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Abstract 

AN ASSESSMENT OF THE SOCIAL COSTS AND BENEFITS OF VEHICLE 

TAX REFORM IN IRELAND 

This paper presents the results of an ex post evaluation of the impacts of a vehicle tax 

reform in Ireland. We carry out a full social cost benefit analysis of a vehicle tax reform 

that began in Ireland in 2008 and show that whilst successful in improving the fuel economy 

of new passenger cars, it may also have caused unintended effects, such as an increased 

proliferation of diesel vehicles in the passenger car fleet. These outcomes have mitigated 

the overall benefits. In addition to quantifying the scale of the various effects and outcomes, 

this paper clearly demonstrates the importance of broad scope policy design. 

On 1 July 2008, the passenger car taxation regime in the Republic of Ireland underwent a 

significant change. Both the Vehicle Registration Tax (VRT) and Annual Motor Tax 

(AMT) switched from being based on engine capacity to being based on a carbon dioxide 

(CO2) emissions ratings per kilometre. The motivating ambition for this change was to 

reduce CO2 emissions from passenger car use by aligning the carbon emissions externality 

with the vehicle taxation system, thereby making it more expensive to purchase and operate 

a vehicle with a higher CO2 per km rating. Following the change, there was an immediate 

shift in purchasing behaviour: diesel vehicles rose from a share of less than 30% of new 

car registrations prior to the change, to more than 80% of all new car registrations in the 

months after the tax reform.  

This paper estimates a range of social costs and benefits for this vehicle tax reform. 

Quantifying the effectiveness of such a policy change presents a number of challenges. 

Although the average emissions ratings of newly registered vehicles in Ireland have 

declined in recent years, this was certainly also influenced by other factors, such as the EU 

CO2 emissions regulation, rather than purely a change in consumer purchasing behaviour 

due to the policy shift. Using a difference-in-differences quasi-experimental design, we 

recreated the missing counterfactual scenario (in the absence of the policy change(s)) of 

vehicle purchasing patterns in Ireland using the trend in UK new passenger car emissions 

over the period and thereby estimated the change in CO2 emissions ratings and diesel share 

attributable to the tax reform. This estimate was then run through a vehicle fleet modelling 

simulation, based on COPERT, to analyse the fleet profile and emissions impacts, as well 

as the economic value of the same. The simulated fleet profile allows us to estimate a 

counterfactual for tax revenues and compare with actual receipts. Finally, we monetise all 

costs and benefits and estimate the net present value of the tax reform.  

The findings suggest that the initial policy change in 2008 reduced the fleet average CO2 

emissions rating of newly registered passenger cars in Ireland by roughly between 8 to 11 

gCO2/km. Some subsequent policy changes (such as the introduction of a scrappage 

scheme) have also been effective by stimulating the purchase of low-emitting vehicles. 

However, we find that this decrease in rated emissions is driven by a significant shift 

towards diesel-powered vehicles with resulting increases in other types of pollutants such 
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as NOx, particulates and SOx emissions. Government revenue was also significantly 

reduced.  

This work highlights the potential for unintended trade-offs in policy outcomes in the 

absence of broad, careful ex-ante impact analysis. Improved policy design could have 

avoided some of these adverse impacts and we suggest some policy insights for better 

outcomes into the future. 

JEL classification: D61; H23; Q51; Q53; R48 

Keywords: vehicle taxation; benefit-cost analysis; environmental tax reform; economic 

policy instruments; environmental economics 
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Résumé 

ÉVALUATION DES COÛTS ET AVANTAGES SOCIAUX DE LA RÉFORME 

DES TAXES SUR LES VÉHICULES EN IRLANDE 

Le présent document livre les résultats d’une évaluation ex post des impacts d’une réforme 

de la fiscalité automobile en Irlande. Nous menons une analyse complète des coûts et 

avantages sociaux générés par une réforme des taxes sur les véhicules, amorcée en Irlande 

en 2008. Ce faisant, nous montrons que cette réforme a certes réduit la consommation de 

carburant des véhicules particuliers neufs, mais qu’elle a aussi pu avoir des effets 

indésirables, comme celui d’accroître la part des véhicules diesel dans le parc automobile 

particulier. Ces effets directs ont limité le bilan positif de la réforme. En plus de quantifier 

les divers effets et résultats de la réforme, cet exposé démontre sans équivoque qu’il est 

important de prendre en compte un large éventail de questions lors de la formulation des 

politiques. 

Le 1er juillet 2008, le régime fiscal auquel sont assujetties les voitures particulières en 

République d’Irlande a été profondément remanié. L’assiette de la taxe d’immatriculation 

des véhicules (TIV) aussi bien que de la taxe annuelle de circulation a été réformée en vue 

de la relier non plus à la cylindrée mais aux émissions de dioxyde de carbone (CO2) au 

kilomètre. L’ambition première de ce changement était de réduire les émissions de CO2 des 

voitures particulières en alignant la fiscalité automobile sur cette externalité, ce qui a pour 

effet d’alourdir le coût d’achat et d’utilisation des véhicules affichant un taux d’émission 

de CO2 particulièrement élevé. Les comportements d’achat ont immédiatement changé 

après la mise en œuvre du nouveau régime : les véhicules diesel, qui représentaient moins 

de 30 % des immatriculations de voitures neuves avant la réforme, ont dépassé la barre des 

80 % dans les mois qui ont suivi.  

