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Abstract 

I estimate optimal passenger car fuel taxes for Sweden while accounting for negative 

externalities such as congestion, accidents, CO2 emissions, particle pollution, road 

reinvestment need, winter road maintenance need and noise. By allowing for tax interaction 

effects with the broader fiscal system the fuel tax substitutes for the tax on labour income, 

consequently the optimal fuel tax may deviate from fuel tax level proposed by the Pigouivan 

principle. Results suggest that the diesel tax should be increased by 0.74 SEK/litre from its 

current level. The tax on petrol on the other hand should be lowered by 1.47 SEK/litre. A 

sensitivity test where all externality values were varied simultaneous +/- 50% of their 

benchmark values suggests a diesel (petrol) tax at 5.83 (5.07) SEK/litre in the low value 

scenario and 12.78 (10.31) 10.31 SEK/litre in the high value scenario. Furthermore, this study 

indicates optimal tax rates to be the most sensitive toward changes in the own price elasticity 

of demand for fuels. 
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1. Introduction 

The objective of my study is to estimate optimal passenger car fuel tax rates (diesel and 

petrol) while accounting for negative externalities arising from traffic. I apply a second-best1 

model developed by Parry and Small (2005) that is based on a utility maximization 

framework in which utility stems from consumption, leisure, car travel, government 

expenditure (public goods), travel time. Disutility on the other hand is caused by traffic 

pollution and traffic accidents. In the model two kind of distortions to consumer choice are 

acknowledged and accounted for, labour income tax and negative externalities caused by 

traffic. Externalities accounted for in the study are costs from accidents, noise, road 

reinvestment need, winter road maintenance, congestion, particle pollution and CO2 

emissions2. Although this study acknowledges more externality parameters compared to Parry 

and Small (2005) it does not change the model structure per se.  

The literature on optimal fuel taxes has a long history (Ise, 1925; MARTIN, 1923; Wham, 

1926), however there are just a few studies which have applied the more recent Parry and 

Small model. Furthermore, only two studies have applied the Parry and Small model in a 

Swedish context, with varying results to say the least. Ley and Boccardo (2010) argue that 

Sweden tax petrol 2.26 SEK/litre too high while a study by Santos (2017) suggests a 2.67 

SEK/litre increased petrol tax to reach socioeconomic efficiency. Both studies cover a range 

of countries in addition to Sweden, hence many parameter values are not country-specific for 

Sweden and different in the two studies. Parameter inaccuracy in previous studies motivates a 

specific study on Sweden with country-specific parameters, this leads us to a clarification of 

the research questions; 

What is the optimal diesel and petrol tax for passenger cars in Sweden? 

Diesel and petrol are studied separately with fuel specific parameter values each at a time, 

thus no interaction effects between the fuels are accounted for. As I emphasized, the choice of 

parameter values is important which motivates the second research question; 

 

                                                           
1 The concept of first-best and second-best is further described in section “Conceptual framework”. 
2 These are the most important to consider according to the Swedish Transport Administration. 
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To a change in what parameters are the optimal fuel taxes the most sensitive?  

To answer this, I will construct a probability range for each parameter in the model and study 

changes of the optimal tax level due to changes in parameter values. This will offer important 

knowledge about what parameter values being the most important to get precise estimates for. 

 

The Parry and Small model departs from the Pigouvian principle which previously has been 

the common approach in optimal tax assessments in the presence of an externality. The 

Pigouvian principle implies that a corrective tax levied on an externality generating good 

should equal the externality value, in that way socioeconomic efficiency is reached (Hussen, 

2004). In the Parry and Small model though, other tax mechanisms are incorporated in the 

analysis as well. First, it is assumed that the tax system constitutes of a labour income tax and 

a fuel tax, these two taxes finance government expenditures which is set to be constant. Now, 

a change in the fuel tax affects consumers’ real income and consequently labour supply, thus 

the fuel tax has an indirect effect on the labour income tax base as well as the labour income 

tax level. Second, the optimal fuel tax level is modelled to partly depend on consumers’ price 

elasticity of demand for fuel. These two features of the Parry and Small model makes it more 

dynamic compared to the simpler Pigouvian principle and thus advantageous for optimal fuel 

tax assessments (Parry and Small, 2005). 

The rest of the study is structured as follows; in section 2 I make a literature review of fuel 

taxation from a historical perspective. Section 3 continues with theoretical concepts 

underpinning the Parry and Small model. Section 4 is explains the Parry and Small model and 

connects it to the theoretical concepts, limitations of the model are also discussed. Data and 

results are presented in section 5. Section 6 concludes.  

 

 

 

 

 



   
 

3 
 

2. Previous Studies 

Over the last 100 years there has been a steady academic interest for fuel taxation due to the 

recognition of traffic externalities and a need to finance road infrastructure. While several 

studies were conducted in the US during the 20’s  (Ise, 1925; MARTIN, 1923; Wham, 1926) 

the first Swedish study was performed in 19383. Common for all these early studies was to 

estimates the costs on infrastructure caused by vehicle driving, this would in turn form tax 

policies as an attempt to internalize costs arising from traffic. For instance, Von Matérn and 

Kullberg (1938) let different vehicle types drive down a 700 m gravel road in varying weather 

conditions and speed to study the severity of road damages. Thus, a detailed damage impact 

scheme was acquired and compared to costs for road construction and road repair. In this way 

marginal costs differentiated on vehicle type and fuel consumption could form the basis for 

tax policy recommendations.  

At this time only road wear costs formed a basis for taxation, however, since the 90’s other 

costs to society in terms of CO2 emissions, noise, traffic accidents, particle pollution etc. have 

been recognized and constituted an argument for high fuel taxes. The assessment of  a 

monetary value for each negative effect from traffic has been institutionalized through 

directives to authorities like the Swedish Transportation Administration4 and Transport 

Analysis56 to annually map side effect values arising from the transport sector (Trafikanalys, 

2018). Thus, cost values of noise, pollution, accidents etc. are calculated in terms of 

SEK/vkm7, by comparing this to the tax on motor fuel an internalization rate8 is acquired. 

Along the Pigouvian principle9 an internalization rate at 100% implies that the tax on motor 

fuel equals the marginal external cost of consuming motor fuels (Hussen, 2004). If the 

internalization rate is below (above) 100% the tax on motor fuel should be increased 

(decreased). For 2018 Traffic Analysis estimated the internalization rate for passenger car 

diesel to be 78%, a tax increase of 1.3 SEK/litre would lead to full internalization10. For 

passenger car petrol the internalization rate is 121 %, hence the tax on petrol should be 

                                                           
3 Matern, N., Kullberg, G., (1938) 
4 The Swedish name for the authority is Trafikverket. 
5 The Swedish name for the authority is Trafikanalys. 
6 Transport Analysis was founded in 2010, partly taking over the mission of the closed authority Statens Institut 

för Kommunikationsanalys (SIKA) (Ekonomistyrningsverket. Regleringsbrev 2010 Myndighet Statens institut för 

kommunikationsanalys) 
7 vkm= vehicle kilometres 
8 Further described in the conceptual framework section. 
9 Further described in the theoretical framework section. 
10 The externalities considered in this analysis are accidents, particle pollution, CO2 emissions and infrastructure 

costs.  
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lowered (Trafikanalys, 2018). It should be noted though that the Pigouvian principle results 

from Transport Analysis are not well comparable to results in this study since they do not 

consider interactions between the fuel tax and the overall tax system. To account for this 

interaction is one of the key advantages of the Parry and Small model and simply an extension 

of the Pigouvian principle. In section 3 I will describe further how this extension from the 

Pigouvian principle contributes to a more efficient corrective tax on motor fuels.  

Despite the advantage of the Parry and Small model only two studies have applied it on 

Sweden; Ley and Boccardo (2010) studying petrol and Santos (2017) studying both diesel and 

petrol. Both studies include costs for traffic accidents, CO2 emissions, particle pollution and 

congestion, while Santos also included costs of noise. Ley and Boccardo (2010) cover all 

OECD and BRIC countries as well as South Africa, parameter values are only country-

specific for six11 out of 14 parameters though. In the benchmark case12 the petrol tax is 

estimated to be 2.26 SEK/litre above a socioeconomic efficient scenario. However, an 

alternative scenario with high range values for labour demand elasticities13 as well as CO2 

emission costs resulted in the estimation that Sweden under taxed gasoline by 0.79 SEK/litre 

(2009 prices). 

