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Abstract 
 

In 2014, the European Union and its members agreed to reduce carbon dioxide emissions by 40 

percent before 2030. The Bonus-Malus, a feebate tax scheme, was introduced in Sweden in 2018 in 

the hopes that it would result in lower carbon dioxide emission from Sweden’s transport sector. 

Sweden’s feebate is a regulatory measure to achieve an efficient cost-constrained environmental 

policy, thus reduce the negative externalities from the transport sector. Using a Difference-in-

Differences approach, this paper aims to determine who benefits from tax incentives created from the 

implementation of the feebate tax in Sweden using panel data of list prices and vehicle characteristics 

between 2015 and 2020. The results indicates that there is no long-run price effect when introducing 

the Swedish feebate tax. Moreover, the results from the additional analysis indicate that the 

manufacturers’ list price adjustments to the Swedish feebate tax are overshadowed by the 

introduction of the EU carbon dioxide emission standards because of the close time proximity 

between the two policy measures. The lack of list price adjustments enables consumers in Sweden to 

exploit an arbitrage opportunity in that they can gain the entirety of the subsidy but also suffer the 

entire cost of the malus fees. 
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Definition of Terms 

• Vehicle fleet – a manufacturer’s entire production line or the entire fleet of vehicles 

sold or purchased 

• EV – Electric Vehicle 

• SUV – Sport Utility Vehicle 

• NEDC – New European Test Cycle 

• WLTP – Worldwide Harmonized Light Vehicle Test Procedure  

• ICE – Internal Combustion Engine 

• Euro 5 & Euro 6 emission classifications – European exhaust pollution limits 

Terms explained 

 

• NEDC – introduced in the 1980s to test and measure vehicle carbon dioxide 

emissions in a controlled setting based on theoretical driving. The test has been 

deemed to differ too much from real driving emission levels and has therefore been 

replaced by the WLTP (Policynet) 

• WLTP – The new vehicle test cycle, introduced as a more precise and realistic way of 

measuring carbon dioxide emissions using real driving data. The WLTP reports on 

average about 14 percent higher emissions than NEDC. The WLTP was introduced to 

the EU carbon dioxide emission regulations in 2018, with a phase-in period over four 

years. Therefore, after 2022 all manufacturers need to report WLTP values before 

introducing new models to the market. (Dornoff.J, Tietge.U & Mock.P, 2020) 

• Euro 5 & Euro 6 emission classifications - European exhaust pollution limits. They 

are used to classify new vehicles entering the market. They different classifications 

regulate nitrogen oxides, carbon monoxide, particulates, among other pollutants. 

However, carbon dioxide in not included in the classifications (Government, 2019). 

The defined vehicle categories are used for regulatory purposes and allows 

manufacturers to export vehicles outside of the European Union (European 

Commission). The classifications are also used in Sweden, among other European 

Union member countries, to introduce environment driving zones (Government, 

2019).  
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1. Introduction 
In 2014, the European Union and its members agreed to reduce carbon dioxide emissions by 

40 percent before 20301. As a response to the new emission regulations, Sweden presented a 

policy package to push the country’s vehicle fleet towards the EU requested fleet average. 

Bonus-Malus, a feebate tax scheme, was introduced the first of July in 2018 in the hopes that 

it would result in lower carbon dioxide emission from Sweden’s transport sector and an 

increased share of electric vehicles (EVs). 

This paper aims to determine who benefits from tax incentives created from the 

implementation of the feebate tax in Sweden using unique panel data of list prices and 

vehicle characteristics between 2015 and 2020. Through a Difference-in-Differences 

approach, the long-run incidence of the Bonus-Malus tax scheme is estimated. The results 

show that there is no long-run price effect from the introduction of the Swedish feebate tax.  

Previous studies (Sallee 2011, Boyle & Matheson 2008, Beresteanu & Li 2011) have focused 

on the incidence of tax incentives for subsidies, specific fuel types and short-run effects. 

Therefore, this paper differs by examining the long-run effects of the entire vehicle fleet in 

Sweden, both the subsidy and the malus tax. To my knowledge, no previous study has tried to 

estimate the incidence of the feebate tax in Sweden, therefore this study is also pioneering in 

that aspect. The additional analysis also introduces some preliminary results on the economic 

incidence of the EU carbon dioxide emission standards in the Swedish vehicle market which 

is highly relevant and unexplored. The additional analysis indicate that manufacturers reduce 

prices on cars that yield super credits compared to cars that do not with at least 1,87 percent. 

Results from the additional analysis not only show that there is a price effect when the EU 

𝐶𝑂2 emission standards are introduced, but also strengthens the results from the main 

analysis because it shows that the use of list prices can capture long-run price adjustments. It 

also provides an ex-ante explanation of the unexpected results from the main analysis as the 

timing of Bonus-Malus has been criticized because of its close proximity to the EU 

𝐶𝑂2 emission standards (see background discussion in section 3). An arbitrage opportunity 

stems from the introduction of the emission standards, which I argue dissuades manufacturers 

from adjusting their prices in response to Bonus-Malus. The manufacturers have higher 

incentives to adjust prices to realize the emission standards and avoid large fees from the EU 

than to capture part of the bonus. Thus, the lack of a price effect enables consumers in 

Sweden to exploit an arbitrage opportunity in that they can gain the entirety of the subsidy 

but also suffer the entire cost of the malus fee. 

From a policy perspective, the aim of the feebate tax is to lower the country’s vehicle fleet’s 

𝐶𝑂2 emission average, which has proved successful (Wappelhorst & Tietge, 2018). However, 

when introducing a feebate tax, the goal is for the rebate and fees to provide the consumers 

with enough incentives to achieve the desired results. That is, that consumers are penalized 

enough when buying high-emission vehicles, so the demand for those vehicles decrease. 

Moreover, that consumers gain enough from the rebates that the demand increases for low-

 
1 A reduction of 40 percent by 2030 compared to the levels of 𝐶𝑂2 emission in 1990 (European Parliament, 

2018) 
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emission vehicles. Resulting in an overall lower emission vehicle fleet in Sweden. Thus, 

providing policy makers with the knowledge that the consumers that purchase low-emission 

vehicles captures the entire bonus, is valuable. If this was not the case, then the feebate tax 

might need alterations to ensure the correct incentives. The results from this paper indicate 

that the timing of Bonus-Malus aided in introducing the desired incentives of the tax scheme 

in terms of tax incidence. 

The remainder of the paper is organized as follow. Section 2 introduces previous research, 

section 3 introduces the background, vehicle tax in Sweden and the EU 𝐶𝑂2 emission 

standards, section 4 covers the vehicle market and the theory of tax incidence, section 5 goes 

through the data, section 6 covers the empirical methodology, section 7 presents the results 

and section 8 concludes. 

 

2. Previous Literature 
There is a large literature on tax incidence when introducing new policy measures on a large 

variety of products and markets. Some studies present results in accordance with theory, that 

taxes are passed through to the consumer to different degrees (Cawley & Frisvold 2015, 

Rozema 2018) while other studies find that taxes are over-shifted to consumers (Hanson & 

Syracuse 2008, Nelson & Moran 2019, Kenkel 2005). Different markets and products are 

subject to taxation in different forms and determining who bears the economic burden is a 

relevant and vital question. Within the automobile market, there are some studies analyzing 

the effectiveness of tax implementations. Many studies focus on the incidence of carbon tax 

implementation (Andersson 2019, Hassett et al. 2009) and the carbon tax’s direct effect on 

the vehicle fleet.  

 

Studies that examine the incidence of vehicle taxation are fewer and usually focus on short-

run price adjustments. Boyle & Matheson (2008) estimate the tax incidence on the hybrid 

vehicle market in the United States. They find that most of the tax credit on hybrid vehicles is 

gained by the producers. Their results show that three fourths of each dollar of credit is 

captured by the producers as they increase the price of the hybrid vehicles in response to the 

credit. Furthermore, they point out that their results may increase the producer’s incentives to 

increase the variety of hybrid and electric cars on the market. Sallee (2011) shows that in the 

United States, the incidence of tax credits for the Toyota Prius was fully captured by 

consumers. Toyota, one of the brands to quickly and successfully adopt hybridization, sold 

the highest share of hybrid vehicles in the United States during the studied time period. The 

author finds the result surprising since Toyota faced a production constraint which could have 

been taken advantage of by the producer. By facing a production constraint, Toyota could 

have increased prices because of the inelastic supply. The study also examines the fact that 

there is bunching around the date of the tax credits for environmentally friendly cars. The 

bunching shows that consumers take advantage of knowing the date of the introduction of the 

policy, and he exploits the bunching to reduce the downward-bias of the study’s Difference-

in-Differences estimate.   
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There are many studies evaluating the effects of the Swedish feebate tax in terms of fleet 

composition, welfare effects, and change in the share of EVs etc. For example, Pyddoke et al 

(2021) focus on the future distributional effects of car choice and adaptation in Sweden. Their 

study evaluates the effects of the Bonus-Malus tax system from a different perspective and 

finds that welfare losses are higher for lower income groups and that by 2030, the high-

income groups can avoid some cost because of their car choice by purchasing more 

environmentally friendly vehicles. They also find that inhabitants in rural areas bear the 

larger burden than in urban areas. Thus, indicating that low-income groups that live in rural 

areas will be the recipients of the burden of the malus on high emission vehicles. The 

National Institute of Economic Research conducted an analysis of the Swedish bonus malus 

tax system in 2019. The theoretical model is based on Anderson & Sallee (2016) and assumes 

that consumers are homogeneous and have full knowledge when making their purchase on 

the vehicle market to estimate the incentives of the Bonus-Malus system. The model 

evaluates if consumers are myopic2 and if the Bonus-Malus system can compensate for the 

consumers behavioral failures. There are two ways to correct this behavioral failure; by 

increasing the carbon dioxide tax over the optimal level or impute a Bonus-Malus tax system 

as a complement to the carbon tax. The report also touches upon the timing of the feebate tax, 

that the introduction of Bonus-Malus was ill-timed, because of the short time interval 

between its introduction and the EU 𝐶𝑂2 emission standards. The introduction of the 

emission standards would result in the same desired vehicle fleet as the Bonus-Malus was 

introduced to produce. 

