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Abstract 

 

The aim of this thesis is to examine the emissions from the Swedish truck fleet between 2007-

2014. By descriptive analysis the emissions of NOx, PM, HC and CO are found to decrease at 

the truck level, the firm level and municipal level. A difference-in-difference analysis is 

performed to Stockholm municipality where a low emissions zone (LEZ) is located. Heavy 

trucks in the transportation sector are examined. Emissions are found to decrease more outside 

of the LEZ than within. This contrasts to other studies on LEZs and to the political goal of the 

zone. These results indicate that a green transition is occurring in the Swedish truck fleet. 

Moreover, the adjustment to the LEZ appears to mainly force the firms with dirty trucks located 

outside of Stockholm municipality to switch to cleaner vehicles. 
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Sammanfattning 

Målet med denna uppsats är att undersöka utsläpp från den svenska lastbilsflottan mellan 2007-

2014. Med hjälp av deskriptiv analys, visas att utsläppen av NOx, PM, HC och CO minskar på 

lastbils, företags, och kommunnivå. En difference-in-differences analys görs på Stockholms 

kommun där en miljözon (LEZ) finns.  Tunga lastbilar i transportsektorn är undersökta. Utsläpp 

minskar mer utanför miljözonen än inuti. Detta står i kontrast till andra studier, samt till det 

politiska målet med miljözonen.  Dessa resultat indikerar att en grön övergång sker i den svenska 

lastbilssektorn. Dessutom är anpassningen till miljözonen verkar främst påverka företag med 

smutsiga lastbilar som är lokaliserade utanför Stockholms kommun att byta till renare fordon. 
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1 Introduction

There is an increasing concern for the environmental problems the world is facing. The
greenhouse gases that has been emitted into the atmosphere, have warmed the planet
faster than at any other point in history (NASA, n.d.). The majority of researchers
agree that global warming is caused by human pollution, mainly from burning fossil fuels
(United Nations, n.d.). In order to mitigate these environmental problems, actions need to
be taken towards decreasing emissions of greenhouse gases. The environment has been on
the political agenda since the 1960’s, and sustainability principles has been in place since
the 1992 World Summit in Rio, where several world leaders agreed that there had to be
long-term, and extensive changes in technology, infrastructure, lifestyles and institutions
(Rennings, 2000). These agreements have been updated in increments, most recently, in
the 2015 Paris agreement where many nations for the first time agreed to make ambitious
efforts towards combating climate change and keep the average temperature increase below
2 degrees Celsius (UNFCCC, n.d.). As a step to reach this goal, Sweden aims to have net
zero emissions of CO2 equivalents in 2045.

The transportation sector is a large contributor to global pollution. In Sweden, the
transportation sector accounts for approximately one third of all emissions. Of this, a
third comes from trucks. The trucks are important to analyze, because while a third of all
transportation emissions originate from trucks, the trucks only account for 11 percent of
all vehicles. Furthermore, total emissions from vehicles have decreased since 1990, while
trucks have experienced increased emissions overall. The trend has started to decrease,
but trucks remain far behind in reaching the national targets (Swedish Environmental
Protection Agency, 2018a). Vehicles do not only emit CO2, but also other local pollutants
such as NOx, PM, HC and CO. These contribute to environmental problems such as acid
rain, human health issues, and disrupting ecosystems.

The purpose of this thesis is to examine how environmental policy has influenced the
emissions of NOx, PM, HC and CO from the Swedish truck fleet. The period examined
is 2007 - 2014. The data allows for connecting each individual truck to the corresponding
company. This means that trucks can be evaluated in several constellations, and firm
attributes can be connected and analyzed. The emissions are first evaluated by use of
descriptive statistics where the whole truck fleet (light and heavy trucks) are considered.
The results show that the emissions have decreased at the truck level, the firm level and
at the municipal level. The European Euro classifications appears to be the main policy
tool creating this change. Estimating emissions at the truck and firm level is not often
done in other studies due to data availability. However, having access to individual truck
data is one of the major advantages of this thesis.

Secondly, a difference-in-differences analysis is performed on heavy trucks in the
transportation sector in order to more closely examine the effect of the low emission
zone (LEZ) in Stockholm municipality. The change in emissions of NOx, PM, HC and CO
are examined by comparing Stockholm municipality to three different control groups. In
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the first scenario, all of Sweden is used, excluding other municipalities that also have an
LEZ. Secondly, other LEZ municipalities plus their surrounding areas are removed from
the control group. This constitutes a more rural part of Sweden. In a third scenario,
Stockholm is compared to Norrland, which is the northern part of Sweden, and the most
rural of the three scenarios. The results show positive results, indicating that emissions
decrease more outside of Stockholm than inside. These results contrasts to other studies
and indicate that the firms located outside of Stockholm with the dirtiest trucks are the
ones switching towards cleaner vehicles.

This study is structured as follows. The next section covers the background of
environmental problems, the Swedish transportation sector and the policy measures used
to limit emissions. This provide the reader with the information needed to understand
the structure of the Swedish truck fleet. Part three covers the previous literature with
results from other studies examining LEZs. This is followed by the theoretical foundation
in section four, where green transition, incentives and policies are explored. In the fifth
part, the empirical structure is outlined and the results and analysis are presented in part
six. Lastly, section seven concludes the thesis.
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2 Background

2.1 The Environment

“the automobile - the Janus symbol of freedom and environmental threat.”
— B. Johansson and Mattsson (1995, p. 1)

Trucks contribute to environmental degradation through emitting different pollutants.
Excess emissions of GHGs (greenhouse gases) have during the past decades been recognized
for the detrimental effect they have on the global environment. The greenhouse gases are
labeled global pollutants since emissions of these gases in one place affect the whole global
system. There are other types of pollutants, called local pollutants, that mainly affect the
area in which they are emitted. Some of these are carbon monoxide (CO), hydrocarbons
(HC), nitrogen oxides (NOx), and particulates (PM). All of these are created in vehicles
that use fossil fuels and contribute to poor air quality in densely populated areas. These,
along with emissions of CO2 are the main pollutants from trucks that contribute to the
environmental problems.

Carbon monoxide is a transparent, odorless gas that is created in incomplete combustion,
mainly from gasoline powered vehicles (Nathanson, 2018). Hydrocarbons are constituted
by several different combinations of hydrogen and carbon. Petroleum for example is made
up of over 150 different hydrocarbons (Carey, 2018). Moreover, hydrocarbons have many
environmental and health impacts, such as contributing to acid rain, changing the pH
balance of water, aggravating asthma, and causing irregular heartbeat. There are several
types of nitrogen oxides, where nitrogen dioxide (NO2) is the most concerning one. It is a
pungent gas that irritates the airways and cause pulmonary edema. It is also a component
in the creation of smog. Moreover, in the atmosphere, nitrogen dioxide reacts and creates
nitric acid which contributes to acid rain. Particulates are very small fragments in the air.
The largest ones are referred to as dust, while the smallest are called fumes. These are
harmful to the respiratory systems if they are inhaled (Nathanson, 2018). Gasoline emits
more CO2 than diesel, while diesel emit more of these local pollutants. Thus, all of these
pollutants are important to consider when examining the truck fleet since most trucks are
fueled by diesel.

2.2 The Swedish Truck Fleet

Overall, emissions of CO2 equivalents from road transportation have decreased by 11
percent since the 1990’s (Morfeldt, 2018). These might appear to be modest numbers
considering the national emission target, but they are quite good considering that the
truck fleet has experienced increased emissions since the 90’s. The truck fleet constitutes
a third of the emissions of the land transportation sector. Trucks are divided into light
and heavy. Light trucks are trucks up to and including 3.5 metric tons. These accounts
for about 10 percent of emissions and have increased emissions by 73 percent since 1990.
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Moreover, in 2018 light trucks made up 9.7 percent of all land vehicles. Heavy trucks have a
total weight above 3.5 metric tons and accounts for approximately 20 percent of emissions
from the transportation sector. These emissions have increased by 12 percent since 1990.
Despite accounting for a large share of total emission, heavy trucks only make up 1.4
percent of total number of vehicles (Adriansson, n.d.). The overall trends in emissions
are shown in figure 2.1 below. Clearly, the truck fleet must decrease the emissions if the
national goals should be reached. Both heavy and light trucks are important to examine
since light trucks have experienced a large increase in emissions despite efforts to decrease
them, and heavy trucks emits a large share of emissions despite making up a very small
fraction of total vehicles.

Figure 2.1: Total greenhouse gas emissions in Sweden from light and heavy trucks between 1990-
2017. Measured in kt CO2 equivalents. Data: Swedish Environmental Protection Agency (2018b)

The Swedish truck fleet has increased in size, and the average age of a light truck is now
8 years and 11 years for heavy trucks. The average lifespan of a truck on the Swedish
market is 16 years (Izzo and Myhr, 2015). This means that any implemented policies that
aims at affecting the truck fleet will be delayed due to the old trucks already in use. In
2014, 43 percent of heavy trucks in Sweden were owned by truck haulage firms. These
trucks are mostly used for transporting goods long distances. Light trucks on the other
hand are often used by companies for conducting business and for delivery. These trucks
are mainly driving short distances and transporting relatively few goods (ibid.). At the
end of 2014 there was slightly more than 83,000 heavy trucks in Sweden and over 550,000
light trucks. The light trucks were around 4 times more abundant than the heavy trucks
in 2002. This number has increased since then, and were close to 7 in 2017.
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2.2.1 Environmental Classification of Fuels

The energy use and GHG emissions of trucks are mainly affected by weight, number of
vehicles, distance driven and fuel type (Izzo and Myhr, 2015). The fuel type is important
to consider because by simply switching fuels to one that is cleaner, emissions can be
decreased immediately. The majority of heavy trucks are fueled by diesel. In 2014 it
was 97.5 percent, and this has remained fairly constant. Light trucks had a smaller share
of diesel engines in 2014, 89 percent, and have begun adopting alternative fuels. Diesel
engines are prevailing on the market since these are more energy efficient than gasoline
combustion engines. Diesel tend to emit slightly lower CO2 emissions per kilometer since
the fuel usage per kilometer is lower compared to gasoline engines. However, diesel emits
other pollutants such as PM, HC, CO, and NOx (ibid.). Thus, using cleaner diesel fuel
provides an opportunity to decrease emissions without replacing the whole truck fleet
with cleaner vehicles. The two main improvements to the diesel fuel is by (i) making the
existing non-renewable diesel cleaner, and (ii) by using cleaner bio-diesel which to a large
extent can be used in existing trucks.