Le présent rapport réalise une estimation des divers coûts et avantages sociaux générés par 

cette réforme de la fiscalité automobile. Un certain nombre de difficultés se posent lorsque 

l’on souhaite mesurer l’efficacité d’une telle intervention des pouvoirs publics. Bien que 

les taux moyens d’émission des véhicules neufs immatriculés en Irlande aient diminué ces 

dernières années, cette tendance n’est probablement pas imputable au seul effet de la 

réforme sur les comportements d’achat des consommateurs, mais elle a certainement aussi 

été influencée par d’autres facteurs, comme le règlement de l’UE concernant les émissions 

de CO2. À l’aide d’une méthode des doubles différences quasi expérimentale, nous avons 

créé le scénario contrefactuel qui rendait compte de la physionomie des ventes de voitures 

en Irlande en l’absence d’intervention des pouvoirs publics, en nous appuyant sur 

l’évolution des taux d’émission des véhicules particuliers neufs au Royaume-Uni sur la 

période, puis nous avons estimé la variation des taux d’émission de CO2 et de la proportion 

des véhicules diesel dans le parc automobile attribuable à la réforme fiscale. Cette 

estimation a ensuite été utilisée dans une simulation effectuée à l’aide d’un système de 

modélisation du parc automobile dérivé de COPERT, afin d’analyser le profil du parc et 

les impacts en matière d’émissions, ainsi que la valeur économique desdites émissions. Le 

parc automobile tel qu’il ressort de la simulation nous permet d’estimer les recettes fiscales 

du scénario contrefactuel et de les comparer à celles effectivement perçues. Enfin, nous 

attribuons une valeur à l’ensemble des coûts et avantages et estimons la valeur actuelle 

nette de la réforme fiscale.  
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Les résultats de ces travaux suggèrent que les premières mesures de réforme prises en 2008 

ont réduit de quelque 8 à 11 gCO2/km le taux moyen d’émissions de CO2 du parc constitué 

par les voitures particulières nouvellement immatriculées en Irlande. Certaines mesures 

ultérieures (comme la mise en place du dispositif d’incitation à la casse) ont aussi stimulé 

efficacement l’achat de véhicules à faibles émissions. Néanmoins, il ressort de notre étude 

que cette baisse des taux d’émission résulte essentiellement d’un vaste report des achats 

sur les véhicules diesel, qui a pour effet d’accroître les émissions d’autres types de polluants 

comme les NOx, les particules et les SOx. Les recettes publiques s’en sont aussi trouvées 

considérablement amputées.  

Ces travaux mettent en lumière le risque d’effets indésirables dont s’accompagne l’action 

publique en l’absence d’analyse ex ante à la fois vaste et minutieuse. Des politiques mieux 

conçues auraient évité certaines de ces répercussions néfastes et nous proposons quelques 

réflexions utiles pour l’action publique en vue d’améliorer les résultats à l’avenir. 

Codes classification : D61 ; H23 ; Q51 ; Q53 ; R48 

Mots clés : fiscalité automobile ; analyse coûts-avantages ; réforme de la fiscalité 

environnementale ; instruments de politique économique ; économie de l’environnement.  



ENV/WKP(2019)12  7 
 

  
Unclassified 

Acknowledgements 

Lisa Ryan and Ivan Petrov work at University College Dublin (UCD) in the School of 

Economics and the UCD Energy Institute. Andrew Kelly is CEO of EnvEcon Decision 

Support Ltd, which is a consultancy specialising in environmental policy analysis and 

modelling. Yulu Guo works at EnvEcon Decision Support and at the Department of 

Planning and Environmental Policy at UCD. Sarah La Monaca was previously at UCD 

Energy Institute and works currently at Columbia University Center on Global Energy 

Policy. The authors declare no conflict of interest. 

The research of EnvEcon and UCD in this project was enabled by the support of the 

Technical Research and Modelling (TRAM) Group chaired by the Irish government 

Department of Communications, Climate Action and Environment (DCCAE). The 

opinions, findings and conclusions or recommendations expressed in this material are those 

of the authors and do not necessarily reflect the views of the TRAM or the DCCAE.  

The contribution of UCD has also been financially supported by Science Foundation 

Ireland under the SFI Strategic Partnership Programme Grant Number SFI/15/SPP/E3125.  

The opinions, findings and conclusions or recommendations expressed in this material are 

those of the authors and do not necessarily reflect the views of the Science Foundation 

Ireland. 

The authors would also like to thank the Central Statistics Office (CSO), the Society of the 

Irish Motor Industry (SIMI) and the United Kingdom Society of Motor Manufacturers and 

Traders (SMMT) for kindly providing the data used in this analysis. Further data relating 

to tax rates and revenue from Vehicle Registration Tax (VRT), motor tax and fuel excise 

duty were provided by Ronald Scott and Donnchadh O’Donovan in the Department of 

Revenue, Marie Gleeson and Laura Behan in the Department of Transport, Tourism and 

Sport, and Martin Howley in the Energy Policy Statistical Support Unit at the Sustainable 

Energy Authority of Ireland, for which the authors are very grateful.  



8  ENV/WKP(2019)12 
 

  
Unclassified 

Table of Contents 

Abstract .................................................................................................................................................. 3 

AN ASSESSMENT OF THE SOCIAL COSTS AND BENEFITS OF VEHICLE TAX REFORM IN 

IRELAND ............................................................................................................................................ 3 

Résumé ................................................................................................................................................... 5 

ÉVALUATION DES COÛTS ET AVANTAGES SOCIAUX DE LA RÉFORME DES TAXES SUR 

LES VÉHICULES EN IRLANDE ...................................................................................................... 5 

Acknowledgements ................................................................................................................................ 7 

An Assessment of the Social Costs and Benefits of Vehicle Tax Reform in Ireland ..................... 10 

1 Introduction ................................................................................................................................ 10 
2 Description of policy measures .................................................................................................. 11 
3 Analysis of the behavioural impacts triggered by the policy measure ....................................... 14 
3.1 Rated CO2 Emissions ........................................................................................................ 17 
3.2 Diesel share ....................................................................................................................... 21 

3.2.1 Registrations of new private cars ....................................................................................... 22 
3.2.2 Diesel share – Including used imports ............................................................................... 24 

3.3 Summary of the estimations of the impacts of the policy changes .................................... 26 
4 Assessments of the impacts of the behavioural changes on environmental pressures................ 26 
5 Assessments of the impacts of the behavioural changes on environmental states ..................... 31 
6 Assessing the impact of the measures on net public revenue ..................................................... 35 
7 Assessing the marginal cost of public funds ............................................................................... 38 
8 Assessing distributive impacts .................................................................................................... 39 
9 Consumer surplus ....................................................................................................................... 40 
10 Producer surplus ................................................................................................................ 40 
11 Full cost-benefit analysis ................................................................................................... 41 
12 Conclusions ....................................................................................................................... 43 

