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Abstract 
In the municipality of Gävle, Sweden, the transportation sector accounts for as much as one third of 

total carbon emissions. The main contributors to carbon emissions in transportation are from freight 

and commuting traffic. This paper focuses on commuter contributions and analyzes policies aimed at 

reducing the emissions from this source. The analysis is made using TRESIS, a simulation model created 

by ITLS in Australia. The model is calibrated using data from a transportation survey from 2006 and data 

from Statistics Sweden, the Swedish agency of statistics.  

The results of this study indicate that reducing the cost of public transportation would probably initiate 

a shift towards the use of buses for commuters; however, this study concludes that even with a 

significant shift to public transportation, carbon emissions would decrease by less than 1%. Data 

suggests that improvement in fuel efficiency and electrification of private transportation would bring 

about the greatest reduction of carbon emissions. 
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1 Introduction 
Given the scientific consensus on the link between anthropogenic carbon emissions and climate change 

(IPCC, 2007) , several countries are formulating strategies to reduce carbon emissions.   

The European Union has initiated a plan called the Covenant of Mayors to reduce carbon emissions 

(European Union, 2010). This initiative is aimed at helping local authorities to reduce their carbon 

emissions in excess of the 20-20-20 requirement. The 20-20-20 rule of the European Union is to reduce 

their greenhouse gas emissions by 20% compared to their 1990 levels, to get 20% of the energy they 

consume from renewable, nonpolluting energy sources, to reduce energy consumption by 20% through 

improvements in efficiency, and the goal is to accomplish this by the year 2020. 

In an attempt to lower its carbon footprint, Sweden was the first country to charge a tax on carbon 

emissions. The carbon tax was enacted in 1991. This is one of the reasons why it is economically feasible 

to run a cogeneration plant (electricity generation and steam heating) in Gävle with biofuels such as 

yard waste and sawdust instead of petroleum fuel oil(Enström, 2009).  As a result of the use of biofuels 

with a lower carbon footprint and other alternative energy sources in Sweden (Gävle), the relative 

proportion of carbon emissions from the transportation sector has increased to 30% (Vägverket, 2009). 

The carbon tax has impacted the economies of municipalities like Gävle (GK) in general and especially in 

transportation based on projected increases in this sector.  In April of 2008, GK’s city planners published 

a study of transportation increases based on projected population growth (Martensson, 2008).  Based 

on this study, GK’s population is increasing at a rate of 0.6% resulting in an increase in population of 

10,000 people by the year 2025.  To meet the transportation needs of the larger population of GK, city 

planners are considering the following actions: 

 Building new homes and businesses close to public transportation venues 

 Reducing public transportation travel times to reduce the length of time commuters are in transit 

 Increasing the use of public transportation 

 Building a comprehensive network of bike lanes to be used by commutes of less than 4 kilometers 

 Shifting freight traffic from trucks to railroad 

 Decreasing the carbon footprints and pollutants of transportation vehicles 

The purpose of this research project is to evaluate the effectiveness of some of the proposed policies by 

GK’s city planners.  The TRESIS(ITLS, 2009) research program will be used to make predictions regarding 

the commuter mode choice (CMC) and subsequent carbon emissions based on the following scenarios: 

 Doubling the carbon tax 

 Charging a toll on privately- or company-owned cars that enter the Central Business District (CBD) 

 Decreasing cost of public transportation to commuters 

 Employing more fuel efficient cars 
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2 Background  

2.1 Environmental Movement in Sweden 
Heightened environmental awareness in Sweden has placed sustainability at the forefront of its political 

and economic agenda (Johansen, 2007). Interesting examples include the disuse of landfills requiring 

100% recycling and composting of refuse, the use of distilled liquor and other alcoholic beverages 

confiscated from smugglers as biofuels, and unusual biofuels such as rodent carcasses. The government 

of Sweden has recently mandated that all state-owned companies must draft a Corporate Sustainability 

Report following the Guidelines of the Global Reporting Initiative (Näringsdepartementet, 2007). 

 The enactment of the world’s first carbon tax has increased environmental awareness among Swedish 

companies.  A case in point is Scandinavian Airlines’ change in landing procedure.  It was the first major 

airline to perform the “green landing” (Ng, 2008). A regular landing is a descent with engines at full 

speed as opposed to a green landing where the airplane descends with it engines on idle which 

eliminates about 1036 pounds of CO2 per landing.   Sweden’s heightened awareness of carbon emissions 

is also clearly evident when comparing its carbon output from electricity generation to the European 

average.  Sweden releases approximately 20 grams of carbon dioxide per kilowatt-hour as compared to 

Europe’s 400 grams of carbon dioxide per kilowatt-hour (Kellberg, 2010). 

2.2 Gävle 
Gävle, a Swedish municipality with a population of 93,509 in 2008, is located at 60o 40’ North Latitude 

and 17o 10’ East Longitude or about 160 kilometers north of Stockholm, the country’s capital.  It is an old 

port city founded in 1446 and was the area’s hub of commerce during the 16th Century.  The 

municipality of Gävle is divided into 18 zones.  The central part of Gävle consists of 13 zones that are 

within 20 minutes driving of each other. The other five zones have their center within 30 kilometers 

from the CBD (Figure 1). The major employers of Gävle include government agencies; Ericsson which is 

the world’s leading supplier of telecommunications;  Korsnäs, a major paper producer; and Sandvik, a 

steel manufacturer. 
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Figure 1. A satellite photograph of the Municipality of Gävle, Sweden The zones of the municipality are marked in Blue and 
the most central zones are marked in red. 

Companies owned by the Municipality have recently made serious efforts to reduce greenhouse gas 

(GHG) emissions and other activities which have a negative impact on the environment.  For example, 

Gävle Energi, which provides electricity, heating and telecommunication services to the Municipality, 

has pledged to get 95% of their energy from renewable sources (Gävle Energi, 2009). Gävle Energi is also 

a partner in a project to determine the public infrastructure requirements and acceptability of plug-in 

electric vehicles (Shopping Circle). 
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Presently, Gävle’s population commutes by buses, private cars, bikes, and walking.  Participation in the 

different modes of transportation are as follows:  51% single-passenger automobile, 14% pedestrian, 

12% rideshare auto, 15% bike, 8% bus, (Bengtsson & Morin, 2007).  

There are three main bus routes that serve the city of Gävle with a frequency of one bus every 10 

minutes. There are also bus routes that serve the greater municipality of Gävle that have frequencies 

between 30 and 60 minutes, schedules varying during the day based on commuter needs. All buses 

make at least one stop in the CBD and transfer tickets make it possible to change buses such that a 

passenger can ride as many buses as possible within 60 minutes from the time of purchase. One ticket 

costs 30 Swedish krona (SEK).  The bus system in Gävle is planning on using biogas (methane) from 

waste management (e.g. sewage treatment) as their fuel.  From 2010 to 2014, there will be a pilot 

project utilizing five buses propelled by biofuel(Olsson & Hammar, 2009). 