Regarding the first point, Sweden has had environmental classification on fuels since 1991
for diesel and 1994 for gasoline. The purpose of these labels is to reduce the health risks
and strain on the environment, especially in urban regions. This classification means that
diesel and gasoline cannot be sold unless it meets the minimum required environmental
classification. Fuels labeled with a lower number is better for the environment. Diesel
have class 1, 2 and 3. Gasoline is classified in categories 1 and 2. Fuels that are better
for the environment and emit less are costlier to produce. In order to not make these
fuels more expensive, they are compensated by lower tax rates (Swedish Transportation
Agency, n.d.[d]). Diesel classification 1 and 2 reduce the emissions of mainly particulates,
hydrocarbons, sulfur and also nitrogen oxides. Reducing emissions of these substances
reduce the risk of genotoxic damage, cancer, and impact on the airways such as irritation,
allergy and asthma. Diesel class 1 is today the dominant diesel fuel on the Swedish
market. It is labeled sulfur-free, which means it can only contain maximum 10 ppm of
sulfur (ibid.). These types of rules makes it possible to reduce emissions by simply changing
the existing fuel. Switching vehicles takes longer time since it is costlier than simply using
a different fuel. Apart from the environmental benefits of environmental classification it
also is better for the engines, which means they last longer and run better during their
lifespan. Moreover, the better fuels provide the manufactures with the opportunities to
use more fuel efficient engines and more efficient exhaust emission control (ibid.).

The second point above refers to bio-diesel which is classified as renewable. The
environmental classifications aim to make regular, fossil based diesel cleaner. However,
the bio-diesels have less polluting effect on the environment. These can be used on their
own or be mixed with regular diesel. At low rates the fuel is still labeled diesel and can be
used in all diesel engines. At higher percentages the label is bio-diesel and to use this fuel
in a regular diesel engine, the manufacturer must approve the engine for this fuel (SPBI,
n.d.[b]). One of the first bio-diesels on the market was FAME, which stands for fatty
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acid methyl ester. It can be made from almost any oil, most common is to use some sort
of vegetable oil1 (SPBI, n.d.[b]). In Sweden the most common is to use rapeseed, which
gives this particular type of FAME the name RME, rapeseed methyl ester (portal, n.d.).
In 2011 the maximum amount of FAME allowed in diesel was raised from 5 percent to
7 percent (Swedish Transportation Agency, n.d.[b]). The percentage is quite small since
FAME does not perform as well as regular diesel in cold weather. HVO (Hydrogenated
vegetable oil), is the other, fast growing type of bio-diesel. It is not chemically different
from regular diesel, thus it is allowed to include larger amounts of HVO in diesel (SPBI,
n.d.[c]). These rules imply that a diesel that is labeled as containing 40 % renewable
components will have a maximum of 7 % FAME and the rest HVO (SPBI, n.d.[a]). The
benefit of these fuels is that they emit much less CO2 compared to regular diesel and can
thus be used in already existing vehicles in order to reduce emissions.

2.2.2 Emission Classifications of Vehicles

Not only does the quality of the fuel matter for the amount of emission, but there are
also different emission classification of vehicles. All vehicles are classified in terms of their
emissions. There are six different classifications, Euro 1-6 for light trucks and Euro I-
VI for heavy trucks. The Euro classifications have been introduced gradually, each with
stricter limits on emissions. There are also EEVs which are voluntary restrictions for
“enhanced environmentally friendly vehicles” (Izzo and Myhr, 2015). Which classification
a vehicle belongs to, is determined by the amount of emissions of CO, HC, PM and NOx.
Thus, CO2 is not a determinant of vehicle classification (Swedish Transportation Agency,
n.d.[a]). The Euro classification works by successively phasing out older classifications in
favor for new, less polluting ones. All new registrations of vehicles must satisfy the current
Euro standard or better.

2.3 Swedish environmental policies for vehicles

In order to decrease emissions from transportation Sweden has implemented several
policies. Until 1995 there was a specific gasoline tax, which is now replaced by a fuel
tax. The fuel tax is made up by two different point taxes, on carbon and energy, as well
as value added tax (SPBI, n.d.[d]). This tax specifically targets emissions from all types
of vehicles. A more general tax, affecting all carbon emissions is the carbon tax which was
introduced in 1991. This made Sweden one of the first countries in the world to implement
a tax of this type, only Finland and the Netherlands adopted taxes sooner, i.e. in 1990. As
of March 2018 only 21 countries in the world had or were planning to introduce a carbon
tax of this type (Martinsson and Fridahl, 2018). For heavy vehicles, the carbon tax is
based on weight and emission classification, in contrast to cars and light trucks were tax
is based on CO2 emissions. Thus, for heavy trucks the Euro classification system is the
most important influence on emissions reduction (Izzo and Myhr, 2015).

1However, Norway often use animalistic fish oil and the United States utilize residual frying oil.
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To reduce congestion and the associated environmental problems, Sweden has implemented
two congestion charges. One is active in Stockholm since 2007 and one in Gothenburg since
2013 (Eliasson et al., 2009). The Stockholm charge is designed with a cordon around the
city with an inner area of about 30 km2. Due to reductions in vehicle kilometers travelled,
emissions were reduced by 10 to 15 percent for different pollutants compared to before the
Stockholm congestion charge (Eliasson, 2008). There was an exempt from the charge for
alternative fuel vehicles until the end of 2008. This increased the sales of these types of
vehicles (Börjesson et al., 2012). There have also been other types of tax exemptions with
the aim to create incentive for switching towards cleaner alternatives. For instance, until
2012 there was a complete tax exemption on all bio-fuels. After that, taxes on FAME
increased gradually and today there is no exempt at all (Holmström, 2019).

2.3.1 Environmental Zones

Another type of policy is the environmental zones, or low emissions zones (LEZs). These
are geographical areas where some vehicles are forbidden to enter. Sweden has several
LEZs, the one in Stockholm is examined more closely in this thesis. In Sweden these
zones currently only affect heavy duty, diesel powered vehicles above 3.5 metric tons. The
point of these zones is to improve air quality in the areas by mainly reducing nitrogen
oxides and particles in the air. The zones are based the exhaust emission control on
new vehicles, ie. the Euro classifications. The zones should provide incentive to buy
new, cleaner vehicles, and remove old, dirty ones. The Swedish environmental zones are
classified in 1, 2, and 3, where class 1 is the only active environmental zone today. From
2020 class 2 and 3 will also be introduced and possible for municipalities to enforce. These
will also include cars and light trucks, and class 3 has more stringent rules than class 2
(Stockholm City, 2018).

Figure 2.2: The Stockholm LEZ, retrieved from Eveby and Franzén (2010)
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Today, a large part of central Stockholm is covered by an LEZ, which forbid heavy vehicles
from entering the central parts of the city. The environmental zone cover Södermalm,
Kungsholmen, Vasastaden, Norrmalm, Östermalm and Ladugårdsgärdet. This is the
map shown in figure 2.2. There are some roads exempted form the LEZ, eg. the
Essinge bypass2, which allows vehicles to drive through the city without following the
LEZ rules. The Stockholm LEZ has covered the same area since its introduction in
1996, about 35 km2. Gothenburg and Malmö introduced LEZs at the same time (Eveby
and Franzén, 2010). Today, Environmental Zone Class 1 for heavy vehicles are present
in Stockholm, Gothenburg, Malmö, Mölndal, Uppsala, Helsingborg, Lund and Umeå
(Swedish Transportation Agency, n.d.[e]).

2All the exempted roads are the Essinge bypass with connecting part of Drottningholmsvägen to the
Traneberg bridge, Söderleden, Klarastrandsleden, Stadsgårdsleden, Långholmsgatan, the Väster-bridge
and Götgatan. Moreover, Klarastrandskopplet, Kungsbrokopplet, Kungsbron between Kungsbrokopplet
and the Terminal trail, the Riddarfjärd exit, the Riddarfjärd on-ramp and the south Järngraven are also
exempted.
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3 Previous Literature

3.1 Environmental Policies

There is a large body of literature that examine the effect of environmental policies on
different emissions. For instance, Bruvoll and Larsen (2004) examine the effect of the
1991 carbon tax in Norway and found that, although total emissions increased, emissions
per unit of GDP decreased. Examining the introduction of a carbon tax in several
countries, Lin and Li (2011) estimated the effect of the tax in Denmark, Finland, Sweden,
Netherlands and Norway by using a difference-in-differences setup. In Finland the tax
has had a negative significant effect on growth of CO2 emissions per capita. In Sweden,
Denmark and the Netherlands the effect was negative but insignificant. In Norway the
carbon tax has actually not realized its mitigation effects. Overall, the introduction of a
carbon tax appears to have modest effect on CO2 emissions.

Baumol and Oates (1971) discuss the trouble of setting an optimal tax in practice since
it is difficult to estimate the marginal damage of pollution. They propose that by setting
standards for environmental quality, then a unit tax can be set to achieve these standards.
This may not provide a Pareto efficient allocation of resources but does provide the least-
cost for attaining the specified standards. In general, it is difficult to set efficient policies.
Thus, the outcome of the policy may not be as expected when examining it empirically.
Xepapadeas (1992) argue that an environmental tax should reduce short-run emissions
while in the long-run productive inputs will decrease and abatement inputs will increase,
provided that the tax is not too large. Moreover, due to adjustment costs, the impact
of environmental policy will be reduced since there will be less changes in inputs for the
firm. Because of this difficulty of creating a tax with the proper size, policy makers often
combine these market based policies with command-and-control type regulations which
are rules and standards that firms must abide to. LEZs such as the environmental zone in
Stockholm falls under the category of ”command and control” policy instruments (Hau,
1995). These types of measures physically limit the vehicles allowed in the zone.

Environmental policies are not only meant to decrease emissions. An important part is that
they should create incentive for finding more environmental-efficient technical solutions.
For instance, Van Soest (2005) examined the effect of environmental policy on the timing
of adopting energy-saving technology. The main finding was that there is an adoption lag
of energy-saving technology that increase with the strictness of the environmental policy.
Thus higher taxes does not unambiguously promote new technologies. Quotas and taxes
does not seem to be different in terms of increasing the lag. It is important to understand
that adaptation in response to a policy might be delayed. Despite this delay, there is
also a possibility that policies might not need to be in place for an extensive amount of
time. Aghion, Hepburn, et al. (2014) suggest that policies that promote promote clean
technology might only need to be in place for a limited time. They argue that once the
new green path is in place, there will be a lock-in effect to a low-carbon emission path. As
an example, Aghion, Dechezleprêtre, et al. (2016) showed that firms in the auto industry
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are motivated to direct technical change towards clean innovation when facing higher fuel
prices. When innovating in clean technologies, further positive effects also occur, through
the positive effects of knowledge spillovers. By applying taxes, prices can be manipulated
and thus influence firms’ behaviour.

If firms act in a profit-maximizing manner, then prices will determine their production
decisions. Thus, firms will invest in dirty technology if it is cheaper than green technology
(Acemoglu, Akcigit, et al., 2016). This means that in theory, there are two main ways to
induce a green transition, i.e. by lowering the price of green technology or raising the price
of dirty technology. This can for example be direct research subsidies to green innovation
in order to lower the price. To rise the price of dirty technology the basic way to do this
from a policy perspective is through a tax. There are many other ways, e.g. through
a cap-and-trade system like the EU ETS. However, the tax option is often given credit
for being technology neutral. Browne et al. (2012) evaluate the social and environmental
impact of urban freight transport. They state that urban freight transport contribute to
congestion, air pollution including greenhouse gas emissions, noise pollution, and traffic
accidents. All these different problems arising from transportation could in theory be
influenced by the type of policies described above.

