

The details are presented below.  

 

Figure 1. Methodology flow chart 

3.1 Data collection  

Most of the data used in the thesis were collected or preprocessed by employees at Sweco. 

The data could be classified into the three categories listed in Table 1. The first category was 

the demographic data mainly used for defining socioeconomic attributes of agents. Most 

demographic data, e.g. driving license and car ownership, were aggregated at either postal 

code area or municipality level. The second category was travelling statistics which contained 

two matrixes with corresponding shapefile: travel pattern matrix which was used to 

determine home and workplace location of the agent, and public transit travelling statistics 

matrix which was used to assign public transit travel time and distance. The remaining data 

were categorized into the third category containing network, count data, congestion area, 

emission and cost for each type of car, etc. Detailed information about the data can be found 

in Section 0. 
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Table 1. Data collected or calculated 

Category Data Content Source 

Demographic 

statistics 

Driving license 
The number of people with driving 

license in each postal code area 
SCB (2013a)  

Car ownership 
The number of people with car in 

each postal code area 
SCB (2010)  

Car type 
The number of people with each type 

of car in each municipality   

Experian 

(2008/2009),SCB (2010) 

Income 
The percentage of each income level 

in each postal code area 
Experian (2008/2009)  

Socioeconomic group 
The income range of four 

socioeconomic groups 
SCB (2013a)  

Educational level 
The number of people at three 

education levels in each municipality 
SCB (2013b)  

Physical inactivity 
The relationship between physical 

inactivity and education level 

Liselotte Schäfer Elinder 

et al. (2011)  

Working at home 
A survey of the probability to work at 

home.  
SIKA (2007) 

Travelling 

statistics 

Travel pattern matrix  
The number of the people travelling 

from one region to another 
SCB (2011) 

Base code shapefile 
The region used in the travel pattern 

matrix 
SCB (2011)  

Public transit travelling 

statistics matrix   

The travel time, distance by public 

transit from one region to another 

AB Storstockholms  

lokaltrafik 

Vips code shapefile 
The region used in the public transit 

travelling statistics matrix 

AB Storstockholms  

lokaltrafik 

Others 

Road network Road network for vehicles Openstreetmap 

Congestion tax area 
The areas where congestion tax is 

imposed 

Transportstyrelsen 

(2014)  

Postal code shapefile 
Postal code shapefile of Stockholm 

County 
Sweco 

Driving cost 
The cost calculated from fuel 

consumption of each car type  
Bensinpriser.nu (2014)  

Emission The emission each car type Stockholm stad 2012 

Count station and 

volume 

The hourly traffic volume of count 

stations at Stockholm City in October, 

2012 

Sweco 
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The road network used in the model was obtained from Open Street Map (OpenStreetMap) , 

a collaborative project providing free open access to regularly updated geographic data of 

the world. An OSM file for Sweden, which contained roads, buildings and some other 

features, was downloaded from Geofabrik (Geofabrik) on February 24th, 2014. The road 

network in the Stockholm County was then extracted from the OSM file using Osmosis 

(Osmosis), a command line Java application for processing OSM data. A polygon boundary 

file representing Stockholm County was used to extract all features within that area then all 

highways were extracted by defining a filter to keep only the ways with a “highway” tag.   

3.2 MATSim 

3.2.1 Overview 

The model was implemented with MATSim therefore some of designs were based on 

MATSim structure. The model would be introduced by agent, environment and global 

settings, input and output.   

3.2.2 Agent  

Individual resident was simulated as agent in this model. Part of the design was based on the 

default agent definition in MATSim and finally the agent was designed with attributes, 

travelling plans and behaviours shown in Figure 2.  

 

Figure 2. Agent definition in MATSim 

The attributes of person included home and workplace coordinates, socioeconomic 

attributes such as income, car ownership, car type, and emission related attributes such as 

current emission and emission limit. Most of them were randomly defined based on 
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corresponding distribution and used in the plan selection for sophisticated travelling 

behaviour modelling.  

In MATSim, people’s daily commuting was constituted into plans made up by activities and 

trips. In the model, only morning and evening commuting was simulated so that there were 

three activities home-work-home and two trips from home to workplace and workplace to 

home, which can be seen in Section 3.4.1. Based on the mode choice, each person was 

assigned five plans with a priority high to low: working at home, travelling by car, bike and 

public transit and failure. The public transit mode included bus, subway, light rail, railway, 

trams and ferry. Walk and bike were regarded as one type of mode bike as both of them 

were considered to have 0 GHG emissions.  

The three major behaviors contained in the model were plan selection before each day, plan 

execution during each day and state update after each day, which is explained below.  

1) Plan selection 

The plan selection in this model followed a rule that plans with high priority would be 

selected first under the condition that the plan was available for the person. For example, if 

one person did not have a driving license or car, car plan was unavailable for him. If he was 

physically inactive, bike plan was unavailable for him. Considering emission limit, if one 

person would exceed the limit travelling by car or public transit, the corresponding plan was 

also set unavailable. Details of the plan selection can be found at the Section 3.5.2. 

2) Plan execution  

In MATSim, there is a mobility module in charge of plan execution namely the movement of 

person according to the selected daily travel plan, e.g. leaving home for workplace by car at a 

specific time along the shortest path on a road network. The movement varies with mode. 

Since there were some special modes or plans in the model, a custom module was 

developed for plan execution explained below. 

 Work at home 

In this case, the person stayed at home for the whole day so that both emission and cost 

would be 0. 