 

Feebate tax rates usually refer to vehicle taxation and a Bonus-Malus tax scheme was 

introduced in France in 2008, similar to the one in Sweden. A study evaluating the effects of 

the feebate tax implementation in France was conducted by D’Haultfoeuille et al. (2014). 

They estimate the reduction of 𝐶𝑂2 emissions after the implementation of the Bonus-Malus 

tax system. The authors found that the policy increased 𝐶𝑂2 emissions instead of reducing 

them due to increased consumption of new vehicles, called the rebound effect. Moreover, 

they also state that French consumers react strongly to the policy but that the feebate system 

was not optimal in terms of its design. Dineen et al (2018) compare the effect of vehicle tax 

policies and new passenger car carbon dioxide performance between different EU member 

states. The authors found that a 𝐶𝑂2 based tax system is most effective in reducing average 

fleet emission and that even with EU-wide emission regulations, member states can further 

reduce the emissions from passenger vehicles by implementing national tax measures.  

 

Mannberg et al (2014) use a Difference-in-Differences approach to analyze how a local 

policy measure affects the composition of the car fleet over time. The policy measure in 

question is the Stockholm congestion tax which was introduced in 2006 and exempts ethanol 

cars from the tax which the author’s exploit. The results show that the congestion tax 

increases the likelihood of Stockholmers procuring an ethanol vehicle and that the effect 

fades out over time. Moreover, the study shows that Stockholmers started to purchase ethanol 

 
2 Myopic is defined as being short-sighted. In this setting, it refers to consumers being short-sighted in their 

vehicle purchases and therefore, do not optimize. 
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vehicles six months before the congestion tax introduction, indicating that there is an 

anticipation effect. In a report from the International Council of Clean Transportation (ICCT), 

written by Wappelhorst, Mock and Yang (2018), the authors overview the use of vehicle 

taxation policy to lower emissions from passenger cars in Europe. By increasing the tax 

burden on high-emission vehicles, the incentives to purchase low-emission cars also 

increases. 

 

3. Background 
In 2014, the European Union and its members agreed to reduce carbon dioxide emissions by 

40 percent before 20303. Each member state has its own goal, and Sweden ranks high on the 

list, with one of the highest reductions needed among the member states. A reduction of 40 

percent, between the years 2005 and 2030, of 𝐶𝑂2 emissions is needed for Sweden to realise 

the binding EU regulatory standards (European Parliament, 2018). As one third of Sweden’s 

carbon emission derives from the transport sector, it plays a major role in reaching the 𝐶𝑂2 

emission level (Naturvårdsverket, 2021). According to the report by the National Institute of 

Economic research (2019) the introduction of Bonus-Malus was ill-timed, because of the 

short time interval between its introduction and the EU 𝐶𝑂2 emission standards. That is, the 

introduction of the emission standards would result in the same desired vehicle fleet as the 

Bonus-Malus was introduced to produce. The European Union’s regulatory measures can 

therefore make national measures unnecessary in terms of desired effect. Manufacturers may 

therefore optimize their available fleets in specific countries, in response to national 

measures, to ensure desired demand. While policy measures on EU level forces manufactures 

to revisit their investments and adjust their entire fleet composition. Thus, one would expect 

Sweden’s national policy measures to have a smaller impact on manufacturer responses 

compared to the EU’s. 

3.1 Vehicle Taxation 

Vehicles in Sweden are taxed in two different ways; the carbon dioxide tax and a tax that is 

based on the vehicle's weight. The tax on emission of carbon dioxide applies to all cars 

produced in 2006 or later. The weight tax is implemented to any vehicle produced prior to 

2006. In 2007, the miljöbilspremie, or credit for cars with lower carbon emission, was 

introduced. Two other measures were taken to increase the incentives to buy vehicles with 

low carbon emissions between the years 2009 and 2018. The first was the vehicle tax 

exemption, which removed the tax on all new cars for the first five years if they had a carbon 

emission lower than 110 grams per kilometer. However, it was altered in 2013 to only apply 

to cars classified as Euro 5 or 6 and all plug-in-hybrids as well as charging-hybrids. The 

second one was introduced in 2012 when the supermiljöbilspremie replaced the 

miljöbilspremie. The new vehicle credit had a lower cut off, only cars with 50 grams of 

carbon emission could claim this bonus. This credit was then replaced by the Bonus-Malus 

system in 2018 (Riksrevisionen, 2020 p.19).  

  

 
3 A reduction of 40 percent by 2030 compared to the levels of 𝐶𝑂2 emission in 1990 (European Parliament, 

2018) 
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3.2 Bonus-Malus 

The Swedish Bonus-Malus tax system is designed in a way also referred to as a feebate rate 

tax. The feebate is an emission tax combined with a refunded negative consumption tax. That 

is, the more efficient vehicles, low-emission vehicles, are subject to rebates while less 

efficient vehicles, high-emission vehicles, are assessed fees (German & Meszler, 2010). 

Sweden’s feebate is a regulatory measure to achieve an efficient cost-constrained 

environmental policy, thus reduce the negative externalities from the transport sector 

(European Parliament, 2018). The Bonus-Malus tax system applies to all new cars sold and 

introduced to traffic as of the first of July 2018. Bonus and malus is Latin for good and bad, 

which refers to cars with low and high carbon emission. The bonus part is given to those who 

purchase a new car with carbon emissions up to 65 grams per kilometer. The owner then 

receives a bonus for buying a car that is defined as a climate bonus car. The highest bonus is 

given to those who buy a car with zero carbon emission, the bonus is calculated on a falling 

scale depending on the carbon emission. This amount is now capped at 60 000 Swedish 

crowns (SEK) but has varied between SEK 60 000 and SEK 70 000. The bonus is given to 

the consumer at the earliest 6 months after the purchase to prevent incentives to export low-

emission vehicles (Transportstyrelsen, 2021).  

 

Cars with an emission between 65 and 95 grams of carbon dioxide per kilometer are not 

subject to a bonus nor a malus. New cars with an emission higher than 95 grams of carbon 

dioxide per kilometer will suffer an extra tax, malus, for the first three years. The malus is 

based on the grams of emission and increases linearly with each gram of additional 𝐶𝑂2.  

scale. Higher emission results in a higher tax. The malus is calculated as a base cost of SEK 

360 each year plus the carbon emission tax. For cars with an emission of 95 to 140 grams per 

kilometer, the carbon dioxide tax is SEK 82 for each additional gram. Cars with an emission 

higher than 140 grams per kilometer suffer a tax of SEK 104 per additional gram. Cars fueled 

by diesel have two additional taxes, one of SEK 250 and another 𝐶𝑂2 based tax where the 

𝐶𝑂2 emission level is multiplied by 13,52 (Transportstyrelsen, 2018). After the first three 

years, the vehicle tax reverted to the standard tax rate. Which is SEK 22 for each additional 

gram of 𝐶𝑂2 emission above 110 grams for petrol and diesel vehicles, SEK 11 per gram of 

𝐶𝑂2 emission for alternative fuels and an additional fee for diesel cars where the number of 

grams is multiplied by 2,37 (Swedish Tax Authorities). 

The first of January 2020, the test cycle the feebate is based on was changed from NEDC to 

WLTP. Not only was the test cycle that measured emissions replaced but instead of 

calculating the tax based on the lowest levels of emission, the highest levels were now the 

baseline for the tax (Transportstyrelsen, 2019). In 2020, the government also approved an 

alteration of the Bonus-Malus tax system. The alteration was implemented the first of April 

2021 and changed the emission restrictions for both the bonus and malus. Cars put in traffic 

as of the first of April 2021 and have a carbon emission between 90 and 130 grams per 

kilometer are taxed SEK 107 per additional gram of carbon emission. All cars with carbon 

emissions above 130 grams per kilometer, are taxed SEK 132 per additional gram 

(Ekonomifakta, 2021).  
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Figure 1 – The Swedish Bonus-Malus Tax System

 
Source: The International Council on Clean Transportation 

The level of carbon emission to obtain the bonus remained at the same level in the altered 

version of the tax. However, there was a change in the emission level allowed to obtain a 

bonus between the first of January 2020 and the 31st of March 2021. The emission level was 

changed from 60 grams to 70 grams during this period (Transportstyrelsen, 2021).  

 

The bonus is awarded to the buyer of the car, thus, a company leasing a car is the lawful 

owner and receives the bonus. However, when leasing a malus car, the individual leasing it is 

the one paying the malus tax. Many companies offer their employees car benefits, and those 

benefits differ from company to company. The constant factor is that the company is the 

owner of the car, thus receiving the bonus or pays the malus. Many company cars are also 

leased. The share of company cars has ranged between 70 percent to 81 percent between 

2015 and 2020 and leased cars between 40 to 54 percent in the same period (Transport 

Analysis).    

 

Figure 1 displays the new Swedish feebate tax and the previous vehicle tax and subsidy 

system. The dotted lines represent the previous vehicle tax and subsidy levels, and the solid 

lines display the new feebate rate as of 2018. Cars subject to subsidies are presented by the 

green colour, diesel cars by brown, petrol by blue, alternative fuels by purple and cars not 

subject to neither as black. The black line is between 60 and 96 grams, and hard to spot in 

Figure 1. 
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3.3 EU 𝐶𝑂2 Emission Standards 

Sweden has been a member state in the European Union since 1995 and has thus agreed to 

follow its regulations and restrictions regarding its transport sector. Since 2009 there has been 

a mandatory 𝐶𝑂2 standard which all member states need to comply with. The first 𝐶𝑂2 

standard target was set to be met in 2015 and stated that the average carbon dioxide emission 

per kilometer for the average vehicle fleet of all manufacturers combined should be 130 

grams. Higher emission levels were allowed for individual manufacturers based on the 

average weight of their entire vehicle fleet. The European Commission proposed new 𝐶𝑂2 

emission standards in 2012 which were discussed and agreed upon by the European 

Parliament and the Council of the European Union. The new standards were set at 95 grams 

of carbon dioxide emission per kilometer and were to be phased-in by 2020 and realized in 

2021 (ICCT, 2014).  