3.2 Low Emission Zones

Many of the large cities in the world have problems with local air pollution which creates
smog, health hazards and environmental damage among other things. To combat these
problems, many cities have implemented different policies. For example in the EU, there
are regulation on maximum levels of particulates (PM) in the air. This has caused
several cities to implement low emission zones in order to comply with the rules (Wolff,
2014). Low emission zones (LEZs) are areas in which some polluting heavy trucks are not
allowed to enter. These zones are typically introduced in areas where the population is
dense and pollution is heavy. Rapaport (2002) argues that low emission zones forces new
technology by encouraging introduction of cleaner vehicles that can meet the standards
of the environmental zones. This type of zone also put the majority of the cost on the
polluter. The zones are chosen where emissions are high and banning certain vehicles
can have large effect. Browne et al. (2012) argue that low emission zones and standards
such as the Euro classifications can likely influence local pollutant emissions per vehicle
kilometer. There are many countries which have implemented environmental zones, for
instance, the Netherlands, Germany, Italy and the UK.

In London there are both low emissions zones and congestion charge as part of their freight
transportation initiatives. Ellison et al. (2013) examined London’s LEZ and found that
the zone had a large impact on the composition of the vehicle fleet in London. There was
an increasing replacement rate of older vehicles that has continued since the introduction
of the zones. There also seemed to be an effect of replacement rate of light commercial
vehicles in anticipation of the LEZ, and it seems like a switch towards smaller vehicles
was made. The main response to the LEZ thus, seem to be switching to newer vehicles, a
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change in the class of vehicles used and repositioning of vehicles to avoid non-compliant
vehicles in the LEZ.

In the Netherlands the environmental zones can currently only be accessed by vehicles
meeting Euro IV standards or higher. The effect of these zones were less positive than
expected mainly because new vehicles were not as clean as expected and many old vehicles
still had access to the zones (Eveby and Frenzén, 2010). Boogaard et al. (2012) examine the
effect of the introduction LEZs in five Dutch cities. They recorded street level pollutants
before and after the introduction in the zones and in suburban streets in the same cities.
They found no substantial reduction in concentrations of traffic-related pollutants. The
zones where based on Euro classifications and only excluded the most polluting ones (Euro
0 and Euro I at the time of this study). These trucks constitutes a small part of the total
trucks fleet and are very dirty compared to other Euro classifications.

In 2010, 31 German cities had some sort of LEZ, with 17 more cities planning to introduce
them (Eveby and Frenzén, 2010). Wolff (2014) examined LEZs in Germany and found
that these zones reduced particle emissions by 9 percent. Other air quality policies had no
effect in their study. There is heterogeniety across zones where larger zones have stronger
impacts. The spatial vehicle fleet composition changed drastically as a response to the
announcements of LEZs in Germany. The LEZs in Germany vary considerably, the largest
in Stuttgart cover 207 km2 and 590,000 inhabitants, while the smallest in Illfeld only spans
2.5 km2 and 4,000 inhabitants. The German LEZs can vary across cities, but the policy
can be implemented on all vehicles.

Holman et al. (2015) review LEZs in Denmark, Germany, Netherlands, Italy and UK and
find mixed results. In Germany, where both cars and trucks are restricted, the LEZs
reduce long run PM10 and NO2 to some extent. In the other countries, only heavy duty
vehicles are restricted and the results are less clear. This could be due to many confounding
factors, the day to day variations in meteorology on concentrations which mask the effects
of the LEZ, and properly distinguishing the direct effect of the LEZ from other policies,
the economy and normal renewal rate.

In Sweden, the national government allowed municipalities to implement environmental
zones in 1992 on voluntary basis. Environmental zones were adopted in Stockholm,
Gothenburg and Malmö in 1996 and Lund implemented the program in 1999 (Rapaport,
2002). Since then several cities have introduced a LEZ and currently 8 cities in Sweden
has an environmental zone. In Sweden the environmental zones are regulated by law, the
choice of the municipality is thus whether or not to introduce the policy not the actual
structure of it. From 2007 it was no longer allowed to offer exemption for vehicles (Eveby
and Frenzén, 2010).

The zones applies to heavy vehicles with a diesel engine fueled by diesel. This definition
allows for loopholes. An older truck that does not meet the requirements for the LEZ
but drives on a diesel blend which is not specified under the requirement of the zone can
still drive in the LEZ. The rules have been updated over the years, for instance, in 2002
foreign vehicles also were included by the LEZ rules, since 2007 there is a new framework
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for the LEZs in Sweden, and from 2010 some roads in Stockholm also forbid the use of
studded wheels (Eveby and Frenzén, 2010). Between 1997 and 2007 the lowest number of
compliance with the Stockholm LEZ was in 2000 when about 85 percent of vehicles had
permission to enter the zone. The highest recorded compliance rate for the period was
around 96 percent (Stockholm Traffic Office, 2008). This is important for how effective
the LEZ can be in reducing pollution.

In table 3.1 the results from some of the reports evaluating the effects of the Stockholm
LEZ are shown. They range from covering emissions reductions for a year, to a longer
period. Most reports estimate what emissions would look like within the municipality if
the truck fleet resembled that of another area. This provides different scenarios where the
effects of the LEZ can be determined. The one year estimations found reductions of NOx

between 1 to 10 %, HC between 5 to 25 %, and PM from 15 to 40 %. In all reports,
emissions where reduced compared to the no-LEZ scenario.

Table 3.1 Summary of results from reports on the Stockholm LEZ

Author Years covered Estimated decrease in emissions
NOx HC CO PM

Stockholm Traffic Office (2008) 1997 1-8 % 5-9 % - 15-20 %

Burman and C. Johansson (2001) 2000 10 % 25 % - 40 %

Stockholm Traffic Office (2008) 2007 3-4 % 16-21 % - 13-19 %

Izzo and Myhr (2015) 1990-2015 60 % - 25 % -

Burman, Eschricht, et al. (1996) 1996-2001 4 % 1 % - 30 %
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4 Theory

The idea of human induced global warming was founded in 1895 when Svante Arrhenius
suggested that the CO2 levels in the atmosphere could have great impact on the global
temperature. His purpose was not to warn about a possible global warming, but actually to
examine global cooling and causes of past ice ages. Evidence of global temperatures rising
was not available until the 1950’s, and most people spent the majority of the 20th century
believing that emissions from human activities could never influence the natural system
on earth. As more evidence on climate change emerged, the global warming hypothesis
was widely accepted and action was taken to decrease emissions. Clearly, human activities
was polluting enough to affect global climate. This is an example of what can occur when
negative externalities are present and what is labeled the tragedy of the commons.

In standard neoclassical economics, supply and demand makes markets clear, which creates
an optimal price and quantity of goods and services. The tragedy of the commons arise
when a common good, such as the environment, cause individuals with fully rational
choices to over-use and exploit that good (Hardin, 1968). For example, the individual
factory may find it more cost efficient to dump their chemical waste is the bypassing
river compared to purifying it before releasing it. When all factories do the same, people
living downstream may not be able to use that same water for drinking, fish may die,
and the water may be too polluted to water crops to feed the population3. The polluter
does not consider this cost when making decisions, which is what is known as a negative
externality.

“Freedom in a commons brings ruin to all”
— Hardin (ibid., p. 1244)

When there are externalities present the market mechanism does not provide a socially
optimal equilibrium. A negative externality is associated with an extra cost that the
polluter does not pay for. This creates an excess supply of pollution which contributes to
creating climate change and the associated environmental problems. Essentially, a negative
externality of this type implies that the good, pollution, is priced too low. The producers
of greenhouse gases typically do not have to pay for the damage they are conducting to the
environment, which means that there will be a too large quantity of emissions compared
to the social optimum.

To correct this market failure, policies can be implemented to raise the price of polluting
and reach the social optimum. Since the price of polluting is too low, the simplest way is
to introduce a tax. This is the type of Pigouvian tax that should reflect the marginal social
cost of pollution. A tax effectively raises the price of the emissions and in theory, emitters
should adjust to this higher price and decrease their emissions (Oates, 1995). Another
way to describe this is by saying that the externality is internalized. There are also other

3Interestingly, watering crops with water from a river also can be a tragedy of the commons situation.
This has the possibility to overuse the water resources so there are not enough for people living downstream.
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ways the government can implement policies to limit emissions, e.g. by setting quotas.
The EU ETS is a cap-and-trade system which essentially aims to limit the quantity of
emissions instead of raising the price like a tax. If policymakers have perfect information
about the market, a tax and a quota should have the same effect. However, this is not the
case in reality and often it is difficult to set a correct tax or quota. In Sweden, emissions
from transportation are taxed, thus this policy aims to raise the price. The purpose is to
mitigate polluting activity and reduce greenhouse gases.

Taxes or quotas are not the only types of policies available. Road pricing theory provides
examples of policies for internalizing the externalities caused by vehicles. Road pricing
pertains to e.g. road tolls and can be used as a tool for generating revenue for investments
in infrastructure, managing traffic flow and demand, optimal resource allocation regarding
the size of investment, and environmental objectives. This is a way to internalize the
negative externalities associated with road traffic such as, congestion, environmental
pollution, noise pollution, and accidents. These are particularly pressing problems in
metropolitan areas (B. Johansson and Mattsson, 1995). The environmental pollution is a
particular important externality to evaluate when discussing transportation. In fact, Tol
(2009, p. 29) argues that greenhouse gases are the ”mother of all externalities”.

Land is a scarce resource, and the physical room for expanding the transportation
network is limited, especially in cities. Expanding this network can also threaten
historical buildings and environmentally sensitive areas. There are many types of pricing
mechanisms for pricing the use of a road. The term road pricing is used for direct pricing of
using a road, congestion pricing is used for the specific purpose of targeting congestion on
roads (B. Johansson and Mattsson, 1995). De Borger and Proost (2013) suggest that for
internalizing the effects of pollution policies such as emission standards, bypass capacity
to guide traffic around the center of the city, and low emission zones may be particularly
important. In this thesis the LEZ in Stockholm is the focus, which is a type of licensing
zone aimed at internalizing the air pollution caused by heavy trucks in urban areas.

Policies could in theory also help direct firms towards cleaner alternatives because the dirty
technologies become more expensive with a tax or quota. However, subsidies are often
highlighted as a policy tool for inducing a shift towards clean technological innovation.
This type of policy acts opposite to a tax by lowering the price in the presence of positive
externalities. There are spillovers from innovation and thus firms that innovate often
do not receive full compensation for their efforts and innovate too little from a socially
optimal perspective. Subsidies is a way for decision makers to influence firms to innovate
more in green technology. The purpose of many policies is to reduce emissions but it is
also important that there is incentive for technological change since this can reduce the
long-run cost of abatement. Moreover, if there is incentive for innovation this could make
the policy acceptable from a political perspective (Calel and Dechezlepretre, 2016).

Rennings (2000) argue that passive firms that do not transition towards clean solutions on
their own accord require hard policies such as command-and-control policies. The Euro
classification offers the possibility to set standards of which classification is allowed. By
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categorizing vehicles according to emissions and then gradually phasing out the dirtier
categories, vehicle owners are forced into the clean transition. Moreover, policies such as
the low emission zones is also a way to control what is allowed and thus vehicles that need
to drive in these zones must be upgraded in order to qualify.