References ............................................................................................................................................ 44 

Annex I Additional explanation of policy measures in Section 2 .................................................... 47 

Annex II Marginal Damage Valuation Methodology ....................................................................... 48 

Annex III Description of control variables used in the analysis in Section 3 ................................. 50 

Consumer Price Index (CPI) .............................................................................................................. 50 
Fuel prices .......................................................................................................................................... 51 
Household consumption per capita .................................................................................................... 54 

 

Tables 

Table 1. Nominal vehicle taxes up to July 2008.................................................................................... 12 
Table 2. Policy implementation for emissions-based vehicle taxation .................................................. 13 
Table 3. Initial policy implementation .................................................................................................. 13 
Table 4. Difference–in-differences results – CO2 emissions rating ...................................................... 20 
Table 5. Difference-in-differences results – Diesel share ..................................................................... 23 
Table 6. Difference–in-differences results: Diesel share of total monthly registrations ....................... 26 



ENV/WKP(2019)12  9 
 

  
Unclassified 

Table 7. New registration of passenger cars and total vehicle stock ..................................................... 29 
Table 8. Annual emission variation between policy and counterfactual scenario ................................. 31 
Table 9. Marginal damage values per tonne of air pollutants for Ireland .............................................. 32 
Table 10. Cumulative emission differences between the policy and counterfactual scenario............... 32 
Table 11. Impact valuations of emissions changes ................................................................................ 34 
Table 12. Actual and estimated passenger car VRT receipts ................................................................ 36 
Table 13. Estimated AMT revenues with CO2 and engine cc and compared to actual receipts ............ 36 
Table 14. Fuel excise duty and VAT rates and receipts ........................................................................ 38 
Table 15. Difference between estimated policy measure and counterfactual excise duty receipts ....... 38 
Table 16. Estimated value of economic impacts of vehicle tax reform ................................................. 42 
 

Figures 

Figure 1. Shares of new private cars in each CO2 emission band ......................................................... 11 
Figure 2. Passenger cars registered for the first time in Ireland ............................................................ 15 
Figure 3. Passenger cars registered for the first time in Ireland, by month ........................................... 16 
Figure 4. Average CO2 rating of first registration of new passenger cars ............................................. 17 
Figure 5. Diesel share – New domestic registrations ............................................................................ 22 
Figure 6. Diesel share of total passenger cars registered ....................................................................... 25 
Figure 7. Fleet Simulation of the policy measure and counterfactual scenarios ................................... 30 
Figure 8. Vehicle registration taxes and registrations for passenger cars 2000-2017 ........................... 35 
Figure 9. Comparison of estimated counterfactual and actual AMT and VRT receipts ....................... 37 
Figure 10. Monthly CPI ......................................................................................................................... 50 
Figure 11. Unadjusted fuel prices in Ireland and the United Kingdom ................................................. 51 
Figure 12. Exchange rate Euro to GBP ................................................................................................. 52 
Figure 13. Historical exchange rate Irish Punt to Pound Sterling ......................................................... 53 
Figure 14. Adjusted fuel prices in Ireland and the United Kingdom..................................................... 54 
Figure 15. Adjusted quarterly household consumption per capita ........................................................ 55 
 

Boxes 

Box 1. Summary methods associated with the MDV guidebook development .................................... 48 
 

 

 

 

  



10  ENV/WKP(2019)12 
 

  
Unclassified 

An Assessment of the Social Costs and Benefits of Vehicle Tax Reform in 

Ireland 

1 Introduction 

The OECD’s Joint Meetings of Tax and Environment Experts has started a project to assess 

ex post the social costs and benefits of selected environmentally related taxes and tax 

provisions, cf. COM/ENV/EPOC/CTPA/CFA(2016)1. This project was in part motivated 

by a finding that there are very few fully-fledged cost-benefit analyses of such policy 

instruments available in the literature.1 The aim of this project is to enrich this sparse 

literature and to provide illustrations of how both public authorities, academics and other 

interested stakeholders could carry out more such studies, in OECD countries and in any 

other country. 

The term environmentally related taxes refers to any compulsory payment to general 

government levied on a tax base of a particular environmental relevance, for which the tax 

payer does not obtain a benefit in return that is more or less in proportion to the amount 

paid in taxes. This includes e.g. any taxes levied on energy products, on motor vehicles, on 

measured or estimated emissions to air or water, as well as taxes on the landfilling or 

incineration of waste, taxes on packaging, taxes on hazardous chemicals, etc. 

The term environmentally related tax provisions refers here, i.e., to a broad spectrum of tax 

reductions introduced primarily with an environmental motivation, such as reduced rates 

for a tax on mineral oils for fuels with a lower sulphur content; reduced rates in taxes on 

motor vehicles for electrical vehicles; as well as income tax reductions for certain 

behaviours judged to be environmentally benign (the use of public transport, investments 

in renewable energy generation, etc.). The term other tax provisions relates to unintended 

negative environmental impacts, such as e.g. increased air pollution and congestion due to 

favourable income tax treatment of the benefits employees might receive if they are 

allowed to use a company-owned car also for private purposes, commuting, etc. 

This report follows the OECD recommended approach for ex post cost-benefit analysis of 

environmentally related taxes and tax provisions to assess the 2008 vehicle tax reform in 

Ireland and subsequent policy interventions in that same vein (OECD, 2018).  

Over the past decade, EU Member States have introduced policies designed to reduce the 

CO2 emissions intensity of the passenger car fleet. EU-wide policies, such as the CO2 

vehicles regulation, along with the economic recession in 2008, have influenced national 

passenger car CO2 emissions. Detailed analysis has shown that countries with CO2-

differentiated vehicle taxes are observed to have been more likely to have achieved greater 

reductions in CO2 emissions (Dineen et al., 2018; Gerlagh et al., 2016; Ryan et al., 2009).  