 

The average 𝐶𝑂2 emission for a car manufacturer's fleet determines if a producer achieves 

the EU 𝐶𝑂2 emission standards or not. Between 2020 and 2022, car manufacturers can count 

vehicles with emissions below 50 grams per kilometer as two cars when counting their 

average fleet emission levels, called super credits. Thus, creating an incentive for 

manufacturers to invest in emission reducing technology in the period before 2020. The 

average 𝐶𝑂2 emission goal for each manufacturer depends on the weight of the vehicles of 

their fleet. For manufacturers who are not able to reduce their fleet's average 𝐶𝑂2 emission in 

line with the EU 𝐶𝑂2 emission standards are penalized with large fees. Each gram per 

kilometer above the required level results in a 95 Euro fee for each vehicle sold. The potential 

fees would be vast for manufacturers not realizing the emission standards. Further increasing 

the incentives of the manufacturers to comply. In 2019, the 𝐶𝑂2 emissions standards were 

restricted further, giving manufacturers 2 years to reduce their fleet 𝐶𝑂2 emission average by 

20 percent between 2019 and 2021, further speeding up the transition to a lower emission 

fleet (Lemerle.M & Benz.A, 2019). The Swedish National Institute of Economic Research 

discusses in their 2019 report, the effects of the Bonus-Malus tax system with the EU 𝐶𝑂2 

emission standards introduced only two years after its implementation. It is discussed that a 

feebate policy measure, with the aim to increase the incentives to buy low-emission vehicles 

and refrain from high-emission vehicles, is overshadowed by the international feebate policy 

on car manufacturers and thus, that the implementation of Bonus-Malus is ill-timed. The 

report concludes that the effects of Bonus-Malus would be achieved by the EU 𝐶𝑂2 emission 

standards when it was implemented, yielding an unnecessary policy measure and costs.  

4. Theoretical Framework 

4.1 Vehicles as a good 

Vehicles is a categorical term for different types of vehicles such as heavy trucks, light 

commercial vehicles, and passenger cars. This study focuses on passenger vehicles and the 

International Organization of Motor Vehicle Manufacturers defines the category as “motor 

vehicles with at least four wheels, used for the transport of passengers, and comprising no 

more than eight seats in addition to the driver's seat” (OICA). Thus, terms such as “cars” or 
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“vehicles” is used interchangeably in the throughout the paper and refers to passenger cars 

only.  

The market of passenger cars is not a strictly competitive one, because the cars are 

differentiated in many ways nor does a manufacturer act as a monopolist. Therefore, prices 

are not set based on marginal costs but rather on the value that consumers put on the car’s 

attributes. As consumers value attributes differently, a lot of market research is needed to 

determine the demand for a specific attribute (Cooper & John (2011), ch.16). Thatchenkery 

(2008) finds that a preference for fuel-efficiency is a consistent determinant across all 

markets but that preferences for horsepower and weight overshadows it in many cases. 

Another finding is that environmentalism and preferences based on convenience, increase the 

explanatory power but the attribute of the vehicle drives the effect. Christidis et al (2019) 

uses a survey approach to estimate the willingness of European citizens to purchase a hybrid 

or electric vehicle and found that it has increased to 32 percent but that it varies strongly 

between member countries. The report from the Swedish National Institute of Economic 

Research (2019), discuss if consumers are myopic in their vehicle purchasing choices, as this 

is a motivation for the Bonus-Malus tax system. The report concludes that there is no strong 

empirical evidence confirming the fact that consumers are myopic, and if they are, the 

problem depends on the period the consumers expect to keep the vehicle. 

As stated earlier, the vehicle market is not defined as strictly competitive because the product 

is differentiated. Thus, the market consists of goods that are imperfect substitutes where the 

demand for luxury cars is less elastic than other cars. However, vehicles in general are a 

normal good (Cooper & John, 2011, ch.16) 

4.2 Theory of tax incidence 

The incidence of tax details who bears the economic burden between the affected agents. In 

this case, the economic incidence of the malus or the bonus on new cars. The theory on 

economic incidence may shed some light on how the possible vehicle price adjustments will 

affect consumer prices. Assume a hypothetical market that consists of producers and buyers 

of cars. The supply is assumed to be upward sloping and the demand downward. The supply 

curve is defined as 𝑆(𝑃) and the demand by 𝐷(𝑃). When implementing the tax on the 

consumers, as is the case of Bonus-Malus, the demand will increase or decrease by the 

amount of the tax, defined as 𝑇. Thus, 𝑇 denotes the bonus or malus, paid, or granted to the 

buyer. As such, when consumers choose to purchase a car that has low-carbon emission, the 

demand will instead be 𝐷(𝑃(−𝑇)), leading to a decrease in the consumer price of the car, 

ceteris paribus. Note that it does not affect the incidence if the consumer or producer pays the 

tax or receives the bonus according to the theory (Thompson & Green 1998, p.99) 

 

 

Focusing on the malus part of the feebate, purchasing a car with high carbon emission will 

lead to an extra fee for the consumer. The demand will then be 𝐷(𝑃(+𝑇)), leading to an 

increase in the consumer price of the vehicle and an upward shift of the demand curve. These 

conclusions are only valid in a generalized setting as they do not account for elasticities, 

market shares and power, production constraints, contracts etc. The easiest way to determine 
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the incidence of the Bonus-Malus tax system is to find the supply and demand elasticities of 

the market. The change in the consumer price to the change in the tax is shown by the ratio as 

defined by the ratio below. 
∆𝑃

∆𝑇
=

𝜀𝐷

𝜀𝑆−𝜀𝐷
                       (1) 

 

Where 𝑃 is the consumer price, 𝑆 is the price elasticity of supply, 𝐷 is the price elasticity of 

demand and 𝑇 the tax. The elasticity of supply measures, in percentages, how much the 

producers will change their supply given the percentage change in the price of the car. The 

price of the car changes depending on its carbon emission. The price elasticity of demand 

therefore captures the percentage change of demand to a percentage change in the car's price. 

Equation 1 can thus be said to capture the sensitivity of the supply and demand of the cars 

sold due to a change in the price, the economic incidence (Stantcheva, 2017). 

 

The producers will bear the entirety of the malus in the case where the price elasticity of 

supply is perfectly inelastic, or demand is perfectly elastic. The same logic applies for the 

buyers, where they bear the entirety of the malus if the elasticity of supply is perfectly elastic 

and the demand perfectly inelastic. Regarding who gains from the bonus, it is simply the 

other way around. The producers gain the entire bonus when elasticity of supply is perfectly 

elastic, and demand is perfectly inelastic. The buyers gain the entirety of the bonus when the 

elasticity of supply is perfectly inelastic and demand is perfectly elastic (Thompson & Green 

1998, p.101). According to the theory, an increase in the tax, occurs when a car is subject to 

malus, the producers should then reduce the price to compensate for the increase in consumer 

price. For the vehicles that are granted a bonus, a decrease in consumer price, would lead to 

an increase in the offered price from the producers.   

5. Data 
The Swedish tax authorities provide the list price for each car model for each year. Reaching 

back to 1992, the data is produced for car benefit purposes. Vehicle producers provide the tax 

authorities with price data three times each year where they report changes in prices, new 

models, campaign offers. The tax authorities then compile the data that is then the basis for 

the bonus or malus. Thus, the price the producers provide the tax authorities with is the basis 

on which the bonus or malus is determined. Although the price data is detailed, it does not 

generate price variation at a level that is optimal. Transaction level price data for each vehicle 

purchase would generate more precise and refined estimates. According to my contact at the 

Swedish tax authorities, the list price is updated if there is a permanent change in the price or 

if the general agent reports new or changed attributes to a certain model within that brand. 

This alteration would then generate a new price. Therefore, the list prices should include any 

permanent price changes as a result of new technology added to a certain model.  

 

Some issues with the price data are that there are spelling errors and specifications stated in 

different orders which makes it difficult to follow the same car model over time. Therefore, a 

lot of time has been spent on correcting the issues as these had to be manually identified and 
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rectified. To control for the difference in model specification, different levels have been 

constructed. The first level is the name of each car model within each brand. The second level 

is the package of a certain model, the third level includes package specifications4 and so on. 

To ensure that the results are not affected by the level of specification that is used as the panel 

variable, Table A3 in the appendix show the results of the main specification when using 

different specification level fixed effects and when including model specification dummies.  

 

An upside with the data set is that the different models are stated with any specification that 

influences the price. Thus, the effect on vehicle price for different transmissions, special 

editions and other specifications that do not have an impact on 𝐶𝑂2 emission or Bonus-Malus 

can be controlled for. These covariates are included in the third model specifications which 

reduces the number of model dummies needed and is specified as “No Controls” in the result 

section. Model specifications that affect 𝐶𝑂2 emission, and thus indirectly the amount of 

bonus or malus are controlled for and named “emission dependent covariates” in all 

specifications. Examples of covariates that have a direct or indirect effect on 𝐶𝑂2 emissions 

are horsepower, weight of the vehicle, automatic transmission, four-wheel or all-wheel drive 

and sport packages (Hula.A et al., 2020, p.13).  