 Car 

The default way to handle vehicle movement in MATSim was adopted for car mode. Each 

road segment was assigned a free speed and flow capacity (see Table 4). People would 

transverse the road segment at the speed but also be affected by the flow capacity (Michael 

Balmer et al., 2009). The daily cost of driving car included a major part calculated by 

multiplying the travelling distance with a factor (see Table 2) defined for each car type and a 

congestion tax based on the home and work place. The emission was calculated in a similar 

way.   
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 Bike  

MATSim had several options for handling bicycle movement including multimodal network, 

bi-line distance. Since the bike network obtained from Openstreetmap was isolated and 

incomplete at some places, some destinations were unreachable. For simplicity, the person 

was teleported from the origin to destination without considering the capacity of bike 

network. The bike distance was considered to be the same as car distance from home to 

workplace with a uniform bike speed of 15km/h, which is also the default bicycle speed in 

MATSim.   

 Public transit 

Public transit system is complicated for microscopic level simulation. Taking inspiration from 

(Konrad Meister et al., 2010) , the person was also teleported from origin to destination with 

travel time and distance estimated from a public transit travelling statistics origin destination 

matrix which divided the Stockholm county into regions and contained the travel time and 

distance by public transit for each region to each other region. Details can be found in 

Section 3.3.2.  

 Failure  

The failure plan was used to record the performance of plan selection and make sure that 

the simulation would continue when some people fails to select a plan.  

3) State update  

At the end of each day, the person would update its state such as the current emission, mode 

choice of that day, travel time and distance etc.  

3.2.3 Environment and global settings 

The study area was Stockholm County and the environment for simulation was the road 

network to which the agent’s movement was restricted. MATSim is iteration and event based, 

where each iteration represents one day with 24 hours and the simulation period was one 

month consisting of 21 working days represented by 21 iterations in MATSim with a 

minimum time step of 1 second. Two trips were considered in the model including morning 

commuting from 6 am to 9 am and event commuting from 3:30 pm to 6:30 pm were 

simulated. The number of agents simulated in the model was 771614, which was determined 

according to the percentage of morning commuting between 6 am to 9am (see Section 

3.4.1).  

As for GHG emission, only carbon dioxide was considered in the model and only car and 

public transit would produce the emission. An emission factor with a unit of kg/km was 

defined for each car type as well as public transit. The amount of emission was then 

calculated by multiplying the travel distance with the specific emission factor. The emission 

limit was set for each person the emission permitted in one month period. Four emission 
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limits were tested in the model: 30kg, 37kg, 50kg and infinity representing the current 

scenario. 

3.2.4 Input and output 

The input of the model contained four files representing the initial plan, road network, count 

data and configuration. Details can be found at Section 3.4. As for output, default outputs 

contained the simulated plans, volumes at count stations, events for each iteration. 

The simulation result was a series of events containing the time and spatial information of an 

agent to start a new trip, enter or leave network links, etc.  

In this model, custom output was designed recording the plan or mode choice, travel time 

and distance, and daily emission.   

3.3 Travel demand modelling 

Based on the demographic data and the travelling statistics collected, a population file in 

comma-separated values (CSV) format was created with each row representing a person and 

each column representing a specific attribute. As explained in the previous section, the 

demographic data were aggregated on different levels such as postal code and municipality 

code. The attributes of individual traveler could not be defined accurately but randomly 

determined according to the corresponding distribution. The whole process was 

implemented in a PostGIS database. The process could be divided into 3 steps: assigning 

home and workplace location, public transit information and socioeconomic attributes, 

which is illustrated in Figure 3. At First a person’s home and workplace were randomly 

determined based on the travel pattern matrix, then the public transit travelling information 

was queried from the public transit travelling statistics matrix and finally based on the home 

postal code and workplace postal code, socioeconomic attributes were defined for the 

person. Details are explained below.  
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Figure 3. Travel demand modelling process 

3.3.1 Home and workplace locations 

The home and workplace locations were determined based on the travel pattern matrix and 

a corresponding base code shapefile.  The travel pattern matrix was transformed into a 

table with three columns: home base code, workplace base code and population. Each row 

in the travelling pattern table could be seen as a specific number of people living in one base 

code area and working in another base code area. The table and the shapefile were then 

imported into a PostGIS database. For each row in the table, two polygons representing the 

home area and workplace area were found first. Within each polygon, according to the 

population value, a specific number of points were then randomly generated in PostGIS 

database and combined, which represented the home location and workplace location of the 

group of people. An example generating home and workplace locations of 120 people living 

in one base code area and working in another is shown in Figure 4. The travel pattern matrix 

contained totally 1010619 people but some home base codes and workplace base code were 

missing in the shapefile. The corresponding population was ignored and finally 960618 

agents were created.  
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Figure 4. Example of Randomly generated home and workplace locations 

(The 120 red points represents the home locations while the 120 green points represents workplace 

locations.) 

3.3.2 Public transit information 

After the home location and workplace location of a person had been determined, the home 

vips code and workplace vips code of the person can be found from the vips code shapefile 

and the travel time and travel distance by public transit could be queried from the public 

transit travelling statistics matrix. For Some vips area, the public transit information was not 

available, which was replaced with neighboring vips area for approximation. Another special 

case was that the person lived and worked in the same vips code area, which was also not 

included in the matrix, an assumption was made that the person lived and worked in the 

same place so that he was considered to work at home along the 21 working days. Most vips 

area were small while several big vips areas were covered with water or forest where the 

population are highly concentrated in small residential area. Therefore, this assumption 

would not cause a big bias.  

In a previous similar research (Konrad Meister et al., 2010), the travel time was obtained 

during the simulation in MATSim by querying an origin destination matrix. In this model, the 

travel time and ride distance were assigned as attributes before simulation because they 

were constant during the simulation and the origin destination matrix contained more than 1 

million rows for the about 1300 vips areas which would cause a large burden for MATSim 

simulation. 
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3.3.3 Socioeconomic attributes  

The final step was assigning socioeconomic attributes based on the demographic data. The 

process is shown in Figure 5. The home and workplace postal code were obtained first in a 

similar way as the vips code. The socioeconomic attributes were then randomly determined 

according to the distributions. Information about the implementation of random choice 

based on specific attribute distribution can be found in the Appendix 1.    