Policies may be particularly important for tackling environmental problems since the goal
of most policies is to induce a switch towards clean technology. The shift from pollution-
intensive technology to clean innovation is important to consider in order to mitigate
climate change (Acemoglu, Akcigit, et al., 2016). Dirty technology is commonly classified
as technology and innovations relating to fossil fuels. In the case of the transportation
sector, Aghion, Dechezleprêtre, et al. (2016) label technology relating the the internal
combustion engine as dirty. Clean innovations are those relating to electric and hybrid
vehicles, since these are more dependent on renewable resources. Often there is also a
category called grey technology which can be exemplified in the auto-industry as energy
efficient innovation in the combustion engine. These are often innovations aiming at
making existing technology more efficient. While these types of improvements decrease
emissions of CO2 to some extent, there is also the possibility of getting stuck here if
innovation does not continue towards completely clean technology. Because of this,
it is important to continue to provide incentives to continue towards clean innovation
until this process is self-reinforcing. As an example of intermediate steps towards green
transition occurring in Europe, is the EU ETS system. It has been accused of being too
generous to induce innovation. So far fuel switching has been important which has only
required organizational innovation and no true green innovation (Calel and Dechezlepretre,
2016).

Popp (2002) argues that because innovation is built on accumulated knowledge, clean
innovation is at a disadvantage since dirty technology has had a longer time to accumulate
knowledge. Essentially, because dirty technology has been around for much longer, clean
technology have to catch up to be able to compete with the dirty technology. There
is strong evidence for path dependency, firms that are exposed to clean innovation are
more likely to innovate more in clean technology in the future, the same is true for dirty
technology (see Aghion, Dechezleprêtre, et al., 2016; Acemoglu, Aghion, et al., 2012).
This highlight the desirability of acting sooner rather than later to shift innovation towards
clean technology. Path dependency will tend to lock economies into a high carbon emission
path, even after introduction of a mild carbon tax or R&D incentive for clean technology.
Rennings (2000) suggests that these types of lock-in effects may make the transition to
greener options more difficult. However, if dirty and clean inputs are more substitutable,
this transition is likely smoother. There is also path dependency in infrastructure which
means that there are more incentives to innovate in technologies that complement existing
infrastructure. For example, it is easier to sell gasoline cars due to the high density of gas
stations compared to charging stations for electric cars.

Popp (2002) argues further that if innovation in clean technology is allowed to increase
at its own pace, the transition will be too slow. After the initial push towards green
technology is made however, Acemoglu, Aghion, et al. (2012) suggest that the process will

15



be reinforcing and markets will create profit opportunities on its own for green innovations.
How fast the gap between clean and dirty technology close, depends on the initial size of
the gap between clean and dirty inputs. The larger the gap, the longer the transition
(Acemoglu, Akcigit, et al., 2016). The solution is to act now and relax intervention in the
future.
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5 Empirical Method

5.1 Datasource

The data in this thesis is provided by Statistics Sweden (SCB), which is a Swedish
government agency that develop, produce and publish official statistics and other
government statistics. Moreover, SCB is responsible for coordinating the whole system
for official statistics in Sweden (Statistics Sweden, n.d.). More specifically, the FRIDA4

database is used for the main dataset. It provides microdata for firms and individuals.
It began in 1997 as a collaboration between Statistics Sweden and the Swedish Ministry
of Finance. It is an all encompassing system and provides connection between firms and
owners. The basic material includes about 1.25 million firms. The purpose of FRIDA is
mainly to provide a base for tax-effect, and prognosis analysis, but also to be available for
statistical analysis. There are additional files in FRIDA, including data on vehicles which
is used in this thesis (Statistics Sweden, n.d.). To access this data, the MONA (Microdata
Online Access) server from Statistics Sweden is used. The MONA system is designed to
deliver micro-data in a secure and accessible manner. The micro-data never leaves the
MONA system to protect the individuals, but is exported as aggregated results. The
environment within the database is built on well-known statistical software and standard
techniques (Statistics Sweden, n.d.). One of these is Stata, which is the main tool for
analyzing the data in this thesis.

5.2 Descriptive Statistics

5.2.1 Truck data

Starting with the original truck data the oldest registered truck is from 1919. These
very old trucks are not relevant for this study. Thus, the one percent oldest trucks in
the data are removed. This leaves a sample where the oldest truck is registered in 1987,
which is more appropriate for this study. In this action, 22,460 observations were dropped
from the sample. This leaves 2,324,672 observations in the sample. Of these, 446,225 are
marked as heavy trucks, whereof 38,886 observations for new trucks between 2007 and
2014. For the light trucks, the sample contains 1,878,447 observations, where 236,220 are
new. This is the basic dataset containing both light and heavy trucks used for descriptive
purposes.

The summary statistics for the data set is shown in table A.1. In this smaple the owner is
only indicated by 1 which signifies that all trucks are owned by incorporated companies5.
The oldest truck in the sample now has model year 1987. The variable lease takes on value
1 for leased vehicles and zero otherwise. Professional freight traffic is also an indicator
variable, where 1 indicated trucks used for transportation of goods. First fuel is the first

4FöretagsRegister och IndividDAtabas
5Swedish aktiebolag (AB)
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fuel the truck uses, the second fuel indicates if the truck can be run on a second fuel, 0
if not. The first fuel contains values from 1 to 16, each marking a specific fuel. 1 stands
for gasoline, 2 for diesel and 3 for electric. The complete list can be viewed in table D.1.
Environmental classification refers to the Swedish environmental classification of vehicles.
This variable ranges from 0-10 and the exact classification each value refers to can be
found in table C.1. This has been connected to the corresponding Euro classification to
facilitate the analysis.

The driving distance is measured in kilometers for each truck during the year. To examine
new trucks in the truck fleet a new variable labeled new trucks is created. It marks a truck
that is one year as new, since some trucks may have been acquired at the beginning of the
year and others late. This would cause variables such as driving distance to vary for the
acquiring year. Thus, marking the trucks in this way prevent this problem. Formally, it is
calculated by setting Model Year minus Year equal to 1. The data set ranges from 2007
to 2014 which can be seen in the variable year. There is also a variable for total weight
which signifies the curb weight6 plus maximum load. If total weight is under or exactly
3500 kg the truck is defined as a light truck. If the total weight is above 3500 kg the
truck is counted as heavy (Swedish Transportation Agency, n.d.[c]). A large part of the
result section is dedicated to understanding how these variables have changed and how
this influence the emissions of trucks. This provides a solid foundation for examining the
effect of environmental policy on the emissions from the the truck fleet.

5.2.2 Firm data

The next step is to connect the truck data to the corresponding firm data. This firm
data contain many characteristics of the firm activity. The firm data contains only one
observation per firm, while the truck data may have many observation (trucks) per firm.
When merging these data sets, the firm characteristics thus become the same for each truck
and year in the firm. This is important to note, because in later stages it creates problems
with the firm location data used in this thesis. The firm data set is condensed beforehand
to only contain data from 2007-2014 to match the truck data. 2,311,781 observation were
matched, which means relatively few observations were lost in the first merge. Based on
variables for SNI, which is the Swedish classification of sectors, a sector variable is created
which makes it possible to distinguish different sectors and separate the transportation
sector for the difference-in-differences analysis.

The second part of the firm data that is to be merged, contains information on working
places. Each company may have one or more offices in Sweden. This is the data that
allows for localization of the firms. However, since each firm can have many trucks (truck
data set) and each firm can have many offices this would require a many-to-many merge
in Stata, which is something to avoid. To solve this, the firm location data is condensed
to only one observation per firm. Firms with only one office pose no problem, however if
the firm has many offices, the head office is used as the location of the firm. Since head

6weight of empty truck including maximum fuel, coolant, washer fluid, oil and driver (assumed 75 kg)
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office data is not available, the working place with the most employees on average over the
period is assumed to be the head office. The purpose of this step is to be able to locate
where the trucks are expected to circulate. Since trucks are mobile, the assumption is
that a truck likely, at some point, will be located close to the head office of a firm. This
is used to determine which trucks are affected by the LEZ in the difference-in-differences
analysis. This localization of the firms is based on the 290 municipalities in Sweden.
This also allows for identification of the 21 counties. Once this data is merged, 2,174,069
observations remain.

5.3 Model - Difference-in-differences

In this thesis a difference-in-differences (DiD) study design is employed to examine the
effect of the Stockholm LEZ on firm level emissions of NOx, PM, CO and HC. Normally,
the introduction of an LEZ is utilized as the policy. However, due to the time frame of the
data, this thesis uses the year 2009 as the treatment year when Euro III trucks where no
longer allowed in the LEZ. Essentially, a difference-in-differences model estimate the effect
of a treatment by comparing changes over time in a treatment group to changes in a control
group (Meyer, 1995). These changes can be caused by alterations in policies, institutions
or the economy (Roberts and Whited, 2013). The DiD estimator takes observations for
two different groups in two time periods. One of the groups is exposed to a treatment
in the second period, e.g. a tax or other policy intervention. The second group is not
affected by this treatment. To obtain the difference-in-differences estimator, subtract the
average outcome of the treatment group in period 2 from the average outcome in period
1. Then, the same is done for the other group. Once this is done, subtract the treatment
result from the control group result as in equation 1.

τ̂ = ∆ȳtreat − ∆ȳcontrol (1)

The DiD model focus on changes in the policy that occur in some municipalities, but not
in others by controlling for all fixed differences between municipalities and shared changes
over time. This allows the DiD to estimate unbiased casual effects of the treatment
(Strumpf et al., 2017; Imbens and Woolridge, 2007). Lee and Kang (2006) state that
DiD estimation is one of the most common ways to measure the effect of a treatment in
social sciences. The DiD model can be compared to a randomized controlled trial used
in medicine to test new drugs or treatments (Strumpf et al., 2017). However, the DiD
is not randomized but, but defined as a quasi-experimental technique. This is a way to
assess casual impacts of a policy (Calel and Dechezlepretre, 2016). The basic difference-in-
differences set-up is defined as in equation 2 (following Strumpf et al. (2017)). There are
two groups, exposed to the treatment ie. located in Stockholm municipality (j = 1), and
untreated firms (j = 0). There are also two time periods, where t = 0 is the pre-treatment
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period, and t = 1 in the post treatment period.

Yijt = β0 + β1Treatj + β2Y eart + β3Treatj × Y eart + ϵijt (2)

Yijt is the outcome variable for firm i in group j at time t. Treatj is the treatment
assignment variable, which is equal to 1 if a firm is located in Stockholm municipality,
0 otherwise. If the firm is located in the treated municipality this variable is equal to 1
regardless of the time period. Yeart is an indicator for time t equal to 1 for the period
after the treatment and 0 before, regardless of the location of the firm. Treati × Y eart

represents the DiD estimator, which is the essential part of the regression. This interaction
term is thus only equal to 1 if the firm is located in Stockholm municipality, after 2009.
ϵijt is the error term. This model is estimated for the year before the treatment (2008),
and the year after (2010). Only heavy trucks are included since these are the ones affected
by the environmental zone. Moreover, only firms with 5 employees or more, and 5 trucks
or more are included in the regression. Only firms in the transportation sector are used.
Lastly, treated firms are those that are located in Stockholm municipality during the whole
period.

