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Abstract 
Today the regional railway system lacks the capacity at the central station in order to meet the demand 
for both the public and freight transportation. The West link is a railway infrastructure project that is 
expected to both increase train commuting and also increase the train capacity at the central station in 
Gothenburg. 
 
The purpose of this thesis work is to do an elastic demand analysis between car traffic and the West 
Link in modal shift to determine how many travelers will change mode. Also traffic simulations will 
be made to investigate the traffic conditions around the stations when the West link has been 
implemeted. The questions this thesis will answer are these: 
  With the help of macroscopic simulation how will the traffic flows be affected around the 

stations?  Will the West link ease the pressure on the car traffic in Gothenburg during daytime?  Which traffic management measures are expected to be more effective in ameliorating traffic 
conditions around the stations? 

 
The simulation results showed that nowadays there are congestions on the major highways and some 
of the smaller low capacity roads. In the future, congestions will become more significant if no 
countermeasures are implemented like the West link. In the elastic demand analysis the results were 
overall around 47% – 51% on a demand of between 350 000 – 400 000 trips. This is a bit large in the 
author’s opinion but understandable because the only factor it is based on is travel time. If other 
factors like cost, quality or emotional factors like attitude and perception towards the West link was 
taken into consideration, it could have brought the results down.  
 
As a conclusion it cannot be said whether the West link will ease the pressure on car traffic or not. The 
reasons are that the population will increase about 100 000 inhabitants until 2030 and the West link is 
assumed by the region to have this amount of travelers each day. This would result in the same traffic 
pressure as today with congestions in certain parts. If the number of West link users will be around 
200 000, as the results of this thesis shows, then the West link will ease the pressure on car traffic. In 
the author’s opinion the West link will ease the pressure on the West link since it will be another 
transportation option amongst others. Other options to decrease the usage of cars in the city center 
could be expanding the toll system or benefiting travelers using public transport.  
 
Keywords: Elastic travel demand, Travel time, West link, Modal shift, VISUM 
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Sammanfattning 
Idag saknas det kapacitet i det regionala tågtrafiksystemet kapacitet för att tillgodose pendeltrafik och 
godstrafik på centralstationen. Västlänken är ett infrastrukturprojekt som ska öka kapaciteten på 
centralstationen och samtidigt förbättra pendeltrafiken. 
 
Meningen med detta examensarbete är att göra en elasticitetsanalys mellan biltrafiken och Västlänken 
för att utvärdera hur många resenärer som byter trafikslag. Dessutom ska trafiksimuleringar göras för 
att analysera trafiksituationen runt stationerna både nu och efter att Västlänken har byggts. Frågorna 
som detta arbete ska besvara är: 
  Med hjälp av makroskopisk simulering hur kommer trafikflödena omkring stationerna att 

påverkas?  Kommer Västlänken att minska trycket på biltrafiken i Göteborg under dagtid?  Vilka åtgärder kan förbättra trafiksituationen kring stationerna om problem upptäcks? 
 
Resultaten från simuleringen visade att nuförtiden så finns det köer på de större vägarna och även på 
de mindre med liten kapacitet. I framtida prognoser så kommer det uppstå mer köer frekvent om inte 
någon åtgärd görs som exempelvis Västlänken. I elasticitetsanalysen var resultaten omkring 47% - 
51% på en efterfrågan på omkring 350 000 – 400 000 resor. Detta är en aningen hög siffra enligt 
författaren men förståeligt eftersom den enda faktorn analysen bygger på är restid. Om andra faktorer 
togs i betänkande som exempelvis kostnader, kvalitét eller emotionella faktorer som attitud och 
uppfattning emot Västlänken kunde resultatet ha visat annorlunda. 
 
Som en sammanfattning går det inte att säga om Västlänken kommer att minska trycket på biltrafiken 
eller inte. En anledning är att populationen i Göteborg kommer att öka med omkring 100 000 invånare 
till år 2030 och detta är den förutspådda mängden resenärer för Västlänken varje dag. Detta betyder att 
biltrafiken kommer att ha samma tryck då som nu med köer på specifika vägar. Om antalet resenärer 
med Västlänken närmar sig 200 000, som var resultatet i detta examensarbete, kommer Västlänken 
nog att minska trycket på biltrafiken. I författarens egna tycke kommer Västlänken att minska trycket 
på biltrafiken eftersom Västlänken kommer att vara ett alternativ att använda bland resterande. Andra 
alternativ till att minska bilanvändandet i centrala delarna är att utöka trängselskatten och/eller 
förbättra kollektivtrafiken för att påverka resbeteendet hos resenärer. 
 
Nyckelord: Elasticitetsanalys, Restid, Västlänken, Byte av resmetod, VISUM 
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1. Introduction 

1.1 Background 
The region of Västra Götaland has a clear vision to increase its attractiveness so that more people 
move to and work in the region (Trafikverket 2013a). One of the goals is to develop the transportation 
system in the region and the railway is an essential part of this. The development and growth of 
Gothenburg, as the largest transportation hub in the region, is of great importance.  During the past 
few years an increased demand in traffic and railway has been noticed in/out from Gothenburg, with 
more congestion and reduced capacity as a consequence.  
 

 
Figure 1: Transportation system of Gothenburg region (Google Maps) 

The structure of the transport system into Gothenburg is that there are five routes that lead into 
Gothenburg for both cars and railway. These are E6 north and south, E45, E20 and RV40 as can be 
seen in Figure 1. 
 
All of them are expanded to three or four lanes each way for cars and buses to meet the high demand. 
The railway transport that exists is not yet as well expanded and therefore has longer travel times on 
some stretches because of few lanes. This of course sets a huge demand on the capacity of roads if the 
public transport does not contribute to the system.  
 
An expanded railway system could satisfy the current and possible future demand in an efficient way 
(Trafikverket 2013a). Today the regional railway system lacks of capacity in order to meet the demand 
for both the public and freight transportation. This problem can be considerably more serious in the 
case of future increased demand. Figure 2 shows an index of how much the train commuting has 
increased over the years in the region. It has nearly doubled on E6 south, Västkustbanan, and E20, 
Västra Stambanan, since 1993. Figure 3 shows how many trains that pass the Central station each 
week day and we can clearly see that it has increased by nearly 20% since 2005. 
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Figure 2: Train commuting in the region (Trafikverket 2013a) 

 
Figure 3: Number of trains on Central Station (Trafikverket 2013a) 

The region has conducted a traffic analysis which showed that infrastructure investments in the short 
and long run are needed (Trafikverket 2013a, 2014). Therefore the region has together with other 
operators and the state put together the West Swedish packet, which contains funds to be used for 
improvements in the infrastructure and management in the region. 
 
The West link is a part of the West Swedish packet and is a railway infrastructure project that is 
expected to both increase train commuters accessibility while also to increase train capacity at the 
central station in Gothenburg (Trafikverket 2013a). One of the targets for the West link is to ease the 
pressure on car traffic by improving train commuting and make it more accessible for all inhabitants of 
the wider Gothenburg area. 
 
The west link is expected to be mostly beneficial for the commuters that travel in and out of 
Gothenburg city center, since there are many different options for travel within Gothenburg. The west 
link is assumed to ease the pressure on car traffic flows while increasing train commuting 
(Trafikverket 2013a). This could be the reason why inhabitants of Gothenburg rejects the West link 
(SOM-institutet 2015, Göteborgs-posten 2015) as they predict low usage and the high construction 
costs. These are obvious disadvantages and they prefer to see investments towards other projects. 
There is also a risk that the West links construction will damage many old buildings that are located in 
the city center (Trafikverket 2013a). 
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In the past four decades the traffic office (Trafikkontoret 2015a) in Gothenburg has made 
measurements of yearly average week day link counts and implemented these into a PTV group 
VISUM model of Gothenburg developed by WSP in 2013. The mileage of cars in Gothenburg is 
expected to grow until the year 2030 which means that we can expect an increase in demand and 
traffic flows (Trafikverket 2014). Nowadays and during the rush hours congestions throughout the city 
center is observed. 
 

1.2 Aim 
The aim for this thesis work is to investigate whether the West link will ease the pressure on car traffic 
by increasing train commuting. It will also analyze the traffic conditions around the stations before and 
after the implementation of the West link.  
 
Thus, this thesis will conduct an elastic demand analysis between car traffic and the West Link in 
modal shift. Thus evaluating how many travelers will change mode from using car to using the West 
Link or any other public transport. Questions that this thesis is aimed to answer is: 
  With the help of macroscopic simulation how will the traffic flows be affected around the 

stations?  Will the West link ease the pressure on the car traffic in Gothenburg during daytime?  Which traffic management measures are expected to be more effective in ameliorating traffic 
conditions around the stations? 

 

1.3 Research contribution 
This thesis will enhance the knowledge on how to conduct elastic demand analysis with a small 
amount of data and information. Often modal shift research has a pre study conducted where surveys 
or models have been created. Modal shift research between private and public transport concerns 
vehicles on the same road like car and bus transport. Mixed traffic like car and train transport like the 
West link has not, to the best of writer’s knowledge, been analyzed earlier. Therefore this thesis will 
be unique in its research. 
 

1.4 Limitations 
Neither survey nor data gathering will be made in this thesis since relevant data is already available 
from Trafikkontoret in Gothenburg. The traffic model used is developed by WSP where traffic 
measurements has been implemented into. Also the study area will be limited to the targeted area and 
therefore changes to the origin-destination matrix will be made. Studies will mostly refer towards 
travel behavior and modal shift and to some extent transport modeling. 
 
Since calibration is not a part in this thesis the results cannot be assumed to represent the actual 
changes in traffic demand. It can at best show an elasticity measurement of how the demand will 
change between private and public transport. However this will be an elastic demand analysis which 
will represent the modal shift before and after the implementation of the West link which can be done 
without model calibration.  
 
This thesis will only consider the last two steps in the four step transport model, the modal split and 
the traffic assignment. It will also be compared in both a base scenario, recent traffic measurements, 
and some future scenarios based on a couple of prognosis (Trafikverket 2014, Trafikkontoret 2014). 
The specific assignment, the elastic demand analysis, will have travel time as the main factor. The 
assignment will not take into considerations the factors of cost, quality nor environmental benefits. 
They will be mentioned but will not be explained nor evaluated. 
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1.5 Methodology 
A literature study will consider both information and methodology about traffic demand modeling 
since the writer has no background in traffic demand modeling.  
 
Firstly the model needed to be simplified in order to work with the available license size. Therefore 
assumptions and changes to the model were made. Thus, licenses and software problems are solved 
and will cause no further problems. 
 
Population and growth statistics were gathered and used in order to make a realistic estimation of 
future population in Gothenburg. This population estimation will lead to an approximation of future 
mobility demand and this will be used for calculating the future origin-destination (OD) matrix. This 
matrix contains both increases and decreases in traveling based on statistics, thus this will be the base 
matrix to be used in the elastic demand analysis. Also another OD matrix is created based on 
predictions which contains only increases in order to create another worse scenario for sensitivity 
analysis. 
 
A model for the elastic demand analysis needs to be implemented and with this the new OD matrix is 
computed for the future mobility demand when the West link is constructed. For the moment public 
transport is not modeled in the traffic model therefore, assumptions and estimations for public 
transport travel times need to be computed.  
 
Comparison will be conducted between the results from the model and predicted values from 
Trafikverket about the number of travelers on the West link. An interesting research is to conduct a 
current state analysis around the stations to evaluate future development with respect to the West link.  
 