The study by Santos (2017) consider both diesel and petrol for in 22 European countries with 

an extension of the model to also include costs of traffic noise. In addition, all parameters 

except elasticities are country-specific. Santos’ results suggests an increase of both the diesel 

and petrol tax by 6.68 SEK/litre and 2.87 SEK/litre respectively14 (2010 prices).   

The studies of Ley and Boccardo (2010) and Santos (2017) are good indicators of appropriate 

tax levels and which countries that were furthest away to such a situation in 2017. 

Nevertheless, both studies suffer from applying non country-specific parameter values, while 

the few country-specific estimates correspond poorly to estimate values practiced in Sweden. 

In addition, none of the studies use the cost estimates for road reinvestment and winter road 

maintenance which are a relevant cost for a country with long winters. The weaknesses are 

also recognized by Ley and Boccardo (2010, abstract) themselves; 

                                                           
11 Motor fuel efficiency, congestion cost, accident costs, initial motor fuel tax level, total government 

expenditure and fuel consumption as share of GDP. All elasticities (6), CO2 emission- and particle pollution 

costs are common for all countries. 
12 Calculation with parameter values at the most probable level.  
13 Compensated and uncompensated labour demand elasticity. 
14 Only diagrams are presented in Santos (2017), hence the values I present are eye balled.  
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“,…the results must be taken as indicative. Further analysis for a particular country must rely 

in a well-informed choice for the values of their country specific parameters.”  

Hence, an application of the Parry and Small model on Sweden with Swedish parameters is 

well motivated.  

 

3. Conceptual framework 

The purpose of this section is to establish an understanding of the conceptual framework 

which constitutes the underpinnings to the Parry and Small model. I begin by introducing the 

concept of externalities and its implications, further the concept of optimal tax is described 

and what factors the policy maker should consider if she aim to set the tax rate optimally. 

Bear in mind that all concepts follow neo-classical economic theory where we seek utility 

maximization of specified individuals.  

As a starting point let us consider a closed economy characterized by many small price taking 

firms as well as many consumers, only one good is traded and the price agreed upon gives the 

equilibrium quantity and price which accurately reflects consumer’s willingness to pay. In 

this context nothing disturbs the price mechanism and there is socioeconomic efficiency, i.e. 

society’s resources are used in the best way possible which in turn maximizes total utility 

(Brännlund, 2006; Trafikverket ASEK 6.1, 2018; Hultkrantz and Nilsson, 2008). Now assume 

the single good traded is motor fuel and that combustion of motor fuel generate emissions as a 

side effect. The emissions may pollute the nature and disrupt ecosystems, but as long as 

individuals do not attach a value to those consequences emissions are not problematic along 

the neo classical school of economics (Trafikverket ASEK 6.1, 2018) . However, as soon as 

individuals gain disutility (utility) from emissions without compensation from the pollutant 

then emissions should be regarded as a negative (positive) externality, irrespective type of 

externality it causes socioeconomic inefficiency (Söderolm and Hammar, 2005). Furthermore, 

one single action could cause both a positive and negative externality, farming activities 

makes a good example of this. Positive externalities arise from retention of open landscapes 

which people set a value on although necessarily not paying for when consuming milk sold by 

the farmer. The same farmer does however also cause a negative externality when she 

fertilizers the fields since that contributes to over fertilization of the Baltic Sea, which in turn 

cause disutility to the fishery industry. More generally an externality is simply a type of 
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market failure15, common for all market failures is their disturbance of the price mechanism 

which accordingly causes socioeconomic inefficiency (Trafikverket ASEK 6.1, 2018; 

Söderholm and Hammar, 2005). Thus, policy inference is motivated. (Söderholm and 

Hammar, 2005) 

In the case of motor fuel, the task of the policy maker becomes to make people consume at a 

quantity where total utility is maximized, i.e. the motor fuel quantity where the marginal 

benefit of consumption equals the marginal costs to society due to consumption of motor fuel. 

In Figure 1 this quantity (Q*) is illustrated as the intersection between the curves for the 

marginal social benefit and the marginal social cost. However, consumers do only consider 

private costs and not social costs, hence leading to the socioeconomic inefficient consumption 

level Q*market. To solve the inefficiency issue a tax equally large as the externality value 

should be levied on motor fuel, this makes the private cost curve to coincide with the social 

cost curve and the socially optimal quantity Q* of motor fuel is consumed. This procedure to 

set an optimal tax is called the Pigouvian principle16 (Ley and Boccardo, 2010). Through 

policy intervention targeted at the externality generating good consumers are induced to pay 

the full price of the good, as a result the socioeconomic efficient quantity is consumed. This 

method is a first-best approach as long as the externality generating good is perfectly 

correlated to the externality, if this does not hold 100% the corrective tax should be 

considered as a second-best approach.  

                                                           
15 Other market failures are lack of competition, economies of scale, asymmetric information,  public goods etc. 

(Trafikverket ASEK 6.1, 2018; Söderholm and Hammar, 2005). 
16 For the Pigouvian principle to hold its promises the corrective tax indeed has to target the externality 

generating good and nothing else like a complement to it. 
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The Pigouvian principle in its purest form assumes a non-complex reality where one single 

externality (emissions from motor fuel combustion in above example) is the sole distortion in 

the economy. However, let us assume there exists a public sector which the government 

choose to finance through a tax on labour income. The labour tax then constitute the second 

distortion to the economy since it creates a difference between an employee’s salary and an 

employer’s willingness to pay for labour, thus the employee will work less which causes 

socioeconomic inefficiency (Brännlund, 2006, p.12). In a situation like this the government 

could induce a corrective tax on motor fuel, this has a two-folded effect. First, socioeconomic 

efficiency is reached in the motor fuel market. Second, the tax revenue from the corrective tax 

could be used to finance the public sector and consequently the labour income tax could be 

lowered. Through a kind of tax recycling efficiency has increased in the motor fuel market as 

well as in the labour market, this is the logic behind the double-dividend hypothesis 

(Brännlund, 2006; Hussen, 2004). 

So far only two taxes have been considered, a tax on motor fuel and labour income. Now 

assume there are additional commodity taxes. Still, a double-dividend could be realized 

through tax recycling, but only if the tax base of the motor fuel does not correlate to any other 

Figure 1. Illustration of the Pigouvian Principle, Own Drawing. 
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commodity tax bases nor to the labour income tax base (Brännlund, 2006) 17. The logic is that 

a corrective tax on motor fuel logically increases the price of the motor fuel, and potentially 

other complementary goods as well.  Under the assumption of negative own price elasticities, 

less motor fuel (and potentially other commodities as well) is consumed and tax revenues fall 

since commodities constitute a tax base. More important though, is that consumers’ real 

income decreases with higher prices which in turn makes leisure less costly. In other words, it 

has been less profitable to work compared to the situation before the corrective tax, hence 

labour input will probably decrease (dependent on labour elasticities) as well as tax revenues 

from labour (Brännlund, 2006). Without full knowledge about price- and labour supply 

elasticities the net outcome cannot be known by certainty, still this tax interaction effect must 

be recognized for a corrective tax to become as efficient as possible (Bovenberg, 1999). 

If we acknowledge the existence of tax interaction effects we can no longer evaluate a 

corrective tax simply along the Pigouvian principle, one need to account for how the tax base 

subject to a corrective tax interacts with other distortionary taxes in the economy. Accouting 

for this it turns out that the optimal corrective tax in many cases is lower than the Pigouvian 

principle would suggest18 (Bovenberg, 1999; Bovenberg and Goulder, 1996; Brännlund, 

2006).  

Not only labour supply elasticities, but also price elasticities are important for determining 

whether a corrective tax rate is socioeconomic efficient or not. Again, consider a public sector 

which requires financing, then a revenue seeking tax naturally should be set as to minimize 

disutility from its distortion. Then it follows that goods characterized by lower price elasticity 

of demand should be taxed higher than goods with high price elasticity of demand (Ramsey, 

1927), let us exemplify the principle with an example of fees for passage over the Øresund 

Bridge. The policy maker in charge of fee setting should know recognizes that people differ 

with respect to price sensitivity; tourists are less price sensitive while commuters are more 

price sensitive. Simply this reflect that a marginal price increase cause more disutility to a 

commuter compared to a tourist. Now, assume the policy maker is devoted to collect a certain 

value to cover expenses for a public sector/good, in this case construction costs for the 

Øresund Bridge. By setting a high fee for those with an inelastic demand and a low fee for 

those with an elastic demand, the required tax revenue is collected causing the lowest 

disutility possible. This kind of tax construction is in accordance with the Ramsey rule and 

                                                           
17 When special conditions are fulfilled this may not be the case, that is unusual though (Brännlund, 2006) 
18 Keep in mind that the tax interaction effect outcome heavily depend on labour elasticities. 
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should in addition to the tax interaction effect also be considered by the policy maker when 

she aim to construct a socioeconomic efficient tax (Hultkrantz and Nilsson, 2008). In the 

context of the Parry and Small model as well as in this study the tax balance implied by the 

Ramsey rule is between taxing labour income and motor fuel.  