There were 445 cars per 1000 people during the five year period from 2003 to 2008 in Gävle 

(Bilregistret, 2009). Eighty-nine percent of these cars use gasoline, 8% use diesel, and 3% use E85 (85% 

ethanol and 15% gasoline)(Statistiska Central Byrån, 2009). These statistics do not apply to the amount 

of different fuels consumed; for example, in 2006, the consumption of gasoline and diesel where nearly 

equal while the amount of E85 consumed was approximately 1% (SCB, 2008). This apparent discrepancy 

is the result of the heavy use of diesel fuel in trucks, taxis, and service vehicles, and the high cost of E85.  

Vehicle fuel prices are influenced by national taxes, the price of petroleum, and the value of the SEK 

relative to the US dollar. 
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3 Research Methods 
This study uses the modeling framework of TRESIS to determine the impact that different policies would 

have on reducing CO2 emissions from commuters. Before describing the methods used and the findings 

it is important to take a look at current emissions and at the potential reductions and at the potential 

reductions that could be achieved under optimal conditions 

The current transportation system emits almost 12 million kg of carbon dioxide per year (Table 1). The 

table also shows the estimated emissions in case of all transport being shifted into gasoline cars, diesel 

cars, the Toyota Prius, bus, or the non emitting bikes and walking. 

Currently

52% Gasoline 

48% Diesel 

and Bus Gasoline Diesel Bus Walk and Bike

l/10km 0.84 0.69

mpg 28.00 34.09

l/year 26,148,241      19,826,688      

KgCO2 114,174,039    60,663,918      49,170,186      4,339,935      0

100 % scenario

gasoline diesel Prius Bus Walk and Bike

l/10km 0.84 0.69 0.47

mpg 28.00 34.09 50.00

l/year 55,921,352.13 45,935,396.39 31,317,898.89 

KgCO2 129,737,537    113,919,783    72,657,525      43,059,481    0 . 

 Table 1. Shows the total carbon emissions in the current system, as well as a comparison if all transportation was shifted to 
current gasoline cars, current diesel cars, Toyota Prius IV, Bus, or walking and biking. The top half of the table shows the 
current emissions divided into their components. The bottom half shows what the emissions would be if a(Rudolphi, 2010)ll 
transportation was done with that mode. 
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Figure 2 shows a graph of table1 

14,280          km/car SCB (2009)

41,921          cars SCB (2009)

5.99E+08 km in Gavle in cars

23                people per bus Rudolphi (2010)

1.19              people per car Erlandsson Morin (2007)

14                km per trip Erlandsson Morin (2007)

42,759,420    trips in gavle by car

2.32              kg CO2 per L gasoline Vägverket (2009)

2.48              kg CO2 per L diesel Vägverket (2009)

712,371,937  passenger km in car

1,258            g CO2 bus km Rudolphi (2010)

54                g CO2 /passenger km in bus

6,657,924      trips in gavle by bus Rudolphi (2010)

3,449,869      total bus km Rudolphi (2010)

79,847,218    passenger km in bus

792,219,155  Total passenger kilometer

665,730,383  car equivalent

3.78541178 liters/gallon Google calculator

1.609344 km/mile Google calculator  

Table 2 shows the input values for table 1 

This table shows that the emissions would be reduced to about a third of the current levels if all 

commuter trips were by bus, and two thirds if all transportation was in the most fuel efficient vehicles 

available in the market today.   Several policy actions can create incentives for increased use of public 

transportation and private investment in more fuel-efficient cars.  How can the reality of Gavle be look 

closer to the idealized worlds where 100% of commuter trips use public transportation or the most fuel 
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efficient vehicles?  The following sections describe the methods used to analyze the impact of different 

policy mechanisms. 

3.1 TRESIS 
The Transportation and Environment Strategy Impact Simulator (TRESIS) is a computer model developed 

by the Institute of Transport and Logistics Studies (ITLS) which is a joint venture between the University 

of Sydney and Melbourne’s Monash University, Australia (University of Sydney, 2010).  

The computer model forecasts the transportation decisions that people make based on housing types 

and locations from places of employment and the CBD. It also takes into account the various 

components of utility.  One module of the model quantifies the number of residents per zone and 

dwelling types.  The default Melbourne Model of the TRESIS was used in the GK analysis because it had 

the same number of municipality zones (18 zones). From here on TRESIS will refer to the software and 

GK model will refer to the input and output of the Municipality of Gävle analysis.   Each of the 18 zones 

is characterized by their distance to the geographic center of the CBD and to the centers of population 

of the other zones.  Three types of housing arrangements are represented in the GK Model:  (1) high 

density dwellings like apartment buildings, (2) medium density dwellings like duplexes and town houses, 

(3) low density dwellings like single-family residences.  

A second module calculates the costs associated with modes of transportation which are walking, riding 

a bike, riding in a bus, or driving/riding in a car.  Cars are further categorized as small, medium, and large 

based on dimensions, and further subdivisions are based on engine size (total displacement size in cubic 

centimeters).  Car factors are related to average selling price and fuel efficiency. 

TRESIS uses nested logit calculations to represent housing, CMC, and car types as three markets that 

achieve equilibrium with respect to supply and demand.  TRESIS anticipates changes in the market 

equilibrium when governmental policies change one or more of the GK Model’s variables.  In sum, 

changes in policy force shifts in the equilibrium. 

3.2 TRESIS Input Data for the GK Model 
To adapt TRESIS to represent GK commuter transportation systems it is necessary to change the values 

of the input parameters. Table 3 shows a list of these variables with information about where the source 

data is coming from and how the forecasting until 2032 have been calculated or stated. 

Input Variable Description Projection to 2032 Data Source 

Household ID A number to identify each household N/A Default 

Household Type   N/A Default 

Household income 
category 5 categories based on income N/A Default 

Cell   N/A Default 

Networkers   N/A Default 

Age of head of 
household Age of head person in household N/A Default 

Household Size Number of people in the household N/A Default 
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Input Variable Description Projection to 2032 Data Source 

No Kids 
1 = no kids,  
0 = there are kids in household N/A Default 

SPERS   N/A Default 

Single person family 
1 = Single person family 
0 = not single person family N/A Default 

Two person family 
1 = Two person family 
0 = not two person family N/A Default 

Household income 
Total income for household in SEK per 
year N/A 

Default divided by a 
number so the average 
income matches Gavle 

Number of children Number of children in household N/A Default 

City dummy 

A dummy variable to only use the 
demographics for the city being 
analyzed.  
1 = household accounted for in model 
0 = household not accounted for 
there are dummies for each of the 5 
cities used in TRESIS N/A Default 

Household weight 
A variable that is used to get the total 
number of people in the city N/A 