1.6 Thesis outline 
Firstly there is a need to gain a greater knowledge in traffic demand modeling, therefore a literature 
review will be conducted in the upcoming chapter. Afterwards a description of the West link and the 
traffic model will be made in the Case study. Also how the elastic demand analysis will be 
implemented into the model and its functionality will be described in the case study. The results will 
be presented and discussed in result and discussion chapter. Finally a brief conclusion with possible 
continuation in this research field will be presented. 
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2. Literature review 

2.1 Transport Demand 
Travelers have different mobility demand that depends amongst others on the frequency and purpose 
of the trip (Litman 2011). For example, commuters conduct their trips to and from work daily while 
elderly conduct their trips scarcely. On the other hand, commuters value their trips more than travelers 
conducting pleasure trips. Depending on the purpose of the trip, the trip has a particular value to its 
user.  
 
Another important factor in transport demand is cost, with an expected negative impact with increased 
costs. The costs are related to the value and purpose of the trip (Litman 2011). In cases of emergency 
the trip will be conducted no matter the costs while in case of a pleasure trip to the beach the costs will 
be much more considered. Travel costs differ depending on the trip purpose and mode, i.e. whether it 
is by private or public transport. One example can be working trips that use public transport or 
working trips using private transport. According to Li tman (2011) there is relation between cost and 
consumption of trips that indicates that with lower costs more trips are conducted. It is important to 
separate different geographic areas, time and mode for this.  
 
When talking about price changes in travel demand each traveler has its own opinion about the change 
which indicates travelers’ price sensitivity (Li tman 2011). The price sensitivity can be measured by 
elasticities and represents how changes in price affects travel demand in the amount of trips. A high 
elasticity or sensitivity, indicates that a small price change has a relatively large effect on the amount 
of travelers. A low elasticity, indicates that a small price change has a small effect on the amount of 
travel.  
 

2.2 Traffic simulation 
Traffic simulation is an effective research tool to analyze traffic situations before and after an event or 
to analyze a change in the characteristics of the model like speed, flow or density (Fierek and Zak 
2012). Traffic simulation models consist of two components: the information about demand and 
supply, respectively. The demand consists of the travelers who need to move from certain points of 
origin and destination and it is usually represented in an origin-destination matrix. The supply is the 
transportation network which consists of links, traffic zones and eventual public transport information.  
 
Traffic simulation models have different changeable characteristics for example time does normally 
not matter in models where a certain situations or problem are being evaluated. These models are 
called static models. Other models where time is a determining factor for certain problems like 
congestions are called dynamic models. Stochastic models vary their input data over time, for example 
during peak hours the demand increases with resulting congestions. Models where the input data is 
determined before the simulation, is called deterministic models. Not only the input data can vary but 
also the system can be changeable, for example toll prices can vary over time. Another example is 
when congestions occur and travelers chose other routes to save time. These systems are called 
continuous and systems where nothing changes are called discrete models.  
 
Traffic simulations are called microscopic, macroscopic or mesoscopic depending on the level of 
detail required (Ortuzar and Willumsen 2011, Fierek and Zak 2012). Micro-simulation models have a 
high level of detail and distinguish every single unit (vehicle and pedestrian) from each other and the 
interactions between them. Microscopic simulation models are often applied for detailed analysis of a 
single road segment or intersection in the transport system. Macro-simulation models have a low level 
of detail where the traffic flows in the system are seen as uniform. The traffic flows are based on 
relationships regarding the basic characteristics of traffic like volume, speed and density. Macroscopic 
simulation models are used to analyze entire transportation networks or systems. Mesoscopic -
simulation models have an intermediate level of detail where every unit is separated but interactions 
are not modeled. Mesoscopic simulation is not as precise as microscopic simulation models but more 
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precise than macro simulation models. Therefore they are suited for analyzing larger areas in the 
transportation system but not an entire system. 
 

2.3 Travel forecasting 
Traffic simulation can also be applied to travel forecasting where the four step transport model is 
required. This is a set of formulas used to predict the travel behavior of travelers in particular 
situations (Ortuzar and Willumsen 2011). The results illustrate the amount of people on a number of 
routes from origin zones to destination zones with specific modes to a specific cost. What effects the 
transport system has on travel activity is to some extent a cost. For example the model will predict 
how many people will travel to a destination and which routes and modes will be used for a cost, 
represented by travel time and congestions. The models need input data to be able to predict these 
situations and some are already mentioned above. 
  
The problem with the input data is that it is often incomplete, inconsistent and outdated which makes 
the result only an approximation of the final result and not the actual result (Ortuzar and Willumsen 
2011). For example the infrastructure of urban areas often gets changed which means that models need 
to be updated in the same pace, which is often not possible. The demographics change with the 
expansion of cities or when people change their home location and employment. Often the road 
network characteristics are inconsistent or incomplete which makes the model unreliable. 
 
Most municipalities use the four step transport model in order to analyse data for further research or 
analysis (Ortuzar and Willumsen 2011). These steps are trip generation, trip distribution, modal split 
and route assignment. 
 
Trip Generation 
Trip generation is where the model estimates the number of trips that originate and has its destination 
in zones i and j written as      . This estimation is based on factors like the number of residents and 
jobs in each zone, infrastructure like the road network and its capacity and also the economic activity 
in the zone. The results from the trip generation are trip productions and trip attractions for each zone. 
 
Trip distribution 
Trip distribution is where the model distributes the total trips between each zone. The result is 
presented in an origin destination (OD) matrix, where each row and column represents a zone. Each 
value in the OD matrix represents the demand from zone i to zone j, written as    . Sometimes the 
demand can vary over time and season, for example tourism, thus different OD matrices are preferred 
to study. 
 
Modal Split 
Modal split is the part where the model distributes the travellers between the different modes that are 
available in the model. These modes are normally categorized into private transport, public transport 
and non-motorized transport. The modal split is often decided upon different factors as mentioned in 
the literature review like travel time and cost of the mode. The result will be how many trips are 
conducted between each zone pair using which mode often written as     . 
 
Route assignment 
The last step is route assignment which assigns travelers to each route and finally shows which routes 
will be used by each mode and which will not be used. For each route there is a number of links or 
segments that will be used, often written as      � . Which route will be used between an origin and 
destination can be determined by an impedance function. The impedance function determines based on 
congestions and travel time whether the traveler will choose this route or not. 
 
A cost for the transport system is now visible when there are travelers on each link and route. The cost 
reaches its peak when capacity of the links is reached. If congestion appears on a link, this is a 
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problem and travelers may change route to avoid the congestion. By iterating the cost parameter back 
to one of the earlier steps allows the model to change  including the number of travelers on links and 
routes. Thus, representing the behavior of travelers and for the model to reach a state of equilibrium 
where there are no congestions. Figure 4 illustrates the four step transport model (Ortuzar and 
Willumsen 2011).  

Transport models are made in order to evaluate a certain situation with the input data they are given. 
This means that if a model only contains private transport, then the solution will only contain this 
mode. Therefore models may only give one solution to a specific problem, which makes them lack the 
flexibility of giving other solutions. This tends to be a disadvantage since they underestimate the 
benefits of modes like walking, bicycle and public transport. 
 
One implementation of travel forecasting is into the program VISUM, developed by PTV group which 
is used for this thesis. According to PTV Group (2015) VISUM is one of the most used tools for traffic 
simulation and forecasting in the world and for the year 2015 reached version 14. It can handle many 
operations such as the four step transport model and different kinds of cost calculations. This thesis 
will only affect the modal split and the route assignment in the four step transport model. The cost 
parameter is in this case iterated back to modal split for the analysis of modal shift. Also all 
information regarding VISUM can be found in the manual of VISUM (PTV Group 2015), therefore 
this will be the main source regarding VISUM. 
 

2.4 Travel time modeling  
One significant common factor amongst both car and public transport is travel time since time savings 
are important for the daily activities. Salonen and Toivonen (2013) gives a detailed focus on the 
modeling of travel time. They describe three different ways to model travel time for both car and 
public transport depending on the level of accuracy. They describe a simple, intermediate and 
advanced method. The simple method for car should use the road network database with the attributes 
connected with each road segment. This gives both segment length and speed limit which results in the 
time it takes to drive through each road segment with free flow speed. For public transport the simple 
method should also use a network dataset with geometry of the public transport. The public transport 
routes and modes where separated along with their attributes of segment lengths, drive-through times, 
stops and connections with the pedestrian roads. 
 
The intermediate and advanced methods include models that simulate real time traffic and congestions 
(Salonen and Toivonen 2013). The advanced method is best illustrated with a door-to-door travel 
approach which consists of several segments of the trip. The trip starts from the point of origin, where 
the traveler has the access walking time to either car or the public transport stop of origin. The car 
traveler has the in-car travel time and the public transport traveler has the waiting time for the public 
transport to arrive at the stop of origin. Moreover for public transport there is the in-vehicle time and 
the stop time at every upcoming stop. The public transport traveler might need to have connected trips 
with other routes (or other modes) resulting in additional waiting time. At the arrival of the trip’s 

Figure 4: The four step transport model (Ortuzar and Willumsen 2011) 

Route assignment 

Trip generation 

Trip distribution 

Modal split 

        
    

     

     � 
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destination the car traveler needs to find a parking spot and walk towards its final destination, whereas 
for public transport there’s the walking time to the final destination. An illustration of this example is 
shown in Figure 5. Both alternatives might end up with the same travel time for both alternatives. 
 

 
Figure 5: Door-to-door travel time (Salonen and Toivonen 2013) 

2.5 The Logit Model 
The earliest versions of the logit model would only consider one or two characteristics like travel time 
(Ortuzar and Willumsen 2011 pp.209). These models were competing against post-distribution models 
that were applied after distribution models. The post-distribution models had the advantage of 
considering the characteristics of the journey and that of the alternative modes. However, they lacked 
the ability to consider the characteristics of the trip maker which may have been implemented in the 
OD matrix. The logit model on the other hand was able to consider the trip maker by dividing the trips 
between available modes with the cost ratio between them. This way, trip makers would choose the 
mode depending on time or cost. It was observed that the logit model generated a modal-split curve 
that can be seen in Figure 6.  
 

 
Figure 6: Modal-split curve (Ortuzar and Willumsen 2011) 

 
Where the y-curve represents the proportion of trips made be mode 1 (        ) which depends on the 

x-curve whiich represents the cost difference (         ). These curves where empirically based on 
data which also showed that if the costs where equal           then the proportion would be equal               between the two modes. After further research the logit model could be explained in 
equation [2.2.1] and is today widely used amongst traffic planners. 
  

X-axis: Cost difference mode 1 and 2 

Y-axis: Demand proportion mode 1 
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                                              [2.2.1] 

 
Where      is the proportion of trips traveling from origin i to destination j using mode 1.      and     is 

the number of trips using mode 1 and number of trips in total between i and j.           and           is 
the cost factor for mode 1 and 2 between i and j. The exponential factor ensures that the right hand 
side of the model is always positive. The cost factors can also be expanded and explained as in 
equation [2.2.2]. 
 
                          [2.2.2] 
 
Where      is the travel time,      is the distance or cost between i and j using mode m and      and    are sensitivity parameters. Often the cost factor can also be calculated as a generalized cost, which 
is represented by a combination of the costs and parameters. 
 