 

The second data set is from the European Environment Agency (EEA) covering the years 

2010 until 2020. The selected data for this study consists of detailed information on all new 

registered cars between the years 2015 to 2020, including engine size, engine power, carbon 

emission, number of new registered cars of that model among other. Producers provide the 

EEA with yearly data for all new vehicles for each country in the EU. The data from EEA is 

highly detailed and provides manufacturer codes for each vehicle that specifies everything 

from the number of cupholders to the color of the car. However, these manufacturer codes are 

confidential and not available. Therefore, the data will be matched on engine power, engine 

size, brand, commercial model name, range of the electric engine, four-wheel drive, all-wheel 

drive, cabriolet etc. The data is very detailed in terms of manufacturing codes, and because 

small changes can produce different 𝐶𝑂2 emission levels, there is variation in the 𝐶𝑂2 levels 

for the same car model in the same year. Fortunately, the variation is minimal between the 

same model in the same year, so this should not pose an issue. To control for the variation, 

the main specifications are run on the highest, lowest and the average 𝐶𝑂2 emission levels 

reported for each car model each year and is included in the appendix, Table A2. Since the 

difference between the levels do not affect the results, the 𝐶𝑂2 levels are chosen in 

accordance with the definition in the feebate tax rate. That is, the model’s lowest NEDC level 

in the years before 2020 and the highest WLTP level in 2020 which can be seen as the spike 

in Figure 2 in the results section. Additional controls such as consumer price index for motor 

vehicles in Europe is from Economic Research, FRED and is normalized at 2015 years 

prices.  

 

 
4 Examples of the third model specification is “VOLVO XC90 D5 SUMMUN” where Volvo is the brand, XC90 

is the model, D5 specifies fuel type and engine size and Summun is the package of the interior.  
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Combining the two data sets generates a panel data that includes yearly data of vehicle 

model, production year, number of vehicles sold, emission per kilometer, engine volume, 

engine power in kilowatt (horsepower) and other model specific characteristics5. One 

restriction is that car models are usually updated each year, including, or excluding some 

features that affect the price of the car. There are also many car models that are added or 

disengaged during the studied time period. Car models are also sold the year after their last 

production year, which results in missing prices for that certain year. To compensate for this, 

the price from the last year of production is imposed for any additional year the specific 

model is sold. The last year of a certain car model is usually subject to a “face-lift”, which is 

a limited edition of that model and is only sold the last part of the model year, resulting in an 

increased price because of being sold in a limited edition. Table A3 in the appendix controls 

for all model specific dummies, face-lift editions included. The results show that the results 

are robust to the price change when controlling for models that are subject to “face-lifts”.  

 

Because the data used in this study has been combined from two data sources, some main 

distinctions are needed to enable matching due to rounding errors, spelling mistakes and 

missing data. The distinctions are described below. The data from EEA include engine power 

in kilowatt whereas the Swedish list price data include horsepower and metric horsepower 

(PS). Thus, to match the 𝐶𝑂2 emission levels to the list price, the horsepower in KW in 

EEA’s data have been divided by 0.7457 and then rounded to the nearest integer6. One metric 

horsepower is equivalent to 98.6% of one horsepower, thus introducing marginal differences 

between the data sets when matching. This difference hinders a direct matching process 

between the two data sets. For example, for the car reported as “AUDI A1 SPORTBACK 35 

TFSI 150 HK S TRONIC PROLINE” in the list price data, the horsepower is reported as 150 

horsepower, while the same vehicle in the EEA data set is reported as having an engine 

power of 110 KW. Converting the EEA measure to horsepower as in the list price data, the 

formula is  

 

HPi =
HP(KW)i

0.7457
       (2) 

 

The result is therefore 147.512 horsepower, which is then rounded to the nearest multiple of 

10 resulting in 150 horsepower. The same applies for the volume of the engine, being 

reported in liters in the list price data but in cubic centimeters in the EEA data. Another issue 

is that different manufacturers have estimated their reported horsepower measurements 

differently to the Swedish Tax Authorities, complicating the matching process further. Some 

manufacturers prefer to round up their reported engine power to the closest integer or 

multiple of 10 while others round down. If the differences between the engines were large, 

this could have been solved by rounding all values to the nearest multiple of 100, but 

unfortunately some manufacturers offer engine options similar to each other, varying only on 

a few horsepower. To avoid measurement error or matching on the wrong vehicle, the 

 
5 Summary statistics can be found in Table A1 in the Appendix. 
6 The number 0.7457 is the general value when converting horsepower (KW) to horsepower (HP) (Kennan, 

2017). 
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estimation of horsepower had to be done manually for each model within each brand. 

Fortunately, large manufacturers like Volvo or Land Rover, only offer a few engine options 

for each model and write out the engine name in the list price data, simplifying the process. 

Other large brands like Audi and BMW, include the engine power and volume in the car 

model’s name. As the engine capacities, weight of the vehicle and grams of 𝐶𝑂2 emissions 

are correlated it is important to use the most detailed values of these measures, therefore the 

rounded horsepower and engine volume values are only used for the matching process. The 

EEA measures of engine power in kilowatt and volume in cubic centimeters are used in the 

regressions for improved precision. Table 1 show the correlation between horsepower, engine 

volume, weight and 𝐶𝑂2 emission. 

 

Table 1 - Matrix of Correlations 

 

 

6. Methodology 
The primary empirical problem is to find a counterfactual to be able to identify the effect of 

Bonus-Malus on the list price of the vehicle. Intuitively, to estimate the effect of the malus or 

bonus one would need an identical car that is not affected by the tax. Since there are vehicles 

within the same brand, with the same chassis, model packages and other attributes, but with 

different engines or fuel types, controlling for different attributes should provide the analysis 

with a good counterfactual. Since there are vehicles that suffer no bonus nor malus if their 

carbon emission is between 60 and 95 grams per kilometer, they present a very good setting 

for a Difference-in-Differences approach. All new cars that fulfilled a Euro 5 or 6 

classification, was a charging-hybrid or a plug-in-hybrid and had an emission up to 110 

grams were eligible for a tax reduction as of 2013 until the implementation of the Bonus-

Malus tax system, these will serve as the control group. That is, the car models that received a 

tax reduction before the Bonus-Malus tax system and have an emission between 60 to 95 

grams of carbon, would not suffer a tax before nor after the Bonus-Malus tax system. 

Therefore, these models are not affected by any tax or bonus before nor after the Bonus-

Malus tax system’s implementation.  

 

It is assumed that the transport sectors produce negative externalities in the form of carbon 

dioxide emissions and that passenger vehicles are imperfect substitutes. Luxury cars are 

assumed to be luxury goods and have a less elastic demand than cars with a lower price and 

  Variables Horsepower   Volume Weight 𝐶𝑂2 emission 

 Horsepower 1.000 

 Volume 0.743 1.000 

 Weight 0.653 0.608 1.000 

 𝐶𝑂2 emission 0.605 0.715 0.433 1.000 

All variables are positively correlated. The pair with the highest correlation is 

Volume and Horsepower, which is not surprising since the larger the engine the 

more horsepower it can generate. Includes entire sample of 23486 observations. 
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prestige level. Some manufacturers’ fleets contain both luxury and normal vehicles, therefore 

all specifications will exclude cars with a price above SEK 1 million. Since the EU emission 

standards require brands with high-emission fleets to reduce their average fleet emission to a 

higher extent than brands with lower average emission fleets, each manufacturer’s fleet 

average emission level is included in some specifications.  

The list price data from the Swedish Tax Authority contains many spelling errors and 

specifies each model differently each year, therefore the main specifications will include third 

model specification level fixed effects. This will also drastically reduce the number of model 

specific dummies needed in each specification as they are captured by the third model 

specification. A specific manufacturer may increase prices for certain vehicles or packages 

within their fleet where the consumer demand is less elastic, thereby avoiding a decrease in 

sales for a car with a more price elastic consumer group. As the list prices may be updated 

with price adjustments three times a year and are summarized each year, any inflation that 

affects the entire market is captured by the model, thus the need to control for inflation is not 

needed. As well as the fact that both prices and the tax or subsidy are in the same 

measurement unit the price does not need to be adjusted.  

 

The identifying assumption of this model is the parallel trends assumption. This states that 

the difference between the control group and the treatment group, in absence of treatment, is 

constant over time. In this setting, this assumption holds if the price trends of the cars are 

constant before the feebate tax was implemented. Moreover, the price trends of the cars 

should be the same controlling for trims, emission dependent covariates, and model specific 

characteristics. The main model is presented below. 

 

𝑃𝑖,𝑡 = 𝛼 + 𝛽1Bonusmalus𝑖,𝑡 + 𝛽2Post𝑖,𝑡 + 𝛽3Bonusmalus𝑖,𝑡 ⋅ Post𝑖,𝑡 + 𝑿𝒊,𝒕 + 𝛿𝑡 + 𝜃𝑖 + 𝛾𝑖,𝑡 + 𝑢𝑖,𝑡        (3) 

 

Where 𝑃 is the list price for model i in year t, bonusmalus is the running variable and has a 

linear relationship with 𝐶𝑂2 emission, negative values for bonus, positive values for malus 

vehicles and zero for the controls. The variable Post is a dummy that takes the value of 1 if 

the year is 2018 and later, and zero otherwise. The interaction term, β3, is the coefficient of 

interest and 𝐗 is a vector of vehicle characteristics such as four-wheel drive, cabriolet, and 

automatic transmission. Further, δ is the time trend used in all specifications, 𝛾 the interaction 

between the treatment and time defined as a treatment time trend and θ is the third model 

specification fixed effects. Lastly, u is the error term. Standard errors will be clustered on 

third model specification, allowing correlation between models but not within a specific 

model. Additional controls as the European price index for new cars and yearly manufacturer 

fleet emission average are included in some specifications. An additional analysis will be 

presented in the results section, where a similar model will be used as (3) above. The method 

and the necessary assumptions will be presented in section 7 as the focus of this paper is the 

main analysis which is self-standing.  
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7. Results 
Figure 2 shows the price trends for the treatment and control group. Graphs 1 and 2 show the 

price trends for control and treatment groups. Graph 3 and 4 show price trends divided by 

bonus, malus and control. Graphs 2 and 4 exclude cars with a price higher than SEK 1 

million. The first impression from Graphs 1 and 2 would indicate that the parallel trends 

assumption may be violated, since there seems to be an anticipation effect for the control 

group. As the treatment group consists of both cars with bonus and malus, one would expect 

producers to have heterogeneous price responses in the periods before the Bonus-Malus 

implementation. Thus, separating bonus from malus vehicles, as shown in Graph 3 and 4, 

indicates that both the control group and bonus group experienced a slight anticipation effect 

in the last pre-treatment period. These dips, or anticipation effects can be explained by newly 

introduced models, or models being updated with emission reducing technology resulting in 

changes in the composition of control or treatment groups7.  