With an established understanding of the tax interaction effect as well as the Ramsey rule it is 

time to introduce the Parry and Small model, explain its construction, features and most 

important; how the Pigouvian tax, the tax interaction effect and the Ramsey rule each 

contributes to the optimal tax level. 

  

4. The model 

To estimate optimal tax levels for motor fuels I will apply a model developed by Parry and 

Small (2005) which bears the convenient name the Parry and Small model (Ley and 

Boccardo, 2010). In the following section I begin to review the model through a description 

of the underlying assumptions and the model construction features which enables derivation 

of an optimal tax equation (equation 4.10). From the same equation it can be seen how the 

optimal tax consists of components recognized from the conceptual framework such as the 

Pigouvian tax, the tax interaction effect and the Ramsey rule. The model review follows the 

description in Parry and Small (2004) closely.   

 

4.1 Model assumptions 

To start with the model assumes the economy to be static and isolated. Moreover, the 

economy consists of many profit maximizing firms producing goods consumed by utility 

maximizing individuals that are many, thus competition is high. The utility function of a 

representative individual is defined as follows; 

(4.1) 𝑈 = 𝑢(𝜓(𝐶, 𝐾, 𝑇, 𝐺), 𝑁) − 𝜑(𝑃) − 𝛿(𝐴) 

where C is quantity of consumption goods, K is kilometres travelled with car, T is time spent 

on driving, G is government expenditure (public good), N is leisure, P is quantity of total 

pollution19 and A is traffic accidents. The individual gain utility from C, K, T, G, N and 

                                                           
19 Includes pollution of both local and global character, i.e. both particle pollution and CO2 emissions. 
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disutility from P and A. Note that both pollution and accidents are exogenous to the 

individual, i.e. the individual take these effects as given and does not consider that her own 

driving increases the negative effect of both accidents and pollution. 𝑢(. ) and 𝜓(. ) are quasi-

concave, 𝜑(𝑃) and 𝛿(𝐴) though are weakly convex. Moreover, the separability of  𝜑(𝑃) and 

𝛿(𝐴) rules out any feedback effect on labour supply from pollution and accidents. Note that 

all variables are expressed in terms of per capita and that price of goods and wage are 

normalized to unity. Last, the utility maximization problem of the individuals is subject to 

seven constraints, one for each variable in equation 4.1. What follows is a brief description of 

each constraint;  

Number of kilometres travelled with a vehicle (K) is described by; 

(4.2) 𝐾 = 𝐾(𝐹,𝐻) 

where F is fuel consumption and H is money expenditure on driving. Higher fuel 

consumption (F) logically has a positive effect on K while higher expenditures on driving 

leave less budget room for driving, thus a lower K. Now assume the individual buys a modern 

car which is more fuel efficient, this would push up H while F decreases as long as K 

potentially could be constant. This implies non-proportionality between fuel consumption and 

number of kilometres driven, i.e. that fuel consumption decreases due to more efficient cars at 

the same time as the kilometres driven (K) is constant. 

 

Driving time (T) is defined as: 

(4.3) 𝑇 = 𝜋𝐾 = 𝜋(�̅�)𝐾 

where π is the inverse of the average travel speed,  �̅� is aggregate kilometres driven per capita 

and K is the individual’s own driving distance. An increase in �̅�  results in congestion and 

consequently lower speeds. Since the inverse of speed (π) increases with more dense traffic 

that implies 𝜋′�̅�>0. Separation of �̅� and 𝐾 reflects that the individual takes the aggregate 

kilometre travelled (�̅�) as given which in turn implies that the individual will not consider its 

own impact on congestion in her utility maximization problem. 

Pollution (P) is further divided into a fuel related component (𝑃𝐹) and a distance related 

component (𝑃𝐾). 𝑃𝐹 includes CO2 emissions since this pollutant is closely related to quantity 
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of fuel combustion. However, particle pollution20 is closer related to distance driven since 

regulations express limits in terms of pollution per kilometre and not pollution per litre fuel 

combusted. Both 𝑃𝐹 and 𝑃𝐾 are severity-weighted21 and expressed in units that makes it 

possible to combine them22 as follows;  

 (4.4) 𝑃 = 𝑃𝐹(�̅�) + 𝑃𝐾(�̅�)  

where �̅� and �̅� are aggregate levels of fuel consumption and kilometres driven respectively. It 

is further assumed that the marginal effect of pollution is increasing, 𝑃′𝐹, 𝑃′𝐾 > 0.  

 

The presence of accidents (A) is defined as;  

(4.5) 𝐴 = 𝐴(�̅�) = 𝑎(�̅�)�̅� 

Where 𝐴(�̅�) is positively increasing with aggregate kilometres driven per capita (�̅�), i.e. 

more traffic on the roads causes more accidents. 𝑎(�̅�) is accidents per capita per kilometre, 

which then is multiplied with the aggregate kilometres driven per capita (�̅�). The sign of 

𝑎′(�̅�) is unclear since more traffic on the roads has two effects, both an increased risk of 

accidents but at the same time less severe accidents due to lower speeds on dense trafficked 

roads. Accidents are severity weighted in order to fit different severe accidents into one 

accident component.  

 

Government expenditure (G) is fixed and the government budget constraint is;  

(4.6)  𝐺 = 𝐹𝑡𝐹 +  𝐿𝑡𝐿 

                                                           
20 𝑁𝑂𝑥, 𝑆𝑂2, Volatile Organic Compounds (VOC) and contamination due to particles (𝑃𝑀2,5, particles equal or 

smaller than 2,5 mm in diameter). Definition by the ASEK 6.1 report issued by the Swedish Transport 

Administration.  
21 Severity weights are applied in order to standardize the effects from different sources into one single scale. 

The issue and research on global warming make a good example; the warming effect of GHGs differ but for 

convenience each GHG’s warming effect is converted into the warming effect in terms of CO2. Thus, the 

warming effect of each GHG can be compared in terms of CO2 equivalents. The same method is applied for 

particle pollution. 
22 Different GHGs are severity-weighted into CO2 equivalents to express their warming effect. For particles 

severity weights are applied as well but the effect of particle pollution is measured in terms of harm to 

individuals’ health. Since the effects of CO2 equivalents and particles are of different character they are not 

possible to combine at this stage, however later when monetary values are attached to 𝑃𝐹  and 𝑃𝐾 effects are 

expressed in the same terms..  
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where F is total fuel consumption in the economy, 𝑡𝐹 is the fuel tax, 𝐿 is total labour supply in 

the economy and 𝑡𝐿 is tax on labour income23. Note that no other tax distortions are present in 

the model, thus no side effects such as pollution is taxed directly but only indirectly through 

the fuel tax. This model construction does however not hinder the existence of a regulation, 

such will still have an indirect effect on the variables in the utility function. For instance, car 

safety standards may increase car prices (higher driving expenditures, H) which affects K in 

equation 4.2.  

 

The individual’s budget constraint is defined as;  

(4.7) 𝐶 + 𝐹(𝑞𝐹 + 𝑡𝐹) + 𝐻 = 𝐼 = 𝐿(1 − 𝑡𝐿) 

where 𝐶 is consumption, 𝐹 is fuel consumption, 𝑞𝐹 is producer price of fuel, 𝑡𝐹 is fuel tax, 𝐻 

is money expenditure on driving, 𝐼 is disposable income, 𝐿 is labour supply and 𝑡𝐿 is tax on 

labour income. Thus (1 − 𝑡𝐿) is the marginal net wage. 

 

The last constraint subject to the individual is her time constraint; 

(4.8) �̅� = 𝐿 + 𝑁 + 𝑇 

where �̅� is the time endowment of the individual, 𝐿 is labour supply, 𝑁 is leisure and 𝑇 is time 

spent on driving.  