According to Sheffi (1985, pp.154) the negative part when using a modal split model is the failure to 
account for observed conditions. Public transport tends to be used even when the travel times are in 
most cases longer than car transport for the same OD pair. Even in cases where the travel times 
represent travel impedance, user equilibrium conditions are not a reasonable model for modal split 
since they imply on the same determinant in mode choice. Therefore most travelers would consistently 
choose the travel mode with the lowest impedance or travel time, which is unfavorable for traffic 
planners. This issue has been recognized that mode choice results from a complex process, which is 
influenced by a number of factors where some are difficult to quantify and measure. To deal with this 
issue, special “mode split” functions have been developed. These functions take into consideration the 
travel time but allows for situations where the travel times are not equal at equilibrium. Given a set of 
travel times, the most used mode split function that can approximate the flows of both car and public 
transport over each OD pair is the logit formula: 
 
       ̅               ̂    [2.2.3] 

 
Where   is a positive cost sensitivity parameter (estimated from data),     is the travel time for car, 
and  ̂   is the travel time for public transport over the same OD pair.     and  ̅   are the actual demand 
and the upper bound demand for car transport. This formula ensures that both     and  ̅   are positive 
and smaller than  ̅  . Equation [2.2.3] can be seen as a variable demand formula because the travel 
time for public transport ( ̂  ) is fixed, which gives that     is a function of     with an upper bound by  ̅  . 
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2.6 Elasticities and price changes 
Different types of price changes affect the travel behavior differently (Litman 2013). Price changes 
can be for example vehicle costs, fuel prices, toll or congestion pricing, parking fees and transit fares. 
If a toll is introduced on a road this may shift some of the travelers to different routes and destinations. 
Congestion pricing where the price is higher during peak hours may affect travelers’ travel times. With 
increasing costs the probability that travelers may shift modes increase and the total trips made with 
private transport is reduced. Measuring elasticities is a way of evaluating how two factors are 
interrelated. An example of describing elasticities is that if fuel prices increase then motorists tend to 
drive less in order to save money. Depending on the type of trip and the characteristics of the traveler, 
the price elasticity differs. In case of a business or commute trip the price is probably not a 
determinant factor compared to a personal trip and therefore less elastic. Also the day of the week has 
an effect on the elasticity whether it is a weekday or a weekend and time of day if it is during peak 
hours or not. 
 
Price sensitivities tend to change over time since travelers have more chances to adapt and make their 
decisions based on price changes (Litman 2013). Often price sensitivity increases when travelers make 
long term decisions because of saving money while life situations become a factor in the long run. For 
example, if travelers anticipate that car travel costs will increase they will find alternatives to save 
money or move to a more urban area where other options for transportation are available. Alternatives 
can be different modes of transportation, routes and destinations. Car transport is less price sensitive in 
areas where there are no alternatives or the quality of public transport is very low, for example rural 
areas where buses depart more rarely. Links with tolls tend to be price sensitive if there are parallel 
roads without tolls. 
 
Consequently some commuters may choose to change mode because of the aforementioned price 
changes. Goodwin et al. (2004) conducted a study upon elasticities between incomes and prices for 
transportation. Johansson and Schipper (1997) made a similar study on elasticities where they 
evaluated the average income with car travel demand. They discovered that no matter the costs, when 
income increases travelers tend to use the car more often instead of public transport. Such a modal 
shift can have adverse impacts on congestion and emissions. Elasticity studies have also been 
conducted for public transport. Goodwin (1992) found that the demand will decrease if fare costs are 
increased. There are also factors, indirect ones related to traffic (Litman 2015). One of these, so called 
indirect costs, is the cost from traffic accidents if car parts needs to be cleaned up and all 
administrative work from law enforcement. Maintenance costs are another one like maintaining 
parking lots and during winter the snow plowing. These are costs are high and could be minimized if 
there are no unused parking lots. Litman (2015) also mentions congestion costs, mostly during peak 
hours, when traffic needs to be redirected or problems with the system capacity are discovered. The 
price of congestion is also related to environmental costs. Environmental costs affect not only a single 
city or country but the entire world and are not easy to be measured.  
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2.7 Travel behavior and modal shift 
This paragraph captures relevant studies to travel behavior and modal shift with a particular focus on 
the relation between private and public transport. Travel behavior and mode choice are related to each 
other because if you can affect the travel behavior you can affect the mode choice of travelers. Travel 
behavior determines people choices taken before the conduction of trips and how they are willing to 
execute the trip (i.e. which route, what time of day etc.) Commuters have to travel to work or school in 
the morning, whereas non commuters wish to travel for example to shopping malls. Mode choice deals 
with the way that a traveler conducts the trip, whether it is by car, public transport, or even walking 
and bicycle. Commuters are more difficult to affect since they have a habit and are not so easily 
convinced to change their choice of mode. Non commuters are easier to be convinced to change mode 
because they plan their trips more carefully in order to decrease their commuting costs. There are 
many papers within this research field for example (Lee et. al. 2003; Thamizh arasan and Vedagiri 
2009, 2011; Chuen et al. 2014; Fierek and Zak 2012) that have studied traveler’s willingness to 
change mode.  These have revealed numerous of factors, mostly around the traveler and the trip itself, 
such as trip’s distance and time, that can potentially affect mode choice decision. But these factors can 
be both external, like the ones mentioned, and also internal such as attitude and perception against the 
mode (Fatima and Kumar 2014; Gebeyehu and Takano 2007). This type of research target to various 
applications that consider different type of trips (i.e. long trips, short trips) and different type of 
travelers (i.e. commuters, elderly) with different modes (private and public transport). These 
applications are either simulation or calculation software’s that interprets the factors to be used in a 
model. The most common factors for car users’ mode choice decision are travel time, parking fees, car 
costs and fuel price. For public transport users the factors are fare cost, the network, travel time, 
service time and accessibility.  
 
The external factors go under certain categories, whereas the internal are individual for each traveler. 
The categories for external can be for example demographics, transport options and price (Li tman 
2013). Demographics are related to individual’s life status, such as age, gender, occupation, and tend 
to affect the travel demand. Employed and wealthy population tend to travel more and especially by 
car. The young, elderly or poor wish to bicycle, walk or use public transport because they enjoy the 
exercise or get around. People that live in urban areas may have greater access to public transport than 
car thus utilizing public transport. There are many options when it comes to transportation but one of 
the largest problems for travelers is the information they are given. This information can sometimes be 
incomplete, out-of-date and maybe even incorrect. This creates an unawareness or uncertainty which 
makes travelers to not choose that type of transport. This tends to favor walking and cycling since it is 
not dependent on information from external sources other than yourself. Private and public transport is 
then unfavorable because you are dependent on information about the system. The transport service 
quality and the price of the option are also other important factors which can determine the mode of 
transportation. Increased prices for a certain mode of travel can potentially reduce the travel 
consumption and vice versa. Sometimes increased price changes results in travelers changing to other 
alternative modes of transportation. Improving roads and infrastructures that prioritize walking, 
cycling and public transport may increase the use of these modes instead of for example car travel. 
Governments and municipalities that introduce benefits for non-private transport like bicycle pools 
may also lead to a decreased usage of cars (Trafikkontoret 2014). Cleanliness of the public transport 
vehicles and the carpooling can also lead to increased satisfaction and more usage which can 
eventually lead to less transport by car.  
 
Surveys regarding mode choice are made either by a revealed preference (RP) approach or a stated 
preference (SP) approach (Thamizh arasan and Vedagiri 2011, 2009). The RP approach is used when 
actual mode choice data is available whereas the SP approach is used in order to analyse people’s 
reaction to hypothetical situations. The later approach has of course more factors and situations that 
can be analyzed. However, depending on the situation the outcome can be unrealistic or suffer from 
large errors or biases. An extreme example would be how much is traffic levels affected by the price 
of candy. This of course makes the result questionable and is not recommended unless it is highly 
justified. Surveys that finds affecting factors can also be used to create models for predicting the 
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outcome in further analysis. Models can be created differently depending on what characteristics the 
input data has, in this case the factors. Thamizh arasan and Vedagiri (2011, 2009) made a model based 
on the differences in travel time and the proportion of two modes in separate lanes in order to evaluate 
mode shift between cars and buses. They firstly collected a SP survey response upon what the travel 
time difference should be in order to motivate an individual to change mode. This resulted in 
probability curves that can predict the probability that an individual will change mode depending on 
the travel time difference. The model created was a binary logit choice model between cars and buses. 
Another method to model the modal shift is to investigate the proportion of cars and buses sharing the 
same road. Zuo et al. (2012) made a similar survey calculating the travel speeds of cars and buses 
under different bus proportions but instead of travel time they used road impedance function. The 
results showed that with the right bus proportions there was a speed range where travelers were willing 
to shift to bus.  
 
According to Chuen et al. (2014) it is interesting that public transport users are not much affected by 
the fare cost as they are by the network and service times. There are also two different policy 
measurements to affect the travelers’ mode choice which they refer to as “push” and “pull”. The push 
measurement is to deteriorate the factors to push away travelers and pull measurement is by improving 
the factors to attract travelers to start using it. For example in push measurement if the costs for cars 
and fuel increases then there will be a natural mode shift to public transport. For pull measurement if 
the public transport network is improved (e.g. several routes are added) a possible mode shift to public 
transport may occur. Chuen et al. (2014) concluded that the pull measurement alone is not effective 
alone but a combination of push and pull is very effective. Therefore a change to the car ridership in a 
push measurement manner or a combination is preferred, rather than to only improve public transport 
ridership in a pull measurement manner. In Lee et al. (2003) motorists mention crowding as a factor 
when deciding upon their mode choice. Crowding is an internal factor that is based on each 
individual’s perception towards public transport. Public transport services are preferred to be of high 
occupancy and therefore some people may perceive the resulting crowdedness negatively.  
 
Boarnet and Houston (2013) made a study when a new rail line in Los Angeles was opened in 2011. 
They asked experimental households within 0.5 mile from the rails stations and a control group 
households living beyond 0.5 miles from the stations to be a part of this study. They took readings 
from Global positioning system (GPS), accelerometer and odometer before and after the opening of 
the rail line to get daily readings on travel behavior and physical activity. The study found out that 
before the opening of the rail experimental and control group households had the same travel behavior. 
Statistically there was no difference between them which proves that private transport was dominating 
and that physical activity was to a minimum. After opening of the rail line they noticed a difference 
that the experimental households reduced their daily vehicle miles traveled compared to the control 
group. The rail transit ridership had also increased in both groups but much more noticeable in the 
experimental group near the stations. The ridership increase was larger at hubs with more public 
transport lanes meaning that improving the public transport services will affect the demand on rail 
transit. This was validated true after removing outliers, using statistical methods and the GPS data to 
validate the odometers logs. 
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3. Gothenburg Study 
In the Gothenburg study, information about the West link and the model will be brought up. 
Afterwards the simplification of the model will be described and justified.  
 

3.1 West link 
The West link is planned to be finished in 2028 with a total of 6 km of underground rail tracks through 
Gothenburgs city center. The west link will be connected at the north and south end with the current 
train network of Gothenburg. According to Trafikverket (2013b, 2015a) the future train transit demand 
in the region will be 130 000 travelers each day and 90 000 of these will have one of the West link 
stations as their destination. During morning peak hour the frequency will be 14 trains serving around 
5000 travelers on the Central station. These assumptions are twice as much as it is today which means 
capacity will not be a problem in the future. Also there are many complications with the construction 
of the West link since it is through different kinds of ground material. Authorities are also planning for 
future expansion when it comes to the number of rail tracks, since every station will be supported by 
four rail-tracks and two platforms. Thus, ensures operation even in cases of malfunction on one train. 
Figure 7 illustrates the West link and the stations that plan to be built. 
 