 

Figure 5. Travel demand modelling: Socioeconomic attributes assignment 

(The bottom rectangles are the attributes to be used into plan selection)   

 Car  

Generally a person would need to have a driving license and own a car in order to travel by 

car. Therefore, before assigning car to an agent, driving license was randomly determined 

according to the home postal code and the percentage of people with driving license in the 

postal code area. In case a person had a driving license, car ownership was randomly 

determined similarly. When the car ownership was also true, car type was randomly 

determined. Five types of cars were considered in this model: petrol, diesel, electricity, 

Ethanol and gas. In case a person didn’t own a car or a driving license, the car type was set to 

0. Car cost and emission were also calculated for each car type based on the fuel 

consumption(SCB Trafikanalys, 2013), which are shown in Table 2. The two factors were used 

to calculate the cost of travelling by car and the emission by car.  
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Table 2. Driving cost and emission for each type of car 

Car type Cost (SEK/km) CO2 Emission(g/km) 

Petrol 4.36 216.3 

Diesel 4.13 189.0 

Electricity 5.01 25.1 

Ethanol 4.17 73.9 

Biogas 4.98 80.9 

 Education level 

Three education levels were considered: elementary, high school and university. For each 

municipality in Stockholm County, the number of people in each education level was 

obtained based on SCB (2013d). Given the home municipality code, the education level 

distribution can be found then the education level was randomly determined.  

 Physical inactivity 

Physical inactivity determined whether the person was able to travel by bike. Liselotte 

Schäfer Elinder et al. (2011) studied the relationship between physical inactivity with four 

variables: age, education level, gender and weight. The result showed a significant 

correlation between physical inactivity and education level. Therefore, education level was 

used to randomly determine physical inactivity.  

 Income 

The original data Experian (2008/2009) contained the percentage of people with income 

between 0-149kkr1, 150-399kkr and above 400kkr in each postal code area. In this model, an 

assumption was made that the employees’ income was between 150kkr and 650kkr so that 

there were two income levels: 150-399kkr and 400-650kkr. In order to assign accurate 

income for single agent, income level was randomly determined first then the income was 

randomly assigned within the range of income level. 

 Socioeconomic group  

Four socioeconomic groups were considered in this model: worker, subordinate officer, 

officer and senior officer. Based on (SCB, 2013a), each socioeconomic group was assigned a 

specific income range, shown in Table 3. Given the income of a person, the socioeconomic 

group can be found.    

                                                      

1
 1kkr stands for 1000 Swedish krona(SEK). 
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Table 3. Socioeconomic group and income level  

Socioeconomic group Worker Subordinate officer Officer Senior officer 

Income interval (kkr) 0-285.6 285.6-308.7 308.7-377.8 377.8- 

 Working at home 

In a travel survey conducted in 2005 (SIKA, 2007), there were two questions concerning 

working at home. One was the possibility to work at home and the other was the number of 

days for people to work at home. Based on these data, the probability for people to working 

at home and the number of days working at home within each socioeconomic group were 

calculated. After that, whether a person was able to work at home and the number of days 

working at home was randomly determined. According to the survey, the possible number of 

days working at home was between 1 and 15.   

 Congestion tax 

Stockholm congestion tax was implemented on August 1st, 2007, which was levied on 

vehicles entering and exiting Central Stockholm at specific periods of day(Jonas Eliasson et al., 

2009). In this model, it was simplified that if a person lived within and worked outside 

Central Stockholm, or vice versa, 35 SEK would be charged each day if he travelled by car.  

Since there were so many random assignments in the travel demand modelling, it was 

important to verify the generated population, which can be found in Appendix 2.  

3.4 Input data generation 

MATSim has special requirement for the format of input data. In this model, four files in XML 

format were used as input including initial plan, network, count and configuration.  

3.4.1 Initial plan 

An example of the plan file is shown in Figure 6, in which only one person and one plan 

representing car mode is demonstrated. The root element was population consisting of child 

element representing individual person. The attributes of person element stored the 

demographic information such as id, income etc. Plan element, as child of person element, 

represented daily travel plan. In this model, each person had five plans: working at home, 

travelling by car, bike, public transit, and failure. The failure plan was used to make sure that 

the simulation would continue in case the person failed to select a plan. Each plan contained 

a list of activity elements and leg elements arranged in chronological order. Two consecutive 

activities were connected by a leg representing the trip from one activity to the other. The 

attributes contained route choice, travelling mode, departure time, travelling time and 

arrival time of the trip. Since only morning and evening commuting were simulated in the 

model, each plan contained three activities home (H)-work (W)-home and two legs HW and 

WH. According to the plan shown in Figure 6, the person would leave home for working by 
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car at 07:56:42 and returned home by car at 16:54:47. The leg was null in the initial plan file 

but after simulation, travelling time would be added to the leg as attributes and route choice 

would be added as child element.    

 

Figure 6. Example initial daily activity plan in the MATSim XML plans format 

MATSim has built in module for reading and writing plan files. The population file created in 

the travel demand modelling was loaded into MATSim then the initial plan file was generated. 

Since the actual scheduling of activities were unknown, the start time and end time 

distribution for the home and work activities were randomly assigned in the simulation. 