 

With all constraints defined the utility maximization problem can proceed through the set-up 

of the Lagrange function that is differentiated with respect to the decision variables (equation 

4.9). The solution can be expressed as the indirect utility function, which in turn is a function 

of fuel tax (𝑡𝐹), labour income tax (𝑡𝐿), pollution (P), accidents (A) and the inverse of the 

average travel speed (𝜋). 

(4.9)  𝑉(𝑡𝐹, 𝑡𝐿 , 𝑃, 𝐴, 𝜋) = Max
𝐶,𝐾,𝑁,𝐹,𝐻

𝐿𝑎𝑔𝑟𝑎𝑛𝑔𝑒  𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 

                                                           
23 All taxes beside the motor fuel tax is aggregated together as the labour income tax.  
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From the indirect utility function, the problem to the policy maker is straight forward. The 

policy maker should set the tax on motor fuel as to maximize the utility of the representative 

individual. Since the indirect utility function 𝑉(. ) gives the answer to the utility maximization 

problem the solution is acquired through total differentiating 𝑉(. ) with respect to 𝑡𝐹. For 

optimization the differential is set to zero and after some derivations 𝑡𝐹 can be expressed as 

follows;  

(4.10)    𝑡𝐹
∗ =  

𝑀𝐸𝐶𝐹

1+𝑀𝐸𝐵𝐿⏟  
𝐀

+
(1−𝜂𝐾𝐼)𝜀𝐿𝐿

𝑐

𝜂𝐹𝐹
  
𝑡𝐿(𝑞𝐹+𝑡𝐹)

1−𝑡𝐿⏟            
𝐁

+
𝛽

𝛼𝐹𝐾
𝐸𝐶{휀𝐿𝐿 − (1 − 𝜂𝐾𝐼)휀𝐿𝐿

𝑐 }
𝑡𝐿

1−𝑡𝐿⏟                    
𝐂

 

For full derivations see the appendix in Parry and Small (2004). Note that 𝑡𝐹 is not entirely 

solved for, the term appears on both sides of the expression. Nevertheless, this way of 

expressing the optimal tax rate is advantageous since it enables the optimal tax to be 

decomposed in the three components A, B and C which are directly linked to the theoretical 

concepts described for in the previous section. Before continuing, recall that a corrective tax 

is of a first-best approach only if the tax indeed targets the externality or alternatively a good 

perfectly correlated to the externality. Applied in this context it must be emphasized that fuel 

does not correlate perfect to any of the externalities24 it should internalize, thus the assessment 

of an optimal fuel tax is of a second-best approach (Santos, 2017). 

 

4.2 Model interpretation 

The objective for this section is to use equation 4.10 as a point of reference from where the 

previous described concepts like the Pigouvian tax, the tax interaction effect and the Ramsey 

mechanism can be derived.  

To start with assume no government expenditure and thereby no financing need through a tax 

on labour income. With 𝑡𝐿 = 0 in equation 4.10 it follows that B=C=0, however even 𝑀𝐸𝐵𝐿 

in part A turns out to equals zero25. Hence, the comprehensive equation 4.10 reduces to 𝑀𝐸𝐶𝐹 

(Marginal External Costs of fuel combustion) in part A, this is the Pigouvian tax. So far the 

line of thoughts from the conceptual framework are reproduced in the model, namely that in 

absence of any distortionary taxes in the economy (labour income tax in this case) the optimal 

                                                           
24 The only exception is the externality of CO2 emissions. 
25 See equation 4.12 
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corrective tax (𝑡𝐹
∗) equals the Pigouvian tax (𝑀𝐸𝐶𝐹) . More specifically the Pigouvian tax is 

defined as; 

 (4.11) 𝑀𝐸𝐶𝐹 = 𝐸
𝑃𝐹 + (

𝛽

𝛼𝐹𝐾
) (𝐸𝐶 + 𝐸𝐴 + 𝐸𝑃𝐾) 

where 𝐸𝑃𝐹 is the externality of CO2 emissions, 𝐸𝑃𝐾 is the externality of particle pollution, 𝐸𝐶  

is the externality of congestion and 𝐸𝐴 is the externality of accidents. While 𝐸𝑃𝐹 is expressed 

in SEK/litre the three latter externalities are distance-related and expressed in SEK/vkm26. In 

order to express the optimal fuel tax in in terms of SEK/litre it requires the distance related 

parameters to be converted, this is done through multiplying the last parenthesis in equation 

4.11 with  
1

𝛼𝐹𝐾
=

1

𝐹 𝐾⁄
=
𝐾

𝐹
> 1, which is fuel efficiency measured in km/litre. Finally, 

parameter 𝛽 is the fraction of fuel demand elasticity due to reduced distance driven, 

mathematically it can be expressed as 𝛽 =
𝜂𝐾𝐹

𝜂𝐹𝐹
 where 𝜂𝐾𝐹 is the elasticity of demand of K 

(distance driven) with respect to fuel price, and 𝜂𝐹𝐹  is the own price elasticity of demand of 

fuel27. This component is important since it allows for behavioural change as response to 

higher fuel price. I.e. that people use more efficient cars when fuel gets more expensive, thus 

the number of kilometres may be unchanged while fuel consumption has decreased. While 𝛽 

accounts for behavioral change in fuel efficiency the term 
𝐾

𝐹
  reflects the average fuel 

efficiency in the car fleet. Suppose an increase in the general fuel efficiency (
𝐾

𝐹
), that would 

enable longer travels per litre of fuel, thus the marginal externality of (𝐸𝐶 + 𝐸𝐴 + 𝐸𝑃𝐾) in 

terms of SEK/litre increases since (𝐸𝐶 + 𝐸𝐴 + 𝐸𝑃𝐾) is multiplied with the now larger value 

of  
𝐾

𝐹
, consequently the optimal fuel tax would increase.    

In the previous paragraph it was shown that the optimal fuel tax should equal the marginal 

externality costs if there are no other distortions in the economy (no labour income tax). Even 

though this assumption was convenient for linking the Parry and Small model to the 

conceptual framework it is not a realistic assumption, therefore we proceed by assuming 𝑡𝐿 >

0 since the public sector requires financing. Hence no components in equation 4.10 vanishes 

anymore and 𝑀𝐸𝐶𝐹 is divided by (1 + 𝑀𝐸𝐵𝐿). This reflects the concept of the tax interaction 

                                                           
26 vkm abbreviates vehicle kilometre. 
27 Note that the elasticity parameters are valid for motor fuel prices observed in the current period and that such 

an elasticity necessarily is not valid at the prices corresponding to a scenario with an optimal motor fuel tax. An 

assumption of constant elasticities is done to solve the issue (Parry and Small, 2005). 
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effect which must be considered when the externality is not the sole distortion in the economy 

anymore. 𝑀𝐸𝐵𝐿 abbreviates for Marginal Excess Burden of Labour28 and is defined as; 

(4.12) 𝑀𝐸𝐵𝐿 =
𝑡𝐿𝜀𝐿𝐿

1−𝑡𝐿(1−𝜀𝐿𝐿)
 

where 𝑡𝐿 is tax on labour income and 휀𝐿𝐿 is the uncompensated elasticity of labour supply. 

Due to the distortionary character of 𝑡𝐿 it is positively correlated to 𝑀𝐸𝐵𝐿, and negatively 

correlated with the optimal tax on motor fuel (𝑡𝐹
∗). Since the Pigouvian tax is “corrected” with 

the recognition of the tax interaction effect, part A is also referred to as The Adjusted 

Pigouvian tax (Parry and Small, 2005). 

 

Next, let’s consider part B from equation 4.10; 

 (4.13)  
(1−𝜂𝐾𝐼)𝜀𝐿𝐿

𝑐

𝜂𝐹𝐹
  
𝑡𝐿(𝑞𝐹+𝑡𝐹)

1−𝑡𝐿⏟            
𝐁

  

where 𝜂𝐾𝐼 is elasticity of demand of driving with respect to income, 𝜂𝐹𝐹  is own price 

elasticity of demand for fuel, 휀𝐿𝐿
𝑐  is compensated elasticity of labour supply, 𝑡𝐿 is tax on 

labour, 𝑡𝐹 is tax on fuel and 𝑞𝐹 is the producer price of fuel. Part B reflects the concept of the 

Ramsey rule, namely that goods which people have a price inelastic demand for should be 

taxed more heavily (Ley and Boccardo, 2010). Mathematically this is easy to observe, small 

values of 𝜂𝐾𝐼 and 𝜂𝐹𝐹  results in a higher optimal tax on fuel. Another way to state it is that 

goods that are relative weak substitutes for leisure should be heavier taxed (Ley and 

Boccardo, 2010). Since part B is the Ramsey rule modelled it is referred to as the Ramsey 

component.  