 
Figure 7: The West link with the three stations (Trafikverket 2013b) 

As part of this project (Trafikverket 2013b, 2015a), three stations are planned to be built which will 
also constitute large public transport junctions. One of the aims of the West link project is to improve 
the train capacity (supply) at the Central station which targets to future increase in train transit 
demand. Moreover, along the area of Gullbergsvass, east of Central station, there are plans for 
constructing residential and business buildings. Ideas regarding the development of this area are 
illustrated by for example YimbyGBG (2015) in Figure 8.  
 

 
Figure 8: Example of future construction around Central Station (YimbyGBG 2015) 
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The second station, Haga station, is located in one of the oldest districts of Gothenburg (Trafikverket 
2013b, 2015a). Here the buildings are old and the links are narrow, which means that there is not 
much room for expansion. Despite the space restrictions the station is expected to be located close to 
several important facilities. One of these is the Gothenburg’s university, which will have a direct 
connection with the southern station’s entrance. Not too far from the station is the square of Järntorget 
which is an important activities point (i.e. Folkets hus).  
 
The third station, Korsvägen, is close to emerging areas where future construction is planned 
(Trafikverket 2013b, 2015a). For example the area south of Korsvägen has room for commuting 
parking lots. The area attracts many people since there are many venues and an amusement park in the 
area like Liseberg, Ullevi, Scandinavium and Gothia Towers. These attract numerous of visitors each 
year for various amusing activities.  
 

3.2 The model 

3.2.1 Model description 
A traffic model of the greater Gothenburg region is available from earlier studies and was kindly 
received by the Gothenburg’s traffic office (Trafikkontoret 2015b). The purpose of the traffic model is 
to continuously evaluate future scenarios and changes in the traffic system of Gothenburg. Therefore, 
the traffic model is continuously updated to keep up with new projects and systems like the toll system 
in 2012 (Trafikkontoret 2014). The traffic model has several thousands of links and nodes within 
approximately 1000 zones in total. 
 
The demand varies during the day, therefore there are several matrices to investigate the demand over 
the course of a day in the region and Gothenburg. The demand matrices are named to represent 
different peak periods in traffic morning, afternoon and low traffic (e.g. during night time). There are 
also two sets of the same matrices to represent the trips that are prepared to pay toll and the trips that 
are not prepared to pay toll. This makes a total of 6 different OD matrices but they need to be 
aggregated because time of day and toll is not the focus of this thesis. Each zone in the OD matrix is 
named after which area they are located in e.g. CENTRUM for all city center zones. There are also 
zones that have a population of zero which yields zero demand since these areas have no residential 
buildings. The demand matrices has the same number of rows and columns as zones and have been 
imported from the Swedish forecasting tool SAMPERS (Trafikverket 2015b). Table 1 shows an 
example of an OD matrix but the names of zones corresponds to names from the traffic model. The 
numbers of each OD pair in table 1 is fictional but represents the demand between each OD pair. 
 

Table 1: Example of an OD matrix 

 
  

OD ÖRGRYTE 1 ÖRGRYTE 2 CENTRUM 1 CENTRUM 2 CENTRUM 3 CENTRUM 4 CENTRUM 5 CENTRUM 6 HISINGEN 1 HISINGEN 2

ÖRGRYTE 1 26 95 89 0 48 94 98 85 26 72

ÖRGRYTE 2 53 79 84 0 32 15 45 56 61 17

CENTRUM 1 63 48 98 0 77 87 64 21 36 56

CENTRUM 2 0 0 0 0 0 0 0 0 0 0

CENTRUM 3 12 23 67 0 45 87 22 22 51 35

CENTRUM 4 94 32 65 0 56 56 85 15 27 27

CENTRUM 5 19 21 12 0 55 23 98 78 18 16

CENTRUM 6 45 32 65 0 22 65 65 22 74 75

HISINGEN 1 43 23 57 0 46 14 57 36 36 47

HISINGEN 2 54 64 15 0 64 53 25 31 65 41
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In the procedure sequence section the model calculates the demand upon all sets of OD matrices onto 
the traffic model. This yields traffic flows onto the model and it is possible to see where the highest 
flows are located. In Figure 9 the flows can be viewed in green on the whole model and a closer look 
of the Gothenburg area. 
 

 
Figure 9: Traffic model of the region and Gothenburg 

The program VISUM has the ability to create matrices to help calculate certain attributes between all 
OD pairs of the traffic system. These attributes can be for example travel times both under pressure 
and free flow speeds between all OD pairs. Other attributes can be the speed or impedance on links or 
between OD pairs and all of these depends on the flow on the links. These matrices are called skim 
matrices and can be generated to analyze the system for congestions and replicate the behavior of 
travelers. There is a chance that skim matrices may show incorrect results and that depends on the 
attributes of the system e. g. the length of links and the speed limit. If any of these attributes are 
incorrect the skim matrices may be inaccurate and therefore the result may be slightly questionable. 
 
For this thesis skim matrices needs to be used to calculate travel times for both car and public 
transport. The reason why is that since public transport is not implemented in the model, this is a 
necessity in order to replicate public transport between zones. 
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3.2.2 Model simplification 
This chapter will describe my simplification of the model because of the focus of this thesis. The 
simplification will include aggregation of traffic zones and removing of unnecessary connectors. 
Because the West link will be situated in the city center and to retain a certain model quality and avoid 
losing valuable data, the simplification considers Gothenburg’s rural and suburban zones. This will 
ensure that the urban and city center zones will be kept in higher detail. The simplification considers 
also an update of the OD matrices. The zones are aggregated and renamed according to the cordon 
area names, for example Torslanda, or the names of the cardinal points (north, south etc.). The rural 
areas are connected to the highways to make travels into Gothenburg possible. The urban and 
suburban zones are connected to larger and smaller links to give access to all directions. Figure 10 and 
11 represents illustrations of the affected zones with the simplification. 
 

 
Figure 10: Rural areas included in the simplification 

 
Figure 11: Suburban and urban areas included in the simplification and the target area 

The simplification is expected to affect the rural and suburban areas of Gothenburg yielding 11 zones 
from around 600 zones in the original model. In Figure 10 the 4 aggregated zones in grey are the rural 
parts with connection to the highways around Gothenburg. In Figure 11 the last 7 suburban zones in 
grey that were aggregated and the target area in purple. The result of the simplification is a model 
which targets the inner city traffic as intended. 
 
According to Trafikverket (2013b) they assume the West link will affect an area within a 10 min 
walking radius on a daily basis. Trafikverket converts this 10 min into 800 meters but in the author’s 
opinion many pedestrians have difficulty to travel this distance in 10 min like elderly and youth. 
Therefore to be certain the distance of 500 meters have been chosen instead. Thus all zones within 500 
meters from the stations should be examined to be included in the OD matrix manipulation.  
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For the Central station, the location of the West link station was drawn onto the figures from VISUM 
and a circle representing the 500 meter radius. The stations will have entrances but the dot represents 
the middle point of the stations. Figure 12 represents the Central station and the 11 chosen zones. 
 

 
Figure 12: Central station’s affected zones 

For the Haga station, the same procedure was implemented as the central station and a circle 
representing the 500 meter radius was drawn. In Figure 13 the 16 zones that are included in the OD 
matrices manipulation can be viewed. 
 

 
Figure 13: Haga station’s affected zones 

For Korsvägen, the same procedure as before was implemented with the figure and the circle. In 
Figure 14 the 13 zones that are included in the OD matrices manipulation can be viewed. 
 

 
Figure 14: Korsvägen’s affected zones 



18 

 

In total 40 zones were included in the OD matrices manipulation around the stations. One thing that 
was considered is the position of the zone connectors. The zone connector is where the demand can 
enter and exit the zone. The connector has to be attached to a node which often is the closest road and 
in some cases the largest one. The zones which had their connectors within the circle should be 
considered in the OD matrices manipulation like the southern zone in Figure 13. The zones which are 
within the circle but their connector are not should be studied more closely. Examples that should not 
be considered are greenery like parks and forest or other types of low activity areas. Figure 15 
represents two different stations and three zones that were not considered in the OD manipulation.  
 

 
Figure 15: Zones that were not considered 

One thing discovered with the model was that travel times for one zone was extremely high compared 
to nearby zones. This zone is close to the central station and have its connectors to links with very low 
speeds as can be seen in Figure 16. When the demand is large to this zone it resulted in large travel 
times because of the congestion. This zone is the shopping mall of Nordstaden and the links lead to the 
parking house above the shopping mall. To solve this issue and make the travel times more equal 
compared to nearby zones the speed on these links needed to be increased from 10 to 30 km/h. 
 

 
Figure 16: Model changes to links near central station 
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4. Elastic demand analysis 
In this chapter the elastic demand analysis will be presented and its functionality described. My 
contribution to this thesis is a binary logit choice model like the one Thamizh arasan and Vedagiri 
(2011, 2009) used because it is suitable for two choice modeling. The elastic demand analysis will be 
based on travel times which can serve as a generalized cost factor (Salonen and Toivonen (2013), 
Ortuzar and Wilumsen (2011)). Later the implementation will be described before presenting of the 
results.  
 

4.1 Demand function 
The logit model that have been chosen to use is a demand funtion according to Sheffi (1985) as in 
equation [4.1.1], which also is a Logit formula. The cost for private transport will consist of a 
generalized cost as mentioned by Ortuzar and Willumsen (2011). The cost for public transport will be 
fixed since they follow a time table. The generalized cost will be based on travel time as mentioned by 
Salonen and Toivonen (2013). 
 
    (      )              岾              峇 [4.1.1] 

 
where    (      ) is the resulting demand in origin i and destination j. The parameter        is the 

maximal number of travelers between i and j or the potential.        and        is the cost for the private 
transport with car and the alternative mode of transportation between i and j. The parameter   is a cost 
sensitivity parameter which will be set to the standard value of 0.05.  
 
At a state of equilibrium, travel times between each OD pair over all routes should satisfy user 
equilibrium condition (Sheffi 1985). This condition is that all used routes should have the same travel 
time between the OD pair and all unused routes should have a higher travel time than the used ones. If 
this definition is applied to a traffic model with public transport then public transport routes should be 
treated as car routes. Additionally both car and public transport trips rates should satisfy equation 
[4.1.1] and that user equilibrium has to be satisfied over the original car network. Thus the cost for car 
transport is given by computing the user equilibrium which is based on travel time. 
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4.2 Procedure 
The experiments are based on measuring the elastic demand between private transport by car and 
public transport with the West link. As mentioned earlier measuring elasticity will determine how 
much travelers will change in the mode of transportation. Figure 17 represents the procedure of the 
elastic demand analysis (Patriksson and Rydergren 2016). 

First we need an origin-destination matrix to start the elastic demand with. This matrix will represent 
the maximal or potential demand in each origin-destination pair. Afterwards user equilibrium will be 
computed and the travel times for current car traffic conditions and public transport will be extracted 
using skim matrices for each origin-destination pair. Skim matrices provide information about the 
impedances between zones like travel times, distances, costs or a combination of all.  
 
The travel times for public transport and the west link needs to be estimated since data is unavailable. 
According to Salonen and Toivonen (2013) the simple method will suffice for both public transport 
and the West link. The intermediate and advanced methods require additional information which is 
unavailable therefore will not be considered. The public transport will be modeled in a similar way as 
the car transport using the road network and free flow speed. Table 2 represents the calculated average 
speeds of different public transport modes in the greater Helsinki area by Salonen and Toivonen 
(2013). This will be used when estimating the travel times for the West link. 
 