According to SIKA (2007), the number of people leaving home for working, school or 

business between 6am to 9am accounted for 76.2% in Stockholm County. Therefore, the 

home activity end time was defined to follow a normal distribution with mean value 7:30 am 

and 0.75 hour as standard deviation while the work activity end time was defined by a 

normal distribution with mean value 17 pm and the same standard deviation. The setting 

meant that 96% of the population would leave home at a time between 6 to 9am and return 

home at a time between 15:30 pm and 18:30 pm.  Since only 76.2% would travel between 6 

to 9 am, the population to be simulated was also scaled, finally 771614 was randomly drawn 

from the population file which contained 960618 people. 

3.4.2 Network   

The extracted OSM file containing only roads was converted into a network file in special 

XML format in MATSim. Part of the generated network file is shown in Figure 7. 
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Figure 7. Example network in the MATSim XML plans format 

The network consisted of node elements storing position information and link elements 

represented road segment and contained topology information and some additional 

attributes, explained below:   

 Length 

The was the length of a road segment, which was not only used to calculate travelling 

distance but also measured the storage capacity of a road segment, i.e. how many vehicles a 

road segment could contain in case there was a congestion on the road.   

 Capacity 

This was actual the flow capacity of a road segment with the unit of vehicles per hour. That 

flow capacity is related with road type, free speed and number of lanes.  

 Free speed  

This was the velocity at which vehicles were set to travel along the specific link with a unit of 

meter per second.  

 Perm lanes 

That is the number of lanes of a road segment, which could be used together with the length 

and capacity to calculate the actual storage and flow capacity of a road segment.  

 One way  

This Boolean parameter meant that the vehicles could only travel at one direction on the 

road segment.  

In OSM, some of the above information such as number of lanes, speed limit, and one way 

was provided for specific road segments. In case that some information was unavailable; 

they were assigned based on the “highway” tag in OSM file shown in Table 4, which was also 

the default setting of MATSim. For instance, if a road segment had a highway tag of 

“motorway link” and lanes tag of “2”, its free speed was set to be 80km/h and number of 

lanes was set to be 2 with a flow capacity of 3000 vehicles/h and one way true.  
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Table 4. OSM tag and road attributes 

Highway tag in OSM Lanes Free speed(km/h) Flow capacity(vehicles/h) One way 

Motorway 2 120 2000 TRUE 

Motorway link 1 80 1500 TRUE 

Trunk 1 80 2000 FALSE 

Trunk link 1 50 1500 FALSE 

Primary 1 80 1500 FALSE 

Primary link 1 60 1500 FALSE 

Secondary 1 60 1000 FALSE 

Tertiary 1 45 600 FALSE 

Minor 1 45 600 FALSE 

Unclassified 1 45 600 FALSE 

Residential 1 30 600 FALSE 

Living street 1 15 300 FALSE 

 

3.4.3 Count data 

The count data was the actual traffic volume counted at specific stations, which was mainly 

used for model validation through comparing the simulation volume with the observed 

volume in reality. In this simulation, 15 count stations representing bridges were chosen from 

a table provided by Sweco consisting of 90 stations in Stockholm with average hourly 

volumes in October, 2012. The reason to select these bridges was that the original count data 

only contained names of the station without, which made it difficult to match the count 

station with the network link. Bridges were relatively easy to be recognized. The 15 stations 

were manually matched with network link and each was assigned two link ids representing 

two directions. Part of the count stations with volume are shown in Table 5. 

Table 5. Example of original count volume  

Station 

ID 
Time Direction IN Direction OUT Sum 

1 5:30:00 128.6 38.1 166.7 

1 5:45:00 183.6 64.0 247.6 

1 6:00:00 255.6 74.9 330.5 

1 6:15:00 338.3 99.4 437.8 

1 6:30:00 385.1 136.8 521.9 

1 6:45:00 451.1 185.8 636.9 

1 7:00:00 490.4 130.7 621.1 

1 7:15:00 544.7 172.8 717.4 
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Station 

ID 
Time Direction IN Direction OUT Sum 

1 7:30:00 551.1 189.8 740.9 

1 7:45:00 528.6 215.9 744.5 

1 8:00:00 533.4 220.1 753.4 

1 8:15:00 534.9 221.9 756.8 

1 8:30:00 518.7 219.0 737.7 

1 8:45:00 505.1 219.4 724.5 

1 9:00:00 370.5 214.4 584.9 

1 9:15:00 344.4 217.5 561.9 

1 9:30:00 328.6 207.2 535.8 

1 9:45:00 277.1 197.4 474.5 

1 10:00:00 260.9 207.7 468.6 

 

An example of the generated count file is shown in Figure 8. The elements are explained 

below: 

 loc _id  

This was the link id of the count station, which was required because the volume should be 

matched with a link in MATSim to obtain the simulated volume. 

 cs_id  

This optional attribute was a description of the count station. In the example, it was the 

count station id.  

 volume  

This was the hourly volume of the count station where “h” represented the specific hour 

starting from 1 and “val” was the corresponding the volume. Since only the morning 

commuting scheduling was reliable on some level, volumes from 6-9am were selected.  

 

Figure 8. Example count file in the MATSim XML plans format 
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3.4.4 Configuration file 

After the three input files were generated, a configuration file in XML format was created 

which defined a series of important arguments such as emission limit, number of iterations, 

input and output files and directories, modules used etc. 

3.5 Model simulation 

The input files were loaded into MATSim for simulation. Totally four simulations were run in 

the thesis with individual person‘s emission limit of 30kg, 37kg, 50kg and infinity which 

represented the current scenario. The emission limits of 30kg and 50kg were set according to 

the individual emission distribution under current scenario. The 37kg limit was set in order to 

compare the model with the model developed using GAMA, in which one simulation was run 

with 37kg emission limit.   