Recall that the high increase in mean price for the control group in 2020 is a result of the 

change in test cycle measurements used which changes the composition of the control and 

treatment groups8. As discussed in the section on the vehicle market, manufacturers may 

make different pricing choices and exploit the difference in elasticity of demand for different 

vehicle types. Therefore, vehicles with a list price above SEK 1 million are excluded from 

Graph 2 and 4. The price trends are more consistent when excluding the high-priced vehicles, 

pointing to producers potentially taking advantage of the more inelastic demand for luxury 

vehicles. Luxury vehicles will therefore be removed in all specifications and results including 

luxury vehicles can be found in Table 4A in the Appendix.  

According to the theory of tax incidence, there should be an increase in price for bonus cars 

and a decrease for malus cars in the post-treatment period. Graph 3 shows some small effect 

according to theory, although the control group seems to experience the same price effect as 

the bonus cars. The difference between Graph 3 and 4, indicates that producers increase the 

price for expensive control cars after the implementation of Bonus-Malus. Moreover, there 

does not seem to be a clear effect of the feebate tax rate on the list price. The exclusion of 

luxury cars also improves the pre-treatment trends, improving the validity of the results based 

on a visual inspection. However, the post-treatment trends when excluding luxury cars have 

almost no indication of a price effect. 

 

 

 

 

 
7 The results are the same when performing a placebo test and changing the treatment year to 2016 instead of 

2018 while controlling for endogenous covariates. Thus, indicating that the parallel trend assumption is valid 

when controlling for emission dependent covariates. 
8 Because of the change of test cycle values from NEDC to WLTP, the number of vehicles eligible for a bonus 

or in the control group is reduced. This is controlled for in Table 4 in the appendix. 
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Figure 2 – Price Trends for Treatment and Control Group 

 

Figure 1. Price trends for control and treatment groups over the period 2015 to 2020. All brand and models 

included. 

Table 2 show the estimated treatment effect for the main specification. As seen in Figure 2, 

Graph 2 and 4, the price trends differ when excluding the cars with a price over SEK 1 

million. Therefore, Table 2 shows the estimated treatment effect when they are excluded9. 

Results when luxury vehicles are included can be found in the Appendix Table A4. Columns 

1,2 and 3 does not include any controls, Column 4 include emission dependent covariates. 

For Columns 2,3 and 4, a time trend is included to control for within model trends over time. 

Columns 3 and 4 include a treatment time trend to control for changes in 𝐶𝑂2 emission over 

time, and thus the amount of bonus or malus for a specific model. The results indicate that 

there is no long-run price effect from the implementation of the feebate tax in Sweden. The 

estimates are non-significant and when including the time trend and treatment time trend, the 

estimates converge towards zero. The clustered standard errors also become more precise 

when controlling for time and treatment trends indicating higher precision. 

 

 

 

 
9 Luxury vehicles are defined as vehicles with a list price over SEK 1 million and stand for 4,1 percent of the 

total sample.  
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Table 2 - Estimated Treatment Effect on Swedish List Prices 

 (1) (2) (3) (4) 

VARIABLES No Controls No Controls No Controls Emission dependent covariates 

PostBonusMalus 0.361 0.140 0.0211 0.0485 

 (0.334) (0.300) (0.157) (0.179) 

Post 15,236*** 41,331*** 40,892*** 39,472*** 

 (1,440) (2,491) (2,509) (2,020) 

BonusMalus -0.684 -0.983* -97.26 -248.7* 

 (0.615) (0.584) (177.2) (146.7) 

Constant 362,677*** 353,639*** 353,938*** 174,874*** 

 

Time Trend 

Treatment-Time Trend 

(1,774) 

No 

No 

(1,937) 

Yes 

No 

(2,249) 

Yes 

Yes 

(24,730) 

Yes 

Yes 

     

Observations 22,558 22,558 22,558 22,456 

R-squared 0.969 0.970 0.970 0.976 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 
Third model specification fixed effects. Robust Standard errors are clustered on third model 

specification. The difference in the number of observations when including the emission dependent 

variables results from missing values of vehicle weight for some observations.  

 

The positive sign of the estimates indicate that the manufacturers may adjust prices in the 

opposite direction of what the theory or previous studies would indicate. As we would expect 

a negative relationship between the amount of bonus or malus and the price adjustments. 

Moreover, the positive sign indicate that manufacturers instead increase the price for each 

additional gram of emission or decrease the price for each gram less of emission. The 

estimates in Table 2 are small enough that one cannot reject a zero price effect but also 

precise enough to rule out large price adjustments. Thus, the hypothesis that the consumer 

captures the entirety of the bonus but also bears the burden of the entire malus fee cannot be 

rejected. 

It can be intuitive to look at bonus and malus cars separately. Table 3 displays the results for 

bonus and malus cars separately, where Columns 1 and 2 show the estimates for bonus and 

Column3 and 4 show malus vehicles. The estimates from Columns 1 and 2 should be 

interpreted as the differences in means between the control cars and the bonus vehicles which 

are small and not distinguishable from zero. The same applies for Columns 3 and 4. The 

estimates in Column 3 goes from positive to negative in Column 4 when including a 

treatment time trend. This indicates that when controlling for changes in the emission levels 

over time, or amount of malus, the previous positive price effect is explained by the treatment 

time trend. However, none of the estimated treatment effects are distinguishable from zero10. 

Thus, the results still indicate that there is no evident price effect from the introduction of the 

Swedish feebate tax.  

 

 
10 The confidence interval for the estimate in Column 3 covers zero, thus no conclusion can be drawn.  
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Table 3 - Estimated Treatment Effect on Swedish List Prices, Bonus and Malus separately 

VARIABLES (1) (2) (3) (4) 

 Bonus Malus 

 No Controls   No Controls No Controls No Controls 

PostBonus/PostMalus 0.203 0.249 0.748* -0.123 

 (0.124) (0.167) (0.410) (0.421) 

Post 15,837*** 14,498** 19,202*** 14,522*** 

 (5,425) (7,345) (4,766) (3,744) 

Bonus/Malus -2.970*** 43.02 4.174*** -680.9 

 (0.935) (156.5) (1.182) (421.1) 

Constant 279,422*** 279,458*** 329,311*** 331,131*** 

 

Time trend 

Treatment-Time trend 

(15,295) 

Yes 

No 

(15,298) 

Yes 

Yes 

(4,633) 

Yes 

No 

(5,479) 

Yes 

Yes 

     

Observations 2,168 2,168 21,548 21,548 

R-squared 0.991 0.991 0.970 0.970 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

Third model specification fixed effects. Robust Standard errors are clustered on third model 

specification. The difference in the number of observations when including the emission 

dependent variables results from missing values of vehicle weight for some observations.  

 

7.1 The European Union Carbon Dioxide Emission Standards 

The previous section concluded with the indication that when including the time trend and the 

treatment-time trend, the estimated treatment effects are close to zero and distinguishable 

from zero. This then raises the question of why the implementation of Bonus-Malus did not 

have any effect on the prices in Sweden as theory and previous studies would indicate. This 

brings us to the EU 𝐶𝑂2 emission standards. Even though the EU 𝐶𝑂2 emission standards, 

referred to as the emission standards from here on out, did not directly coincide with the 

Swedish feebate tax’s implementation, it closely resembles its set-up. Recall that the emission 

standards had two main features. Firstly, that super credits were awarded for each car in the 

fleet with an emission below 50 grams, and secondly, large fees for the manufacturers with 

an average fleet emission above 95 grams. In the report from the Swedish National Institute 

of Economic Research (2019), it is discussed that the implementation of the Swedish feebate 

tax rate was ill-timed because of the proximity to the emission standards. Moreover, news 

outlets have commented on the increased production cosst that manufacturers face in order to 

comply with the emission standards (Lemerle & Benz 2019, Nijhuis 2021). Four components 

are necessary for car manufacturers to realize the fleet average 𝐶𝑂2 emission goal in 2020 

and 2021. These are: increasing sales of zero-emission and plug-in hybrid vehicles, investing 

in emission reducing technology for high-emission vehicles, increase consumer incentives to 

purchase low-emission vehicles through pricing, marketing and sales and pooling with 

manufacturers that have already achieved the fleet average of 95 grams (Poliscanova, 2019). 
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 Table 4 - Estimated Treatment Effect on the Price per Gram of 𝐶𝑂2 Emission 

 (1) (2) 

VARIABLES No Controls Emission dependent covariates  

PostBonusMalus -0.00199 -0.00170 

 (0.00923) (0.00821) 

Post 1,023*** 893.8*** 

 (118.9) (102.0) 

BonusMalus -8.945 -8.304 

 (7.897) (7.060) 

Constant 3,814*** -214.2 

 

Treatment-Time Trend 

Time Trend 

(103.7) 

Yes 

Yes 

(1,751) 

Yes 

Yes 

   

Observations 23,106 23,106 

R-squared 0.935 0.939 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

Third model specification fixed effects. Robust Standard errors are clustered on third model 

specification 

As the emission standards were agreed to in 2012, manufacturers had almost a decade to shift 

their fleets towards more fuel efficient and low-emission vehicles. Manufacturers have 

invested billions to comply with the emission standards during this period, some brands more 

than others (Poliscanova, 2019). Thus, one step closer to conclude if the emission standards 

are the driving force behind the price increase in Sweden, the price per gram of 𝐶𝑂2 is 

introduced as a new dependent variable in Table 4 and is constructed simply by dividing the 

price of each vehicle with the number of grams of emission. The 𝐶𝑂2 emission levels for 

each vehicle are the registered NEDC test cycle levels. Since there are differences in the 

levels of 𝐶𝑂2 emission depending on which test cycle is used, and that only the Swedish 

Bonus-Malus have demanded that WLTP levels are used in 2020, price per gram of 𝐶𝑂2 

emission is based on the NEDC test cycle.  