Table 2: Public transport travel speed (Salonen and Toivonen 2013) 

Public Transport  
Travel Mode 

Average Speed  
(km/h) 

Bus 26.3 
Tram 13.3 
Metro 39.9 
Train 54.1 

 
Since the West link can be perceived as both train and metro, the speed is set to 50 km/h. 
Consequently, we assume that the West link move faster than by car and tram and it is running 
underground. With the help of google maps and the local public transport company Västtrafik, the 
travel times for private and public transport is calculated for the creation of the skim matrices. In 

Initialize 

Demand 

Matrix 

Compute user equilibrium 

Extract Travel Times 

Update Demand Matrix 

Check Termination 

Criteria 

Figure 17: Flow diagram of the elasticity modeling (Patriksson and Rydergren 
2016) 
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Figure 18 is an illustration of a selection of public transport routes chosen for the public transport 
travel time estimation. In Figure 18 each color represents one route and were chosen to include one 
route to each part of Gothenburg and one across the inner part of the city. The left part consists of tram 
and bus lines and the right part consists of the train routes which are also explained in Table 4 and 5. 
  

 
Figure 18: Illustration of a selection of public transport routes for the travel time estimations. The left illustrates 

trams and buses and the right train transport (Google Maps 2015) 

The West link travel times is calculated based on the speed and distance between the stations and this 
leads to very short travel times. The estimation for the West link can be seen in Table 3. The last 
option moving from Central station to Korsvägen has a higher travel time and distance since we have 
an intermediate stop at Haga station. Thus a 2 min boarding/alighting time is added.  
 

Table 3: West link travel time estimations (google maps 2015) 

 Central Station 
(CS) – Haga 
Station (HS) 

Haga Station 
(HS) – 
Korsvägen 
(KS) 

Central Station 
(CS) – 
Korsvägen 
(KS) 

Car Free Flow Transport 
(min) 

6 min 5 min 6 min 

Tram Transport  
(min) 

8 min 12 min 6 min 

West Link Estimation 
(min, km, km/h) 

2, ≈ 1.6, 50 2, ≈ 1.6,  50 6, ≈ 3.2, 50 

 
Since the West link will be connected to the current train commuting routes, the travel times for 
certain routes has also been estimated with the help of Västtrafik as can be seen in Table 4. These 
routes run through the rural areas of the model, therefore these areas will become a part of the travel 
time skim matrices. 
 

Table 4: Train commuting travel time estimation (google maps 2015, Västtrafik 2015) 

 CS – 
Stenungsund  

CS – Älvängen CS – Alingsås CS – 
Kungsbacka 

Car Free Flow 
Transport 
(min) 

40 25 35 26 

Train Transport  
(min) 

37 27 40 26 
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The travel times for public transport is required and therefore retrieved for different areas with the help 
of Västtrafik according to Table 5. All but one have their point of origin at the Central Station and that 
one route runs through city center. This because all routes include the Central station which also 
included in the West links route. 
 

Table 5: Public transport travel time estimation (google maps 2015, Västtrafik 2015) 

 CS – Volvo  CS – Mölndal  Mölndal – 
Majorna  

CS – Länsmansgården 

Car Free Flow 
Transport 
(min) 

12 12 14 16 

Tram Transport 
(min) 

16 (Bus) 24 38 (Bus) 21 

     
 CS – Tuve  CS – 

Majorna  
CS – 
Frölunda 

CS – Bergsjön  

Car Free Flow 
Transport 
(min) 

11 10 13 16 

Tram Transport  
(min) 

27 15 22 24 

 
The skim matrices will start having the free flow speed travel times for private transport for each 
origin-destination pair. To get an estimation of the public transport travel times the average value 
when dividing the tram travel times with the car travel times will be used. This will give a ratio of how 
much longer travel time public transport is compared to car transport, can be seen in equation [4.2.1].  
                                                                                   

                                                                            

 
        [4.2.1] 
                                                                    
 
For the West link the average value of the ratio between the estimated west link travel times compared 
to the free flow speed travel times will be used which can be seen in equation [4.2.2]. This is the same 
calculation as the public transport mentioned earlier.  
                                                                                     

 
                                      [4.2.2] 
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The travel times for the current train commuting will be calculated the same way with the ratio 
between train and car transport. In equation [4.2.3] the ratio between train commuting and car 
transport will be calculated and used as train travel time between the rural areas and the Central 
station.  
                                                                                         

 
                                                     [4.2.3] 

                                                                                     
 
These ratio values are multiplied with the skim matrix at specific origin-destination pairs and the result 
is the skim matrix for public transport travel times. The skim matrix for public transport will be used 
in further calculations. 
 
Implementing the logit formula according to Sheffi (1985), the travel times for car transport compared 
to public transport will decide how the demand change for certain origin-destination pairs. When the 
travel times for private transport increase the demand will decrease. The resulting demand will be a 
part of the maximal demand depending on how much cheaper the cost is for the alternative mode. 
 
This process is iterative and the origin-destination matrix will be changed several times until optimal 
travel times for each pair is achieved. The termination criteria that is used for this iterative process is 
that the changes in the resulting origin-destination matrix will be less than 0.1%. Lastly a comparison 
is made between the original origin-destination matrix with the resulting origin-destination matrix to 
get how much the traveling has changed, in percent, in the mode of transportation to the West link.  
 
The experiment will be conducted with the future OD as a starting point. A second scenario is also an 
alternative where we assume a large increase of future demand to examine if the West link will help in 
the far future. A third scenario will determine whether trips combining both public transport and the 
West link will be an improvement or not.  
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4.3 Implementation 
In the implementation chapter, the OD matrix aggregation will be covered and also how the elastic 
demand analysis were implemented into the traffic model. Before this the edit of zero demand zones 
needs to be covered in order to estimate the future demand with a correct population forecast. During 
the matrix aggregation the six different matrices will be aggregated since the focus of this thesis is the 
elastic demand analysis. Also the different scenarios will be presented and evaluated. After 
implementing the elastic demand analysis the model will present the modal shift between car transport 
to either public transport or the West link. 
 

4.3.1 Edit of zero demand in future OD matrices 
During normal circumstances when estimating future demand, the change is calculated and added as a 
multiplying factor. When there is a zero demand, these will still be zero in the future demand because 
of the factor. Therefore a different method of estimating the future demand is required. 
 
According to Ortuzar and Willumsen (2011), the future demand can still be estimated even if the 
demand for the base year is zero with “growth-factor modelling”. This will be based on the population 
in Gothenburg and a demand formula can be formulated as in equation [4.3.1]. 
 
  ̂      ̅     [4.3.1] 

   {    ̅        ̅     

 
Where  ̂   the estimated future demand of the zone,  ̅   the observed demand according to data,   is 
the growth factor and   is the increase in demand depending on the base year demand. This way zones 
that have a zero demand today will have a more accurate estimation of future demand.  
 
According to Statistics Sweden (Statistiska Centralbyrån 2015), statistics about the total population in 
Gothenburg every year from 2000 – 2014 was retrieved. The average increase for all these years can 
be calculated in different ways. This thesis used equation [4.3.2]. 
 
 ∑                                                                       

[4.3.2] 

 
Where        is the population of Gothenburg for a certain year n and          are the population 
for one year ahead. With this the population for year 2030 is calculated and also the increase for each 
zone as in equation [4.3.3] and equation [4.3.4]. Thus the number of trips for each OD pair can be 
calculated for each zone that has a zero demand in the base demand OD as in equation [4.3.5]. 
 
                                                                   [4.3.3] 
                                                                                          

 
                                      [4.3.4] 
                                                            

 
                                     ̅                      [4.3.5] 
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4.3.2 OD matrix aggregation 
For the OD matrix aggregation the difference between paying and not paying toll matrices will be 
removed, thus yielding three different OD matrices. Because of the focus of this thesis the three OD 
matrices morning, afternoon and low traffic will be aggregated into one containing all of Gothenburg’s 
traffic demand. The available data which is the demand now will be the base scenario. The first 
scenario will be the estimated demand for year 2030 based on data from trafikkontoret. The second 
scenario will be estimated demand for year 2030 based on data from Trafikverket and the prognosis 
application of Sampers (Trafikverket 2015b). The third scenario will be an extension of both the first 
and second scenario with improved public transport combined with the West link in the city center. 
 
Trafikkontoret in Gothenburg have 28 points where they do flow measurements for yearly statistics 
divided on larger and smaller roads all over Gothenburg (Trafikkontoret 2014). The flow on these 28 
points has had a steady increase since 1970 with around 70%. In the city center measurements show 
instead a steady decrease since 1970 with around 40%. This means that the amount of trips is 
increasing in the city each year but in the city center it is decreasing. Equation [4.3.6] and equation 
[4.3.7] the percentages are divided with the time period of 44 years to retrieve the total linear increase 
and decrease for the year 2030: 
                                      

 
                                                              [4.3.6] 
                                     

 
                                                                   [4.3.7] 
 
These values represent the increase and decrease for the year 2030 and will be implemented into the 
OD matrices where the increase to the outer zones and the decrease to the CENTRUM zones. The 
CENTRUM zones have been chosen because according to the model these streets are the inner city 
zones. The zones that are affected by the edit of zero demand will get the calculated 3.99 trips in all of 
its OD pairs. Otherwise, the rest of the zones will get the increase and decrease in order to create the 
future OD, which will become the first scenario in the elastic demand analysis. In Table 6 and 7, the 
scenario 1 OD can be compared with the original OD with increases/decreases and one zero demand 
zones as illustrated. 
 

Table 6: Example of original OD matrix 

 
 
 
 
 
 
 

OD ÖRGRYTE 1 ÖRGRYTE 2 CENTRUM 1 CENTRUM 2 CENTRUM 3 CENTRUM 4 CENTRUM 5 CENTRUM 6 HISINGEN 1 HISINGEN 2

ÖRGRYTE 1 26 95 89 0 48 94 98 85 26 72

ÖRGRYTE 2 53 79 84 0 32 15 45 56 61 17

CENTRUM 1 63 48 98 0 77 87 64 21 36 56

CENTRUM 2 0 0 0 0 0 0 0 0 0 0

CENTRUM 3 12 23 67 0 45 87 22 22 51 35

CENTRUM 4 94 32 65 0 56 56 85 15 27 27

CENTRUM 5 19 21 12 0 55 23 98 78 18 16

CENTRUM 6 45 32 65 0 22 65 65 22 74 75

HISINGEN 1 43 23 57 0 46 14 57 36 36 47

HISINGEN 2 54 64 15 0 64 53 25 31 65 41
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Table 7: Example of the Scenario 1 OD matrix 

 
 
For the second scenario the data from trafikverket (2014) about the prognosis for the year 2030, the 
wider Gothenburg area will have an increased traffic mileage of 29% as can be seen in Table 8. This is 
much higher than the calculated 21 % that was based on trafikkontoret’s values. One difference is that 
trafikverket has not taken into consideration the decrease in the city center which will not be 
considered at this second scenario either. Thus scenario two becomes not only a scenario but also an 
extreme situation where there is no decrease of traffic in the city center as in Table 7. The zones that 
has a zero demand today will still have the 3,99 estimated number of trips in the second scenario. 
                                                                        
 

Table 8: Example of scenario 2 OD matrix 

 
 
The third scenario will be a sensitivity analysis scenario which will be a combination of scenario one 
and two with trips combining both public transport and the West link. This possibility needs to be 
considered that trips originate in a West link zone and has its destination close to the another West link 
zone can combine both public transport and the West link. The trip can start with using the West link 
and end up with using a bus or tram instead of only bus or tram. These trips are faster than using only 
bus or tram because of the West link but they can not only use the West link. Therefore a possible 
speed factor should be the multiplied factor of both public transport and the West link. An illustration 
of this can be seen in Figure 19, where combination trips are represented by the purple line that passes 
zone 2 towards zone 3 and only bus or metro are represented by the direct blue line between zone 1 
and 3.  
  