Default simulation process in MATSim consisted of plan execution, scoring and plan selection, 

replanning etc. (Konrad Meister et al., 2010) Since there were a lot of custom demographic 

attributes and emission limit was considered to affect people’s plan selection, a custom 

simulation process was designed, which is shown in Figure 9 and explained below.  

 

Figure 9. MATSim simulation process   

3.5.1 Iteration 

In the model, iteration represented one day with 24 hours and a minimum time step of 1 

second. In each iteration, all the selected plans were executed. There were 1 trial iteration 

and 21 normal iterations representing 21 working ways in one simulation. The reason to set 
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the trial iteration was that in the initial plan file shown in Figure 6, travel time and travel 

distance for car and bike mode were unavailable which was needed for plan selection. 

Therefore, in the initial plan file, for each person, no matter the car type was 0 or not, the car 

plan was selected. In the trial iteration, each person moved along the road network and the 

corresponding travel time and travel distance by car were recorded. Bike distance was 

considered to be the same as car so that the travel time was calculated by dividing the 

distance with a uniform speed 15km/h. The information was added to the person after the 

trial iteration. 

3.5.2 Plan selection  

Before each normal iteration, a plan was selected for each person based on the person’s 

socioeconomic attributes and GHG emission information. A chart illustrating the process is 

shown in Figure 10. There were five plans explained below.  

 

Figure 10. Plan selection process 

(Green ellipses represents the attributes used from the plan file and the at the bottom represents the four 

plans) 

 Working at home 

According to the number of days working home, a Boolean array with the size of 21 was 

generated in which an equal number of TRUE values were randomly distributed in the array 

representing the days the person would work at home. Another condition was the person 

lived and worked in the same vips area, when the person was also considered to work at 

home along the 21 days. When either condition was satisfied, the person would select to 

work at home while the cost and emission would be 0 in the day.   

 Car  
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If the person’s car type was 0, the car plan was then unavailable. If the car type was not 0 but 

the person cannot afford travelling by car, in other words, the disposable income with a 0.18 

spent on travelling was less than the total estimated cost including driving cost and 

congestion tax, the car plan was set unavailable as well. The above two was static which 

could be determined at the start while the third one was dynamic related with GHG emission. 

The person’s current emission was updated each day and if the person took car and the 

emission would exceed the emission limit, the car plan was set unavailable. 

 Bike 

If the person was physically inactive, he cannot select bike plan. Another case was that the 

bike distance was too long for the person to ride a bike. In the model, the longest distance 

acceptable was randomly assigned for each person between 5 km and 30 km. The cost and 

emission for bike plan was 0. 

 Public transit 

An assumption was made that if the travelling time for public transit exceeded two hours, a 

person would not select that plan. Another case was that on the specific day, if travelling by 

public transit would make the person’s emission exceed the emission limit, the public transit 

was set unavailable as well. The cost of travelling by public transit was ignored in the model. 

The emission was calculated by multiplying the travel distance by public transit with an 

emission factor of 0.0179kg/km (AB Storstockholms Lokaltrafik, 2013a).   

 Failure 

When none of the above plan was available for the person, this failure plan was selected to 

make sure that the simulation would continue. The failure plan selection was recorded as 

well.  

In the plan selection stage, the five plans had a priority order from high to low: working at 

home, car, bike, public transit and failure. An assumption was made that a person would try 

to select the plan with high priority as much as he could.  

3.5.3 State update 

At the end of each normal iteration, the person’s current emission, travel time and distance 

was updated.       

3.5.4 Output  

The default output of MATSim consists of plan file with route choice, travelling time, network 

file, event file and count file. In this model, an additional file was created containing the plan 

choice, emission for each person and each day.  
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4 Results and discussion 

4.1 Travel behaviors 

The plan distribution for the scenarios under the four emission limits is shown in Figure 11. 

When the emission limit was set to infinity, which could be regarded as the current scenario, 

the plan distribution varied little along the 21 working days because the only factor which 

would make a difference was a small proportion about 12% of people working at home 

randomly. The largest proportion was that of car plan about 32% while public transit was 

about 30%. Despite the emission limit was set to infinity, there was still about 1 percent of 

the whole population failing to select a plan. It could happen that a person did not own a car, 

was physically inactive and worked far away from home with public transit travel time more 

than 2 hours.    

 

Figure 11. Plan distribution with four emission limits 

When emission limit was set to the three finite values, the changes of plan selection followed 

a similar pattern. As can be expected, the number of people travelling by car kept decreasing. 

With emission keep increasing, more people were about to exceed the emission limit and 
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aborted the car plan. The number of people travelling by public transit had a small increase 

in the first several days which totaled 5 percent then decreased till the end to about the 

same level with the start of month. The explanation was that a small proportion of people 

aborting car turned to public transit but after several days, the emission would still exceed 

the emission limit then the people turned to failure plan. The people taking public transit at 

the current scenario would be likely to be under the emission limit, therefore finally the 

percentage returned to almost the same level, which also implied that most people taking 

public transit had an emission under 37kg. The two plan had increased was bike 8%-12% and 

failure 10%-15% while working at home was not affected by the emission limit as the group 

of people would have an emission of 0.  

The change of travel behaviors compared with the current scenario is shown in Table 6. 

When emission was set to be 37kg per month, 25% percent of people would change their 

plans. The comparison also showed that when emission limit was set smaller, more people 

would change their travel plan most of whom would change plan to bike or fail to select a 

plan.  