Vehicles with an emission of zero are dropped because the price per gram of 𝐶𝑂2 emission 

cannot be determined11. Column 1 does not include any controls, Column 2 include emission 

dependent covariates, both columns include a treatment-time trend and time trend. The 

coefficients are close to zero and not distinguishable from zero. The results indicate that the 

implementation of Bonus-Malus did not have a significant effect on the price per gram of 

𝐶𝑂2 emission. If Bonus-Malus influenced the vehicle prices in Sweden according to theory, 

the price per gram of 𝐶𝑂2 emission should decrease as a result of the increased consumer 

price because the malus fee would increase for each additional gram of 𝐶𝑂2 emission. In the 

same way, the price should decrease for each gram of 𝐶𝑂2 emission because the bonus 

 
11 The share of zero emission vehicles is 1,6 percent of the sample. 
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increases linearly with 𝐶𝑂2 emission. Even though the estimates are negative, they are close 

to zero and not significant.  

Many new model upgrades were introduced in 2019 in anticipation of the emission standards 

that were introduced in 2020 (Todts.W, 2018). Mock, Tietge & Wappelhorst (2020) state that 

car manufacturers did not have incentives to sell low-emission and electric vehicles before 

2020 because then they would submit the super credits those sales would generate in 2020 

and thus risking a higher fleet average when the emission standards were implemented. The 

incentive is instead higher for maximizing profits in the pre-emission standard period by 

selling high-end sport utility vehicles (SUVs) and to hold back electric vehicles until January 

in 2020.  

 

As mentioned previously, manufacturers could realize the emission standards by adopting 

different strategies such as marketing, increasing sales of EVs and pricing. The pricing option 

is the only one that can be estimated in the Swedish setting based on the data available. The 

data on list prices are also available for years 2021 and 2022, while the EEA do not update 

the 𝐶𝑂2 emission levels for 2021 until the second half of 2022. Therefore, there is no explicit 

way to estimate the effect of the emissions standards on the list prices in Sweden. So, in an 

effort to put some weight behind the argument that the lack of a price adjustment because of 

the implementation of Bonus-Malus results from the car manufacturers’ incentives to realize 

the EU 𝐶𝑂2 emission standards, an additional analysis is introduced. Recall that the emission 

standards include super credits to manufacturers for each model in their fleet that has a 𝐶𝑂2 

emission level below 50 grams. Therefore, to realize the emission standards phase-in in 2020 

and the full implementation in 2021 one would expect manufacturers, in accordance with the 

predictions from Mock, Tietge & Wappelhorst (2020), to increase the price of the vehicles 

with an emission level above 50 grams and reduce the price for vehicles who will grant them 

super credits. 

Another Difference-in-Differences analysis is conducted that follows the exact same set-up as 

(3) in the previous section, only replacing the treatment variable to a binary variable that 

takes the value of 1 if the car will generate a super credit, 𝐶𝑂2 emission below 50 grams, and 

zero otherwise. The time of implementation is changed to 2020 and the list prices are 

extended to include 2021 and 2022 and the observed time period is instead between 2018 and 

202212. The main assumption is the parallel trends assumption13, and for this setting we need 

to consider an additional assumption which is that manufacturers do not have any incentives 

to alter the 𝐶𝑂2 emissions for super credit vehicles after the implementation of the emission 

standards.  

 

 
12 The reason for removing the years 2015 until 2017 is because, usually, each car model has a production 

period of five years before it is discarded or updated. In the case that it is updated, it is no longer the same model 

and thus there is no point in including these years (AutoDNA, 2021). The results are similar when including the 

entire time sample although a bit larger, indicating that there may be an even larger price effect after the 

introduction of the emission standards. 
13 A graph of the parallel trends in this setting can be found in the appendix, Figure A1. 
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Table 5 - Estimated Treatment Effect of EU 𝐶𝑂2 Emissions Standard on 

Swedish log List Price 

VARIABLES No Controls 

 (1) (2) (3) 

    

PostEU -0.0383*** -0.0387*** -0.0185** 

 (0.0114) (0.0103) (0.00936) 

Post 0.0573*** 0.119*** 0.122*** 

 (0.00396) (0.00643) (0.00674) 

EU 0.102*** 0.0901*** 23.22** 

 (0.0270) (0.0263) (10.99) 

Constant 12.87*** 12.86*** 12.85*** 

 (0.00236) (0.00371) (0.00376) 

Treatment-Time trend 

 

Time trend 

No 

 

No 

No 

 

Yes 

Yes 

 

Yes 

    

Observations 11,640 11,640 11,640 

R-squared 0.977 0.978 0.978 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

Third model specification fixed effects. Robust Standard errors are clustered on third model 

specification. No controls for all Columns.  

 

This assumption is vital because if the manufacturers would alter the super credit models so 

that they no longer have a 𝐶𝑂2 emission level below 50 grams, the results from Table 5 are 

invalid. However, it would be contra productive for manufacturers to eliminate the very 

feature of the vehicle that helps them avoid large fines, therefore one can argue that this 

assumption is plausible.  

Table 5 displays the estimated treatment effect of the EU 𝐶𝑂2 emission standards on the 

Swedish list prices. Column1, 2 and 3 displays the estimated treatment effect when impelling 

2019s 𝐶𝑂2 levels to all periods where Column 3 also include a treatment-time trend. The 

treatment-time trend in this specification captures the increase in the share of in low-emission 

vehicles over time. The estimated treatment effect of the EU 𝐶𝑂2 emission standards super-

credits on the log14 list price in Sweden shows that the price for vehicles in the 

manufacturers’ fleets that are eligible for super credits decreases by 1.85 to 3.87 percent 

compared to vehicles that did not generate a super credit, after the implementation in 202015. 

The theory of tax incidence states that the price of bonus cars would increase in response of 

the Bonus-Malus introduction. The results from the previous section on Bonus-Malus show 

 
14 Log is used in this specification because the treatment variable is binary and simplifies the interpretation. The 

use of log transformation in previous specifications were not possible because of non-positive values in the 

treatment variable. 
15 The results are robust to the inclusion or exclusion of luxury cars as well as emission dependent covariates. 
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no such response. If the EU 𝐶𝑂2 emission standards are the explanation behind those results, 

Table 5 indicate that the car manufacturers would gain more from reducing the price on 

bonus cars to avoid penalties from the EU. However, the results from Table 5 should be 

interpreted with caution since the data on the real 𝐶𝑂2 emissions for 2021 and 2022 are not 

yet available and the values used in this analysis are only valid with strong assumptions about 

manufacturers’ response. The results are also robust to replacing 𝐶𝑂2 values for only the 

post-treatment periods and can be seen in Table A5 in the Appendix.  

 

8. Discussion and Conclusions 

8.1 Discussion 

The main analysis indicates that there is no significant long-run price effect to the 

implementation of the Swedish feebate tax. However, the main analysis does not capture any 

potential short-run price adjustment in terms of campaigns and local price adjustments. Since 

the analysis does not rely on transaction prices, the direct short-run effect is not captured. 

According to my contact at the Swedish tax authorities, the list prices, which they receive 

every four months, are summarized each year, yielding the price lists used in this analysis. 

Therefore, if there were any long-run price adjustments to the feebate tax, these would be 

captured in the list prices, even if the change occurred in the same period as the 

implementation of Bonus-Malus. The manufacturers could have informed the Swedish tax 

authorities in the first or second period of 2018 of a permanent price change. However, it is 

crucial to underline the fact that the results in this paper measure the average manufacturer 

response. It does not exclude the possibility that some manufacturers did indeed adjust their 

prices.  

There are multiple explanations to why there is no clear long-run price effect which will be 

discussed in this section. The main explanation, based on the results from the additional 

analysis on the price per gram of 𝐶𝑂2 and the emission standards price effect is that the 

manufacturers have higher incentives to adjust prices and vehicle fleets in anticipation of the 

2020 EU emission standards implementation. Therefore, it would seem contra productive to 

increase the price of vehicles that would yield super credits just 18 months later. The fact that 

list prices would only be updated at a maximum of two times between the implementation of 

Bonus-Malus and the EU emission standards also strengthens this argument. The results from 

Table 5 indicate that list prices can capture long-run price adjustments from policy measures.  

The theory of tax incidence relies on the elasticity of demand versus supply. In the vehicle 

market, different brands and cars are placed in different categories based on brand reputation, 

quality, price, and preferences. A brand can have both luxury models and budget vehicles.  

Providing manufacturers with many adjustment options to maximize profits and take 

advantage of knowing their consumer base. Therefore, following each car model should 

capture the different optimization choices within brands.  



26 
 

Sallee (2011) estimates the incidence of hybrid vehicle credits in the United States by 

focusing on Toyota´s Prius. He concludes that consumers capture the entire credit16, and that 

the theory of tax incidence would point to completely elastic supply, which is not credible in 

the Prius case because of a production constraint. So, as this paper finds the same results, in 

that the hypothesis that the consumer captures the entirety of the bonus, and malus, cannot be 

rejected, it is interesting to discuss the elasticity of supply and demand in the Swedish setting. 