OD ÖRGRYTE 1 ÖRGRYTE 2 CENTRUM 1 CENTRUM 2 CENTRUM 3 CENTRUM 4 CENTRUM 5 CENTRUM 6 HISINGEN 1 HISINGEN 2

ÖRGRYTE 1 34 123 78 3,99 42 82 86 74 34 93

ÖRGRYTE 2 68 102 73 3,99 28 13 39 49 79 22

CENTRUM 1 55 42 86 3,99 67 76 56 18 31 49

CENTRUM 2 3,99 3,99 3,99 3,99 3,99 3,99 3,99 3,99 3,99 3,99

CENTRUM 3 10 20 58 3,99 39 76 19 19 45 31

CENTRUM 4 82 28 57 3,99 49 49 74 13 24 24

CENTRUM 5 17 18 10 3,99 48 20 86 68 16 14

CENTRUM 6 39 28 57 3,99 19 57 57 19 65 65

HISINGEN 1 55 30 50 3,99 40 12 50 31 46 61

HISINGEN 2 70 83 13 3,99 56 46 22 27 84 53

OD ÖRGRYTE 1 ÖRGRYTE 2 CENTRUM 1 CENTRUM 2 CENTRUM 3 CENTRUM 4 CENTRUM 5 CENTRUM 6 HISINGEN 1 HISINGEN 2

ÖRGRYTE 1 34 123 115 3,99 62 121 126 110 34 93

ÖRGRYTE 2 68 102 108 3,99 41 19 58 72 79 22

CENTRUM 1 81 62 126 3,99 99 112 83 27 46 72

CENTRUM 2 3,99 3,99 3,99 3,99 3,99 3,99 3,99 3,99 3,99 3,99

CENTRUM 3 15 30 86 3,99 58 112 28 28 66 45

CENTRUM 4 121 41 84 3,99 72 72 110 19 35 35

CENTRUM 5 25 27 15 3,99 71 30 126 101 23 21

CENTRUM 6 58 41 84 3,99 28 84 84 28 95 97

HISINGEN 1 55 30 74 3,99 59 18 74 46 46 61

HISINGEN 2 70 83 19 3,99 83 68 32 40 84 53
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Which zones should have this travel time factor is now an individual factor because basically all zones 
in the city can have this travel time. In the writer’s opinion the two closest level zones to the West link 
stations should have this factor since they are closest to the West link zones. Also all rural zones that 
have access to train stations where they can travel to the West link zones by combining modes with 
existing train transport according to Figure 20. 
 
 
  

Figure 19: Illustration of the West link in combination with public transport 

1 

2 3 

 West link stations 

West link 

combined with 

public transport 

Public transport 

West link rail 

Existing train rail 

Rural train station 

 

West link stations  

 

 

Figure 20: Illustration of rail in combination with the West link  

West link rail 
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4.3.3 Procedure implementation 
The elastic demand analysis will be implemented into VISUM’s procedure sequence. The 5 steps of 
the model will be implemented as procedures which can be seen in Figure 21.  
 

 
Figure 21: VISUM procedure of the elastic demand analysis 

The first step will be the creation of the adjusted demand matrix (No. 200) from the first scenario 
matrix (No. 104). The user equilibrium will be performed with a maximum of 25 iterations where the 
maximum change or gap will be the standard value of 0.01% as can be seen in Figure 22.  
 

 
Figure 22: Equilibrium Assignment of VISUM 

Afterwards skim matrices are created to extract travel times for current car transport state and free 
flow speeds, t0 and tCur which can be seen in Figure 23. The skim matrix for tCur is number 202 in 
Figure 21.  

 
Figure 23: Skim matrix calculation in VISUM 
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For the logit formula there is a need to distinguish between public transport and the West link. As 
mentioned before public transport have 75% higher travel times, West link travel 42% faster than car 
traffic and train 3.7% higher than car. For this reason a new skim matrix was created which contains 
the free flow speeds for each OD pair and was multiplied depending on access to the West link or not.  
 
After the logit formula has been calculated the number of travelers that changed their mode is 
calculated. Now the termination criteria needs to be evaluated and for this step the standard gap value 
of 0.1 % was chosen as can be seen in Figure 24.  
 

 
Figure 24: Termination criteria in VISUM 

This means that for every iteration the adjusted demand matrix needs to have changed for less than 0.1 
% in order to terminate the elastic demand model. If the change is more than 0.1 % overall then 
conduct another iteration. When the model is terminated the adjusted OD will show the new number 
of travelers between each zone. With simple calculation the number of travelers that have changed 
mode is visible.   
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5. Results 
In this chapter the results from the analysis and simulation will be presented. For the simulations, the 
daily demand OD matrix will be used as a start with the scenario increases and decreases. Figures 
from VISUM will be presented to view the demand on links around the stations and compare the 
different scenarios.  
 
For the elastic demand analysis the summation demand as described earlier which is the three OD 
matrices combined will be used. The scenario OD matrices will be compared to the adjusted OD 
matrices and the change will be presented in percentages. The reason for this is because the change 
can be different compared to the original demand i.e. if the original demand is 6 trips, a 3 trips 
decrease is a 50% decrease in demand compared to a zone with 50 trips in original demand. Thus 
presenting changes in demand with percentages is preferred compared to values, which is not an 
accurate result. 
 

5.1 Simulation Result 
In the simulation results, the values adjacent to the links describe the Average Annual Daily Traffic 
(AADT) flows. AADT flows are misrepresenting because of the large timespan which makes it 
unclear to know if there are congestions or not. One thing that can shed some light upon this matter is 
that each lane in a link has an hourly capacity before it becomes congested. This was found in the 
Highway Capacity Manual 2000 (HCM2000, pp.153 – 158) at Level of Service E (LOS E) which is 
severe congestions at speeds of 45 – 55 km/h in urban streets with signalized intersections. Also was 
found in the Highway Capacity Manual 2000 (HCM2000, pp. 105 – 107) that peak hour traffic flow is 
a percentage of the AADT depending on which analysis hour in a year is chosen in descending order, 
also referred to as the K-factor. In urban environment the peak hour flow ranges from 7 – 11 % and in 
rural areas it ranges from 7 – 17 % of the AADT. Since the West link stations are situated in urban 
environment the median value of 9 % is chosen which also is referred to as a typical value for the K-
factor in urban areas. Now the capacity per lane can be used as a peak hour flow, which is 9 % of 
AADT, and be multiplied by 11 to become almost 100 % of the AADT in order to get the congestion 
value for the AADT. In table 9 the hourly capacity flow per number of lanes is visible together with 
the daily capacity flows according to this calculation. 
 

Table 9: Capacity on number of lanes (HCM2000) 

No. of Lanes Hourly Flow (veh/h) Daily Capacity (veh/day) (Hourly Flow*11) 
1 lane 790 veh/h 8 690 veh/day 
2 lanes 1520 veh/h 16 720 veh/day 
3 lanes 2180 veh/h 23 980 veh/day 

 
The base scenario is as mentioned earlier the demand for today with the most accurate data in this 
thesis. Scenario one will be the calculated future demand based on Trafikkontorets calculations. These 
were 21 % increase in the outer zones and 13.6 % decrease in the city center zones. Scenario two was 
the calculated future demand from Trafikverket with 29% increase in traffic demand over all of 
Gothenburg. This prediction is based on the prediction software of SAMPERS, which is used by 
Trafikverket for future predictions. Scenario three is excluded from the visualization because it uses 
the same OD matrices as scenario one and two but it is used in the elastic demand analysis.  
 
In the upcoming figures the most important links are numbered for presentation in the tables. Roads 
having risk for congestion is marked with a red square around the daily flow in the figure for 
visualization. 
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5.1.1 Central Station 
In Figure 25, which represents the base scenario which was the demand today, the demands are large 
on most of the links but no congestions. The highest flows are on the largest links, which is the bridge 
Götaälvbron (number 1 in figure), the tunnel north of central station (number 2 in figure) and the south 
going links (number 4 in figure). The only link that is close of having congestion is the bridge passing 
the square of Drottningtorget (Crossroad between 3 and 4 in the figure) with one lane and a flow of 
8 387 when the demand is 8 690 vehicles/day.  
 
 

 
Figure 25: Visualization results central station base scenario 
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In Figure 26 representing scenario one there is a decrease on some links but there is also an increase 
on other links. This because of the increasing and decreasing trends in travel demand explained earlier. 
There is a small decrease on the southern links in the figure which is a result from the trend. On the 
most important links there is an increase on the flows which is understandable because trips tend to 
use the larger links which has the shortest path. The tunnel north of central station is now in the risk of 
congestion because it has a larger flow than the capacity each day. The bridge passing Drottningtorget 
is no longer at risk since the flow has decreased here with almost 1 100 vehicles each day.  
 
 

 
Figure 26: Visualization results central station scenario one 
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In Figure 27 which represents the future demand of trafikverkets version the flows are very large on 
almost all links. The tunnel north of central station has a flow of above 30 000 when the capacity is 
23 980 vehicles per day which means congestions will occur. Also the link south of central station has 
a flow of 11 852 which could be problematic since it is a two lane shared with public transport. Even 
the bridge passing Drottningtorget has a flow of 10 852 which is much greater than the capacity of 
8 690 vehicles per day. This scenario is not a pleasant picture of the central station and if this occurs 
other measurements need to be considered to deal with this problem. 
 
 

 
Figure 27: Visualization results central station scenario two 

Table 10: Flow results central station 

Road Nr. 
Direction BS link 

flow 
(veh/day) 

SC1 link flow 
(veh/day) 

SC2 link 
flow 
(veh/day) 

Capacity 
(veh/day) 

Lanes 

1 
To Central S. 11 265 12 652 15 580 16 720  2 
From Central S. 10 160 11 254 13 887 16 720  2 

2 
To Central S. 23 085 27 056 32 020 23 980  3 
From Central S. 19 422 22 217 27 578 23 980  3 

3 
To Central S. 8 267 9 971 11 969 16 720  2 
From Central S. 9 839 11 321 13 814 16 720  2 

4 
To Central S. 14 413 13 629 19 594 23 980  3 
From Central S. 12 864 15 500 17 621 23 980  3 
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5.1.2 Haga Station 
For Haga station the number of links is scarce which makes the traffic concentrated on the few links 
that are available. The station is situated in the older parts of Gothenburg which means that the links 
can only handle small capacity and are surrounded with higher capacity links. Therefore most of the 
trips have their origin/destination in the area and no transit trips.  
 
In Figure 28 representing base scenario, which is the demand today, for Haga station the largest flows 
are on Parkvägen and Nya Allén, which is road number 1 in the figure. Also the tunnel in the north has 
large flows but these are not in risk of congestion and neither are the other roads in the area. The only 
small road that has a large flow is the south going road to Haga station, road number 3, which has a 
flow of 7 652 when the capacity is 8 690 vehicles per day. 
 
 

 
Figure 28: Visualization results Haga station base scenario 
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In Figure 29 representing scenario one the flows have increased on the larger roads surrounding the 
area and also decreased on some of the smaller ones. The reason is because of the trend of increasing 
and decreasing demand of outer and inner zones. Now there could be a risk on the southern road to 
Haga station for congestion because of the flow has risen to 8 289 vehicles/day when the capacity is   
8 690 vehicles/day. Other than that specific road there should not be any congestion in the area. 
 