Table 6. Change of travel behaviors 

Change Number of people  

From to 
Emission limit 

30kg 37kg 50kg 

Work at home Car 1381 1642 2091 

Work at home Bike 4146 4030 3721 

Work at home Public transit 3127 3302 3364 

Work at home Failure 1712 1498 1225 

Car Work at home 4464 4491 4460 

Car Bike 97414 86685 68828 

Car Public transit 7346 8485 10709 

Car Failure 76868 71333 61366 

Bike Work at home 2814 2798 2722 

Public transit Work at home 2970 2955 2947 

Public transit Failure 28172 12073 2392 

Failure Work at home 114 106 116 

Sum(percentage) 230528(29.9%) 199398(25.8%) 163941(21.2%) 

Change to bike(percentage) 101560(13.2%) 90715(11.8%) 72549(9.4%) 

Change to public transit(percentage) 10473(1.4%) 11787(1.5%) 14073(1.8%) 

Change to failure(percentage) 106752(13.8%) 84904(11.0%) 64983(8.4%) 

Change to public transit or failure 117225 (15.2%) 96691(12.5%) 89056(10.2%) 
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Figure 12. Distribution of people failing to select plan under emission limit of 37kg 

 

Figure 13. Distribution of people changing plans to bike under emission limit of 37kg 
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When the emission limit was set to be 37kg, the distribution of people failing to select a plan 

finally is shown in Figure 12. It can be seen that the people failing to select a plan were 

clustered in three groups consisting of Stockholm city, some cities in the southwest and some 

cities in the northeast of Stockholm County. According to the designed plan selection in 

Section 3.5.2, the assumption was that travelling by car had a higher priority than public 

transit and bike so that one would stick to car unless he was about to exceed the emission 

limit then turned to bike or public transit. Since the emission by car per kilometer was much 

higher than public transit, although the person turned to public transit, it would still be likely 

for him to exceed the limit as most of emission had been used up by car and failed to select a 

plan. The fundamental cause of failure could be summarized that the travelling distance was 

too far away and a sustainable travel behavior was lacking.   

It would also be interesting to see where more people would travel by bike, which is shown 

in Figure 13. It can be seen that most of the people changing plan to bike was distributed in 

Stockholm City while people in the suburb area would not be likely to ride a bike because of 

the long travel distance. The highlighted areas also implied a potential for sustainable 

travelling behavior as those group of people were able to travel by bike but actually not in 

the current scenario. More attentions should be paid to those areas when planning new 

bicycle roads.     

 

Figure 14. Distribution of people changing plan to public transit and failure under emission limit of 37kg 
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Even if all people would travel in a sustainable way under the emission limit, there would still 

a problem that the public transit system cannot supply the high demand caused by too many 

people taking public transit. Although some people failed to select a plan in the model, in 

actual world, they were still likely to take public transit even if they took public transit from 

the start. Figure 14 shows a map for the distribution of people changing plan to public transit 

and failure. Those people could be regarded as with potential to take public transit. The map 

indicated where there might be a high demand of public transit service in the future if all 

people travelled sustainably. It showed similar distribution with the one in Figure 12.     

4.2 Emission  

Only car and public transit would produce greenhouse gas in the model. The simulation 

result of daily emission from these two modes is shown in Figure 15. In the current scenario, 

the daily emission was about 11000 tonnes in which 81.8% came from car and 18.2% from 

public transit. When emission limit was set, the daily emission kept decreasing from the start 

of month to end. The non-uniformly distribution indicated the lack of intelligence of the 

agent plan selection design.  

 

Figure 15. Daily emission under the four emission limits 
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The total emissions per month and per year are shown in Table 7.  

Table 7. Emission summary 

Emission 

limit(kg/capita) 

Total Emission per 

month (tonnes) 
Total Emission per year(tonnes) 

Emission per capita per 

year(tonnes) 

30 10287.24 109044.8 0.141 

37 11711.32 124140 0.160 

50 13893.42 147270.2 0.191 

Infinity 23256.83 246522.4 0.319 

The distribution of emission per capita in the current scenario is shown in Figure 16. About 

36% of the population had an emission of 0 which consists of the people working at home, 

travelling by bike and failing to select a plan. About 81% had an emission under 50kg per 

month, 71% under 30kg per month and 75% under 37kg per month.  

 

Figure 16. Cumulative distribution of emission per capita in the current scenario 

4.3 Model validation  

4.3.1 Car type 

The distribution of the five types of car in the simulated population is compared with the 

actual data from SCB Trafikanalys (2013) shown in Table 8. It shows that the number of car 

types was underestimated in the model but the simulated percentage of the each type of car 

fitted well with the actual distribution. The reasons for the underestimation may include that 
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some families had more than one car. According to SIKA (2007), more than one car was 

owned by 23% of all households in Sweden and 3% owned three cars. Besides, a proportion 

of the population was simulated in the population.   

Table 8. Car type comparison with real data 

Car Type 
Simulation Real 

Number Percentage Number Percentage 

Petrol 223235 61.84% 534670 64.46% 

Diesel 101044 27.99% 214873 25.90% 

Electricity 5188 1.44% 11156 1.34% 

Ethanol 24904 6.90% 55355 6.67% 

Gas 6613 1.83% 13381 1.61% 

Sum 360984 100.00% 829469 100.00% 

4.3.2 Travel mode 

The proportion of the plan selection in the current scenario was compared with real mode 

distribution data from (AB Storstockholms Lokaltrafik, 2013b) shown in Table 9. As can be 

seen, car mode and bike plus walk were underestimated while public transit was 

overestimated. The cause of the difference might be the assumption that people living and 

working in the same vips code area would work at home. According to the survey performed 

the travel survey during 2005/2006 (SIKA, 2007), only 3,6 % or 0,7 % reported they had their 

work place at home. In this model, 11% to 12% worked at home every day among which 9.9% 

of the population lived and worked in the same vips area and were regarded as working at 

home, which had been overestimated. It also implied that although there were 9.9% of the 

population living and working in the same vips area, most of them just worked close to their 

home rather than working at home.    