5.3.1 Estimated emissions

Yijt it the outcome variable that measures estimated emissions. Since actual emissions
per truck is not available, they are estimated based on maximum allowed emissions for
each Euro classification. This maximum emission is a constant that decreases for each new
Euro classification. It is expressed in terms of g/kWh for heavy trucks. The relationship
between kWh and kilometers is one-to-one, which means that the emission constant can
simply be multiplied by the number of kilometers each truck has been driving in a year.
The emissions are then divided by net sales for each firm to scale the variable. This is
displayed in equation 3 for emissions of NOx. This is done for each individual pollutant
based on maximum emission values in table B.1.

YNOx = NOx × distance
net sales (3)

This way of estimating emissions allows for exploring how emissions have evolved at
the individual truck level. These emissions can then be aggregated to firm, municipal,
county and national levels as desired. This offer the possibility to evaluate how the truck
fleet and their emissions has changed at truck and firm level, which is something not
many other studies have done. Statistics Sweden provides actual emissions from the
transportation sector at the national level, which can be separated to light and heavy
trucks. This corresponds to the highest level of aggregation for the data used in this thesis.
Comparing these estimated and actual emissions reveals that the estimated emissions are
underestimated for all pollutants7. This underestimation likely depends on the number of

7More correct estimations could be achieved by using The handbook of Emission Factors for Road
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trucks included in the sample which is smaller than all trucks in Sweden8. Moreover, the
weight of the truck affects emissions and this is not included in the estimation in thesis
due to the definition of the emission constant. However, when indexing both estimated
and actual emissions to 100 and see how they evolve, they follow almost exactly the same
trend. Thus, using estimated emissions for the purpose of evaluating change over years
and between geographical areas should prove effective.

5.3.2 Area affected by LEZ

The Treati variable separates firms according to equation 4, and controls for permanent
differences between treatment and control groups (Roberts and Whited, 2013). Stockholm
municipality is the treated area since the LEZ cover an area within the municipality, and
the LEZ likely has effect outside its geographical bounds9. The location is dependent
on the firm since it is not possible to locate where the trucks drive with this data. The
assumption is that if the office or head office of a firm is located in Stockholm, the connected
trucks will more often be affected by the LEZ than other trucks. While this may not be
strictly correct it is an approximation which allows for geographical examination of the
data.

Treatit =

1 if firm is located in Stockholm municipality
0 if firm is not located in Stockholm municipality

(4)

5.3.3 Time of treatment

To perform a difference-in-differences study there need to be a treatment at some point in
time where the two groups can be separated. In this thesis the LEZ in Stockholm is used
to examine what happens to emissions when Euro III trucks are forbidden from entering
the zone. This happens from 2009 and thus this will be the treatment time. In a two
period setup this is the second period. This controls for common trends in both treatment
and control groups (ibid.).

The environmental zones in Sweden utilize the Euro classifications in order to exclude
trucks from the LEZ. Municipalities have the possibility to exclude some heavy vehicles
(over 3.5 metric tons) from driving in certain areas (Swedish Transportation Agency,
n.d.[e]). The rule for environmental zone class 1 is that any vehicle may drive for the first
6 years from the date it was first registered in Sweden. The exception from this rule is

Transport (HBEFA), which provides estimates for actual emissions from different vehicles, pollutants and
Euro classifications. This could have been an alternative to use in place of the maximum polluting values
from the Euro classifications.

8For example, trucks owned by municipalities are not included in the sample.
9It should also be mentioned that several other treatments where considered. For instance, in 2007

there was a congestion charge in Stockholm which could have been used to evaluate both heavy and light
trucks as it affects all vehicles. However, due to the time limit of the data in this thesis (2007-2014) this
treatment is not possible to examine
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Table 5.1 Heavy vehicles allowed in LEZs Sweden from registration year

Registration Year Main rule Euro II Euro III Euro IV Euro 5 + EEV
1998 2004 2006
1999 2005 2007
2000 2006 2008
2001 2007 2009 2009
2002 2008 2010
2003 2009 2011
2004 2010 2012
2005 2011 2013 2016
2006 2012 2014 2016 2020
2007 2013 2016 2020
2008 2014 2016 2020
2009 2015 2016 2020
2010 2016 2020
Source Stockholm Traffic Office (2008)

that (i) vehicles that fulfill exhaust emissions levels of Euro II or Euro III can drive in
environmental zones for 8 years, (ii) vehicles that pass the requirement for Euro IV can
drive in environmental zones until the end of 2016, (iii) vehicles clearing Euro V demands
can drive until 2020, and (iv) vehicles fulfilling Euro VI can drive indefinitely (Swedish
Transportation Agency, n.d.[e]). These exemptions are displayed in table E.1. Essentially
this means that the purpose of the LEZ is to phase out dirty Euro classifications from
the city center. Furthermore, the LEZ should induce firms to invest in trucks with better
Euro classification in order to be allowed in the zone for a longer period. In table E.2,
the date from which new registered heavy trucks must meet a certain Euro classification
is shown. Euro III was mandatory from October 2001, Euro IV from October 2006, Euro
V from October 2009, and Euro VI from October 2014. These dates differ somewhat
between the light and heavy trucks. Putting the information together from table E.1 and
E.2 creates table 5.1. From this table it is possible to see how the heavy trucks of Euro III
classification should start to phase our from 2009 until 2014. This is based on the rules for
the LEZ and the mandatory dates for the Euro III trucks. Thus, after 2009 there should
be less emissions from trucks in Stockholm as the dirty Euro III trucks disappear. The
estimated treatment effect should occur after 2009, which is what Treati × Y eart is based
on.

5.3.4 DiD estimator - treatment effect

The purpose of the policy is to phase out old dirty trucks and introduce new cleaner
trucks in Stockholm municipality. Based on this, along with the structure of the
Euro classifications, the hypothesis is that estimated emissions should decrease more in
Stockholm municipality compared to other regions. This means that the estimated β3

should be negative. If β3 is positive, this suggests that emissions per sales do not decrease
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faster in Stockholm municipality, but rather they decrease faster outside. Thus, the LEZ
should mainly affect the emission constant in YNOx . However, the estimated emissions
also depend on distance and Net sales. If the distance decreases, so does the emissions.
An increase in Net sales will decrease YNOx . Firms with high net sales thus have more
environmental efficiency as they emit less per SEK earned. The interaction term is the
basis of the DiD estimation. As when using any interaction term, the main group and
time fixed effects must be included to properly interpret the DiD estimate. Moreover,
interaction terms always have reduced power in statistical tests compared to main effect
terms. Thus, when testing significance on β3 there may be high rates of type II error.
(Strumpf et al., 2017)

5.4 Assumptions, limitations and motivation

One of the key assumptions in the DiD model is the parallel trends assumption or zero
correlation assumption. Essentially, the control group should reflect what would have
happened in the treatment group in the absence of treatment (Ryan et al., 2015; Roberts
and Whited, 2013). This is fundamental for the validity of the DiD estimator. If this
assumption is not valid the DiD estimator will be biased. With several time periods,
parallel trends assumption can be examined graphically. Simply plot the average outcomes
over the years to evaluate the trends. This is both very intuitive and common way to
examine this assumption. However, there are other formal tests as well, such as paired
sample t-test on the difference in average growth rates across the two groups (ibid.).
Because several periods allow for this type of evaluation, DiD models with only one period
before and one after treatment are always suspect (Strumpf et al., 2017). Since the data in
this thesis spans 2007 to 2014, and the treatment happens in 2009, there is a short period
before to visually examine the parallel trend assumption. In figure 6.13 the average value
of the variable yNOx is shown. Before 2009, the trends appear to be fairly parallel but at
different levels. Different levels do not affect the internal validity of the DiD estimator,
but it increases the sensitivity of the estimator to the functional form assumption.

The differences-in-differences estimator has been criticized for suffering from serial
correlation, which could bias the estimation of the standard errors. Bertrand et al. (2004)
argue the standard errors in many difference-in-differences estimations could be severely
under-stated. Strumpf et al. (2017) state that most studies today use cluster robust
standard error to counteract this serial correlation. However, this is likely not sufficient.
Bertrand et al. (2004) suggest that to solve this problem, it is possible to (i) collapse the
data to only one period before the treatment and one after, (ii) estimating standard errors
and allowing for for an arbitrary covariance structure between time periods, and (iii) using
randomization inference testing methods to correct standard errors. In this thesis, the first
approach is used where the period before the treatment is 2008 and the period after is
2010. This is to possibly reduce problems of serial correlation.

There are also uncertainties in the data for the DiD estimation. First, and probably the
biggest point of uncertainty, is the assumption of where trucks move. Assuming that
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trucks will move in the LEZ area if the firm have a head office located in Stockholm is
very approximate. Secondly, the emission estimations are as described earlier not correct
when compared to actual emissions at the national level. However since the trends are
fairly similar this is likely not a problem for the conclusions in this study.

Strumpf et al. (2017) suggest that an alternative to the difference-in-differences model is
to run a pure fixed effects regression. This will use panel data to essentially compare each
treated firm with itself at an earlier point in time as a control. Thus, the fixed effects
model uses within-unit changes over time to estimate casual effects. However, if there
are concerns about time-varying confounding, an external control group may provide a
counter factual for the outcome of the individual firm in the absence of the initial change
(treatment). If the panel data does not measure the the same individuals over the years,
individual-level fixed effects are not feasible. Furthermore, aggregated fixed effect models
sacrifice valuable individual information, in particular for considering effect heterogeneity
in subgroups. In this context, it can be particularly useful to utilize DiD models that
use individual-level data and leverage effect contrasts which are driven by aggregate level
policy changes (ibid.).
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6 Results

6.1 Factors influencing emissions

As described previously, emissions of CO2 equivalents from trucks have been increasing
overall since 1990. Heavy trucks emit more than light trucks, but light trucks have
increased emissions more since the 90’s. The emissions have started to decrease for both
light and heavy trucks, an both their peaks can be found in the period of this study.
Izzo and Myhr (2015) state that the four main influences of truck emissions are number
of vehicles, distance driven, weight and fuel type. These four factors are examined in
turn to evaluate the trucks fleet in Sweden and the estimated emissions of the pollutants
NOx, PM, CO and HC. There is also a discussion of what this implies for emissions of
CO2.

6.1.1 Number of trucks

In figure 6.5 the average number of trucks in Swedish counties is shown. As expected, the
three largest metropolitan regions have the most trucks. These are Stockholm, Gothenburg
and Skåne counties in order. In Stockholm county there are about 5.5 times as many
trucks compared to the national average. This factor has remained fairly constant over
the years, which means that the increase in number of trucks have been similar across the
country. Simply because large regions have more trucks, total emissions should be higher
here.