 

 
Figure 29: Visualization results Haga station scenario one 
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In Figure 30 scenario three, trafikverkets own future prediction, can be viewed. Here the flows are 
very large and also exceeds the capacity on a number of roads. The southern road that led to Haga 
station has now a flow of 10 386 which is nearly 1 000 more than capacity. The other red marked 
roads in the figure, they all have a capacity of 8 690 vehicles/day, and they are in this scenario 
congested. This could in worst case scenario also lead to congestion on the roads leading to them. 
 

 
Figure 30: Visualization results Haga station scenario two 

Table 11: Flow results Haga station 

Road Nr. 
Direction BS Link 

Flow 
(veh/day) 

SC1 Link 
Flow 
(veh/day) 

SC2 Link 
Flow 
(veh/day) 

Capacity 
(veh/day) 

Lanes 

1 
To Haga S. 13 944 14 999 18 987 23 980  3 
From Haga S. 12 419 13 438 17 090 23 980  3 

2 
To Haga S. 4 958 5 654 7 007 8 690 1 
From Haga S. 5 574 6 220 7 754 8 690 1 

3 
To Haga S. 7 652 8 289 10 386 8 690 1 
From Haga S. 6 221 6 943 8 421 8 690 1 
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5.1.3 Korsvägen 
Korsvägen has also a few links that are connected to the station like Haga station. This makes the 
traffic flow to be more concentrated but here the roads have a higher capacity than the ones at Haga 
station. The largest road is the national highway E6 that runs from Oslo in Norway to Malmö in 
southern Sweden through Gothenburg.  
 
In Figure 31 which represents the base scenario, which is the demand today, the demands are 
reasonable with no risk of congestions around the station. The only road that has an extremely large 
flow is the highway E6 with a flow of around 35 000. This is understandable because of the pressure 
from heavy traffic and cars congestion occurs on a daily basis on this road. The capacity of E6 should 
be around 35 000 because the speed limit is 70 – 90 and it is a three lane highway. 
 
 

 
Figure 31: Visualization results Korsvägen base scenario 
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In Figure 32 is scenario one for Korsvägen and the first thing to notice is that the highway has a flow 
of around 40 000. This is not a good thing for the travel demand in Gothenburg since E6 is such an 
important road for heavy traffic and travelers as well. Other than the highway some of the smaller 
roads have both increased and decreased traffic flow which is because of the trends of scenario one. 
 
 

 
Figure 32: Visualization results Korsvägen scenario one 
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Figure 33 represents scenario two for Korsvägen which is trafikverkets own future prediction. In this 
scenario there is above capacity on several roads, both the highway and the smaller ones. This is also a 
situation which is not pleasant because the congestion will spill over onto other roads. It will also 
cause the public transport network trouble to a level that it will anger travelers.  
 

 
Figure 33: Visualization results Korsvägen scenario two 

Table 12: Flow results Korsvägen 

Road Nr. 
Direction BS Link Flow 

(veh/day) 
SC1 Link 
Flow 
(veh/day) 

SC2 Link 
Flow 
(veh/day) 

Capacity 
(veh/day) 

Lanes 

1 To Korsvägen 6 679 6 885 9 255 8 690 1 

2 
To Korsvägen 4 209 4 604 5 935 16 720  2 
From Korsvägen 7 016 7 511 9 579 16 720  2 

3 
To Korsvägen 8 406 9 386 11 460 16 720  2 
From Korsvägen 12 739 14 117 17 476 16 720  2 

4 
To Korsvägen 7 039 7 695 9 685 8 690 1 
From Korsvägen 6 658 7 127 9 229 8 690 1 

5 
To Korsvägen 6 020 6 537 8 292 8 690 1 
From Korsvägen 5 938 6 351 8 339 8 690 1 
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5.2 Elastic demand analysis results 
In this chapter the results from the elastic demand analysis will be presented. The results were 
calculated with the help of Microsoft Excel after export from VISUM. Both, scenario OD matrix and 
public transport travel time matrix were created with Microsoft Excel, therefore Excel is the most 
efficient tool to calculate the modal shift for the West link. 
 
The scenario OD matrices will be first transferred into VISUM for the elastic demand analysis and the 
adjusted OD matrix will then be transferred back for the comparison. The change will be calculated in 
percentage between the scenario OD and the adjusted OD for all OD pairs according to equation 
[4.2.1].  
 
                                                                                    [4.2.1] 

 
Because the change is different for each OD pair another method of presentation is necessary. 
Therefore a zonal categorization is created in order to distinguish different parts of the city and 
different kinds of zones. The categorization is unambiguous because it follows the naming of the 
zones according to the original model. There are four types of zones according to Table 13 and the 
number of zones are different, therefore no distribution applied. 
 

Table 13: Zonal categorization 

Zone type Description 
Rural Zones that are outside of Gothenburg 
West Link West link zones connected to the stations 
City Center Zones that are named City Center (centrum) and are around the West Link zones. 

These zones are also close to the river Göta älv that runs through Gothenburg. 
Urban Zones that are within the city borders around the city center zones. Also the entire 

island of Hisingen north of Gothenburg belongs to this category. 
 
To get an accurate change value for each relation above the average value over each relation type is 
calculated according to equation [4.2.2]. Except for the change in percent for each zone type, the 
number of trips that decreased with the modal shift would be of interest. This can be calculated by 
taking the difference between all OD pairs of the scenario OD and the adjusted demand matrix 
according to equation [4.2.4]. Now each part of the city can be evaluated and analyzed later on. The 
modal shift can be calculated in many ways but for this thesis the equation [4.2.5] has been chosen.  
 
                                                                      [4.2.2] 

 
                                                     [4.2.3] 
 
                                                                   [4.2.4] 
 
                                                                     [4.2.5] 

 
The elastic demand analysis of the summation demand over all scenarios is represented below with a 
short description for all of them. What is common for all of them is that the most decreases are within 
the West link zones. Secondly the other combinations consisting of West link zones like Rural – West 
Link, West Link – Urban and rural – rural. 
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5.2.1 Base scenario results 
This scenario is conducted to examine how much of today’s demand would chose to travel with the 
West link depending on the travel times today. It would be interesting to know how much the modal 
shift would be compared to the future modal shift. One interesting thing to notice is that the change is 
not at all high between the West link zones which are surprising. The highest change to public 
transport and the West link is between city center zones and rural to city center zones. This could be 
because of the congestions in the city center area therefore travelers change mode to save time. The 
elastic demand result for the base scenario can be viewed in Table 14. The modal shift for today’s 
demand is about 47%. 
 

Table 14: Average changes in elastic demand over zones – summation demand base scenario 

 Rural West Link City Center (Centrum) Urban 
Rural 43,61% 41,58% 45,46% 43,04% 
West Link 41,18% 39,59% 40,91% 38,81% 
City Center (Centrum) 45,23% 41,41% 45,46% 41,77% 
Urban 42,47% 38,49% 40,97% 41,12% 

                                       
                                                
                                               

                           
 

5.2.2 Scenario one results 
For the first scenario, the trends in increase and decrease in different areas should make an impact on 
the elastic demand analysis. The rural and urban areas should have a higher elastic demand due to the 
increased travel times. The mode change has increased for all zones but mostly for the West link zones 
due to the increased travel times. An interesting thing is that between urban and West links zones has 
also above 50% mode change which is interesting because the larger roads where congested in 
scenario one and maybe travelers tend to choose public transport instead. The elastic demand results 
for scenario one can be viewed in Table 15 and the modal shift is around 49%. 
 

Table 15: Average changes in elastic demand over zones – summation demand scenario one 

 Rural West Link City Center (Centrum) Urban 
Rural 46,08% 50,92% 48,45% 48,81% 
West Link 50,47% 53,72% 48,82% 51,17% 
City Center (Centrum) 48,67% 49,74% 47,73% 48,90% 
Urban 47,86% 50,50% 47,39% 49,07% 
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5.2.3 Scenario two results 
In the second scenario the demand has increased significantly with no decreases in the city center 
which results in increased travel times. Thus it should make an impact on the elastic demand analysis 
where faster public transport alternatives are available. As visible in Table 16 it is between the West 
link zones that have the highest mode changes. Also the flows from the West Link zones to the urban 
zones and rural to the West Link are high which could be because of travelers using the West link. 
Lastly the least mode changes are between rural zones and urban to rural zones mostly because of the 
higher capacity highways that are available. 
 

Table 16: Average changes in elastic demand over zones – summation demand scenario two 

 Rural West Link City Center (Centrum) Urban 
Rural 47,77% 54,46% 51,34% 50,93% 
West Link 53,87% 55,60% 50,94% 54,75% 
City Center (Centrum) 51,98% 52,43% 49,88% 52,83% 
Urban 49,74% 53,66% 50,49% 50,59% 

                                       
                                                  
                                               

                           
 

5.2.4 Scenario three results 
In the third scenario the combined trips with public transport and the West link is introduced. Here two 
elastic demand analysis are conducted, one with scenario one as a base and the second one with 
scenario two. Therefore these analysis will also be an experiment for both scenarios to see whether 
improved travel times in the city center will make an impact on the elastic demand. This should in that 
case be compared with the original scenarios one and two.  
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For scenario three with scenario one as base this scenario should have a higher impact between the 
city center and the West link zones and the other way around. As expected and seen in Table 17 the 
elastic demand from the West link zones to city center zones increased from 48,8% to 49,7% and for 
the city center to West link zones from 49,7% to 50,7%. It is about 2% increase for both which is not a 
lot and maybe this is because the demand is not large in those zones. What is interesting is that all 
numbers differ very little from the original scenario one results.  
 

Table 17: Average changes in elastic demand over zones – summation demand scenario three with scenario one as 
base 

 Rural West Link City Center (Centrum) Urban 
Rural 46,07% 50,89% 48,44% 48,81% 
West Link 50,44% 53,68% 49,74% 51,14% 
City Center (Centrum) 48,65% 50,68% 47,71% 48,87% 
Urban 47,86% 50,47% 47,37% 49,07% 

                                       
                                                  
                                               

                           
 

The same elastic demand analysis was conducted with scenario two as a base which can be seen in 
Table 18. This resulted almost the same way as for scenario three with scenario one as a base which is 
not surprising considering the last results. Here the elastic demand from West link to city center zones 
have risen from 50,94% to 51,83% which is almost 2% as the last scenario. The other way around 
from city center to West link zones it has risen from 52,43% to 53,34%, also almost 2%. The same as 
the last scenario is shown here but all other changes differ very little from the original scenario two 
results which are not surprising either but interesting. 
 

Table 18: Average changes in elastic demand over zones – summation demand scenario three with scenario two as 
base 

 Rural West Link City Center (Centrum) Urban 
Rural 47,76% 54,42% 51,31% 50,92% 
West Link 53,83% 55,55% 51,83% 54,71% 
City Center (Centrum) 51,95% 53,34% 49,84% 52,78% 
Urban 49,73% 53,62% 50,45% 50,58% 
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6. Analysis/Discussion 
In the analysis chapter the results will be analyzed and discussed. The results will be tied with the aim 
of the thesis, connected to the literature review and the writer’s point of view will be presented. 
Afterwards suggestions for further improvements to the thesis will be presented. If any ideas for the 
West link are found, they will be presented. 
 