Last, there is part C in equation 4.10, a feature of the model that appears to have an almost 

negligible effect on the optimal fuel tax (Parry and Small. 2005); 

(4.14) 
𝛽

𝛼𝐹𝐾
𝐸𝐶{휀𝐿𝐿 − (1 − 𝜂𝐾𝐼)휀𝐿𝐿

𝑐 }
𝑡𝐿

1−𝑡𝐿⏟                    
𝐂

 

of which all parameters already have been defined. Part C reflects how a change in congestion 

cost (𝐸𝐶) has an indirect effect on the optimal fuel tax through labour income. The intuition is 

straight forward, less congestion leaves more time for labour work, which is taxed in the 

                                                           
28 Marginal Excess Burden is defined as the change in dead weight loss for an additional SEK tax revenue.  
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model. With higher labour tax revenues the fuel tax can be lowered to keep government 

expenditures fixed. Part C is also referred to as the Congestion feedback component.   

What I have described in this section is simply that the optimal fuel tax can be expressed in a 

way that the contribution of the Pigouvian tax, the tax interaction effect, the Ramsey rule and 

the congestion feedback each appear clearly. Although equation 4.10 suffer from having the 

fuel tax (𝑡𝐹) appearing on both sides of the equation this is solved for numerically by inserting 

all parameter values and an arbitrary value of 𝑡𝐹 on the right-hand side of equation 4.10, then 

if the right-hand side sum equal to the arbitrary chosen fuel tax then the optimal tax level is 

found. However, if the sum of the right-hand side exceeds the chosen 𝑡𝐹 then the fuel tax 

should be set higher and vice versa. Since one obviously do not know the optimal tax on 

beforehand I calculate equation 4.10 for 𝑡𝐹 taking values in the range 0-30 SEK/litre29 with 

two decimals precision, thus the optimal tax rate is found with accuracy. Furthermore, some 

words should be said about the interaction between tax on fuel (𝑡𝐹) labour (𝑡𝐿), i.e. that 𝑡𝐿 

decreases for any increase in 𝑡𝐹 due to the assumption of fixed government expenditures (G) 

in equation 4.6. Mathematically the interaction is described by taking the total differential of 

equation 4.6 which gives  
𝑑𝑡𝐿

𝑑𝑡𝐹
= −

𝐹+ 𝑡𝐹
𝑑𝐹

𝑑𝑡𝐹
+𝑡𝐿

𝑑𝐿

𝑑𝑡𝐹

𝐿
  (Parry and Small, 2005). However, since the 

tax base of fuel is marginal compared to the tax base of labour that implies that even a very 

large increase of 𝑡𝐹 would contribute little to the total funding of the public sector and 𝑡𝐿 

cannot be lowered that much. 

Like previous studies (Ley and Boccardo, 2010; Santos, 2017) I extend the Parry and Small 

model to include additional distance-related externality parameters available for Sweden, 

those are externality costs for noise, road reinvestment and winter road maintenance. This 

extension does not affect the principals described for in the model framework. 

 

4.3 Limitations of the model 

Although the Parry and Small model is an impressive analytical tool there are limitations, 

some which naturally follows with a neo-classical economic theory approach while other 

limitations are subject for future model improvement.   

 

                                                           
29 The range is arbitrary and has to be extended if equation 4.10 is not solved with a tax on fuel within the range.  
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As mentioned the Parry and Small model is a static neoclassical model implying a number of 

assumptions concerning consumer behavior and the definition of welfare. Welfare in this 

context stems only from human individuals’ utility, hence degeneration of ecosystems is only 

negative if it is perceived as negative by an individual, hence the approach is strict 

anthropocentric. Moreover, this study does not try to maximize the utility of all individuals in 

the world but only Swedes’, this follows from the method of parameter estimation. For 

instance, the externality costs of particle pollution and accidents are based on the value of a 

statistical life (VSL) for a Swede. This nationality-centered approach follows the traditional 

line of thoughts of political theory, namely that the policy maker is obliged to care for its own 

citizens at first hand (Rothstein and Öberg, 2001). The approach works fine as long as the 

externalities considered are of a local or regional character and therefor only cause harm to 

Swedish citizens. However, if an externality global to its character, as is the case for CO2 

emissions, the valuation of the externality may be less obvious. In this study I follow the 

recommendations of Swedish authorities to value CO2 emissions at the same value as Swedish 

CO2 tax, this is argued to indirectly reflect Swedish citizen’s valuation of CO2 emissions. It is 

not obvious though that this valuation would be the same if those countries most severely 

affected by global warming would have set the value of CO2 emissions. For instance, the 

people of the Maldives whose land will disappear due to rising sea levels might value CO2 

emissions higher than the Swedish CO2 tax. Conversely it would be possible that the Maldives 

would value CO2 emissions lower than the Swedish valuation simply because their budget 

constraint is tighter, i.e. they cannot afford to value CO2 emissions high due to their 

socioeconomic level. In summary, if the value of the Swedish CO2 tax differs from the 

valuation of CO2 among those countries affected by global warming this implies that the 

externality actually has not been internalized. To overcome this issue the CO2 value should be 

based on the damage cost. However, to estimate this is a complex task since consequences of 

global warming stretches across both time and room, the complexity is also reflected in the 

spread of estimates in the range 0.10-12 SEK/kg CO2 (Ackerman, 2010; Stern, 2006; Sterner 

and Persson, 2008; Weitzman, 2011). 

 

Moreover, the chosen parameter estimates in the study makes the optimal fuel tax in this 

study to be of a second-best approach and not a first-best approach since the tax does not 

target the externalities accurately. For instance, the fuel tax is a blunt instrument used to target 

the externality of traffic accident (A) since this is poorly determined by an individual’s fuel 
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consumption. Instead an individual’s risk aversion is a better determinant for the risk of being 

in a traffic accident, thus a tax on risk aversion would be closer to a first-best approach. 

Similarly, congestion is better targeted with a tax on distance driven instead of fuel 

consumption since fuel efficiency vary between cars. Inaccuracies in targeting the 

externalities makes the Parry and Small model a second-best approach, hence 

socioeconomically less efficient compared to a first-best approach (Parry and Small, 2004; 

Parry and Small, 2005). Despite this drawback it is still relevant to make an assessment of the 

blunt fuel tax since this is the best available internalization instrument in today’s tax system. 

Also, a first-best approach may require administrative sophistication and detailed information 

which itself could be costly (Parry and Small, 2004; Santos, 2017). 

 

The inaccuracy of the fuel tax implies that some will pay too much and others too little tax 

compared to their generation of externalities. For instance, a countryside motorist causes 

smaller costs related to both congestion and particle pollution since there is less traffic on the 

roads and that fewer people are harmed by the particles from fuel combustion. Still the 

countryside motorist has to pay the same fuel tax as the urban motorist, hence there is a 

distribution effect which the Parry and Small model does not account for. In the case of 

distributional effects between rural and urban areas this could partly be dealt with by applying 

geographical-specific externality estimates. Nevertheless, for equity reasons it may be 

inappropriate to differentiate taxes although it’s possible and that distributional effects are 

present (Parry and Small, 2004). 

 

Last, it is worth emphasizing that the Parry and Small model studies diesel and petrol taxes in 

isolation of each other. This implies that probable substitution effects between the two fuels 

(Brännlund, 2006; Brons et al., 2008; De Borger and Proost, 2001) are ignored. Parry and 

Small (2005) also acknowledges this weakness, however they “think” (Parry and Small, 2004, 

p.6) this effect to be of little relevance for Britain and the US. That the effect would be small 

for the US is reasonable since diesel cars make up a small share of the car fleet, however in 

Sweden where diesel cars constituted 32% of all passenger cars in 2016 (Naturvårdsverket, 

2018) substitution of car type as a response tax changes may be of greater relevance. 

Although fuel taxes in Sweden normally are varied simultaneously one should be aware of 

this potential substitution issue.    
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5. Data and results 

5.1 Data 

In this section all parameter assumptions are presented as well as motivated with a focus on 

the externality parameters. To account for potential variability and uncertainty in parameter 

estimates I construct a range by adding and subtracting 50% of the benchmark value 

following the procedure of Ley and Boccardo (2010)30. Some parameters’ range were 

available in the literature, these are described in the running text while own created ranges are 

presented in Table 1. All estimates are stated in 2018 prices, conversion were done based on 

data from the World Bank31 and Statistics Sweden (Prisomräknaren, 2018).  