Because the vehicle market consists of imperfect substitutes, to assume that demand is 

completely inelastic is unrealistic. On the other hand, it is not very realistic to assume that the 

supply is fully elastic because of manufacturing costs, components that are purchased from 

other suppliers, and that manufacturers sell cars around the globe. Therefore, manufacturers 

could optimize by selling certain vehicles in areas or countries with higher demand for a 

certain fuel type or model variant. It would be hard to argue that the price elasticity of supply 

is fully elastic, especially since Sweden only accounted for 2 percent of Europe’s total new 

vehicle sales in 2018 (Statista, 2019). If the implementation of Bonus-Malus occurred during 

or after the COVID-19 pandemic, the argument that supply was constricted could be made, as 

the entire automobile industry faced severe production constraints because of supply-side 

component shortages and transport delays. In the post-pandemic setting, supply should be 

less elastic because of the production constraints (Guilloux-Nefussi & Rusticelli, 2021). It is, 

therefore, even more striking that manufacturers reduce the prices on the cars that yield a 

super credit compared to cars who do not, as shown in Table 5. 

Another argument, that Sallee (2011) makes in his paper, is that Toyota did not adjust their 

prices to the credit because of future demand. That Toyota, was and still is, heavily invested 

in hybridization, would not want future demand to decrease in response to an increase in 

price. The same argument can be made in this paper, even though the analysis is based on the 

whole vehicle market. With the EU emission standards just around the corner, manufacturers 

would want to increase incentives to ensure future demand of hybrid and EV vehicle sales. 

Especially, on the basis of super credits to be gained if demand was static or increased in the 

following 18 months after the implementation of Bonus-Malus. Sallee also discusses the 

significant search costs that consumers face, where car choices not only are determined by 

actual prices but also expected prices. Another aspect discussed in the paper, which is 

relevant to this setting, is that increased prices could invite luxury-vehicles into the 

consumers vehicle comparison process17.  

In June 2017, the Swedish government announced that the feebate tax in Sweden was to be 

implemented the first of July 2018 (Government, 2017). This gave manufacturers about 13 

months to adjust prices and modify fleet composition. D’Haultfoeuille et al., (2011) discusses 

that when the feebate tax in France was introduced to the public, the manufacturers only had 

about two months to adjust. Therefore, the only adjustment possible was in transaction prices. 

The authors do not find any list price responses in the short-run. Even though the study did 

not estimate the incidence of the feebate tax in France, the time from announcement to 

 
16 Sallee finds that the consumer captures at least 0,975 of each dollar of credit. 
17 See Sallee (2011) for a more thorough review of the implications of consumer choice patterns as they are not 

within the scope of this paper.   
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implementation is worth discussing. The question is if manufacturers had time to optimize 

their fleets in 13 months. If the time between announcement and implementation was enough 

for such adjustments, this would generate an anticipation response that could alter the results 

of this paper. However, this response should be seen in Figure 2, which is not evident when 

excluding luxury cars. Manufacturers could also adjust their vehicle fleet composition, this 

potential effect is for future research to estimate. Another interesting point to discuss that is 

brought up in D’Haultfoeuille et al., (2021), is that the difference in transaction prices and list 

prices are likely correlated with the feebate and may result in measurement error in form of 

an endogeneity limitation. Therefore, using the list prices to measure the long-run response 

saves this paper from that issue. Using transaction prices in this setting is likely highly 

sensitive to violation of the parallel trend assumption.  

Boyle & Matheson (2008) utilized a Difference-in-Differences method to estimate the 

incidence of the subsidy to hybrid vehicles implemented 2005 in the United States. They 

discuss the possibility that the results of the method in their setting may not yield the results 

one expects when using a Difference-in-Differences approach. Their set-up is the same with a 

control group and a treatment group, where cars receiving a subsidy are the treated and cars 

that do not are the control group but since hybrid vehicles and their petrol counterparts may 

be substitutes, the use of a standard Difference-in-Differences approach may cause price 

adjustments to all vehicles and not just the treated group as would be expected. In the case of 

Boyle & Matheson, where they estimate the incidence of subsidies for hybrid vehicles, this 

may be an issue. In this paper, this is less likely to explain the results because the feebate tax 

has a linear relationship with 𝐶𝑂2 emissions.  

Lemerle.M & Benz.A (2019) predicted an increase in production cost for up to 7 percent by 

the end of 2020 compared to 2018 figures, for manufacturers to reduce their fleet average 

emission levels in accordance with the emissions standards. The lack of price adjustments in 

the Swedish data during the periods leading up to the implementation of the emission 

standards could therefore be seen as an adjustment period for the automobile industry. On 

one hand, more efficient engines often rely on governments investing in charging 

infrastructure (Nieuwenhuis & Wells, 2012). Sweden has increased charging infrastructure 

which is an effective instrument towards increasing the share of EV and plug-in vehicles 

(Hennlock, 2020). Therefore, manufacturers may decrease the prices of EVs and hybrid 

vehicles in Sweden because of the higher likelihood of selling enough vehicles to grant them 

enough super credits. The adaptation rates between European countries for EVs and hybrids 

differ a lot, and manufacturers would therefore optimize their per-country vehicle fleets to 

better fit the charging infrastructures available as well as the local policy measures to 

motivate the purchase of low-emission vehicles (EEA, 2021).  

Lastly, the results of this paper indicate that consumers capture the entirety of the bonus as 

well as the cost of the malus, which is the desired effect when introducing a feebate tax. 

Penalizing consumers that choose to purchase high-emission vehicles with large fees and 

granting bonuses to those who purchase low-emission vehicles without the manufacturers’ 

price adjustments interfering. Inference in terms of decreasing the demand for bonus cars by 

manufacturers capturing part of the subsidy and increasing demand for high-emission 
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vehicles by lowering the price and lessening the consumers tax burden.  However, this may 

be because of the timing of the feebate rate. Without the close timing to the implementation 

of the emission standards, the manufacturers may have adjusted differently in terms of 

vehicle fleet optimization and pricing. The consumers purchasing low-emission, bonus, 

vehicles in Sweden could therefore take advantage of an arbitrage opportunity if the lack of 

price adjustment is because of the timing of the Bonus-Malus. The same argument could be 

made for consumers purchasing a malus vehicle. The timing of the feebate tax deprived 

consumers of a lower price for malus vehicles. Either way, the results are in favor for the 

timing of the feebate rate from a policy perspective. 

 

8.2 Conclusion 

This study uses panel data on list prices and vehicle characteristics between the years 2015 

and 2020 to estimate the tax incidence of the Swedish Bonus-Malus tax system which was 

introduced in 2018. The feebate tax introduced consumers to the three purchasing choices 

when deciding on which vehicle to purchase. A car subject to a bonus of up to SEK 60 000, a 

car with an extra tax based linearly on the grams of 𝐶𝑂2 emission or a car that suffers neither 

an additional tax nor a bonus. The theory of tax incidence states that a subsidy in the form of 

a bonus should lead to an increase in the consumer price for bonus cars and a decrease in the 

consumer price for cars that are subject to a malus tax. The incidence estimations are based 

on the three years leading up to the implementation of the feebate tax and the three years that 

follow. The results indicate that consumers capture the entirety of the subsidy but are also 

subject to the entire cost of the malus tax when excluding vehicles with a list price over SEK 

1 million from the sample.  

An additional analysis is introduced to present an explanation to the lack of a price effet after 

the introduction of the Swedish feebate tax. The additional analysis tries to explain the lack of 

a price adjustment by analyzing the manufacturer response to the European Unions 𝐶𝑂2 

emission standards that were introduced a mere 18 months after the Swedish tax system. The 

set-up of the EU 𝐶𝑂2 emission standards is similar to the Swedish feebate rate in that 

manufacturers are granted super credits for each vehicle sold that has an emission below 50 

grams per kilometer. Hence, comparing cars that grant the manufacturers super credits to cars 

that do not, introduces an ex-post explanation to the lack of price adjustment in Sweden. The 

analysis on the manufacturers’ price response measured by Swedish list prices to the EU 𝐶𝑂2 

emission standards would indicate that manufacturers reduce the price of cars that grand a 

super-credit by 1.85 to 3.87 percent after the implantation compared to the cars that do not. 

However, it is stressed that strong assumptions are imposed for the interpretation to be 

plausible since the actual 𝐶𝑂2 emission levels are not available during the time the analysis 

was conducted. This study cannot capture the short-run price responses to the implementation 

of Bonus-Malus, nor can it identify the manufacturers’ responses other than price 

adjustments. These two effects are left for future research to identify, as well as the actual 

incidence of the EU carbon dioxide emission standards in both Sweden and Europe.  
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The timing of the feebate rate creates an arbitrage opportunity for the consumers that 

purchase a bonus vehicle in Sweden. If the manufacturers adjust in accordance with the EU 

emission standards, the lack of price adjustments in the Swedish list prices, grants consumers 

purchasing bonus vehicles an opportunity to capture the full amount of the bonus. From a 

policy perspective, this should increase consumers incentives to choose low-emission 

vehicles which is the main goal of the Bonus-Malus tax system.  
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Appendix 
Table A1 shows some summary statistics.   