6.1 Analysis of Simulation Results 
The central station is an important hub in the transport network and also a link for many different areas 
in the inner city. As I said earlier the roads around central station is the only way towards Götaälvbron 
(the bridge) to Hisingen from the southeast parts of the inner city. Because of the high flows in 
scenario one and two around the central station travelers tend to take the outer higher capacity roads. 
The roads near the central station are shared with public transportation which makes them problematic 
and some roads like the bridge passing Drottningtorget having low capacity are also problematic. The 
downpart of the values that have been presented in the figures are the daily flows but we do not know 
when during the day these flows are at most. This means that if most of the flows where during 
morning or afternoon peak hours then there would certainly be congestion on almost all links. Which I 
think is the case since during peak hours there is congestion on all the larger links and the ones around 
the central station. 
 
Haga station is the station that has the least problems due to the area and that the buildings in the area 
are residential or educational with some restaurants and shops. This attracts mostly students and 
residents which works great with the low capacity roads and those higher capacity roads that 
surrounds the area. The large public transport hubs are nearby like Järntorget and Vasaplatsen, 
therefore this station probably are created because of not interfering with the other large hubs or it is 
on the way towards Korsvägen. Most students do not own a vehicle and the area has limited parking 
spaces which makes it ideal for public transport or bicycle. The good thing with Haga is that even in 
scenario one no congestions are discovered but there was a risk with one road which was the south 
road. Only in scenario two congestions were discovered but this was only an extreme situation which 
in my opinion will not happen because of the trends discovered. 
 
Korsvägen is the station with the most potential because there are several events in the area that can 
attract travelers. Therefore an expansion of the public transport with the help of the West link would 
be in favor for travelers, the traffic and the future of Gothenburg. As seen in the scenarios there were 
not much congestion on the roads except for the highway E6 which is problematic and may have to be 
dealt with in the future. Because E6 has many connections to several areas south and southeast of 
Gothenburg, maybe an expansion of the highway is required or to separate the highway into two 
highways to relieve the pressure onto two highways instead of one. To increase the usage of public 
transport, commute parking lots could be an alternative where travelers park their cars and use public 
transport instead. Another option would be to lessen the number of parking lots to force travelers to 
use the public transport instead.  
 
For the base scenario I make the assumption that most of the daily flow occurs during peak hours 
which is reasonable therefore the congestions. For scenario one the main differences is that the flows 
on some of the links has decreased which is because of the trend but some has also increased flow like 
the tunnel above central station. Scenario two is an extreme case where there is congestion on several 
roads. This is not a pleasant scenario which I think would also cause several alarms to go off at the 
traffic office and then I think many infrastructure projects would start in order to better handle the 
situation like the West link. Examples would be expanding the roads to more lanes or building new 
roads to reroute travelers onto the new ones. For scenario one to actually happen over scenario two I 
think that measurements that benefits public transport needs to be taken like the “push” and “pull” 
methods earlier mentioned. Thus expanding the road tolls in Gothenburg and improve the benefits for 
public transport will decrease the car trips in the city center.  
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6.2 Analysis of Elastic demand results  
In the elastic demand analysis there was an overall modal shift of around 47% – 51% on a demand of 
between 350 000 – 400 000 travelers, which in my opinion is a bit large. The model works that if the 
travel times increased compared to the fixed public transport travel times the modal shift would also 
increase. This in order to keep travel times down which resulted in large modal shifts.  
 
What was interesting was that when the demand increased the modal shift increased because with the 
base scenario the modal shift was 47% and in the other scenarios it was around 49 – 50%. This means 
that the travel times between each origin destination pair was higher in the base scenario compared to 
the other scenarios. This is perhaps possible in scenario one because of the trend that trips in the city 
center decreases but in scenario two is questionable since all demand increases. With increased 
demand the flows increases and therefore the travel times should also increase. In these cases travelers 
tend to take the larger capacity roads which has a higher speed and maybe has a shorter travel time 
than the shortest paths which were congested as seen in the simulation figures. 
 
Overall 49% modal shift sounds a bit large because the region predicts around 90 000 – 130 000 
travelers on the West link and the results I get are up to 170 000 – 200 000. The reason I think is 
because my only focus is travel time and no other factors like cost or internal factors like attitude and 
perception towards the West link was taken into consideration, which could have brought the value 
down. Quality factors like information, timetable and sanitary may also bring down the value that I 
have received from my analysis. Overall I think that the values that Trafikverket have got around 
100 000 users for the West link each day is not a bad prediction. In fact it could be right and therefore 
I also approve that these values are valid. 
 

6.3 Sensitivity and Reliability 
According to Mr. Johan Jerling the model is a representation of reality and comes with the uncertainty 
that there could be errors in the model. As mentioned earlier the model has been simplified because of 
the size of the model. The reliability and validity of a model can be questioned when it is simplified 
but I don’t think that would be a problem here. The reason is that my simplification only regards the 
rural and suburban areas whereas the city center areas are remained intact. Another possibility is that 
the suburban areas like Gothenburg could also have been kept intact but then the model and the OD 
matrices would have been too large for the available license. This could be a further improvement 
matter where more zones are kept intact would have given a more precise result. The problem is that 
this would have only made a small difference in my opinion since the elastic demand results for 
scenario three had only 0,1% difference compared to the others. The reasons are that the West link 
areas are in the city center where all traffic goes through anyway and the elastic demand analysis 
results are the average value over large areas. 
 
Another thing that could be done which would increase the reliability on my scenario three is to keep 
all the rural zones intact. I assume that all rural areas have access to the train commuting with the 
combination trips and this could be improved if I choose only the areas around the rural train stations 
like the West link stations. This would have also interfered with the available license but it is a factor 
that I wanted to examine and analyze because many travelers do combine modes.   
 
In my opinion my scenarios two and three are sensitivity analysis since scenario two is an extreme 
situation whereas scenario three is where travelers combine modes with scenario one and two as base. 
I can think of another sensitivity analysis where you bring in modes like walking and bicycle in the 
city center of Gothenburg since these have become more common nowadays. The obvious reason why 
these are not included is that I don’t have the data available and would therefore need to retrieve it. 
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6.4 Elasticity discussion 
With the increasing pressure on the traffic system, expansions in the public transport system are 
desired like the West link. To be able to expand the public transport system it is preferred to know 
what the travelers demand. When it comes to the West link I think that factors that are deciding are 
accessibility and as few connected trips as possible because nowadays there is a change at the central 
station and perhaps more. 
 
Inhabitants in Gothenburg are a bit reluctant towards the West link because of the costs and that it 
benefits the rural areas and not the inhabitants in the city. This is understandable because the state 
finances most of the West Swedish packet and the inhabitants of Gothenburg wants the funds to go to 
investments that should be elected and not chosen by the municipality. For this reason the inhabitants 
are reluctant towards the West link but as mentioned earlier travelers needs time to adapt and will 
eventuelly use new infrastructure projects. The worst case scenario would be that only rural travelers 
will use the West link and no inhabitants in Gothenburg will use it as a demonstration against it but 
this will only show after the opening of it. Then the problem would be the number of travelers will be 
so few that the project will go with loss.  
 
As mentioned earlier public transport users are affected by the costs and fare price but more affected 
by travel time which is in the favor of the West link. Costs will nevertheless also affect the West link 
negatively with increased fare prices. The West link could also be the start of a new wave of changes 
as mentioned earlier that travelers adapt to price changes by moving to other locations. If living costs 
combined with the West link makes it cheaper to live in the rural areas inhabitants will move. Another 
option is that scenario two visualization showed that congestions will occur on a regular basis then 
inhabitants will move from rural areas in to Gothenburg and start using public transport instead. 
Scenario two could be a probable future because Trafikkontoret discovered that the average income 
has increased in the Gothenburg region over a long period. As mentioned earlier car travel demand 
will increase with higher income. Therefore I think that people will probably move in to Gothenburg 
to start using public transoprt to avoid the congestions or move outside Gothenburg and start using the 
West link or other public transport.  
 
With the increased future demand in both scenario one and two I think that travelers will think about 
using the public transport and also think more about the quality of the service. I think that with the 
increased demand the risk for traffic accidents becomes higher and puts more pressure on emergency 
vehicles. If it occurs more often then congestions will definetely occur and travelers will become more 
reluctant to use the car and probably use public transport. As mentioned earlier travelers want to have 
as much information as possible that are not outdated, inaccurate or wrong. If the municipality can 
keep information updated, correct and easy to access I think that travelers will change their attitude 
towards public transport. Traffikkontoret have said that the interval between trains can be decreased 
and I think this could make an impact on the travelers because they can use the West link whenever 
they want. If the fare costs are just and quality of the service will be to the satisfaction of travelers I 
think that the West link will have a lot of travelers. 
 

6.5 Further improvements 
Future fare costs for the West link would be interesting to know and maybe conduct a survey to 
examine the usage of the West link before and after the construction. An improvement of the level of 
detail on the model and afterwards conduct this kind of analysis once more to compare would be 
interesting. Also including several other factors except travel time would also be interesting and see 
whether the modal shift will show other results. 
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7. Conclusion 
This has been a good experience where I have learned that you can do an elastic demand analysis with 
only travel time as the main factor. I have also found out that considering the small amount of factors, 
the results have been to my satisfaction. An overall modal shift of 47 – 51% with travel time is not a 
bad result, it only shows that around 49% chance that if the travel time is higher for one mode then a 
mode shift will occur. Considering other options maybe the result would look different and that the 
prediction that Trafikverket have done on the West link is not a bad prediction. It only shows that they 
have probably done a similar analysis with more factors and got the results they have presented.  
                                                                                 
                                                          
 
This thesis was supposed to answer the three questions mentioned in the aim of this thesis. In the 
author’s opinion they are not the best answer but at the moment it is difficult to give a more accurate 
answer since this thesis is a prediction of the future. 
  With the help of macroscopic simulation how will the traffic flows be affected around the 

stations? 
 
As seen in the simulation results there were congestions on certain roads in the future scenarios around 
the stations. This showed that without implementing benefits for public transport like the West link 
congestions will occur on a more regular basis. It would be preferable to see scenario one occur before 
scenario two because then the municipality do not have to reconstruct many of the roads. 
  Will the West link ease the pressure on the car traffic in Gothenburg during daytime? 
 
It cannot be said whether the West link will ease the pressure on car traffic or not. The reason is that 
the population will increase about 100 000 inhabitants until 2030 and the West link is assumed to have 
this amount of travelers each day. This would result in the same traffic pressure as it is today with 
congestions in certain parts. The worst case scenario is that the West link will have only rural travelers 
or less and maybe go with loss. If the number of travelers will be around 200 000, like the result of 
this thesis, then the West link will ease the pressure on car traffic. In the author’s opinion the West 
link will ease the pressure on the West link since it will be another transportation option amongst 
others. Other options to decrease the usage of cars in the city center could be expanding the toll system 
or benefiting travelers using public transport. 
  Which traffic management measures are expected to be more effective in ameliorating traffic 

conditions around the stations? 
 
The region needs to deal with the capacity issues on the major highways like the E6 and Göta tunnel 
north of central station. Also the bridge south of Drottningtorget and also many smaller roads needs to 
be expanded since it is at risk of congestion in most cases. As congestions occur it will spread over 
onto other roads and only make it worse. Expansion of the highways or dividing the highways into two 
highways could spread the pressure. This because the two northern and the two southern highways 
comes in into Gothenburg they are combined into one which makes the traffic pressure huge on this 
highway.  
 
I hope that you enjoyed reading my thesis and that you agree with my results and thoughts on it. 
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