Default divided by a 
number so the total 
population matches the 
population estimate by the 
municipality of Gavle 

Persons   N/A Default 

Fulltime job   N/A Default 

Part time job   N/A Default 

Self employed   N/A Default 

Male household head 1 = male, 0 = female N/A Default 

PERAGE   N/A Default 

Personal income   N/A 

Default divided by a 
number so the average 
income matches Gavle 

Job type   N/A Default 

Household weight 
per year   

Matched to follow 
the 0.6% /year 
increase used in 
the planning of 
the Municipality 

Default divided by a 
number so the total 
population matches the 
population estimate by the 
municipality of Gavle 

Distance between 
Zones 

Distance in Kilometers between each 
zone Constant Google earth 

Capacity between 
zones 

The capacity of roads between zones 
in cars per hour. The value is zero if 
there is no connection between zones 
without driving through another zone Constant personal knowledge 

Time to travel 
between zones for 
car 

The time to travele between zones in 
minutes Constant Google earth 
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Input Variable Description Projection to 2032 Data Source 

Time to travel 
between zones for 
bus 

The time for a bus to travel between 
zones in minutes Constant 

Google earth (assuming 
25km/h for short trips and 
60km/h for longer trips) 

Time to travel 
between zones for 
bike Time to travel between zones by bike Constant 

Google earth  
(assuming 15km/h) 

Time to travel 
between zones for 
walking Time to walk between zones Constant 

Google earth 
(assuming 6km/h) 

Road charge 
between zones 

The charge in SEK/km to travel 
between zones Constant personal knowledge 

Toll Charge between 
zones 

A one time charge to travel between 
zones Constant personal knowledge 

Cost to travel by bus The bus fare Constant X trafik 

Price of Gasoline at 
pump 

Price paid at pump when pumping 
gasoline   

SPI and Chrystal ball 
forecasting tool for 
Microsoft Excel 

Tax on gasoline 
The amount of money paid to the 
government for a liter of gasoline   

SPI and Chrystal ball 
forecasting tool for 
Microsoft Excel 

Price of diesel at 
pump 

Price paid at pump when pumping 
diesel   

SPI and Chrystal ball 
forecasting tool for 
Microsoft Excel 

Tax on diesel 
The amount of money paid to the 
government for a liter of diesel   

SPI and Chrystal ball 
forecasting tool for 
Microsoft Excel 

Proportion city 
driving 

The proportion of all transportation 
that is in the city Constant Erlandsson Morin 

Carbon per liter 
diesel grams of carbon per liter diesel Constant Default 

Carbon per liter 
gasoline grams of carbon per liter gasoline Constant Default 

Retail percentage 
Percentage of price that is added buy 
seller Constant Default 

Ride occupancy people in the car per trip Constant Erlandsson Morin 

Alternate week 
practice   Constant Default 

Commuting days per 
year Number of working days per year Constant wikipedia 

Value of time Car 
Stated willingness to pay for one hour 
in a car Constant Ramjerdi, Lindqvist, Dillen 

Value of time Public 
transportation 

Stated willingness to pay for one hour 
in public transportation Constant Ramjerdi, Lindqvist, Dillen 

Commuting 
percentage 

Percentage of trips that are 
commuting Constant Erlandsson Morin 

Wholesale price per 
car class and vintage Price in SEK Default Default 
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Input Variable Description Projection to 2032 Data Source 

Fuel efficiency in city 
per car class and 
vintage 

Fuel efficiency of driving in city in liters 
per 100 kilometer Default Default 

Fuel efficiency on 
highway per car class 
and vintage 

Fuel efficiency of driving on highway in 
liters per 100 kilometer Default Default 

Number of cylinders Number of cylinders in cars Default Default 

Acceleration 
Acceleration from 0-100 km/h in 
seconds Default Default 

Boot size Size of trunk Default Default 

Vehicle mass Mass of vehicle in kg Default Default 

Small 
1 = small car 
0 = not small car Constant Default 

Proportion diesel 
cars per class and 
vintage 

The proportion of cars being driven 
using Diesel as the fuel Constant SCB 

Registration cost The cost to register the car Constant 

Default, swedish system is 
gives environmental cars 
tax breaks 

Wholesale price per 
car class and model The price in SEK Default Default 

Salestax The percentage size of the sales tax Constant personal knowledge 

Rebate A rebate in place in SEK Constant personal knowledge 

Registered cars per 
year and class 

The number of cars registered, total 
number of cars registered each year   SCB 

Distance to CBD per 
year and zone 

Distance in Kilometers to central 
business district Constant Google earth 

Price per dwelling 
type, zone and year 

The purchase price per dwelling type, 
because of lack of data the low density 
dwelling is numbers  

Constant in terms 
of 2008 value Fastighetsformedlingen 

Number of dwelling 
types per zone and 
year 

The number of dwelling types in each 
zones, low density is houses, medium 
density is town houses, duplexes, and 
high density is apartments 

Relationships 
remain constant, 
numbers increase 
according to plans 
by the 
Municipality Gavle Kommun 

Workplaces per year 
and zone 

The number of people that work in 
each zone 

Relationships 
remain constant, 
numbers increase 
according to plans 
by the 
Municipality Gavle Kommun 

Parking charge per 
zone and year The parking charge per zone Constant personal knowledge 

Access time for bus The time it takes to walk to the bus Constant X-trafik
1
 

                                                           
1
 Data from X-trafik contained coordinates of bus stops, this was used together with population data from each 

house to calculate access and egress time 
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Egress time for bus 
The time it takes to walk home from 
the bus Constant X-trafik 

Frequency of bus The time between buses Constant X trafik 

 
Table 3.  TRESIS input variables.  Note:  To get the GK Model output to match the data cited by Bengtsson and Morin (2007) it 
was necessary to calibrate the GK Model’s constants. 

When deciding the CMC, the concept of cost entails more than money because people also value their 

time.  In this paper, upfront cost will refer to the actual cost in money for gasoline and bus fares.  The 

value of time refers to an assessment people make when comparing the convenience of driving in a car 

to that of taking a bus 

According to Ramjerdi and Lindqvist Dillen (2007) the value of time in Sweden is different depending on 

mode choice. The value given for car is 1042 (±12) and for Bus 583(±10) and this is the GK Model value on 

the quality people place on their time in transit in addition to the upfront cost of transportation. 

For the model to give accurate results during the first year it was necessary to calibrate regression 

constants. These constants are verified for CMC, residential location choice, and work location choice. 

The calibration was done using a spreadsheet and adjusting the alternative specific constants for each 

mode until the modal shares matched up with the stated choices according to Bengtsson and Morin 

(2007). 

One thing that is becoming more and more popular is the use of alternative fuels, hybrid, and electric 

cars. Unfortunately the use of these technologies cannot be included reliably in the model (Hensher D. , 

2010). 