 

1 𝛼𝐹𝐾
0⁄ , Initial fuel efficiency, km/litre; 

I use 𝛼𝐹𝐾
0 = 0.06 litre/km for diesel and 𝛼𝐹𝐾

0 = 0.08 litre/km for petrol (SAMKOST 

2, 2016, p.100), converted to km/litre it get  
1

𝛼𝐹𝐾
0 =

1

0.06
≈ 16.67 for diesel and  

1

𝛼𝐹𝐾
0 =

1

0,08
= 12.50 for petrol.  

 

𝐸𝑃𝐾 , External particle pollution cost (distance-related, SEK/vkm); 

For externality estimates I follow the recommendations of the ASEK 6.132 report 

issued in 2018 by the Swedish Transport Administration (Trafikverket ASEK 6.1, 

2018). The report distinguishes between local and regional effects; local effects 

accounts for costs due to emissions of NOx, SO2, Volatile Organic Compounds33 

(VOC) and contamination of particles34. Regional costs are caused by costs of NOx, 

SO2, VOC and environmental degeneration35 driven by the same substances. The costs 

to society differ significantly between rural and urban areas, however a weighted 

average suggest the external particle pollution costs to be 0.08 SEK/vkm for diesel and 

0.07 for petrol (ASEK 6.1 ch.11, p.10). The estimates should be treated as strongly 

                                                           
30 The same method is conducted for all estimates unless explicit ranges are available.  
31 https://data.worldbank.org/indicator/PA.NUS.FCRF?end=2017&locations=SE-

XC&name_desc=false&start=2004 
32 Abbreviates for Analysmetod och samhällsekonomiska kalkylvärden för transportsektorn.  
33 These compounds have are in gaseous form at ordinary room temperature, main emission sources are road 

traffic, painting, varnishing and burning with wood.   
34 Refers to inhalable exhaust particles, i.e particles smaller than 2,5 μm (PM2,5). 
35 For instance acidification and overfertilization. 
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conservative since they are not updated according to the latest ASEK estimate for the 

Value of a Statistical Life (VSL) that is 59% higher than previous reports 

(Trafikverket ASEK 6.1, 2018, ch.9, p.8).  

 

𝐸𝑃𝐹 , External CO2 pollution cost (fuel related, SEK/litre); 

Despite academic disagreement a value in the range 0.10-0.20 SEK/kg CO2 is seen as 

mainstream, still despite there are disagreements on the valuation of  

Although estimated CO2 values vary in the range 0.10-12 SEK/kg CO2 (Nordhaus, Tol 

et al.1990; Stern 2006; Sterner and Persson 2007, Weitzman 2009; Ackerman 2011 

referred in ASEK 6.1 chap 12, p.9), the values considered as mainstream are 0.10-0.20 

SEK/kg CO2. ASEK 6.1 suggests a value equal to the Swedish CO2 tax at 1.14 

SEK/kg CO2
36 since this is perceived to reflect the political will, and indirectly 

citizens’ will, to prevent CO2 emissions. I will follow the recommendations of ASEK 

6.1, however the CO2 estimate should be regarded as a weakness of this study since it 

does not relate to the actual damage cost of CO2 emissions. To fit the Parry and Small 

model the estimates should be expressed in terms of SEK/litre, hence the estimate will 

differ between diesel and petrol due to varying energy content.  

Diesel 

I use the emission conversion rate for Sweden, 2.697 kg CO2 per litre diesel 37 (Santos, 

2017, p.123), and multiply with the value at 1.14 SEK/kg CO2; 𝐸𝑃𝐹 ≈ 3.075 defined 

in SEK/litre (2014 prices). In 2018 prices this approximates 3.21 SEK/litre.    

Petrol 

The emission conversion rate in Sweden is 2.537 kg CO2 per litre petrol38 (Santos 

2017, p.123), multiplied with the CO2 value I get the externality value; 𝐸𝑃𝐹 ≈ 2,892 , 

or 3,02 SEK/litre in 2018 prices.  

 

 

 

                                                           
36 Expressed in 2014 prices. 
37 Diesel sold in Sweden is of varying quality, this conversion value though is an average. 
38 Petrol sold in Sweden is of varying quality, this conversion value is an average. 
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𝐸𝐶 , External congestion cost; 

Costs from congestion arises from people’s valuation of a change in travel time and 

delays, either as private persons or as businesses. For Sweden the largest congestion 

costs occur in the larger cities, however in Stockholm and Gothenburg these 

externalities are partly internalized since the introduction of congestion fees in 2007 

and 2013 respectively. Knowledge about congestion costs in non-urban areas is poor, 

the only Swedish study on the topic was conducted on a road section north of 

Södertälje (Nilsson and Johansson, 2014). The study suggested a marginal cost of 10 

SEK/vkm, a very high value compared to other studies on congestion costs (Santos, 

2017; Parry and Small, 2005). The high value is caused due to Södertalje’s close 

location to Stockholm and the intense commuting situation, therefore the estimate is 

not representative for Sweden (Nilsson and Johansson, 2014). The authors of the 

Södertälje report argue that no congestion cost estimate should be applied as long as 

knowledge is this poor, other researchers draw another conclusion though. In Santos 

(2017) study of 22 European countries the Swedish congestion cost is estimated to 

0.72 SEK/vkm, Parry et al. (2014) suggest a value in the range 0,54-0.78 SEK/vkm. 

Due to the uncertainty I apply the bottom value from Parry et al. (2014) at 0,54 

SEK/vkm in order to be on the conservative side, the uncertainty this estimate is 

however a weakness of the study.   

 

𝐸𝐴, External cost for accidents;  

Costs that occur with a traffic accident are not externalities per se, it may depend on 

the person which caused the accident. For instance, if a motorist damage her car in a 

traffic accident then the damage cost is internalized if the motorist on beforehand 

knew the full risk and costs of an accident but still took the risk. However, if the same 

motorist in addition causes damage to other innocent motorists, then an accident 

externality arises since other people are harmed. In ASEK 6.1 a simplifying 

assumption is made that all costs related to traffic accidents (rescue operation cost, 

health cost and material cost)39 should be treated as external. Marginal externality 

costs are differentiated across vehicles and type of habitation area, a weighted average 

                                                           
39 The assumption follows recommendations from the transnational cooperation HEATCO which purpose is to 

harmonize analytical methodology related to transport policy.   
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for passenger cars40 is estimated to 0.17 SEK/vkm. The value is significantly higher 

than in the previous ASEK reports due to a new higher VSL41 estimate (59% increase 

from previous ASEK report) and some other methodological changes (Trafikverket 

SEK 6.1, 2018). 

 

𝐸𝑁, External costs for noise; 

ASEK 6.1 suggests the marginal cost of noise to be 0.19 SEK/vkm. Instead of 

estimating WTP directly the noise externality is estimated by observing variation in 

house sales. The method assumes the buyer of a house to be aware of the negative 

effects due to noise, thereby she will bid accordingly taking those effects into 

consideration. Long term negative effect of noise that increase the risk for 

cardiovascular diseases42 are however not treated as internalized by the buyer 

(Trafikverket ASEK 6.1, 2018). 

 

𝐸𝑅, External cost for reinvestment needs; 

ASEK 6.1 recognize these costs as relevant but a clear differentiation across vehicle 

types is not presented. Instead I use data from the Swedish National Road and 

Transport Research Institute (VTI) which estimate the marginal cost for maintenance 

and reinvestment needs to be 0.03 SEK/vkm for passenger cars (SAMKOMST 2, 

2016). The estimate should be considered conservative in comparison to the 

suggestion of Traffic Analysis at 0.06 SEK/vkm (Trafikanalys, 2018), still the lower 

value is favourable for the reason of consistency with other ASEK 6.1 estimates.   

 

𝐸𝑊, External cost for winter road maintenance; 

Snowfall and icy roads during winter require road maintenance that is operationalized 

in proportion to traffic density, i.e. additional cars on the roads require more 

maintenance to keep a certain traffic safety.  ASEK 6.1 does not present an estimate 

                                                           
40 No difference is made between diesel and petrol cars. 
41 Value of a Statistical Life. 
42 The costs of this effect is acquired by estimating the increased risk of disease due to noise exposure multiplied 

with the direct (health care) and indirect (loss of income) costs due to disease. 
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for this, therefore I follow the recommended estimate from VTI (SAMKOMST 2, 

2016, p.24) at 0.01 SEK/vkm. 