This study focuses on the case of Ireland where, until 2008, vehicle taxes were levied based 

on engine size. In July 2008, both the annual motor tax and the vehicle registration tax 

(purchase tax) were converted to a system based on the CO2 emission rating of the vehicle, 

with lower taxes levied on lower-emitting vehicles. The reform of the taxes did not include 

other air pollutant emissions such as particulates, NOx, or hydrocarbon emissions that are 

                                                      
1 Chen et al. (2017) is a rare related example, analysing impacts of a Chinese cash subsidy scheme 

for energy-efficient vehicles. 
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regulated under EU law. Figure 1 shows the CO2 emissions profile of Irish new car sales 

from 2000 to 2017 in terms of their rated grams of CO2 emitted per kilometre. A dramatic 

change in new car sales is apparent since 2008, with a significant decrease in the rated CO2 

emissions per kilometre of new vehicles. 

Figure 1. Shares of new private cars in each CO2 emission band 

2000 – 2016 (+2017 to October) 

 
 

Source: SEAI (2017), Energy in Ireland 1990-2016, Dublin. 

The share of diesel cars, which generally offer a more favourable CO2 rating per kilometre, 

increased with consequences for levels of harmful air pollutant emissions. At the time of 

the tax change, Ireland was also on the cusp of a severe economic recession, which 

introduced considerable market volatility. In this period, tax revenue from cars fell and 

purchasing patterns changed, inter alia as a result of both the tax change and the recession.   

This study attempts to disentangle the impacts of the policy interventions from recessionary 

and other effects and carries out a full social cost-benefit analysis of the vehicle tax reform. 

2 Description of policy measures 

In 2008, the Irish Government changed the basis for vehicle taxation from vehicle engine 

capacity to a carbon dioxide (CO2) emissions rating per kilometre. The policy shift was 

announced in the budget for 2008 as part of a broader package of environmental measures 

which included stricter standards for the energy efficiency of lightbulbs and proposals for 

carbon taxation (O’Halloran, 2007). The introduction of the new vehicle registration tax 

(VRT) and motor tax regimes came at a time when the private vehicle fleet was responsible 

for a rising share of CO2 emissions in Ireland, accounting for 12% of total emissions in 

2006 (Duffy et al., 2018; Ó Gallachóir et al., 2009).  
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Vehicle taxation in Ireland is implemented through two mechanisms. One measure is a 

vehicle registration tax (VRT), which is calculated as a percentage of the Open Market 

Selling Price (OMSP) and collected as a one-time tax when the car is purchased. For new 

vehicles purchased within Ireland, this tax is effectively hidden in the car price. The second 

is an annual motor tax (AMT), collected as a yearly flat tax. The transition to CO2 

emissions-based vehicle taxation in Ireland involved a combination of changes to these two 

schemes, with the fundamental shift occurring in 2008, followed by subsequent incremental 

changes. Table 1 provides details of the taxes before 2008 levied on the basis of engine 

capacity. This paper examines the effects and outcomes of each phased change, as 

described in Table 2. This provides a comparative basis for quantifying the impact of 

individual policy adjustments, in addition to the overall change from engine size to 

emissions rating.  

Table 1. Nominal vehicle taxes up to July 2008 

Engine capacity cm3 Annual motor tax € VRT (% OMSP) 

Not over 1 000 165 

22.5% 

1 001 to 1 100 249 

1 101 to 1 200 275 

1 201 to 1 300 298 

1 301 to 1 400 320 

1 401 to 1 500 343 

25.0% 

1 501 to 1 600 428 

1 601 to 1 700 453 

1 701 to 1 800 530 

1 801 to 1 900 560 

1 901 to 2 000 590 

30.0% 

2 001 to 2 100 754 

2 101 to 2 200 791 

2 201 to 2 300 827 

2 301 to 2 400 861 

2 401 to 2 500 899 

2 501 to 2 600 1 067 

2 601 to 2 700 1 109 

2 701 to 2 800 1 147 

2 801 to 2 900 1 189 

2 901 to 3 000 1 231 

3 001 or more 1 491 

Electrical 146   

Source: ACEA, 2018.  

The first iteration of the emissions-based vehicle taxation scheme established seven CO2 

bands with an upper and lower limit for grams of CO2 emitted per kilometre driven 

(CO2 g/km). The emissions rating bands that went into effect on 1 July 2008, and the 

associated VRT and AMT rates, are shown in Table 3.  
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Table 2. Policy implementation for emissions-based vehicle taxation 

Policy phase Effective date Summary change 

Initial policy 
implementation 

01-Jul-08 
Transitioned from engine capacity to CO2 emissions taxation basis; 
introduced initial A-G emissions ratings for VRT and AMT 

Interim policy change A 01-Jan-09 
Slight increases (4-5%) in Annual Motor Tax (AMT) amounts; no change 
to Vehicle Registration Tax (VRT) 

Scrappage scheme 
1 January 2010 – 

30 June 2011 
VRT relief of up to €1 500 for cars aged 10 years or older when traded in 
for an A- or B-rated vehicle 

Interim policy change B 01-Jan-12 Substantial increases (up to 54%) in AMT amounts; no change to VRT 

Final policy change 01-Jan-13 
Introduction of graduated A- and B- ratings (A0, A1, A2, A3, A4, B1, B2); 
introduction of lower AMT rate for electric vehicles 

Table 3. Initial policy implementation 

Emissions rating bands with Annual Motor Tax (AMT) and Vehicle Registration Tax (VRT) rate, 

effective 1 July 2008. 