3.3 Governmental Policies Analyzed by the GK Model 
The government of Gävle can implement policies that are intended to change the transportation 
preferences of commuters.  The GK Model calculates the cost of different modes of transportation as 
follows: 

1. Total cost of the use of a bus is determined by adding the bus fare to total value of time of the 
commuter (the value of time is the monetary value based on the time in the bus plus access 
time and egress time) 

2. The total cost of using the car equals the price of fuel used plus the value of time based on the 
aforementioned criteria 

3. The time to walk or use a bike was calculated using the value of time based on the 
aforementioned criteria 

The GK Model’s hypothetical solutions to equilibrium changes due to changes in governmental policy 

cannot be taken to extreme cases because of the Model recognizes the conservative nature of people. 

                                                           
2
 Value in Study is 86 NOK. The value is calculated into SEK by multiplying with 1.214 according to SIX telekurs on 

March 11, 2010.  
3
 Value in Study is 48 NOK. The value is calculated into SEK by multiplying with 1.214 according to SIX telekurs on 

March 11, 2010 
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The following table presents a list of the policies analyzed. The rationality of each policy is provided in 

sections 3.3.1 to 3.3.7.  

Policy  Abbreviation Short description 

Carbon Tax   Doubling the carbon tax 

Toll   
Charge a 20 SEK to enter 
CBD 

50% bus fare reduction PT50% Reduce bus fare by half 

Free bus fare PT100% Make buses free 

Bus Access time Access 

Making the time to travel 
between house and bus 
shorter 

Bus frequency Frequency 
Making the buses travel more 
frequently 

Automobile fuel efficiency   
Increase the current fleet fuel 
efficiency by 2% per year 

Cash for Clunkers   

The government pays 10% of 
the purchase value for cars 
older than 16 years 

Combination policies     

PT50%, Carbon Tax, Toll   
Combining PT50%, Carbon 
tax, and toll 

PT50%, Access, 
frequency   

Combining PT50%, Access 
time, and Frequency 

Table 4 shows a list of the different policies and a short description 

3.3.1 Carbon Tax 

Despite the fact that the Swedish government levies a great tax burden on its population resulting in 

one of the world’s highest combined tax rates, the people of Sweden have moved environmental 

protection to the forefront of national policy.  Jagers and Hammar (2009) conclude that considering the 

nature of Sweden’s tax structure and its peoples’ genuine appreciation for a clean and healthy 

environment, Sweden is a country where a carbon tax is most likely to be accepted by the public. 

There have been several studies conducted in Sweden regarding the public’s perception of the carbon 

tax (Jägers & Hammar, 2009).  Some studies conclude that Swedes do not want to pay the carbon tax, 

but this is oversimplified. For example, survey result discussed in the paper by Jager and Hammar, 

(2009) shows that the people of Sweden were in favor of increasing public transportation coupled with a 

decrease in taxes on environmentally-friendly fuels, but they were opposed to increasing the carbon tax 

on CO2 emission from the use of petroleum fuels.  This only shows a willingness to pay for CO2 emission 

reductions (since increasing public transportation might require other taxes) and a misperception that 

this position was the most cost-effective measure, due to an overestimation of the cost of a carbon tax 

and the underestimation of the cost of expanding public transportation. 
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Common sense dictates that people do not want their taxes increased nor tax revenues misspent. 

However, as another survey in Jager and Hammar (2009) dictates the majority of Swedes are 

comfortable with the tax-supported benefits provided to them through their government. When the 

different types of taxes were evaluated by Swedes, the popularity of the carbon tax was superseded 

only by the popularity of the corporate and wealth taxes (Jägers & Hammar, 2009). Swedes are in favor 

of increased use of public transportation and lowering taxes on environmentally-friendly fuels, and the 

carbon tax is viewed as the means to raise the revenues necessary to finance these changes. 

In 1991, Sweden became the first country to implement a carbon tax.  The Swedish carbon tax was 

passed in recognition of the correlation between carbon emissions and an increased rate of global 

warming, and a market strategy to encourage decreases in carbon emission in transportation, industry, 

and space heating by making certain fuels more expensive.  In 2009, the carbon tax on gasoline was at 

2.44 SEK/liter (Svenska Petroleum Institutet, 2009). To keep the pressure on improving cars that use 

petroleum-based fuels, it has been suggested that the carbon tax be raised on inefficient cars while 

lowering the tax on efficient cars (emit less than 120 grams of CO2 per kilometer in mixed driving) 

(Franco, 2009). 

In the GK Model, the carbon tax will be increased from 2.44 SEK to 4.88 SEK per liter of gasoline and 

diesel. 2.44 SEK per liter is about 20% out of the total gasoline price paid at the pump.  The reason for 

this is to investigate the sensitivity of the price of gasoline on the CMC.  

3.3.2 Toll 

Tolls into a city’s CBD are a factor of this study and the GK Model to evaluate its effect on CMC.  City 

planners in London implemented such a toll and it decreased privately-owned car use by 30% (Quddus, 

Bell, Schmocker, & Fonze, 2007).  The toll was enacted in February of 2003 and an attempt was made to 

correlate its enactment with decreases in retail sales in London’s CBD.  However, at the same time other 

factors influenced traffic into and out of London’s CBD including a downturn in the economy, terrorist 

threats, and a major subway line entering the CBD was closed.  Quddus et al. concluded that there was 

no data to link the down-turn in retail sales in London’s CBD to the enactment of the toll. 

The city planners of Edinburgh, Scotland, and Stockholm, Sweden, also proposed a similar toll to access 

their CBDs; however, their commuters were opposed to the enactment of such a toll (Eliassson, 

Hultkrantz, & Smidfelt Rosqvist, 2009).  Stockholm conducted a full-scale, seven-month pilot project in 

2006 that changed public opinion in opposition of a CBD toll and its city planners enacted a CBD toll 

after approval by its voters in September of 2006.  Edinburgh’s city planners did not conduct a pilot 

project; instead, they put the idea before its voting constituency which rejected the idea 

overwhelmingly (75% against). 

In 2010, the city planners of Gothenburg, Sweden, decided that a CBD toll modeled after that of 

Stockholm’s would be implemented there because of its positive impact on CMC (TT, 2010).   The CBD 

toll variable is a factor in the GK Model to determine its impact on carbon emissions in Gävle.  A CBD toll 

of 20 SEK will be levied per trip into two planning zones called Norr and Soder.  The CBD of Gävle lies 

within the zones of Norr and Soder; however, Gävle’s CBD does not include all of these two zones but 
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the TRESIS Program does not allow for portions of zones to be considered.  In Figure 3, the two zones 

outlined in red are Norr (meaning north) and Soder (meaning south).  Note that Gävle’s CBD is in the 

southern half of Norr and the northern half of Soder (Figure 3). 