 

Table A1- Summary statistics 

Control group 

 N mean SD min max 

Price 1222 285637.64 296892.262 89900 2312900 

𝐶𝑂2 1222 87.628 6.895 61 95 

volume 1222 1587.191 407.107 875 3996 

Horsepower 

(KW) 

1222 92.168 51.153 44 404 

weight 1222 1383.928 364.238 890 2700 

 

Bonus 

Price 932 550024.41 285855.458 209500 2080000 

𝐶𝑂2 932 23.424 20.634 0 60 

volume 932 1082.788 945.561 0 2998 

Horsepower 

(KW) 

932 165.683 112.935 0 599 

weight 823 1862.758 312.245 1085 2655 

 

Malus 

Price 21332 411487.42 281495.882 78900 7600000 

𝐶𝑂2 21332 142.883 38.106 96 373 

volume 21332 2021.253 698.244 62 6749 

Horsepower 

(KW) 

21332 147.573 67.676 44 533 

weight 21332 1639.907 281.646 885 2755 

 

Table A2 shows the difference in estimates between each vehicle models highest, lowest, and 

average NEDC and WLTP levels. Column 1 is the highest, Column 2 is the average and 

Column 3 the lowest. There is a difference in treatment and control group composition 

because of the difference in the NEDC levels. There are some differences between the 

estimates but provide the same results as the main specification. In accordance with the 

Bonus-Malus tax description, the bonus or malus is based on the lowest NEDC reading until 

the first of January 2020, where the highest level of WLTP is used. Thus, the main 
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specification uses the lowest level of NEDC per car model until 2020 where the highest level 

of WLTP is used, which is Column 3.  

A2 - Estimated Effect of Bonus-Malus on Price 

 (1) (2) (3) 

VARIABLES Price Price Price 

    

PostBonusMalus(max) 0.326   

 (0.368)   

Post 38,791*** 39,803*** 41,331*** 

 (2,483) (2,501) (2,491) 

BonusMalus(max)    

  0.362  

PostBonusMalus(avg)  (0.421)  

  -1.360*  

BonusMalus(avg)  (0.726)  

   0.140 

PostBonusMalus   (0.300) 

   -0.983* 

BonusMalus   (0.584) 

 356,179*** 355,940*** 353,639*** 

Constant (2,973) (2,838) (1,937) 

Time Trend Yes Yes Yes 

    

Observations 22,558 22,558 22,558 

R-squared 0.970 0.970 0.970 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

Third model specification fixed effects. Robust standard errors clustered on third model 

specification. No controls for all columns. 

Table A3 show the difference between the third model specification and the second model 

specification. Column 1 is the third model specification without any additional controls, 

Column 2 displays third model specification fixed effects and controlling for all 456 model 

specification dummies, and Column 3 shows second model specification fixed effects 

controlling for all 456 model specification dummies. There is a slight difference between the 

first and second column, but nothing significant. The difference between the first and third 

columns how that there is a slight increase in the estimated treatment effect and standard 

errors when using the second model specification fixed effects but should not change the 

results. To make sure that there is in fact no difference in the main results when using the 

third model specification instead of the second model specification and 465 model specific 

dummies, Column 4 displays the results when the treatment time trend and time trend are 

included and luxury vehicles are excluded, the same specification as for Table 2, resulting in 

a non-significant close to zero estimate.  
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Table A3 - Difference Between Model Specifications 

 (1) (2) (3) (4) 

VARIABLES Third model specification Second model specification 

     

postxbonusmalus 0.361 0.460* 0.255 0.0194 

 (0.334) (0.256) (0.192) (0.161) 

post 15,236*** 31,576*** 40,696*** 36,854*** 

 (1,440) (2,147) (1,998) (2,160) 

bonusmalus -0.684 -0.570 -2.277*** 22.46 

 (0.615) (0.516) (0.338) (124.3) 

Constant 362,677*** 341,614*** 215,178*** 341,024*** 

 

Time Trend 

Treatment Time Trend 

Model Specification 

dummies 

(1,774) 

Yes 

No 

No 

(2,656) 

Yes 

No 

Yes 

(11,110) 

Yes 

No 

Yes 

(2,263) 

Yes 

Yes 

Yes 

     

Observations 22,558 22,558 22,558 22,558 

R-squared 0.969 0.984 0.981 0.979 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

 

Table 4A displays the results when including luxury cars. Column1 show the estimate when 

no time or treatment-time trend is included. Column 2 includes a time trend and Column 3 

both a time trend and a treatment time trend. All columns include third model specification 

fixed effects and neither of the columns include any controls. The estimated treatment effect 

in Column 1 shows that when excluding the luxury cars, the estimate is reduced from (1.070) 

and highly significant to 0.361 and not distinguishable from zero. Therefore, even when not 

including any controls or trends, the exclusion of luxury cars removes any significance and 

indicates that there is no clear long-run price adjustment as a result of the implementation of 

Bonus-Malus in Sweden.  

 

Table A4 shows the results from the Difference in Differences regression when luxury cars 

are included. Column 2 show the estimates without any controls, Column 3 and 4 controls for 

model specific covariates that have a direct or indirect effect on 𝐶𝑂2 emissions such as 

horsepower, engine volume, weight, cabriolet, automatic transmission, four-wheel or all-

wheel drive and fuel type. Exogenous covariates such as the European new passenger car 

price index and manufacturer fleet average are included in Column 4. All columns except the 

first include third model specification fixed effects18. The estimates would indicate that for 

each SEK increase in tax, the list price increases by 1.07 crowns. Controlling for emission 

dependent covariates, influences the results, increasing the estimated treatment effect to 1.417 

 
18 Column1 does not include third model fixed effects because it can be intuitive to see the basic correlation 

between the dependent and independent variable. 
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crowns increase in the list price for each SEK increase in the tax. The estimates can be 

interpreted in the same way for cars subject to a subsidy, for each crown decrease in 

consumer price as a result of the bonus, the price decreases by SEK 1.417. Including 

exogenous covariates reduces the estimate to 1.42519. According to the theory of tax 

incidence there should be a negative relationship between the tax and the price, which cannot 

be seen in either of the specifications. Thus, a naïve analysis of Table A4 would be that for 

each SEK increase in tax, the price increases with between SEK 1.070 to SEK 1.425. These 

results would indicate an over-shifting from the producer side. That is, the price increases by 

more than 100 percent for each additional SEK increase in the tax. As these results do not 

coincide with the theory and previous research, this could point to heterogenous price 

adjustments for different types of vehicles. Manufacturers may exploit the less elastic 

demand for luxury vehicles and increase the prices of those vehicles. 

 

Table A4 - Estimated Treatment Effect on Swedish List Prices, Luxury Cars Included 

 (1) (2) (3) (4) 

VARIABLES OLS No 

Controls 

Emission 

dependent 

covariates 

Exogenous 

Covariates 

included 

     

PostBonusMalus  1.070** 1.417*** 1.425*** 

  (0.454) (0.457) (0.454) 

Post  44,857*** 44,602*** -40,220*** 

  (3,049) (2,324) (12,226) 

BonusMalus 4.323*** -1.341** -3.391*** -3.399*** 

 (0.794) (0.638) (0.612) (0.610) 

Constant 397,068*** 393,358*** 137,965* -1.350e+06*** 

 

Time trend 

(6,566) 

No 

(2,509) 

Yes 

(71,047) 

Yes 

(297,358) 

Yes 

     

Observations 23,486 23,486 23,377 23,347 

R-squared 0.025 0.979 0.983 0.982 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

Third model specification fixed effects. Robust Standard errors are clustered on third model 

specification. The difference in the number of observations when including the emission 

dependent variables results from missing values of vehicle weight for some observations.  

 

 

Table A5 show that there is no evident price effect from the introduction of the Swedish 

feebate tax. The studied time period included the year 2020. This may influence the estimates 

 
19 Including exogenous controls does not change the estimates in any significant way. Therefore, they are not 

included in main analysis.  
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because it was the year that the EU 𝐶𝑂2 emission standards was introduced. To control for 

this potential issue, Table 3 show the estimates treatment effect when the year 2020 is 

excluded. The results from Table 3 strengthens the results from the main specification 

because the estimates are even closer to zero when 2020 is excluded. When controlling for 

the time trend and the treatment time trend in Column 3, the estimate is non-significant and 

close to zero 

 

Table A5 - Estimated Treatment Effect on Swedish List Prices, 2020 excluded 

 (1) (2) (3) 

VARIABLES No Controls No Controls No Controls 

    

PostBonusMalus 0.271 0.261 0.00813 

 (0.211) (0.213) (0.171) 

Post 11,648*** 24,311*** 23,539*** 

 (1,167) (2,252) (2,310) 

BonusMalus -0.738 -0.645 -247.6 

 (0.873) (0.887) (178.1) 

Constant 357,083*** 348,955*** 349,481*** 

 

Time Trend 

 

Treatment-Time Trend 

(2,481) 

No 

 

No 

(2,840) 

Yes 

 

No 

(2,937) 

Yes 

 

Yes 

    

Observations 18,904 18,904 18,904 

R-squared 0.970 0.971 0.971 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

Third model specification fixed effects. Robust Standard errors are clustered on third model 

specification. The difference in the number of observations when including the emission 

dependent variables results from missing values of vehicle weight for some observations.  
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Figure A1 – Graphof The Parallel Trend Assumption for Table 4 

 

 

Table A6 shows the robustness checks for Table 5. Column 1 and 2 displays the results when 

only replacing the 𝐶𝑂2 values for the post-treatment years. The estimated treatment effect is 

larger when only replacing the post-treatment years, but the smaller estimates showed in 

Table 5 are also while controlling for technological changes over time and changes in the 

composition of control and treatment groups.  

 

Table A6 - Estimated treatment effect of the EU 𝐶𝑂2 emissions standard on  

Swedish list price 

VARIABLES (1) (2) 

   

postposteucredit -0.0431*** -0.0431*** 

 (0.0113) (0.0103) 

posteu 0.0569*** 0.118*** 

 (0.00401) (0.00649) 

posteucredit1 0.110*** 0.0975*** 

 (0.0256) (0.0253) 

   

Observations 12,710 12,710 

R-squared 0.978 0.979 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

Third model specification fixed effects.  Robust Standard errors are clustered on third model 

specification. 