Figure 6.1: Number of light and heavy trucks between 2007 and 2014, indexed to 100 in 2007

Over the period, the number of trucks have increased in Sweden for both light and
heavy trucks. Light trucks have increased with close to 40 percent with only a dip in
2009, following the financial crisis. For heavy trucks, the increase is slightly less than 10
percent. There was a dip in 2009 and after 2011, the number of trucks decreased (figure
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6.1). The increase in trucks across the country over the whole period means that, all
else equal, aggregate emissions increase. To counteract the increasing emissions from the
larger number of trucks, emissions per truck must decrease relatively more if emissions
overall should decrease.

6.1.2 Driving distance

In figure 6.6 the median driving distance per truck in each Swedish county is displayed.
Here it also appears to be higher in the larger metropolitan areas. Also the counties
Värmland, Uppsala and Kronoberg have longer driving distances. When looking at a finer
lever the Swedish municipalities Klippan, Örkeljunga and Götene have the longest driving
distances in the country. In Klippan the German courier company DHL have established a
storage facility to handle logistics for the south of Sweden. In Örkelljunga over 50 percent
of the companies operate within manufacturing or transportation and communication. In
Götene municipality, Scandinavia’s largest dairy producer Arla have established the only
distribution center in Sweden. It clearly shows that average driving distance per truck is
higher where large companies that transport goods are located. Distance is a particularly
important aspect of emissions in this study, since emissions are estimated by multiplying
an emission factor by the distance driven.

Figure 6.2: Median driving distance for light
trucks per year (1000s km)

Figure 6.3: Median driving distance for heavy
trucks per year (1000s km)

The driving distance is higher on average for new trucks compared to the truck fleet as a
whole, for both light and heavy trucks. In figure 6.2 the median driving distance of new
light trucks have decreased and approaches the median driving distance of light trucks
overall. For the light duty trucks as a whole, the driving distance per year increased until
2009 where it dropped, and then slowly started to increase again. Over the period, light
trucks have been driving shorter distances. For heavy trucks on the other hand (figure 6.3)
the trend shows divergence in driving distance rather than convergence. New heavy trucks
drive longer distances than the heavy truck fleet overall. However, the mean distance over
the period is still lower in 2014 than 2007, even though the new trucks have started to
increase the distance since 2010. The decrease over the period indicates that emissions
per truck should decrease. However, total driving distance for the whole truck fleet has
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remained fairly stable, which means that driving distance should have no impact on total
emissions over the period. If total emissions have changed, this must be caused by some
other factor. In this thesis where emissions are estimated with an emissions constant that
decrease with each new Euro classification, aggregate emissions should decrease over the
years despite total driving distance remaining constant.

6.1.3 Weight

The median total weight of Swedish trucks is shown in figure 6.7. Trucks are heaviest
in the southern counties Skåne and Kronoberg. The median weight ranges from 2770 to
2930 kg. Thus, most trucks are light trucks (below 3.5 metric tons) and a large part of the
truck fleet is similar in weight across the nation. The median total weight have increased
or remained constant over the period in all counties. When separating trucks into heavy
and light, the median heavy truck in all Swedish counties weigh around 27 metric tons
except in Stockholm where it weighs 22 metric tons. Light trucks on the other hand
fluctuates more between the counties. When looking over time (figure 6.4) the average
total weight has increased about 5.5 percent for heavy trucks and 4.5 percent for light
trucks. The increasing weight is important since heavier trucks implies increased emissions
per kilometer (Izzo and Myhr, 2015). The fact that trucks are lighter in Stockholm could
impact emissions compared to the nation overall. However, this cannot be seen in the
emissions estimations in this thesis.

Figure 6.4: Average total weight of light and heavy trucks in Sweden, indexed at 100
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Figure 6.5: Average number of trucks in
Swedish counties, 2007-2014

Figure 6.6: Median distance driven by all
trucks in Swedish counties, 2007-2014 (10s km)

Figure 6.7: Median weight of trucks in
Swedish counties, 2007-2014

Figure 6.8: The average share of truck run on
diesel in Swedish counties, 2007-2014
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6.1.4 Fuels

The fuel type affects emissions of GHGs, and most trucks are fueled by diesel. Diesel is
a fossil fuel that emits less CO2 than gasoline, but it also emits more of other pollutants
(NOx, CO, PM, and HC). These pollutants have been heavily targeted both in Sweden and
the rest of Europe e.g. through the Euro classification system and LEZs. Diesel may also
provide a chance for an intermediate transition towards a cleaner truck fleet. There are bio
diesels that can be used in many already existing trucks and thus immediately decrease
emissions without having to replace the whole truck. This means that fast results can
be achieved, but also that there is a risk of getting stuck in the green transition and not
continue to transition to even cleaner vehicles. In figure 6.8 the share of trucks run on
diesel in each county in Sweden is shown. The counties that use diesel most heavily are
located in the north of Sweden. At the other en of the spectrum is Blekinge, followed by
Stockholm as the two counties with the lowest share of diesel trucks.

The new trucks that are registered during the period are also mostly diesel trucks. For
the new heavy trucks there are some registrations for alternative fuels, where methane
gas shows the strongest upward trend during the period with 80 new trucks registered
in 2014 which accounts for slightly less than 2 percent of new registrations. For light
trucks, the new gasoline trucks have decreased during the period, methane gas trucks are
increasing similarly to the heavy trucks, and electric trucks are entering the truck fleet
too (see Appendix D). This appears to still be early in the transition path as described
by Acemoglu, Akcigit, et al. (2016). For the truck fleet the gap between clean and dirty
trucks is still large. Not only does the path dependency in innovation slow down the
innovation in for example electric engines, but the path dependency in infrastructure also
contributes. Finding places to charge or refuel with alternative fuels can be difficult. This
could contribute to the larger share of diesel dependency in the north of Sweden, where
distances are longer and gas stations less abundant.

For heavy trucks there are no new registrations of pure electric trucks and only a few for
light trucks. Thus, there has not been any radical shifts towards cleaner fuels. Moreover,
intermediate steps such as bio-diesels are not present in the data to any large extent either.
It is possible that bio diesel have been infused in regular diesel to the point where it is still
classified as diesel. This effect is not possible to distinguish in the data but would act as
a small step towards decreased emissions. However, it is unlikely that fuels have been an
important factor for any changes in emissions during the period. Emission classification of
fuels has been important historically to reduce some of the harmful pollutants. However,
bio-diesels provide a much better solution to immediately decreasing emissions. While
RME (FAME) performs worse than regular diesel in cold temperatures, HVO could be
introduced in much larger quantities. Bio diesels where exempted from the fuel tax for a
couple of years, but this was only a short period and they are clearly not a large part of
the market. If emissions should decrease faster than they have done, more efforts need to
be made to have cleaner transportation. While buying a new clean truck is expensive and
also emits in the production part, fuel switching is simpler in comparison.
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6.2 Emissions

In this thesis emissions are estimated based on euro classifications and the corresponding
upper limits a truck may emit of NOx, HC, PM and CO. Emissions of NOx are
calculated per truck, per firm, per municipality, and per county. To get an overview,
the average emissions over the period are calculated and then ranked for the 290 Swedish
municipalities. In table 6.1, the municipalities in Sweden with an LEZ are shown, where
a high rank indicates high emissions. It appears that the emissions per truck are quite
small overall. For emissions per firm, some municipaliteis rank higher than emissions
per truck and some lower. As emissions are aggregated all municipalities rank higher
than the other two categories and emit more compared to many other municipalities in
Sweden. Total emissions in the municipality are largest in the three largest metropolitan
areas Stockholm, Gohtenburg and Malmö, which can be explained by the larger number of
trucks and longer distances driven. It also appears that municipalities with high aggregate
emissions are those who have implemented LEZs. This aligns with the purpose of an LEZ,
ie. to be implemented where emissions are high and the zone can have large impact.
Moreover, the lower rank for emissions per truck could indicate some type of effect of the
LEZ to create incentive for more environmentally efficient trucks.

Table 6.1 Swedish municipalities with low emissions zones. Rank from highest
to lowest emissions of NOx in term of emissions per truck, per firms and per
municipality.

Municipality Rank
Truck Firm Municipality

Stockholm 270 238 1
Gothenburg 242 166 2
Malmö 144 144 3
Helsingborg 71 186 6
Uppsala 265 112 7
Umeå 238 208 13
Mölndal 248 100 36
Lund 228 231 56

To see this process more clearly, figure 6.9 shows emissions in Stockholm county. Similarly
to the aggregation above, the emissions per truck, per firm and per municipality are
displayed. Here, it is clear that as emissions are aggregated from truck, to firm, and to
municipality, there is a shift towards the center of the metropolitan region. Estimated
emissions per truck is higher around the center of the Stockholm region, except for
Solna which appears to be an outlier. As emissions are aggregated to the firm level,
Stockholm, Solna, Järfälla, Sollentuna and Upplands-Väsby have the highest emissions.
At the municipal level, Stockholm clearly emits more than any other municipality. Note
also that these aggregated emissions are only from trucks, no other emissions from the
firms are accounted for. Clearly large places are working against their size when it comes
to reducing total emissions. It appears that emissions per truck are not necessarily larger
in metropolitan regions, but aggregated emissions are. This shows that emissions is a
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bigger problem in metropolitan areas as B. Johansson and Mattsson (1995) point out.
Moreover, less emissions per truck in the center of the region is an indication that these
firms have cleaner trucks.

(a) Emissions per truck (b) Emissions per firm (c) Emissions per
municipality

Figure 6.9: Average estimated emissions of NOx in Stockholm county, 2007-2014. Darker color
indicate higher emissions.

When instead looking at emissions for each year, there is a clear downward trend in the
whole nation. For emissions per truck, emissions decrease at a similar pace. However, the
level of emissions per truck is lower in Stockholm municipality than elsewhere in Sweden.
The emissions per truck is highest in Norrland. This continue to support the notion that
Stockholm has cleaner trucks than in more rural areas. At the firm level, the picture is
reversed, where Stockholm municipality has higher emissions than the national average
and Norrland is below. In larger metropolitan areas there are larger firms, which creates
higher emissions per firm. However, the decrease appears to be slowest in Norrland. At the
municipal level, emissions decrease overall, but decrease more for Stockholm municipality
during the period. Similarly to the firm level, Stockholm has highest emissions and
Norrland lowest (see Appendix F and H for figures). The decrease at all levels, indicates
that some of the externalities associated with emissions have been internalized. These
trends hold for pollutants of PM, HC and CO as well. When looking at official statistics
at the national level, these pollutants appear to evolve better than CO2 emissions. These
pollutants have decreased compared to 1990’s levels, whereas the CO2 has only started
to decrease in later years and still have higher levels than in 1990. This suggests that
successful changes has been made for local pollutants and that CO2 emissions have the
potential to follow the same trend.

6.3 Policy instruments

The emissions have decreased, can the four factors described above provide any
explanation? The number of trucks have increased which should increase emissions. Total
driving distance has remained fairly constant over the period, which should not influence
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total emissions (Izzo and Myhr, 2015). However, average driving distance per truck has
decreased overall in the country for the period, which should decrease emissions per trucks
over time. The total weight per truck has increased slightly over the period which also
pushes emissions upward. Diesel dependence is largest in the less accessible northern
parts of Sweden, however trucks overall are still heavily dependent on diesel across the
country. Over the period, relatively few trucks can be run on other fuels. Thus, no major
decreases in emissions can be attributed to fuel switching. These four factor do not seem
to contribute to the decreasing emissions observed since 2007. A switch towards cleaner
vehicles must then explain the decreased emissions.