  

 Figure 3 shows the central part of Gävle, with the red zones being within the toll area 

3.3.3 Bus Fares 

Garret-Pelletier (2009) concluded that the use of public transportation systems such as buses reduces 

the carbon emission of a municipality’s transportation sector.  Her conclusion seems plausible, however, 

in Gävle, only 8% travel by bus so it is not the first choice in commuting (Bengtsson & Morin, 2007). 

Buses may be unpopular for reasons that include:  they may not be as convenient as cars, transit times 

may be greater, and the riders are charged a bus fare.  In the GK Model, the cost of the bus fare was 

reduced by 50% and by 100% (free public transportation) without enacting a CBD toll and with enacting 
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a CBD toll.  The purpose of these different scenarios is to determine if varying the bus fare with or 

without enacting a CBD toll will have an impact on carbon emissions and ultimately the carbon tax levied 

on Gävle’s commuters. In average every trip generates a net income of 10.7 SEK, and cost the company 

contracted by the government to run the buses about 21.7 SEK. This means that about half the cost 

associated with each passenger is accounted for through the fare. 

In order to analyze the effect that a reduction in the bus fare might have, it is important to estimate the 

cost of commuting by private car.  For those commuters for which the costs of owning and using a 

private car are high compared to the price of a bus fare it is very likely that an economic incentive of this 

nature will not be very effective.  

Table 5 shows the costs associated with driving a car and using the bus. The table shows different costs 

including the depreciation.  

(Sek) A B C D E F

New car  175,000  220,000  270,000 

Used car    16,000    40,400    53,300 

Fuel    11,490    12,970    15,930    15,120    17,010    18,900 

Maintenance       5,330       5,860       7,600       6,850       7,600       8,100 

Insurance, tax, inspection       8,900    10,200    12,340       8,410       9,590    11,260 

Parking/garage       3,000       3,000       3,000       3,000       3,000       3,000 

Sum/year    33,380    33,380    33,380    33,380    33,380    33,380 

Depreciation/year 

(17%new 15.5% used)       2,400       6,060       7,995    29,750    37,400    45,900 

Sum/year    35,780    39,440    41,375    63,130    70,780    79,280 

km travelled    15,000    15,000    15,000    15,000    15,000    15,000 

Sum/km    2.3853    2.6293    2.7583    4.2087    4.7187    5.2853 

Sum/passenger km  2.0045  2.2095  2.3179  3.5367  3.9653  4.4415 

Bus Average One Way

Fee / trip 10.7 30

Average distance per trip 

(km) 14 14

Sum/passenger km 0.7643 2.1429  

Table 5 shows the costs per km for car (used(Swedbank) and new(Swedbank)). A-F signifies different hypothetical cars that 
have the corresponding purchase price, the prices are used in the study presented by Swedbank as a help in estimating the 
costs associated with owning a car.  

The data is presented in Figure 4. 
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Figure 4 shows a graph of the cost of table 4 

 

3.3.4 Bus Access time 

One of the convenience factors that make a difference between travelling with public transportation 

and driving alone is the access time. The buses usually do not stop right outside the door, not even as 

close as the parking lot. Because of this the commuters have to walk or travel by other means just to get 

to the bus stop. This time is called access time. In this research the access time is cut in half and 

compared to BAU to see how this would affect the CMC.  

3.3.5 Bus Frequency 

A second convenience factor that makes a difference when commuters decide their CMC is the 

frequency. When driving alone it is possible to take the car at almost any time, when using the bus it is 

necessary to plan according to the bus schedule. Under a policy that increases bus frequency we assume 

that  all bus lines that have a frequency lower than 6 buses/hour (1 bus every 10 minutes), are set at 

twice the frequency or at 6/hour whatever is lower. This allowed to see how much the frequency of 

buses affected the CMC.  

3.3.6 Automobile Fuel Efficiency 

Decreasing carbon emissions from cars and buses can be achieved by switching to electric drive systems 

or by increasing the efficiency of any part of a vehicle’s internal combustion engine or its drive train.  In 

this study, only increased fuel efficiency of internal combustion engines is varied because of the 

limitations of the TRESIS Program.  Although Gävle cannot dictate how cars are manufactured in the 

world, it can discourage the use of inefficient cars by enacting policies that encourage people to 

purchase fuel efficient cars.  This action on the part of Gävle’s city planners seems appropriate in light of 

the fact that fuel efficiency in gasoline and diesel powered vehicles has remained unchanged from 1999 

to 2008 (Figure 5). 
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In the model there is an assumption made that a policy has a way to increase the total fleet fuel 

efficiency by 2% per year. The scenario shows that technology choice is a major factor in the carbon 

emissions. Some policies that could cause this are: 1)  making users of vehicles with low fuel efficiency 

pay registration costs and annual fees. Because of the quite hypothetical scenario the only costs 

accounted for is the loss in sales taxes and carbon tax in fuel. 
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Figure 5 shows the fuel efficiency of cars in  Gävle (Statistiska Central Byrån, 2008). Toyota Prius is used to compare one of 
the most fuel efficient cars on the market.(Toyota) 

3.3.7 Cash for Clunkers 

New cars are capable of converting more of the energy in the fuel into kinetic energy that makes the car 

travel forward. However this does not necessarily mean that overall fuel consumption per mile 

decreases. Figure 5 shows that fuel efficiency of the entire fleet in GK has not improved over the last 10 

years. This could be because people are buying larger engines and bigger cars that do not lead to higher 

fuel efficiency.. Cash for Clunkers is the system used in the USA to get people to buy new cars instead of 

using their old cars (US Department of Transportation, 2010). This policy mechanism used in US cannot 

be represented in this model because of built in constraints. Instead we analyze a policy in which cars 

older than 16 years can be purchased by the government for 10% of the initial purchase value. This gives 

an incentive to buy a new car and scrap the old one. In the current situation in Gavle it actually cost 

money for people to get rid of their car (Westholm, 2010). 
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4 Results 

4.1 Policies 
Policy outcomes are analyzed by comparing CMC and carbon emissions to Business As Usual (BAU) case. 

All data is coming from the output of the GK Model. The first figures (Figure 6 through Figure 10) show 

how the CMC changes due to the different policies. The next two figures (Figure 11, Figure 12) show the 

change in CO2emissions with different policies. All policies start in year 2009.  
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Figure 6. A decrease in car use in all policies except for fuel efficiency 
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Figure 7. A decrease in rideshare in case of all policies but fuel efficiency. It can be seen that driving and ride share are 
following the same trend. 
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Figure 8. A decrease in biking in case of different policies 
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Figure 9. A substantial increase in bus use in case of a substantial decrease in bus fares.  
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Figure 10. A decrease in walking due to different policies. 
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Figure 11. The Total annual Carbon Dioxide equivalent emissions change in percent compared to business as usual 

Figure 11 shows that a policy that increases fuel efficiency by 2% per year will have a much larger impact 

on the carbon emissions than the other policies. In fact the difference is so substantial that it is 

necessary to not have it on the graph to be able to compare the other policies. This is done in Figure 12. 
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Figure 12 shows the decrease in CO2 emissions due to different policies fuel efficiency is left out to better show the 
differences among the others It shows that a doubling of carbon tax and toll will not have a large effect on the carbon 
emissions. 
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The GK model shows a small decrease under all policy scenarios. Free public transportation causes the 

largest decrease in carbon emissions. The second biggest decrease is by a hybrid policy that uses toll and 

a doubling of carbon tax as the financing tool for a 50% decrease in bus fare. The change in CMC is the 

largest in reducing the cost of bus fares as seen in Figure 6 through Figure 10. . The large changes in CO2 

levels shown by the Cash for Clunkers scenario makes it hard to analyze.  