 

𝜂𝐹𝐹 , Own price demand elasticity; 

A recent study from Sweden suggests a long run own price elasticity at -0.40 for diesel 

(Brännlund, 2018). Despite the availability of new data I find it preferable to apply 

estimates from Johansson and Schipper (Johansson and Schipper, 1997) since their 

study offer estimates for all three driving related estimates (𝜂𝐹𝐹 , 𝜂𝐾𝐹, 𝜂𝐾𝐼). Despite 

estimates are old and neither fuel specific, it should be advantageous since the three 

elasticities should be correlated. The own price demand elasticity suggested by 

Johansson and Schipper (1997) is -0.7, with the range -1 to -0.4. 

 

𝜂𝐾𝐹, Elasticity of demand of VKT w.r.t. fuel price; 

Benchmark value use is -0.2 and range -0.35 to -0.05 (Johansson and Schipper, 1997).  

 

𝜂𝐾𝐼, Elasticity of demand of VKT w.r.t. to income; 

Again, I use estimates from Johansson and Schipper (1997) with a benchmark value of 

0.2 and range -0.1 to 0.35.  

 

𝛽, Fraction of motor fuel demand elasticity due to reduced vehicle kilometres travelled; 

Benchmark value is 𝛽 =
𝜂𝐾𝐹

𝜂𝐹𝐹
=
−0.2

−0.7
≈ 0.286. If 𝛽would equal 1 that would imply that 

kilometres driven would change in proportion to fuel consumption, i.e. 𝜂𝐾𝐹 = 𝜂𝐹𝐹 . 

However, when 𝛽 < 1 then an increase in fuel price is only partly leading to fewer 

kilometres driven since people respond by changing to more fuel-efficient cars (Parry 

and Small, 2005). 

 

휀𝐿𝐿
𝑢  and 휀𝐿𝐿

𝑐 , Labour supply elasticities; 

The benchmark value for the uncompensated labour supply elasticity (휀𝐿𝐿) is 0.2 and 

0,35 for the compensated labour supply elasticity (휀𝐿𝐿
𝑐 ). Estimates are not country-

specific for Sweden but still they have been used for Sweden in previous studies 
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applying the Parry and Small model (Parry and Small, 2005; Ley and Boccardo, 

2010). This weakness should be an acceptable one since the two parameters are of 

minor relevance in the model (Parry and Small, 2004, p.24).   

 

𝛼𝐹, Fuel expenditures as share of GDP; 

Diesel; 

In 2016 the total use of diesel counted to 4,359 million litres of which 20% was 

consumed by passenger cars (SPBI Branschfakta, 2017)43. Gross price for diesel at the 

gas station in 2016 expressed in 2018 prices was 4.99 SEK/litre and GDP 

approximated 4,553,439*10^6 SEK. Consequently, 𝛼𝐹 =
0.2∗4359∗106∗4.99

4553439∗106
≈ 0.001 . 

Petrol; 

Total petrol consumption in Sweden 2016 was 3,338 million litres  (SPBI 

Branschfakta, 2017) of which approximately 93%44 usually is used by passenger cars 

and light trucks (Eklund, 2014) The disturbance of light trucks should be of minor 

importance, partly because the number of light weight trucks decreased by 47% in the 

period 2009 to 2016 while the number of petrol driven passenger cars only decreased 

by 20% (Transportsektorns Energianvänding, 2016, p.4), hence the relevance of light 

weight trucks has decreased (Transportsektorns Energianvändning, 2016, p.4) and I 

assume it to be neglectable. Assuming this, the total volume (litre) of petrol used for 

passenger cars 2016 was 0.93 ∗ 3,338 ∗ 106 = 3,104.34 ∗ 10^6. Gross price for 

petrol (unleaded 95 octane petrol45) was 4.68 SEK/litre (SPBI Årsmedelspriser 

motorbränslen, 2018). Petrol expenditure as share of GDP is then 𝛼𝐹 =

0.93∗3338∗106∗4.68

4553439∗106
≈ 0.003.

                                                           
43 The share 20% was mentioned briefly without emphasis which make me uncertain about the accuracy of the 

estimate. Although several attempts to reach SPBI on telephone and mail it has been fruitless which make me 

use the value 20%.  
44 Total consumption of petrol (ethanol mixture part excluded) in 2013 was 3,505,278 m3, of which 3,268,931 m3  

(ethanol mixture part excluded) was used to civil road traffic (boats, military and machines excluded). 
3 268 931

3 505 278
≈

0.9326 
45 Price and taxes vary between unleaded 95 octane petrol (Blyfri 95) and unleaded 98 octane petrol (Blyfri 98). 

In this study I use values for unleaded 95 octane petrol due to its higher share of total petrol consumption 

(www.svenskaljebolager.se/bensin). 
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Table 1. Parameter Assumption 

Parameter Measure Benchmark value             Range Source of data 

  Diesel Petrol Diesel Petrol  

Externalities       

𝑬𝑷𝑭 : External  CO2  pollution cost, Fuel-related  SEK/litre 3.21 3.02 1.605-4.815 1.51-4.53 ASEK 6.1 

𝑬𝑷𝑲 : External particle pollution cost, distance-related  SEK/vkm 0.08 0.07  0.04-0.12 0.035-0.105 ASEK 6.1 

𝑬𝑪 : External congestion cost SEK/vkm 0.54 0.54 0.27-0.81 0.27-0.81 Parry, Heine et al. 

(2014)  

𝑬𝑨 : External accident cost SEK/vkm 0.17 0.17 0.085-0.255 0.085-0.255 ASEK 6.1 

𝑬𝑹 : External cost for road reinvestments SEK/vkm 0.03 0.03 0.015-0.045 0.015-0.045 SAMKOMST 2 

𝑬𝑵 : External noise costs SEK/vkm 0.19 0.19 0.095-0.285 0.095-0.285 ASEK 6.1 

𝑬𝑾: External costs for winter road maintenance SEK/vkm 0.01 0.01 0.005-0.015 0.005-0.015 SAMKOMST 2 

Fuel elasticities  

     

𝜼𝑭𝑭 : Own-price elasticity of demand for fuel  -0.7 -0.7 (-1)-( -0.4) (-1)-( -0.4) Johansson and  

Schipper (2017) 

𝜼𝑲𝑭 : Elasticity of demand of vehicle-miles traveled   with respect to fuel price  -0.2 -0.2 (-0.35)-(-0.05) (-0.35)-(-0.05) ------“------ 

𝜼𝑲𝑰 : Elasticity of demand of vehicle-miles traveled with respect to disposable income  0.2 0.2 (-0.1)-(0.35) (-0.1)-(0.35) ------“------ 

𝜷 = 𝜼𝑲𝑭 𝜼𝑭𝑭⁄  : Fraction of motor fuel demand elasticity due to reduced vehicle 

kilometres traveled 

 0.286 0.286 0.143-0.429 0.143-0.429 ------“------ 

Labour market and other parameters 

    

𝜺𝑳𝑳
𝒖  : Uncompensated elasticity of labour supply   0.2 0.2 0.1-0.3 0.1-0.3 Parry and Small 

(2005), Ley and 

Boccardo (2009) 

𝜺𝑳𝑳
𝒄  : Compensated elasticity of labour supply  0.35 0.35 0.25-0.5 0.25-0.5 Parry and Small 

(2005), Ley and 

Boccardo (2009) 

𝟏 𝜶𝑭𝑲
𝟎⁄  : Initial fuel efficiency vkm/litre 16.67 12.5 11.11-33.33 8.33-25.00 SAMKOMST 2 

𝜶𝑮 : Share of government expenditure in GDP % 49.631 49.631 0.396-0.596 0.396-0.596 OECD 

𝜶𝑭 : Share of fuel expenditures in GDP  % 0.001 0.003 0.0005-0.0015 0.0015-0.0045 Swedish Energy 

Agency, SPBI, 

SCB 

𝒒𝑭 : Producer price of fuel SEK/litre 4.99 4.68 2.495-7.485 2.34-7.02 SPBI 

𝒕𝑭
𝟎  : Initial tax level on fuel SEK/litre 8.21 8.96 4.105-12.315 4.48-13.44 SPBI 
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5.2 Results 

5.2.1 Optimal taxes 

All results for the optimal tax (𝑡𝐹
∗) divided into the components of equation 4.10 are presented 

in Table 2. In the benchmark scenario the diesel tax should be increased by 0.74 SEK/litre, a 

9% increase. For petrol on the other hand the tax should be decreased by 1.47 SEK/litre from 

the initial tax level, i.e. a decrease at 16%. 