(a) Stockholm municipality (b) Sweden

Figure 6.10: Share of new heavy trucks in each Euro classification (left axis) and total number of
new registered heavy trucks (right axis) in Stockholm municipality and Sweden

This switch towards cleaner vehicles can be seen through the euro classification system.
Figure 6.10 shows the share of euro classification for new heavy trucks in Stockholm
municipality to the left and for Sweden to the right. The dashed line is the total number
of new heavy trucks each year. Heavy trucks in the Euro V classification were mandatory
from 2009 and Euro VI from 2014. Both these types of trucks were registered before those
dates. This is because new vehicles can be approved for a higher Euro classification before
that particular level is mandatory (Swedish Competition Authority, 2015). As a new
Euro classification becomes mandatory, the old one stops being registered. Euro V have a
smaller share in Stockholm municipality compared to the rest of Sweden. This is because
Euro 5a have a larger share in Stockholm municipality than in the rest of Sweden for all
years. Euro 5a is the enhanced environmentally friendly voluntary classification. These
trends indicate that the hard types of policy like the Euro classifications has had effect, in
line with Rennings (2000). Moreover, some firms has invested in trucks before they had
to. For whatever reason, some firms appear to make environmental enhancements on their
own accord to a larger extent than other firms. Lastly, the higher number of registrations
of EEV in Stockholm municipality supports that emissions per truck is lower there.
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The total amount of new registrations decrease after the 2008 financial crisis, and start
to increase again in 2010. While new registrations recover and remain only slightly lower
than the pre-crisis level in Stockholm municipality, total registrations in Sweden decrease
again in 2013. It is interesting to see that both Euro III and Euro IV are registered beyond
the date when a higher classification is supposed to be mandatory. Euro III is replaced
by Euro IV in 2006 for new registered trucks, and Euro IV is replaced in 2009. However,
there are new registrations for Euro III in 2007, and new registrations for Euro IV in
2010.

It appears that enhanced vehicle efficiency is the main cause of the decreased emissions.
The local pollutants have decreased steadily, however, with regards to CO2 the decrease
is likely not fast enough to reach the 2 degree goal (Izzo and Myhr, 2015). Thus, based
on the improvements the Euro classifications has created, CO2 emissions would benefit
from being included in the Euro classification system. The switch towards cleaner vehicles
has been corresponding heavily with the Euro classification rules. This suggests that the
path dependency is strong and innovation in the dirty vehicles puts innovation in clean
trucks at a disadvantage. Clean innovation does not appear to have caught up to the dirty
technology, which is in line with the arguments made by Popp (2002). This may be why a
more radical shift towards cleaner vehicles has not been made, despite ambitious political
goals. Izzo and Myhr (2015) on the other hand argue that heavy trucks have not become
more climate efficient. This is based on emissions of CO2 equivalents per ton-kilometer10.
These numbers are not available in this study. However, simply by looking at the Euro
classifications it is possible to say that heavy trucks have become more climate efficient in
the sense that they emit less per kilometer driven.

The change in emissions has been stable and decreasing at the truck, firm and municipal
level. The long-term trend is also decreasing. This supports the idea of a self reinforcing
process of green transition predicted by Acemoglu, Aghion, et al. (2012). This is promising
in the light of the need to decrease CO2 emissions. How long a transition to a green truck
fleet will take depends on the size of the gap between clean and dirty technology. When
looking at for example the fuels of the truck fleet, the gap appears rather large. As most
trucks are still fueled by diesel, and electric trucks are next to non-existent at the end of
the period.

6.4 The transportation sector

Next, the Swedish transportation sector is examined. Based on the Swedish SNI-codes
only firms belonging to land transportation are used. Moreover, only heavy trucks (over
3.5 metric tons), and firms with over 5 employees are used. This is also the distinction used
for the difference-in-differences estimations. About half of the heavy trucks in the sample
belong to the transportation sector. The majority of heavy trucks in the transportation
sector are used for professional freight traffic, an average of 93 percent over the period. The

10Ton-kilometer is the product of total load measured in metric tons and distance driven per trip. This
is then summed per year.
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share of heavy trucks in the transportation sector that are leased is much lower. However,
it has increased over the period where 8.5 percent were leased in 2007 and almost 13
percent in 2014.

The trucks in the transportation sector follow the same evolution as heavy trucks overall.
However, in response to the financial crisis the number of trucks in 2009 falls below the 2007
level. At the end of the period, the number of trucks in the transportation sector increased
by 7 percent compared to 9.1 percent for all heavy trucks (figure G.1). The median driving
distance evolves similar in the transportation sector as in the nation overall. However, the
transportation sector have about 50 percent longer distances per truck. In Stockholm
municipality, the median driving distance per truck is lower than the national level for all
sectors (figure G.2). The average total weight is highest in the transportation sector in
Sweden, slightly lower in all sectors, and lowest in the transportation sector in Stockholm
(figure G.3). The transportation sector in Stockholm is slightly less diesel dependent than
the rest of the transportation sector in Sweden. In 2008 other fuels accounted for almost
2.5 percent which is the year with the highest share. For the transportation sector in the
rest of Sweden the share of other fuels never exceed 0.5 percent for the period (figure G.4-
G.5). The emissions of NOx follow the same trend as in the other sectors. As emissions are
aggregated from truck level to municipal level the emissions become higher in the center
of the region 6.11.

(a) Emissions per truck (b) Emissions per firm (c) Emissions per
municipality

Figure 6.11: Average estimated emissions in transportation sector of NOx in Stockholm county,
2007-2014

6.4.1 Difference-in-differences

Emissions decrease over the period in all regions at all levels of aggregation. The difference-
in-differences estimator can now be used to evaluate if the emissions have decreased more
in Stockholm municipality compared to the outside. The outside region act as the control
group. Three different control groups are used. First, all of Sweden is used, excluding
other municipalities with an LEZ. Secondly, the surrounding municipalities are removed
from the first scenario. Thus, in this case more of the Swedish rural areas are used as the
control group. Lastly, Norrland is used as the control group. These are the northern parts

34



of Sweden that represent the least accessible and most rural parts of Sweden. Note however
that Umeå is located in this region. Because Umeå has an LEZ, this municipality has been
removed from the third scenario. The DiD estimation is done at the firm level. Remember
that the emissions are calculated by multiplying the maximum allowed emissions of NOx in
each Euro classification by the distance driven and divided by net sales. This is calculated
for each Euro classification and each pollutant.

(a) Median driving distance per firm
in transportation sector

(b) Median net sales per firm in
transportation sector

Figure 6.12: Determinants of emissions variable, median driving distance and median net sales per
firm. Orange - Stockholm municipality, Gray - Sweden excl other LEZ municipalities.

The maximum allowed emission values are decreasing, which has already been discussed.
However, the other determinants of the equation, distance and net sales can be examined
more closely. In figure 6.12a the median distance per firm is shown. It is shorter in
Stockholm municipality than in the rest of Sweden. The rest of Sweden here refers to the
first scenario described above where only municipalities that have an LEZ are excluded.
The linear trend lines show that the distance have decreased fairly similarly over the period.
This should decrease estimated emissions similarly in the treatment and control group.
Figure 6.12b shows the median net sales per firm. The increase is faster is Stockholm
municipality than in the rest of Sweden. This should lower the estimated emissions in
Stockholm more than in the rest of Sweden. Also note that while the trend is increasing
for net sales, there is some variation over the period.

As a pre-indication of the results, the median outcomes of emissions per net sales are
plotted in figure 6.13. The values have been indexed to 100 to see the change in the
variable in Stockholm municipality and the rest of Sweden more clearly. Over the period
the change in emissions is very similar. The decrease by almost the same percentage from
2007 to 2014. In Stockholm municipality, the values fluctuates more. In 2009, when the
treatment takes effect, the median emissions appears to decrease slightly faster outside of
Stockholm. This is not the hypothesized scenario and would suggest that the estimated
coefficient for the treatment effect (β3) is positive.
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Figure 6.13: Median value for estimated emissions of NOx per net sales

The results of the difference-in-differences estimation for the NOx emissions are displayed
below in table 6.2. Results 1-3 shows three regressions where the treated area is Stockholm
municipality in all cases. The control group is however different between the regressions.
In the first regression all of Sweden is used, except other municipalities that that have an
LEZ. Regression 2 excludes other LEZ municipalities plus their surrounding areas. This
essentially compares Stockholm municipality to the more rural areas of Sweden. Lastly,
in regression 3 Stockholm municipality is compared to Norrland which represent the most
rural control group of the three regressions.

Table 6.2 Difference-in-differences results for estimated emissions of NOx in the
transportation sector. Treatment occurs in Stockholm municipality with three different
control groups.

(1) (2) (3)
Sweden excl. other As (1) excl. surrounding Norrland
LEZ municipalities municipalities

Treated -0.009*** -0.008*** -0.007***
(0.000) (0.001) (0.001)

Year -0.005*** -0.005*** -0.004***
(0.000) (0.000) (0.001)

Treated × Year 0.003** 0.003** 0.002
(0.001) (0.001) (0.001)

Constant 0.018*** 0.018*** 0.017***
(0.000) (0.000) (0.001)

Observations 3,988 3,727 1,005

Significance level: *10 %, **5 %, ***1%
Standard errors in parenthesis
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The Treated variable indicates the change in the emissions variable if a firm is located in
Stockholm municipality. In regressions 1, 2 and 3 this variable is negative and significant at
the 1 percent level. This is what the graphical examination suggested as well. In all three
cases the Year variables are negative and significant which indicates that the emissions
per net sales have decreased. This is also expected since emissions have decreased all years
when examined graphically. The coefficients are also similar for both Treated and Year
which is a sign of robustness.

The difference-in-differences estimator is the variable Treated × Year. It is positive and
significant in the first two scenarios, which contradicts the initial hypothesis. The purpose
of the LEZ is to reduce emissions where they are most prominent. Moreover, it should
induce firms to choose cleaner vehicles and stop using dirty ones. Positive results on
the variable means that emissions decrease more outside of Stockholm municipality than
within following the treatment in 200911. In the third scenario there appears to be no
treatment effect as the coefficient in insignificant. It is only for estimated emissions of PM
that the variable Treated × Year is significant in the third scenario. This, and the results
of the other pollutants can be seen in Appendix I.

The interpretation of the results is then that the LEZ in Stockholm has not contributed
to lower emissions in the zone compared to the outside region. However, the firms located
in the control groups have the dirtiest trucks, and the results indicate that the LEZ has
contributed to changing the behaviour of these firms. While the firms with trucks in
Stockholm most definitely are affected by the LEZ, firms outside the municipality may
also have to adjust to it. Thus the purpose to reduce emissions within the zone does not
appear to hold, while the shift to newer better vehicles seems to hold, although the effect
is outside the municipality. The green transition as mainly occurred outside the LEZ after
2009. The LEZ seems to put some cost on the polluters and force them to account for
the cost of their pollution. This aligns with the idea that policies such as the LEZ may
be particularly important for internalizing the effects of pollution (De Borger and Proost,
2013).