 

4.1.1 Carbon Tax 

A doubling of the carbon tax from 2.44 to 4.88 SEK does not show a significant decrease in Carbon 

emissions. There is a small decrease but it is only around 0.02% each year. It is hard to pinpoint such a 

small decrease, but there is no significant shift in CMC as shown in Figure 13. 
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Figure 13. The change in CMC with double carbon tax, compared to BAU 

The small shift in CMC combined with the small decrease in Carbon dioxide as shown in Figure 14 

indicates that this is not a good policy to reduce carbon emissions. This is not the complete truth. The 

increased income and low implementation cost indicates that it could be a policy that will not do a big 

difference by itself, but it could be used as part of the financing of a combination of policies. The income 

due to the doubling of Carbon Tax can be seen in Table 6.  
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Figure 14. Decrease in total annual Carbon Dioxide equivalent compared to BAU 

Year

Change in 

Government income 

with Double Carbon 

Tax

2008 SEK 0

2009 SEK 2,157,710

2010 SEK 2,146,834

2011 SEK 2,135,927

2012 SEK 2,131,368

2013 SEK 2,132,450

2014 SEK 2,125,973

2015 SEK 2,101,033

2016 SEK 2,089,521

2017 SEK 2,067,623

2018 SEK 2,046,511

2019 SEK 2,035,912

2020 SEK 2,033,699

2021 SEK 2,016,333

2022 SEK 2,005,299

2023 SEK 1,985,385

2024 SEK 1,969,408

2025 SEK 1,958,806

2026 SEK 1,942,823

2027 SEK 1,928,650

2028 SEK 1,914,481

2029 SEK 1,898,064

2030 SEK 1,883,049

2031 SEK 1,864,658

2032 SEK 1,849,404

Total SEK 48,420,921  

Table 6 Change in Government income due to doubling of Carbon Tax 
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4.1.2 Toll 

A toll that costs 20 SEK to enter the CDB identified as the zones of Norr and Soder will not cause more 

than a small change in CMC from driving to biking, walking, and bus as seen in Figure 15. 
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Figure 15 The change in CMC compared to BAU due to a toll of 20 SEK to enter Norr and Soder. 

This small shift in CMC is not enough to make a large impact on the total Carbon equivalent emissions as 

seen in Figure 16. With this in mind, the policy toll has the same effect as the carbon tax in that it does 

not reduce CO2 emission on its own but could be used as a financing tool for other policies that have a 

greater impact on emissions. 
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Figure 16. Percentage change in carbon emission compared to BAU 
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Table 7 shows that a toll would generate some money. This would be the biggest change, the CMC in the 

zones not inside the toll area will not change at all as seen in Table 8. In the toll zones the driving alone 

will decrease by almost 3% per year. 

Year

Change in government 

income with Toll

2008 SEK 0

2009 SEK 8,995,420

2010 SEK 8,533,123

2011 SEK 8,379,059

2012 SEK 8,268,184

2013 SEK 8,302,169

2014 SEK 8,323,257

2015 SEK 8,312,164

2016 SEK 8,379,782

2017 SEK 8,483,606

2018 SEK 8,548,469

2019 SEK 8,598,270

2020 SEK 8,646,532

2021 SEK 8,680,565

2022 SEK 8,682,019

2023 SEK 8,723,226

2024 SEK 8,769,314

2025 SEK 8,815,604

2026 SEK 8,875,273

2027 SEK 8,925,547

2028 SEK 8,980,229

2029 SEK 9,037,621

2030 SEK 9,096,357

2031 SEK 9,136,233

2032 SEK 9,198,003

Total SEK 208,690,024  

Table 7. (left) The difference in income for the government compared to BAU  in case of a toll  

Table 8 (right) shows the average decrease in driving alone for the two zones that have the toll compared to the other zones 

 

4.1.3 Bus Fares 

The decrease in bus fares has a significant impact on CMC as seen in Figure 17 and Figure 19. However 

this is not accompanied by a large decrease in CO2 emissions. This is probably due to the fact that most 

trips where there was a shift from car to bus are short. This would mean that the longer trips would still 

be by car and not reduce the carbon emissions greatly. However, cars emit less clean exhaust when the 

Toll Zones Other zones

2008 0.00% 0.00%

2009 -1.69% 0.00%

2010 -2.40% 0.00%

2011 -2.68% 0.00%

2012 -2.82% 0.00%

2013 -2.86% 0.00%

2014 -2.87% 0.00%

2015 -2.91% 0.00%

2016 -2.90% 0.00%

2017 -2.88% 0.00%

2018 -2.86% 0.00%

2019 -2.86% 0.00%

2020 -2.86% 0.00%

2021 -2.87% 0.00%

2022 -2.90% 0.00%

2023 -2.91% 0.00%

2024 -2.91% 0.00%

2025 -2.91% 0.00%

2026 -2.91% 0.00%

2027 -2.91% 0.00%

2028 -2.91% 0.00%

2029 -2.91% 0.00%

2030 -2.90% 0.00%

2031 -2.90% 0.00%

2032 -2.90% 0.00%
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engines and catalysts are cold. (Weilenmann, Favez, & Alvarez, 2009). With this in mind it is better to 

shift two trips at 5km each than one trip at 10km.  
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Figure 17. The % units change between a 50% decrease in bus fare and BAU 

 

-0.3%

-0.2%

-0.2%

-0.1%

-0.1%

0.0%

Public Transportation (PT)

PT 50%

PT 100%

 

Figure 18. Decrease in Carbon equivalent emission compared to BAU 
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Figure 19. The % unit change between free PT and BAU 

Figure 17 and Figure 19 show a shift from using cars to riding the bus. Despite this relatively large shift 

there is a small decrease in carbon emissions as seen in Figure 18. A further analysis of this will be done 

in chapter Error! Reference source not found.. 