Besides, the survey covered the modal split of the whole day including all kinds of activities 

while the model only concentrated on morning and evening commuting on working days. 

Travel behavior model developed in the model may not fully represent the actual behavior 

either. 

Table 9. Travel mode comparison 

Travel mode 
Simulation Real data 

Number Percentage Percentage 

Work at home 91058 11.80% - 

Car 245542 31.82% 44% 

Bike + Walk 190430 24.68% 31% 

Public transit 235708 30.55% 25% 

Failure 8876 1.15% - 

Sum 771614 100.00% 100% 
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4.3.3 Daily emission 

According to Stockholms stad (2013) GHG emissions per resident in Stockholm was 1.063 

tonnes in 2011 while in this model the value was 0.319 tonnes. The main reason was that 

only morning commuting and evening commuting on working days were considered in this 

model, while the actual emission included those from other activities and other time.  

4.3.4 Volume comparison  

The count data was shown in Figure 17, it can be seen that the most simulated volume had 

been underestimated and in the first hour 6 am to 7am the simulated volume had a better 

match with the count volume than 7am to 8am and 8am to 9am.  

 

Figure 17. Comparison between simulated volume and count volume 

There were several reasons that the simulated volume did not match with the actual count 

volume.  

The major reason was the simulation setting in the model especially route choice. In this 

model, people were set to move along the shortest path from home to work place. It was 

highly likely that the major roads would be shared by many people and congestion would 

take place. In this case, people would wait and the travelling time would be long in the 

model but in real world people would change to other vacant roads. In default simulation 

process in MATSim, there was a replanning process which changed the scheduling, mode or 

route choice of plan and a score was calculated for each plan based on the performance of 
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the execution (Konrad Meister et al., 2010). More than 50 iterations were required to 

optimize people’s replanning and reach user equilibrium. However, a conflict would arise as 

in the model 21iterations represented 21 working days in a month which cannot be used as 

trial to reach user equilibrium.   

The second reason was the flow capacity. As can be seen from Table 4, the maximum flow 

capacity was 2000 vehicles per hour of the primary highway while some of the stations had 

an actual count volume bigger than 2000 vehicles per hour so that some of the flow 

capacities of roads in the model had been underestimated. It also explained that in Figure 17 

the maximum simulated volume did not exceed 2000 vehicles per hour and the relatively 

high simulated volumes appeared in the first hour when there were fewer vehicles on the 

road.  

Another factor that might affect the volume simulated was the scheduling of activities. The 

only information about the scheduling was that 76% percent of the population left home 

between 6am and 9am. The information about actual scheduling of the activities was 

unavailable and the trip start time was set randomly in the model which might not match 

with actual condition.  

Last but not least, the simulated volume belonged to the morning commuting but it was the 

difficult to find the corresponding count volume in that period. As can be seen in Table 5，

there was no sharp change on the volume indicating that it was a volume in the morning 

rush hour. At the same time, although the people were set to leave home around 6 to 9 am, 

the traffic caused by them may not be limited that time. For instance, one person left home 

at 8:30 am and passed one link at 9:10, which was not compared with the count volume.  

In order to have a more efficient validation through the volume comparison, more accurate 

data on the scheduling of activities should be collected and rerouting should be simulated 

which still remained to be a problem.  

4.4 Model comparison  

Another model was developed at Sweco using the GAMA software which was built based on 

the same behavior model and demographic data. The comparison of change of travel 

behavior under GHG emission limit of 37kg/month is shown in Figure 18. 
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(a) GAMA model 

 

(b) MATSim model 

Figure 18. Comparison of travel behavior change in GAMA model (a) and MATSim (b) 

(Emission limit of 37kg per month) 
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From Figure 18 it can be seen that plan selection for working at home, car and bike fits well 

between the two models except the public transit and failure. There were 12% failing to 

select a plan in MATSim model but 3%-4% in the GAMA model. This might be caused by the 

different road networks used in the models. In GAMA model, a pseudo triangular network 

connecting the postal code areas was used instead of actual road network to save the 

computational cost.    

When using GAMA for agent based modelling, in most cases the model needs to be built 

from scratch including agent definition and environment definition. Although it has been 

integrated with spatial function such as getting random point within a polygon, routing from 

one point to another on a network, there is still a lot of work required for microscopic 

simulation of transportation such congestion simulation for vehicles moving on the road 

network which was ignored in the model developed at Sweco. However, the user would have 

more freedom for integrating custom functionality to the model and GAMA offers excellent 

user interface and visualization which provided instant feedback that could be helpful in 

building.   

GAMA is generic software offering great freedom for the user. The model is usually built from 

scratch. MATSim has many built-in modules offering simulation of transportation such as 

mobility simulation, traffic signal simulation.  

MATSim was much faster than GAMA in terms of simulation speed. The average simulation 

time for MATSim with 761314 agents and 22 iterations was 28 hours on a computer with 

8-core 3.4GHz CPU and 16GB RAM. The model developed at Sweco with GAMA was 

simulated in serial using one core instead of in parallel, which took 3.5 days for the whole 

simulation. MATSim was much faster mainly because that many optimizations such as 

parallel simulation have been designed. At the same time, the simulation and visualization 

are separated in MATSim. Moreover, in the model developed at Sweco, the whole model 

were implemented with GAMA including travel demand modelling which was also time 

consuming compared with the PostGIS database used in the thesis.    

Although official tutorial designed for beginners has been offered online, it takes time to 

learn MATSim and there is still a lack of standard and complete tutorial online for developers 

to add custom functionalities. 
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5 Conclusions and further research 

It has been shown in the research that multiagent simulation is effective in simulating travel 

behavior. MATSim is capable of large scale simulation in city level with a much higher 

simulation speed than GAMA. It is possible to analyze the change would take place on travel 

behaviors in Stockholm County when all residents travel in a sustainable way under a specific 

emission limit.  