An interesting result is the large difference between the Pigouvian tax and the Adjusted 

Pigouvian tax for both motor fuels. For instance, benchmark values suggest the Adjusted 

Pigouvian tax to be 4.5 SEK/litre lower for diesel and 3.5 SEK/litre lower for petrol compared 

to the Pigouvian tax levels, thus the tax interaction effect has a decreasing effect on the 

optimal tax level. 

 

Table 2. Optimal Tax for Diesel and Petrol in Benchmark-, Low- and High Scenario 
 

 

 

The Ramsey effect on the other hand works in the opposite direction, it has an elevating effect 

on the optimal tax level since people have an inelastic demand for fuels. When both the tax 

interaction effect, the Ramsey rule and the congestion feedback are accounted for it turns out 

that the optimal taxes are 0.75 SEK/litre and 1.06 SEK/litre higher for diesel and petrol 

compared to the optimal tax suggested from the simpler Pigouvian principle.  

The intuition for the congestion feedback was that less congestion leaves more time for labour 

work which in turn is taxed, consequently tax revenues increase and the fuel tax can be 

 Initial Tax Benchmark 

Scenario 

Low Scenario High Scenario 

 Diesel Petrol Diesel Petrol Diesel Petrol Diesel Petrol 

Pigouvian tax - - 8.201 6.427 3.804 3.035 13.268 10.202 

Adjusted Pigouvian tax - - 3.701 2.924 1.728 1.387 6.052 4.704 

Ramsey component - - 5.455 4.705 4.191 3.745 6.844 5.681 

Congestion feedback - - -0.207 -0.141 -0.090 -0.063 -0.115 -0.077 

Optimal tax - - 8.949 7.488 5.829 5.069 12.781 10.308 

Initial tax 8.21 8.96 - - - - - - 

Difference from initial 

tax, SEK/litre 

- - 0.739 -1.472 -2.381 -3.891 4.571 1.348 

Difference from initial 

tax, % 

- - 9 -16 -29 43 55 15 
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lowered due to the assumption of fixed government expenditure. However, for Sweden the 

congestion feedback is -0.207 SEK/litre for diesel and -0.141 SEK/litre for petrol and thereby 

of minor relevance, this is in line with Parry and Small (2005), Ley and Boccardo (2009) and 

Santos (2017). 

 

5.2.2 Variable sensitivity 

Two type of sensitivity tests are conducted for each fuel type. First, I let one parameter at a 

time vary from its top to bottom value, this indicates what parameters are the most important 

to get accurate parameter estimates for (Parry and Small, 2005). For the second test all 

externality parameters are varied across their ranges simultaneously, hence optimal tax rates 

in a best- and worst-case scenario are acquired. Although the latter test is of a rather blunt 

character it gives boundaries for optimal fuel taxes which the policy maker should not violate 

if she accepts the theory backing this study.   

Results of the first test are presented in Figure 4 and 5 in appendix. When externality 

parameters are varied across their ranges the optimal taxes vary between 0.3-2.7 SEK/litre and 

0.2-2.45 SEK/litre for diesel and petrol respectively. The optimal tax rate for both fuels are 

most sensitive towards variation in fuel-related pollution and congestion, and least sensitive 

toward changes of the distance-related pollution estimate. 

Furthermore, it is shown that optimal tax rates are the most sensitive toward variation in 

elasticity estimates. For diesel the optimal tax varies with 7.67 SEK/litre for changes across 

the range of compensated elasticity of labour supply, for petrol the same number is 6.14 

SEK/litre. Even bigger spread of the optimal tax rates follow changes in the own price 

elasticity of demand for fuels, namely 22.36 SEK/litre for diesel and 16.98 SEK/litre for 

petrol. The large variation is realized through both the Adjusted Pigouvian tax component and 

the Ramsey component in equation 4.10. The intuition is that people will use cars that are less 

efficient if they do not care about high fuel price, thus the marginal external cost of a litre fuel 

combusted increases. Mathematically this can be seen in equation 4.11. Simultaneously the 

Ramsey component (equation 4.13) increases since a good which people have an inelastic 

demand for should be taxed higher. Together these mechanisms explains the large variation in 

the optimal fuel tax for a changes in own price elasticities of demand for fuel. 
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Results for the High- and Low Scenario are presented numerically in Table 2 and graphically 

in Figure 6 in appendix. In the Low Scenario diesel and petrol taxes should be set 1.47 

SEK/litre and 2.38 SEK/litre lower compared to the initial tax levels. In the High Scenario the 

diesel (petrol) tax should be increased by 4.57 SEK/litre (1.34 SEK/litre). 

 

6. Conclusion 

In this study I apply a partial equilibrium model developed in Parry and Small (2005) to 

assess optimal tax rates for diesel and petrol taking into account externality costs due to 

driving (CO2 emissions, particle pollution, traffic accidents, noise, congestion, road 

reinvestment need and winter road maintenance) as well as tax interaction effects with labour 

income tax. It can be seen that the optimal fuel tax can be divided into three components; an 

Adjusted Pigouvian tax reflecting the internalization of externalities arising due to driving; a 

Ramsey Tax component reflecting that goods which people have an inelastic demand for 

should be taxed higher; and a Congestion Feedback component reflecting that less congestion 

indirectly allows for lower fuel tax. 

 Results suggests the diesel tax to be increased by 0.74 SEK/litre (9%) and set at 8.95 

SEK/litre. Petrol on the other is currently over taxed by 1.47 SEK/litre, the optimal tax rate is 

7.49 SEK/litre. The result for petrol is in line with Ley and Boccardo’s (2010) suggested 

increase at 2.26 SEK/litre (2009 prices), but in opposition to Santos’ (2017) study that 

suggests the Swedish petrol tax to be increased by 2.87 SEK/litre (2009 prices)46. Moreover, 

Santos (2017) suggests an increase of the diesel tax by high 6.68 SEK/litre, Ley and Boccardo 

(2010) did not study diesel47. The large spread of study results emphasizes the importance of 

applying accurate and country-specific parameter estimates, otherwise policy implications are 

rather weak. 

A sensitivity test was conducted by varying parameter values +/- 50% from the benchmark 

estimate, thus parameters that the optimal fuel tax is the most sensitive towards could be 

recognized. Results suggests that rather small variations in the compensated labour supply 

elasticity as well as the own price elasticity of demand for diesel (petrol) has a large impact 

                                                           
46 Both Ley and Boccardo (2010) and Santos (2017) consider fewer externalities than is done in this study. 
47 The externalities considered by Ley and Boccardo (2010) and Santos (2017) are costs for traffic accidents, 

CO2 emissions, particle pollution and congestion. Santos (2017) also include costs of noise. 
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on the optimal diesel (petrol) tax. For instance, by varying the own price elasticity of demand 

for diesel (petrol) over its range the optimal diesel tax varies with 22.3 SEK/litre (17 

SEK/litre). Hence, it is of greatest importance to apply correct elasticity estimates for a study 

of this kind. The optimal diesel (petrol) tax is however less sensitive towards variations in the 

externality parameters where it varied between 0.3-2.7 SEK/litre (0.2-2.45 SEK/litre). It 

should be noted though that although changes in elasticities may affect the optimal tax rates 

largely it is less likely that an elasticity estimate deviate +- 50% from its true value compared 

to externality estimates where estimation methods currently are debated causing large 

uncertainty about a “true” estimate (Trafikverket ASEK 6.1, 2018) 

The results from the sensitivity tests do well in circling the major weaknesses of the study, 

namely the parameter assumptions made. For instance, the own price elasticity of demand for 

fuel is not fuel-specific and a potentially outdated estimate (Johansson and Schipper, 1997). 

Future studies should also consider to apply a country-specific estimate for the compensated 

elasticity of labour supply. These two improvements would be sati factionary since the 

optimal diesel and petrol taxes both are sensitive towards variation in these parameter 

estimates.  Nevertheless, this study contributes to the scarce optimal fuel tax literature in 

Sweden that moves beyond the too simplistic Pigouvian principle.  
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Figure 2. Division of Total Marginal Externality Costs into Externality Categories. 
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Figure 3. Optimal Taxes for Diesel and Petrol in Benchmark-, Low- and High Scenario. 
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Figure 4. Sensitivity of Optimal Diesel Tax to Parameter Variation. 
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Figure 5. Sensitivity of Optimal Petrol Tax to Parameter Variation. 
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