Rating 

CO2 g/km 

Annual Motor Tax (AMT) 

Vehicle Registration Tax 
(VRT) as % of open market 

selling price Lower Limit (>) Upper Limit (<=) 

A 0 120 €100  14% 

B 120 140 €150  16% 

C 140 155 €290  20% 

D 155 170 €430  24% 

E 170 190 €600  28% 

F 190 225 €1 000  32% 

G 225 225+ €2 000  36% 

Following the initial transition to CO2 ratings, the Irish government made several 

adjustments to its vehicle taxation schemes, including slight increases of 4-5% in AMT 

rates in 2009. By 2011, the share of A- and B-rated cars had grown from just 17% in 2007 

to approximately 90% of new cars sold in 2011, and VRT and AMT revenues had fallen 

by 71% and 2.4%, respectively (Department of Finance, 2012). While the 2008 economic 

crisis surely played a role in depressing total car purchases (new car sales had dropped by 

more than half from 2007 to 2010), the government noted that the high share of lower-

emitting vehicles had contributed considerably to the fall in revenues. As a result, the 

Department of Finance announced substantial AMT rate increases, as part of the 2012 

national budget, with a rise of 54% and 44% in tax for A- and B-rated cars, respectively, 

and smaller increases (7-8%) for vehicles in higher bands. See Table  in Annex A. 

In 2013, the Government updated the emission bands more dramatically, creating several 

subcategories to capture the evolving variation in performance of low-emitting cars.  The 

2013 changes included a more granular scale for A- and B-rated cars, and reduced AMT 

for electric vehicles (EVs) (See tables in Annex A). Whilst the 2012 changes to AMT and 

VRT rates were simple rate increases, the introduction of new vehicle ratings in 2013 (A0, 

A1, A2, etc.) represented a more visible signal to consumers.  

Concurrent with the period during which the Irish Government made adjustments to the 

rated emissions bands under the VRT and AMT schemes, officials also introduced a 

scrappage scheme intended to stimulate the purchase of new vehicles in Ireland in the wake 

of the 2008 economic recession. The scheme was initially due to run until 31 December 
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2010, and was subsequently extended until 30 June 2011, albeit at a reduced rate of €1 250 

from 1 January 2011.2  

In terms of policy interactions, CO2 emissions-based vehicle taxation is one of several 

policy measures currently in place in Ireland to encourage the uptake of low-emission 

vehicles, some of which could also contribute toward the uptake of A-rated vehicles, 

particularly electric cars. VRT tax relief for electric vehicles provides a tax benefit of up to 

€5 000 for fully electric vehicles and €2 500 for plug-in hybrid cars. In 2017, government 

also introduced a 0% benefit-in-kind rate for electric company cars.3 Other EV incentives 

include a grant for installation of home EV charging, worth up to €600, which was 

introduced in January of 2018. Transport fuel is also subject to several taxes including 

excise duty, a carbon tax, value-added tax and Nora (a tax to ensure Ireland meets its EU 

obligations of keeping a 90 day stock of oil) so that 60% of the retail price is made up of 

taxes. Petrol is taxed more than diesel with a differential of approximately €0.10 between 

them in retail prices.4 

By transitioning to vehicle taxation on the basis of rated CO2 emissions, the new tax regime 

placed an indirect price on the carbon emitted from personal cars (a direct incidence of tax 

would be linked to usage, i.e. fuel cost). The explicit intent of Ireland’s vehicle taxation 

regime was, of course, to encourage drivers to purchase more fuel-efficient vehicles, or 

low-carbon vehicles, and to consequently reduce harmful emissions from the transport 

sector. However, as noted by Hennessey and Tol (2011), and explored further in this paper, 

an outcome of CO2-based car taxes, in the absence of electric or other ultra-low emissions 

vehicles, was a rise in the share of diesel cars.  

3 Analysis of the behavioural impacts triggered by the policy measure 

This section analyses how the policy changes described in Section 2 have impacted the 

vehicle purchasing patterns of Irish consumers. It begins by providing some context to the 

Irish passenger car stock, in terms of new registrations vs. used imports (Figure 2). 

Figure 2 presents the total number of passenger cars registered for the first time in Ireland, 

disaggregated as new domestic registrations and used imports. The 2008 economic crisis 

appears to have had a considerable impact on the total number of vehicle registrations. This 

seems to have been driven by a decline in new registrations, while used imports appear to 

have been largely unaffected and have risen over time.  Used imports in this context are 

second-hand passenger cars registered for the first time in the Republic of Ireland. The 

majority of these come from the United Kingdom, which is Ireland’s largest trading partner, 

and sells right-hand drive vehicles.5 Around 2008, the exchange rate between the euro and 

sterling reached close to parity for a time, which would certainly have offered added 

incentive for consumers to purchase vehicles from the United Kingdom. This may 

                                                      
2 Source: www.citizensinformation.ie/en/money_and_tax/budgets/budget_2011.html. 

3 A benefit-in-kind (BIK) is any non-cash benefit of monetary value provided for an employee. The benefits have 

monetary value, so they must normally be treated as taxable income. However, in Ireland EV purchases are not taxed 

as BIK as an incentive to companies (Office of the Revenue Commissioners, 2017). 
4 The average retail prices in July 2019 for petrol and diesel were €1.39 and €1.29 respectively 

(https://www.theaa.ie/aa/motoring-advice/petrol-prices.aspx#).  

5 For example, in 2016, 69 042 of the used vehicles imported into Ireland were from the UK, while just 3 111 

of the remaining imports were from anywhere else. Source: https://stats.beepbeep.ie/. 

http://www.citizensinformation.ie/en/money_and_tax/budgets/budget_2011.html
https://www.theaa.ie/aa/motoring-advice/petrol-prices.aspx
https://stats.beepbeep.ie/
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somewhat explain why used imports remained relatively stable while new registrations 

declined so sharply. Imported vehicles are treated for tax purposes as newly registered 

vehicles. The VRT and motor tax regimes are applied that were applicable to new 

registrations in the year of their initial certification.  

Figure 2. Passenger cars registered for the first time in Ireland 

Annual new registrations and used imports 

 
Source: Central Statistics Office (CSO) 2018. 

It is useful to also examine the monthly variation in passenger car registrations, which is 

presented in Figure 3. 



16  ENV/WKP(2019)12 
 

  
Unclassified 

Figure 3. Passenger cars registered for the first time in Ireland, by month 

Monthly new registrations and used imports 

 
Source: Central Statistics Office (CSO) 2018. 