4.1.4 Bus Access time 

As shown in the graph below a reduction in access time by half only change the CMC slightly.  
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Figure 20 shows the CMC of the Bus Access time scenario where the access time is cut in half 
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Figure 21 shows the carbon equivalent reductions compared to BAU 

The total carbon reductions from cutting the access time in half is small (Figure 21). This result could be 

because the access time is not the main reason to why people take the car instead of driving. The small 

change is likely still in shorter travels which would cause a smaller reduction in carbon emission than a 

long trip.  

4.1.5 Bus Frequency 
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Figure 22 shows the CMC in a scernario where the frequency is cut in half if the BAU frequency is higher than 10 minutes 
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Figure 22 shows a small change in CMC due to a higher frequency of buses. This shows that the 

frequency is not the major reason to why people do not use the bus as their primary mode of 

transportation.  
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Figure 23 shows a small reduction of Carbon eqvivalent emissions due to higher frequency of buses 

A higher frequency of buses does not cause a large reduction in carbon emissions.  

4.1.6 Fuel Efficiency 

Although increased fuel efficiency promotes the use of cars as seen in Figure 24, there is a large 

decrease in emissions 

(Figure 25) associated 

to this policy.  

 

Because of the ability to drive further on the same amount of gasoline, the fuel efficiency decrease 

makes the operation cost of the cars to decrease, creating a shift from the other CMC’s to cars. At first 

Figure 24 the % units change with a fuel efficiency decrease of 2% per year 

-1.0%

-0.5%

0.0%

0.5%

1.0%

1.5%

2.0%

CMC Fuel Efficiency

Drive

Rideshare

Bike

Bus

Walk



  37 

this might appear to be negative, but the decrease in carbon emissions, as seen in Figure 25, show that 

the policy have a positive impact on the emissions.  
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Figure 25. A large decrease compared to the other scenarios 

4.1.7 Cash for Clunkers 
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Figure 26 shows a small change in CMC due to a Cash for Clunkers scenario 
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Figure 27 shows how the CO2 levels vary in case of a cash for clunkers scenario. 

The effects of the Cash for clunkers policy are hard to interpret. The change compared to BAU is very 

low which indicates that it is not a policy that would be of benefit to the municipality.  

4.2 Combination of policies 
The previous examination of the different policies shows that some have impacts that are larger than 

others, and some policies create a positive flow of cash for the government and some policies will cost 

money for the government to implement. Because of this it could be beneficial to combine some 

policies so that the emissions will decrease more at the same time as the cash flow is closer to zero.  

4.2.1 PT 50% Carbon Tax, and Toll 

One of alterntives would be to combine a cheaper bus fare with a toll, and doubling of the carbon tax. 

While doing this the money generated from the toll and the carbon tax will be used to subsidize the cost 

of buses to about half the price.  
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Figure 28 shows the decrease relative to BAU in carbon emissions from combining a doubling of the carbon tax, a toll, and 
cutting the bus fares in half 

A combination of the three policies causes a drop in carbon emissions similar to the drop if all the three 

policies were added together as seen in Figure 28 compared to Figure 14, Figure 16, and Figure 18. With 

this in mind the cost will actually increase because of the decrease in toll revenue and carbon tax 

revenue.  

4.2.2 PT50% ,Bus access time, and frequency 

Another combination would be to use all three policies that would make the buses more convenient, 

decrease the fare, decrease the access time, and increase the frequency. 
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Figure 29 shows the change in CMC due to a combination of PT50%, Access time, and Frequency. The increase in bus is close 
to the same as if the three would be added together.  
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Figure 30 shows the reduciton in Carbon emissions from a combination of PT50%, Access time, and frequency policies. It 
shows similar results as if the three results were added together individually 

Figure 30 shows that the emission reductions of enacting the three policies at the same time are 

equivalent to adding the emissions reductions of each of the three policies.. However there is some 

synergy from the combination. When looking at the exact numbers it can be seen that the combination 

of the three actually yields a 0.14% larger reduction over the 25 years. Because of this it is important to 

try to find the most efficient combinations of policies in trying to find the one to implement. As seen in 

4.2.1 the policies can also yield a result less favorable than the addition of the three.  
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4.3 Implications of Policy PT50%  
As stated earlier, when reducing the fare of buses by 50% there will be a shift from cars to use the bus. 

However, since the carbon emission reductions are low, it is necessary to look deeper into why this is. 

indicates an increase in bus trips with 33%, it is unknown whether the bus system would be able to 

handle this without increasing the number of buses. If an increase in the number of buses is necessary 

this would imply added capital costs, as well as operating costs due to the need for more drivers and 

higher capacity at the garage and maintenance. These costs are not accounted for in Table 10 which 

assumes today’s system can handle the additional trips compared to BAU. This is also an assumption 

made when calculating the decrease in CO2. If the buses are driving the same trips and distances there 

will only be a small increase in fuel usage due to the extra weight. 

 

 

 

Percentage change in 

Total number of trips

2008 0.00%

2009 3.74%

2010 3.97%

2011 4.05%

2012 4.03%

2013 4.00%

2014 4.05%

2015 4.07%

2016 4.19%

2017 4.22%

2018 4.12%

2019 4.14%

2020 4.15%

2021 4.17%

2022 4.12%

2023 4.11%

2024 4.09%

2025 4.06%

2026 4.05%

2027 4.03%

2028 4.02%

2029 4.01%

2030 3.99%

2031 3.98%

2032 3.98%

Year

Change with Double 

Carbon Tax, Toll, and 

50% subsidy in public 

transportation

2008 SEK 0

2009 (SEK 8,554,262)

2010 (SEK 9,308,111)

2011 (SEK 9,760,215)

2012 (SEK 9,946,519)

2013 (SEK 9,957,763)

2014 (SEK 10,167,942)

2015 (SEK 10,232,570)

2016 (SEK 10,497,918)

2017 (SEK 10,652,210)

2018 (SEK 10,620,136)

2019 (SEK 10,620,435)

2020 (SEK 10,747,784)

2021 (SEK 10,890,367)

2022 (SEK 10,852,472)

2023 (SEK 10,855,085)

2024 (SEK 10,882,552)

2025 (SEK 10,938,361)

2026 (SEK 10,988,426)

2027 (SEK 11,018,658)

2028 (SEK 11,065,673)

2029 (SEK 11,089,842)

2030 (SEK 11,144,693)

2031 (SEK 11,179,212)

2032 (SEK 11,243,887)

Total (SEK 253,215,091)