Other DiD examinations more commonly uses the introduction of an LEZ as the treatment.
This should arguably provide a stronger policy intervention than an intermediate
intervention such as the one in this thesis. Indeed, in Germany the LEZs that affect
the largest population, the largest area, and that excludes the most vehicles (light trucks
and cars as well) have a negative DiD estimator. The smaller LEZ zones and zones with
less stringent policy had less, or no effect on emissions (Wolff, 2014). The Stockholm
LEZ only affects heavy trucks, thus including light trucks and cars could provide sharper
decreases of emissions in the Stockholm region. The literature on LEZs often finds negative
or insignificant results of the introduction of an LEZ. For instance, in the dutch cities the
effect was found to be insignificant (Boogaard et al., 2012). Positive results are less

11These general results hold when Stockholm municipality is used as the treated area. Then instead
using the Stockholm area or Stockholm county as the treated area, the difference-in-differences estimator
is insignificant. The only exception is when the control group is the first scenario. Then the coefficient is
positive significant
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common. However, these studies differ from this in that they estimate at the city level
(equivalent to Stockholm municipality). Moreover, these studies often base the emissions
on street level measurements, rather than estimations. The reports made on the Stockholm
LEZ also base the analysis at the municipal level, moreover they use other methods than
the DiD. When comparing this to the results in this thesis, the regressions results are
surprising but not extreme. The graphical examination suggests that emissions at the
municipal level (more aggregated) decrease more in Stockholm than the control groups
over the period. This is more inline with other studies and indicate that it matters
at which level of aggregation the study is performed. To further analyze the results a
difference-in-differences on the initial introduction of the LEZ would be interesting. This
would match more with other studies to make results easier to compare. Moreover, the
DiD estimator can be extended to include many treatments and many time periods. This
would provide a chance to evaluate the other LEZs in Sweden as well.

The LEZ is a command-and-control type of policy and thereby does not provide any
income for the municipalities implementing them. This means that there is no revenue
that can be used to enhance the infrastructure for improvements in efficiency (B. Johansson
and Mattsson, 1995). For instance, if the LEZ would provide income, this could be
spent on charging stations for electrical trucks to provide further incentive for switching
vehicles. This would counteract the path dependency in infrastructure described by
Popp (2002). Both the LEZ and the euro classification system are meant to punish bad
behavior, but creating rewarding incentives could help to create a green shift faster. This
is desirable in order to avoid the lock-in effects to a high carbon emission path. Moreover,
the policies could be relaxed sooner if incentives were in place to both internalize the
negative externalities from pollution and the positive externalities from innovation in clean
technology, as suggested by Acemoglu, Aghion, et al. (2012).
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7 Conclusion

This thesis examines the emissions from the Swedish truck fleet between 2007 and 2014.
The emissions are estimated based on the Euro classification for NOx, PM, HC and CO.
This allows for comparing emissions at the individual truck level up to the national level.
The four main factors influencing emission are evaluated, namely, the number of trucks,
distance driven, weight of the trucks, and fuel type. The number of trucks increase for
the whole period, where light truck (up to 3.5 metric tons) increase the most. Moreover,
there are more trucks in the large metropolitan areas. Thus, the number of trucks should
increase emissions for the whole country over the period and, emissions should be higher
in larger regions. The distance each truck drive per year has decreased over the period
for both light and heavy trucks. However, the total distance by the whole truck fleet
has remained fairly constant. Thus, emissions per truck should decrease, whereas distance
have no impact on changes in total emissions during the period. Total weight has increased
for both heavy and light trucks which should act as a force to increase emissions per truck.
The truck fleet is heavily diesel dependent, and no big changes has been made during the
period. Thus, fuel switching is not able to decrease emissions.

Emissions per truck is lowest in Stockholm municipality compared to the rest of Sweden.
It is slightly higher in Stockholm compared to the rest of Sweden at the firm level, and
much higher in Stockholm at the municipal level. However, the emissions have decreased
steadily in all regions, at all levels of aggregation. These reductions in emissions are mainly
attributed to changes to more environmentally efficient trucks that emit less per kilometer
driven. This is an effect of the Euro classification system that force firms to invest in
better trucks.

The thesis also examine the low emissions zone (LEZ) in Stockholm by using a difference-
in-differences setup. The model is performed on heavy trucks in the transportation sector.
The policy occur in 2009 and affects firms within Stockholm municipality, with firms
outside serving as the control group. The results indicate that emissions decrease more
outside of Stockholm municipality than inside the LEZ. These results contradicts the initial
hypothesis and previous results. The purpose of the LEZ is to reduce emissions in the
zone and to induce the switch to cleaner vehicles. The emissions have decreased in the
municipality as confirmed by graphical examination. The switch towards cleaner vehicles
has mainly occurred outside Stockholm, where trucks are dirtiest. Further studies are
needed to confirms these results.
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A Summary Statistics

Table A.1 Summary Statistics

Variable Observations Mean Std. Dev. Min Max
Owner 2,324,672 1 0 1 1
Model Year (vintage) 2,324,672 2005.6 4.8997 1987 2015
Lease 2,324,672 0.412 0.492 0 1
Professional freight traffic 2,324,672 0.171 0.376 0 1
First Fuel 2,324,672 2.0003 1.245 1 16
Second Fuel 2,324,672 0.095 1.137 0 19
Environmental Classification 2,324,672 3.924 2.633 0 10
Total Weight 2,324,672 6512.303 8722.581 950 157500
Driving Distance 2,310,029 2512.101 2980.668 0 49975.2
Year 2,324,672 2010.71 2.271 2007 2014
New trucks 275.106 1 0 1 1
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B Emission limits for Euro Classifications

Table B.1 Euro-classification and emission standards for heavy trucks

Euro- Classification Introduced NOx PM HC CO
Euro 0 1990 14.4 - 2.4 11.2
Euro 1 1993 8.0 0.36 1.1 4.5
Euro 2 1996 7.0 0.15 1.1 4.0
Euro 3 2000 5.0 0.1 0.66 2.1
Euro 4 2005 3.5 0.02 0.46 1.5
Euro 5 2008 2.0 0.02 0.46 1.5
Euro 6 2013 0.4 0.01 0.13 1.5
Source Izzo and Myhr (2015). For light trucks emissions are measured in g/km for mixed
driving. Heavy vehicles measure emissions in terms of g/kWh for the engine (not the vehicle).
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C Euro Classifications

Table C.1 Variable for environmental classification with corresponding Swedish classification and
Euro classification

Number Swedish Classification Euro Classification
0 0
l 1
2 2
3 3
4 2000 Euro 3
5 2005 Euro 4
6 2008 Euro 5
7 Hybrid
8 Electric
9 EEV Euro 5a
10 2005PM Euro 5
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D Fuels

Table D.1 List of fuel categories

Number Fuel
l Gasoline
2 Diesel
3 Electric
4 Kerosene
5 Gas
6 Producer Gas
7 Ethanol
8 Methanol
9 LPG
10 Rapeseed oil
11 Paraffin oil
12 Natural Gas
13 Bio Gas
14 E85
16 Methane gas
17 Hydrogen gas
18 Other
19 Biodiesel
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E LEZ Rules

Table E.1 Heavy vehicles allowed in LEZs Sweden

Euro- Classification Years allowed in zone
Euro II 8 years
Euro III 8 years
Euro IV Until the end of 2016
Euro V Until the end of 2020
Euro VI Indefinitely

Source Swedish Transportation Agency (n.d.[e])

Table E.2 Euro class mandatory for heavy trucks

Euro Classification Mandatory for new registrations
Euro III 2001-10-01
Euro IV 2006-10-01
Euro V 2009-10-01
Euro VI 2014-01-01
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F Emissions

Figure F.1: Estimated emissions of NOx per truck and year, 2007-2014

Figure F.2: Estimated emissions of NOx per firm and year, 2007-2014
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Figure F.3: Estimated emissions of NOx per municipality and year, 2007-2014

Figure F.4: Labels
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G Transportation sector

Figure G.1: Number of trucks indexed to 1

Figure G.2: Median driving distance for heavy trucks in transportation sector
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Figure G.3: average total weight of heavy trucks

Figure G.4: Other fuels than diesel in transportation sector in Sweden
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Figure G.5: Other fuels than diesel in transportation sector in Stockholm municipality
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H Emissions index

Figure H.1: Average emissions per truck. Indexed at 100 in 2007

Figure H.2: Average emissions per firm. Indexed at 100 in 2007
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Figure H.3: Average emissions per municipality. Indexed at 100 in 2007
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I DiD estimation for PM, HC, CO

Table I.1 Difference-in-differences results for estimated emissions of PM in Stockholm
municipality and transportation sector.

(1) (2) (3)

Treated -0.00016*** -0.00016*** -0.00013***
(0.00002) (0.00002) (0.00002)

Year -0.00013*** -0.00013*** -0.0001***
(0.000006) (0.000006) (0.00001)

Treated × Year 0.0000761*** 0.000078*** 0.00006**
(0.00002) (0.00002) (0.00003)

Constant 0.00034*** 0.00034*** 0.0003***
(0.000005) (0.000005) (0.00001)

Observations 3,988 3,727 1,005

(1) Stockholm municipality, control group Sweden excluding other LEZ municipalities
(2) Stockholm municipality, control group Sweden excl other LEZ municipalities and their

surrounding areas
(3) Stockholm municipality, control group Norrland

Standard errors in parenthesis

Table I.2 Difference-in-differences results for estimated emissions of HC in Stockholm
municipality and transportation sector.

(1) (2) (3)

Treated -0.0012*** -0.0012*** -0.001***
(0.0001) (0.0001) (0.0002)

Year -0.0006*** -0.0006*** -0.0005***
(0.00005) (0.00005) (0.0001)

Treated × Year 0.0004** 0.0004** 0.0003
(0.0002) (0.0002) (0.0002)

Constant 0.003*** 0.003*** 0.0024***
(0.00004) (0.00004) (0.0001)

Observations 3,988 3,727 1,005

(1) Stockholm municipality, control group Sweden excluding other LEZ municipalities
(2) Stockholm municipality, control group Sweden excl other LEZ municipalities and their

surrounding areas
(3) Stockholm municipality, control group Norrland

Standard errors in parenthesis
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Table I.3 Difference-in-differences results for estimated emissions of CO in Stockholm
municipality and transportation sector.

(1) (2) (3)

Treated -0.004*** -0.004*** -0.0033***
(0.0005) (0.0005) (0.001)

Year -0.0022*** -0.0022*** -0.002***
(0.0002) (0.0002) (0.0003)

Treated × Year 0.0013** 0.0013** 0.001
(0.0006) (0.0006) (0.0007)

Constant 0.0088*** 0.0088*** 0.008***
(0.0001) (0.0001) (0.0003)

Observations 3,988 3,727 1,005

(1) Stockholm municipality, control group Sweden excluding other LEZ municipalities
(2) Stockholm municipality, control group Sweden excl other LEZ municipalities and their

surrounding areas
(3) Stockholm municipality, control group Norrland

Standard errors in parenthesis

58
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