In this multiagent simulation, individual person was simulated as agent with attributes, daily 

travel plans and behaviors. The attributes contained home location, workplace locations, and 

some socioeconomic attributes, which were assigned according to the demographic data and 

travelling statistics data collected. Two trips, morning commuting from home to workplace 

and evening commuting from workplace to home, were simulated while the daily travel 

plans included travelling by car, public transit, bike and working at home. Each day, the 

person was set to select a travel plan based on socioeconomic attributes, his current 

greenhouse gas emission and a monthly emission limit. The selected plan was then executed 

and his emission was updated. In the model, a working population of 771614 people in 

Stockholm County was used and one month period with 21 working days was simulated. 

Totally four monthly emission limits were tested: 30kg, 37kg, 50kg, and infinity representing 

the current scenario. 

The result suggests that under current scenario car is the most frequently selected travel 

mode accounting for about 32%, followed by public transit 31%. There are about 12% of 

people working at home and 25% travelling by bike. Nearly 1 percent fails to select a plan 

because of the plan selection setting. When emission limit is set, the percentage of people 

changing travel behaviors is 21.2%, 25.8% and 29.9% under the emission limit 50kg, 37kg and 

30kg respectively. Most of them would abort from car and public transit to bike, public 

transit or even failing to keep their emission under the limit. The percentage of people 

changing plan to bike is 9.4%, 11.8%, 13.4% under the three limits 50kg, 37kg and 30kg 

respectively while the percentage of people changing plan to public transit or failure is 10.2%, 

12.5% and 15.2%. The result also showed that when 37kg limit is set, the people having 

problems with keeping their emission under the limit are mainly distributed at three regions: 

Stockholm City, some cities in southwest and northeast of Stockholm County, where there 

would also be more demand for public transit service. The people changing plans to bike are 

mainly distributed in Stockholm City area, where sustainable travel behavior should be 

promoted. 

As can be seen from the model validation part, there are some problems with the validation 

of the model due to lack of data and simulation process problems. The model could be 

improved in further research in several aspects to get results with a better representation of 

real world phenomena. 

The stochasticity of the model could be improved. Currently the random factors considered 
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in the model mainly concentrated on attribute definition of the population and trip 

scheduling part. During simulation, there was a lack of stochasticity. For example, the plan 

selection was modelled by defining priority for the plans and excluding some plans based on 

socioeconomic attributes and emission limit, which was deterministic. In other words, once a 

person’s attributes and emission were known, the plan to be selected was determined. 

Stochastic choice model could be adopted in future research such as multinomial logit choice 

model.  

The travel behaviour under emission limit was set as the user prefer driving by car unless his 

emission was to exceed, which could also be improved. For instance, more intelligent agent 

could be designed to enable prediction with emission limit and made plan accordingly such 

as taking public transit from the beginning. Rerouting and rescheduling was ignored in the 

model, which could be added to choice model as well but in the multiday simulation, it 

would still be a challenge for simulation. Surveys could be conducted to collect more 

information on how people would travel in a sustainable way. 

Bike and public transit were simulated in a static way in the model without considering 

capacities of the bicycle road or buses. Although the result contained the number of people 

traveling or changing behaviours from each region to each other region, it is still difficult to 

compare this demand with the supply in detail. For example, for one group of people 

travelling from one region to another, there are more than one public transit lines while each 

public transit line does not only serve the specific group of people. Apart from that, 

additional demand caused by transferring between lines is also difficult to measure in the 

model. There is still a need of microscopic level simulation which should consider the bicycle 

roads and the volume of buses or trains for more persuasive analysis of bicycle and public 

transit service.   

Apart from the two trips simulated in the model, more activities could be added, such as 

shopping and leisure, which could have a better reproduction of the transportation in reality. 

Other policies could be studied in the model as well such as imposing of carbon dioxide tax 

and promotion of electric car, building new infrastructure etc. Attentions should also be paid 

to how to motivate residents to travel in such a sustainable way.  
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Appendix 1 

The process to randomly assign attribute to an agent based on specific attributes distribution 

is explained below. 

X is supposed to be a factor (e.g. income level, car type etc.) The probability of X to be a 

specific value is 

𝑃(𝑋 = 𝑋𝑖) = 𝑃𝑖 , 0 ≤ 𝑃𝑖 ≤ 1, 1 ≤ 𝑖 ≤ 𝑛 

where 

i, the index of a value 

n the number of different values for X  

Xi the i th value of X 

Pi the i probability for X to be Xi 

The cumulative probability for X is  

𝐶𝐷𝐹(𝑋 = 𝑋𝑖) = 𝐶𝑗 = ∑ 𝑃𝑖

𝑗

𝑖=1

, 0 ≤ 𝐶𝑗 ≤ 1 

where 

j, the index of a value 

Finally, the random choice is obtained as  

RandomChoice = Xk  

where k is the smallest value satisfying uniformrandom(0,1) ≤ Ck  

For better illustration, one example is shown in Figure 19. 
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Figure 19. Example of random choice of attributes 
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Appendix 2 

The travel demand verification was conducted by comparing the original distribution 

collected with the corresponding attributes distribution in the population simulated. Three 

relationships attributes were selected for verification including: working at home within each 

socioeconomic group in Figure 20, physically active percentage within each educational level 

in Figure 21 and the percentage of days working at home among the people able to work at 

home. From the figures we can see that the difference between the simulation and original 

distribution are rather small, the verification could be regarded successful.   

 

Figure 20. Working at home within each socioeconomic group 
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Figure 21. Physically active percentage within each educational level 

 

Figure 22. Number of days working at home distribution 
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