Change in 

Kilometer 

travelled by car

2008 0 0.00%

2009 -357600 -0.06%

2010 -524500 -0.09%

2011 -560700 -0.09%

2012 -593600 -0.10%

2013 -604500 -0.10%

2014 -632400 -0.10%

2015 -642300 -0.10%

2016 -629100 -0.10%

2017 -615300 -0.10%

2018 -627300 -0.10%

2019 -634100 -0.10%

2020 -661900 -0.10%

2021 -654700 -0.10%

2022 -665400 -0.10%

2023 -676500 -0.10%

2024 -688200 -0.11%

2025 -700800 -0.11%

2026 -711000 -0.11%

2027 -712700 -0.11%

2028 -715100 -0.11%

2029 -724100 -0.11%

2030 -729300 -0.11%

2031 -733300 -0.11%

2032 -744300 -0.11%
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Table 9 (left) shows the change in total number of  trips between BAU and a 50% subsidized bus fare. The increase in trips 
show that in case of a cheaper bus fare, some trips that would not take place at all in BAU will take place. 
Table 10 (center) shows the cost to the government assuming that the government will pay the difference between the 
revenue accumulated by the bus company in BAU  
Table 11  (right) shows the change in kilometers travelled by car between BAU and a 50% subsidized bus fares 
 

Table 11 shows a decrease in the kilometers driven by cars. However, this number is much smaller than 
the number  of trips as seen in Table 9 . This indicates that the decrease is mostly due to a shift of CMC 
in shorter trips. This does however have positive impacts that are not shown in the outputs of TRESIS. 
TRESIS does not make a difference between the emissions from two cars taking one trip of 3km each 
and one car taking a trip of 6km.(Bain, 2010) This however as mentioned before is not true, as the 
catalyst has to get warm before it will function properly. Because of this, a car will drive cleaner during 
kilometer 3-6 than 0-3. When comparing the effects it is important to realize that a shift of shorter trips 
to go from cars to buses is more beneficial than just looking at the decrease in distance travelled.   
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5 Limitations of this analysis 
 

Several assumptions of this analysis limit the accuracy and scope of its results.  

One assumption made in this paper is that the demographics of Melbourne and Gävle are the same. 

Even if this could be true, and it is likely that they are close to each other, it would be beneficial to be 

able to back this up with data. Some other questions that would require an answer for a better use of 

the model are: 

Why do people prefer the car? 

In the paper by Ramjerdi and Lindqvist-Dillen (2005) people value the time in a car differently from the 

time in a bus. This is likely the fundamental reason to why people rather use their car instead of the bus 

for trip. A better understanding on the reason behind this would be beneficial to both create a more 

accurate model, but also to create policies that are more effective. 

What is the capacity of the bus system? 

The model used for this analysis makes an assumption that the bus system has unlimited capacity. This 

is not true anywhere in the world. The impact on the results is that the cost to accommodate the 

increase in travel is not accounted for. This is something that would be need to be changed in the 

model. 

Is the model accurate in showing past trends? 

It would be important to be able to show that the model accurately predicts how people behaved to 

changes in policies in the past. It is likely that this would require changes to be made in the model.  

The model could also use improvement in the network representation. By using more zones it would be 

possible to more accurately model the commuting between zones. A sensitivity analysis of the 

estimated inputs would be necessary to get an understanding on what values need to be more certain. 

Another issue that makes the results less reliable is the CMC per zone. The CMC for the municipality is 

accurate, but the CMC for each zone is not. The solution to this problem would require a much more 

complicated model with a more detailed representation of a transportation network accurately 

representing origins and destinations within each zone. The directions of the changes are relatively 

reliable and match up with expected results.  

We are confident that the analysis of the consequences of implementing the different policies is is too 

zone dependent to give accurate results. The 2.5% decrease in traffic is also a lot smaller than the results 

experienced in Stockholm and London. Likely because there is no problem with congestion in Gävle. 
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6 Conclusions 
This paper has been an attempt to use the TRESIS software to represent the transportation system of 

the Municipality of Gävle by using the appropriate input variables. The software has been used to 

analyze four different policies and their impacts on CMC and the carbon emissions, providing valuable 

information to policy makers in the municipality.  

This study shows that an increase in fuel efficiency will have the biggest impact reducing carbon 

emissions. Even a small increase will have a greater impact than an attempt to decrease the cost of bus 

fares. The scenario where buses are free shows that there are other things that make people chose the 

car instead of the bus. One reason could be that value of time has a greater impact on CMC than the 

upfront cost of the bus fare. However eliminating the bus fare can cause can create incentives for 

commuters to shift short distance trips to bus. As discussed before, these shifts can be associated to 

emissions reductions greater than those quantified by TRESIS.  

Policy

Reduction compared to 

Ideal scenario (Bus)

Reduction cost

(Sek/kg CO2)

Cost not accounted for in 

model

Toyota Prius 67.88% -                   -

Double Carbon Tax 0.04% (591)                 -

Toll 0.06% (1,646)             
Constructing gates,

Administration

50% reduction in bus fare 0.12% 1,044               Increasing capacity

Free bus fare 0.25% 1,157               Increasing capacity

2% increase in fuel efficiency 14.90% 49                    Administration costs

Bus Access time 0.02% (57)                   Increased Capacity

Bus Frequency 0.04% (68)                   Increased Capacity

Cash for Clunkers 0.07% 284                  Administration costs

PT 50%, Carbon tax, Toll 0.22% (1)                     

Increasing capacity

constructing gates,

Administration

PT 50%, Access time Frequency 0.19% 710                  Increasing capacity

 

Table 12 shows the different policies and their reductions compared to ideal scenarios where all transport is made with 
Toyota Prius, or Bus. The reduction cost in Sek/kg CO2 is calculated using the difference in government income given from 
the GK Model output divided by the percentage change in the model multiplied by the calculated current CO2 emissions from 
Table 1. 

This study also shows that there should be an emphasis on policies that create incentives for changes or 

improvement in transportation technologies for private vehicles. A policy or action aimed at reducing 

emissions from buses will impact a small part of the total emissions because buses account for a small 

share of CMC. Increasing fuel efficiency and developing infrastructure for electric vehicles might be the 

way to go to reduce emissions. Even when using a zero carbon emission from buses and making them 

free, the decrease in carbon emission will not drop drastically with the assumptions made in the model. 
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However, when looking at the decrease in government income from taxes it will be important to get this 

money from elsewhere. This indicates that an increase in the carbon tax or similar income would be 

important. As discussed earlier the carbon tax is one of the most popular taxes and is more likely to be 

one of the ones that will eliminate this deficit. It is also important to find a combination of policies that 

work well together. For example the policy where PT50%, Access time, and Frequency are combined has 

a lower carbon abatement cost than if the abatement cost of the three individual policies were added 

together (710<919 SEK/kg). 

An accurate estimation of the costs of implementing the different polices requires more analysis. This 

paper wrongly assumes that all government funds can be used. This is not true as the taxes cannot be 

used by the municipality.  

The results presented in this report should be regarded with care, due to the several uncertainties that 

surround the parameters and relationships assumed in the model. This report is merely an attempt to 

show that a model like TRESIS might be useful to explore the impact of different policy mechanisms for 

reducing green house gases. TRESIS can be further adapted to better represent Gävle's reality.  
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