New domestic registrations experience a high degree of volatility, while used imports 

exhibit a much more stable pattern. In particular, new domestic registrations peak every 

year in January, and subsequently decline throughout the year. This trend is likely 

attributable to a behavioural response to the license plate registrations system in Ireland, 

by which the registration year is presented as the first three digits (formerly two) on the 

licence plate of newly registered passenger cars. Individuals who wish to purchase a new 

car typically wait to register the vehicle until January of the following year, as this improves 

the vehicle’s resale value. In 2013, in an effort to stimulate new car purchases mid-year, 

the government introduced a bi-annual vehicle licencing system, whereby cars registered 

in the first half of the year would have licence plates beginning with “131” while cars 

registered in the second half of the year would have licence plates beginning with “132”.6 

This appears to have had a dramatic effect on the timing of new vehicle registrations, as 

exemplified by the double peaks in new domestic registrations from 2013 onwards.7 

                                                      
6 In part, this measure was also introduced due to fear that new car sales may be reduced in 2013 

due to superstition regarding the number “13” as the first two digits of the registration number. 

Source: https://www.independent.ie/irish-news/2013-number-plates-to-be-changed-to-avoid-

unlucky-13-26890349.html 

7 The only other year where one can observe a double peak is in 2008, when the initial policy change 

took effect on 1 July. 

https://www.independent.ie/irish-news/2013-number-plates-to-be-changed-to-avoid-unlucky-13-26890349.html
https://www.independent.ie/irish-news/2013-number-plates-to-be-changed-to-avoid-unlucky-13-26890349.html
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The following analysis focuses on the impact of the tax change on the average CO2 

emission ratings and the diesel share of first-registered private cars. Since the tax change 

applies to vehicles first registered after July 2008 only, the focus is specifically on the 

change in new registrations in the following section.  

3.1 Rated CO2 Emissions 

In order to assess the impact of the change in the registration (VRT) and circulation (AMT) 

vehicle tax regime on CO2 emissions of passenger cars, this analysis focuses on domestic 

registrations of new vehicles in Ireland. Although used imports constitute a significant 

proportion of Irish vehicle registrations, reliable CO2 ratings data for used imports prior to 

2008 are not available, and hence the change in import CO2 ratings attributable to the 2008 

tax regime change cannot be observed. Figure 4 presents the average CO2 rating of new 

passenger cars registered in Ireland and in the United Kingdom over the period from 

January 2003 to June 2018.   

Figure 4. Average CO2 rating of first registration of new passenger cars 

 

Source: Society of the Irish Motor Industry 2018 and UK Department of Transport - Vehicle Licensing Statistics 

2017 

The dashed lines in Figure 4 represent years in which various changes to the circulation tax 

regime took effect, as discussed in Section 2. The data demonstrate a significant decline in 

the average CO2 emissions rating of new passenger cars in Ireland over the period 2002 to 

2018. The average rated CO2 emissions of new passenger cars in Ireland has declined from 

approximately 170 gCO2/km to less than 120 gCO2/km in the span of 10 years – an 

improvement of 30%. This decline was particularly pronounced around the time of the first 
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change in the motor tax regime (July 2008), as average CO2 rating decreased by 

approximately 35 gCO2/km over one month. Interestingly, in the month prior to the change 

in the tax regime, average CO2 rating of new cars exhibited a sharp increase. This suggests 

a behavioural response whereby individuals may have hastened the timing of their purchase 

of high-emitting vehicles in order to avoid being subject to the new tax regime. Indeed, 

only vehicles registered on or after the effective date of the policy change were subject to 

the new system.  

In addition to the sharp decline in average CO2 rating of new passenger cars in 2008, 

Figure 4 also shows that the average CO2 ratings declined considerably from 2010 to 2011. 

This is likely attributable to a government-led scrappage scheme which was proposed in 

Budget 20108 and came into effect on 1 January 2010, as discussed in Section 2 (the 

scrappage scheme is depicted in the grey box in Figure 4).  

Volatility in average CO2 rating at precisely the time of the change in the motor tax regime 

in 2008, and of the scrappage scheme in 2010, is a strong indication of an immediate 

response to the policy change. However, the data also demonstrate a downward trend in the 

CO2 emissions profile of newly registered vehicles in the years prior to and following the 

effective date of the policy. This underlying downward tendency suggests that the CO2 

intensity of new passenger cars may have improved over time, even in the absence of 

changes in the motor tax regime. Indeed, the long-term decrease in the average rating of 

newly registered passenger cars may have been affected more acutely by other effects (e.g. 

the EU CO2 emissions regulations setting targets for CO2 emissions from new passenger 

cars from 20099 and the resulting technological progress) rather than by a change in vehicle 

taxation policy. It is therefore useful to construct a counterfactual prediction of what might 

have occurred without any vehicle tax policy change, in order to measure the relative effect 

of adjustments to the tax regime.  

Identifying a reasonable counterfactual for changes in Ireland’s average CO2 emissions 

ratings in Figure 4 requires using data from a comparable market. To approximate this 

counterfactual, the emissions profile of corresponding vehicle registrations in the United 

Kingdom for the same period has been used.  

The United Kingdom provides a suitable counterfactual for the Irish market for a number 

of reasons. First, prior to the tax regime change in Ireland in 2008, the average CO2 rating 

for newly registered passenger cars in Ireland and the United Kingdom appear to be on a 

very similar trajectory, as shown in Figure 4. This relationship meets the parallel trends 

assumption which is central to the use of difference-in-differences analysis applied here 

(Angrist & Pischke, 2008).10 Second, there were no substantial changes to the UK vehicle 

                                                      
8 Source: www.citizensinformation.ie/en/money_and_tax/budgets/budget_2010.html. 

9 Regulation (EC) No 443/2009 of the European Parliament and of the Council of 23 April 2009 

setting emission performance standards for new passenger cars as part of the Community's integrated 

approach to reduce CO2 emissions from light-duty vehicles http://data.europa.eu/eli/reg/2009/443/oj 

10 This is important, as the policy change in 2008 occurred during an economic crisis. This crisis, 

however, was of a global nature and therefore impacted both Ireland and the United Kingdom, likely 

to varying degrees. We control for the fact that there may have had a heterogeneous impact on 

income across the two countries by using household consumption per capita as a proxy in our 

econometric specification. This is discussed further in this section and in Annex C of this report. 

http://www.citizensinformation.ie/en/money_and_tax/budgets/budget_2010.html
http://data.europa.eu/eli/reg/2009/443/oj
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taxation system over the period from March 2001 to April 2017,11 other than the 

introduction of a small first year (“show-room”) tax in April 2010.12 Since March 2001, the 

annual motoring tax, the Vehicle Excise Duty (VED), in the United Kingdom has been 

calculated based on CO2 emissions ratings. As such, the United Kingdom provides an 

example of policy stability, against which to compare the policy change in Ireland. Third, 

the United Kingdom and Ireland share similar road infrastructure and driving rules. Both 

jurisdictions operate under Left-hand Traffic (LHT) rules, and nearly all vehicles registered 

in both countries are Right-hand Drive (RHD).13 These characteristics, coupled with the 

close proximity of the two markets, suggest a similar product offering by car manufacturers 

in both jurisdictions.  

Using the United Kingdom as a comparison case, this report uses a difference-in-

differences econometric methodology to estimate the magnitude of the effect of the 2008 

policy change and subsequent policy adjustments in Ireland on the average CO2 rating of 

newly registered passenger cars. In this application, the difference-in-differences approach 

uses the UK data to estimate the probable trajectory of Irish average CO2 ratings, if no 

policy change occurred. It then compares the no-change trajectory to one based upon the 

observed data for Ireland, incorporating the implemented policy changes. Per Wing, Simon, 

& Bello-Gomez (2018), the basic form for a difference-in-differences analysis with 

multiple periods and countries in a regression framework is as follows: 

𝒀𝒔𝒕 =  𝜸𝒔 + 𝝀𝒕 +  𝜹𝑫𝒔𝒕 + 𝝐𝒔𝒕  (1). 

In the above, Yst is the average CO2 rating of newly registered passenger cars in country s 

at time t, 𝛾𝑠 is the state (country) fixed effect and 𝜆𝑡 is the time fixed effect. Monthly data 

are used. 𝐷𝑠𝑡 is an interaction term of treated units after the treatment date (i.e. 𝐼𝑅𝐿𝑠 ∙ 𝑑𝑡) 

where IRL is a dummy variable that identifies the treatment group with a dummy variable 

which switches from 0 to 1 at the treatment date (dt); this gives us a dummy variable that 

is 1 only for Ireland and only after the change in policy). The results of the above 

specification are presented in column (1) of Table 4.  

Since there are only two (aggregate) observations per country in each time-period, the 

standard errors produced are likely to be understated. However, using a difference-in-

differences specification in this manner can nonetheless give an indication of the magnitude 

of the effect of the policy. 

As a second specification, the effects of all other major vehicle tax policy changes which 

occurred in Ireland between 2008 and 2013 have been estimated (i.e. the increases to AMT 

which occurred in 2009 and in 2012, and the scrappage scheme which was in effect from 

2010-2011). Equation (1) above has been expanded to include each of the four policy 

changes in 2009, 2011, 2012 and 2013 in addition to the initial policy in 2008. 

As a third specification, country-specific covariates which vary over time and may 

influence vehicle purchase decisions have been controlled for. These include household 

                                                      
11 For more information on the UK circulation tax rates, please refer to: 

https://www.rac.co.uk/drive/advice/buying-and-selling-guides/car-tax-bands-explained/. 

12 From Figure 4, one can see that this does not appear to have had a substantial impact on the 

average CO2 rating of newly registered cars in the United Kingdom. 
13 Source: https://www.worldstandards.eu/cars/driving-on-the-left/. In the EU, all countries operate 

under on the right-hand traffic rules except for Ireland, the United Kingdom, Malta and Cyprus.  

https://www.rac.co.uk/drive/advice/buying-and-selling-guides/car-tax-bands-explained/
https://www.worldstandards.eu/cars/driving-on-the-left/
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consumption, as well as the price of diesel and petrol fuels, and are included in the 

following specification as the vector 𝑋′𝑠𝑡: 

𝒀𝒔𝒕 =  𝜸𝒔 + 𝝀𝒕 +  𝜹𝑫𝒔𝒕 + 𝑿′𝒔𝒕𝜷 + 𝝐𝒔𝒕             (𝟐). 

The results of the above specification are presented in column (3) of Table 4.  

Finally, as a robustness check, a country-specific linear trend has also been included as 

follows (Angrist & Pischke, 2008):  

𝒀𝒔𝒕 =  𝜸𝟎𝒔 + 𝜸𝟏𝒔𝒕 + 𝝀𝒕 +  𝜹𝑫𝒔𝒕 + 𝑿′𝒔𝒕𝜷 + 𝝐𝒔𝒕 (3) 

The results of Equation (3) are presented in column 4 of Table 4. 

Table 4. Difference–in-differences results – CO2 emissions rating 

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

Initial policy (2008) 
-8.4341 *** -10.2867 *** -9.1726 *** -11.0948 *** 

(0.5305)   (1.2322)   (1.5756)   (1.7125)   

Interim policy change A (2009) 
    4.4843 *** 4.6711 *** 4.1186 *** 

    (1.3622)   (1.5178)   (1.5029)   

Scrappage scheme 
    -5.8059 *** -6.5564 *** -6.2573 *** 

    (0.9632   (1.0403)   (1.0262)   

Interim policy change B (2012) 
    -2.0461 * -2.4954 ** -3.3853 *** 

    (1.0769)   (1.1108)   (1.1415)   

Final policy change (2013) 
    -0.1239   0.1249   -0.9659   

    (0.987)   (1.0086)   (1.0741)   

Household consumption 
    0.0124 * -0.0001   

    (0.0064)   (0.0079)   

Price of petrol 
    -0.0098   -0.005   

    (0.0126)   (0.0125)   

Price of diesel 
    0.0026   0.0001   

    (0.0133)   (0.0131)   

Adjusted R 0.9867   0.9893   0.9895   0.99   

Country-specific trend No   No   No   Yes   

N 300   300   300   300   

Note:  *** Statistically significant at p<0.01 

** Statistically significant at p<0.05 

* Statistically significant at p<0.1 

Testing solely for the effect of the 2008 policy change (column 1), average CO2 ratings of 

newly registered passenger cars decreased by approximately 8.4 gCO2/km, relative to the 

counterfactual trend of no policy change. Although this is a significant result, it does not 

disaggregate the effect of subsequent changes to the VRT and AMT following the initial 

policy change (as discussed in Section 2). As such, the effect of the 2008 change may be 

under- or overstated in column 1.  

In order to analyse the effect of each of the policy changes individually, Equation (2) 

includes interaction terms at each of the policy change dates, with results presented in 

column 2. Adding the interaction terms for each policy change increases the size of the 

coefficient associated with the 2008 policy change to approximately 10 gCO2/km. 

Interestingly, the first interim policy change, which occurs in 2009, actually reduces the 

difference in average CO2 rating by 4.5gCO2/km. Although this seems counterintuitive, as 
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mentioned previously, this effect is a comparison between the difference in the observed 

and counterfactual emissions rating after the 2009 change, compared with the difference 

prior to the change. Thus, while the Irish average emission rating is still lower than the no-

change trajectory, the difference between the two trajectories has narrowed after the 2009 

policy change. Per Figure 4, the period after the 2009 change was defined by falling average 

CO2 emissions ratings in the United Kingdom, which is the basis for the Irish no-change 

counterfactual. During the same period, emission ratings appear to have stagnated in 

Ireland, resulting in a smaller effect from the 2009 policy change. The stagnation in average 

emission ratings in Ireland may also be a correction following a strong response by 

consumers to the initial policy change in June 2008. 

Another finding from the second specification of the difference-in-differences model is that 

the scrappage scheme had a significant impact on the emissions rating of new passenger 

cars in Ireland, reducing average rated emissions by an additional 6.6 gCO2/km compared 

to the previous period. This result is consistent with expectations, as a condition of the 

scheme was that newly purchased vehicles had to be at least B-rated or better in terms of 

CO2 emissions per kilometre. The 2012 interim policy change also had a small but 

significant effect on average emissions rating, which decreased by an additional 2gCO2/km. 

The interim policy change in 2012 increased the AMT charged specifically for lower rated 

vehicles (A and B in particular). An explanation for this effect may be, however, that the 

policy change served as a signal in respect of the financial benefits associated with 

purchasing a lower CO2 emissions rated vehicle.14 

The third specification of the difference-in-differences model (column 3) includes a 

number of control variables which may influence vehicle purchasing decisions, and which 

vary by country and over time. Household consumption per capita exerts only a weakly 

significant effect on average emission rating, whereby an increase in household 

consumption increases the average CO2 rating of newly registered cars by a small amount. 

This effect may be due to individuals purchasing vehicles with bigger engines (both diesel 

and petrol) in periods with high per capita consumption. One consideration is that from 

2009, unlike the United Kingdom, Ireland was strongly affected by the euro area sovereign 

debt crisis. Since it affected access to credit, it also affected car purchases and is therefore 

not fully captured by the consumption spending control variable. It is possible to expect 

that in the first years following vehicle tax reform fewer low-income  households bought 

mostly small low-emission new vehicles for lack of credit. This might suggest that the 

“true” effect is even stronger than the estimated effect on average per-vehicle emissions in 

these years. 

Finally, as a robustness check, the fourth specification of the difference-in-differences 

model includes tests for country-specific trends. Reassuringly, the inclusion of country-

specific trends does not alter the findings for any of the coefficients with regard to the 

impact of the policy change dummies on CO2 ratings, with the exception of household 

consumption per capita, whose effect is now insignificant.  

3.2 Diesel share  

Section 3.1 demonstrates a significant decrease in the average CO2 rating of newly 

registered passenger cars in Ireland in response to the defined policy measures. Section 3.2 

                                                      
14 In other words, it may have confirmed to buyers of new vehicles the significant financial savings 

associated with purchasing an A or B rated passenger car. 
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further explores the underlying reasons for this result in terms of new registration 

composition by fuel type. Again, the analysis distinguishes between the first registration of 

a new vehicle (new registrations) and the first registration of used import vehicles (import 

registrations).  

3.2.1 Registrations of new private cars 

Figure 5 presents the diesel share as a proportion of new domestic car registrations in 

Ireland and the United Kingdom. Prior to 2001, this diesel share trend in the United 

Kingdom and Ireland was similar, with the United Kingdom consistently experiencing a 

slightly higher share of new vehicles registered as diesels. After 2001, however, the two 

trends begin to diverge slightly, which may be attributable at least in part to the United 

Kingdom’s introduction of CO2 emissions-based taxes in March 2001.15 From this point 

forward, the diesel share of new vehicle registrations in the United Kingdom was 

consistently higher than in Ireland, until June 2008. 

Figure 5. Diesel share – New domestic registrations 

 

Source: Central Statistics Office (CSO) - Ireland 2018 and The Society of Motor Manufacturers and Traders 

(SMMT) – UK 2018. 

                                                      
15 Source: https://www.rac.co.uk/drive/advice/buying-and-selling-guides/car-tax-bands-explained/. 

It is interesting to note, however, that there does not appear to have been an immediate response in 

the diesel share of vehicle registration in the United Kingdom immediately following the tax regime 

change in March 2001. 

https://www.rac.co.uk/drive/advice/buying-and-selling-guides/car-tax-bands-explained/
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In July 2008, in the month following the introduction of the CO2 tax regime in Ireland, the 

proportion of diesel vehicles registered in Ireland shifted dramatically. The diesel share of 

new registrations in Ireland increased from 22% to 53% in the space of one month, reaching 

approximately 80% of new registrations. Furthermore, the shift appears to have been 

sustained, as the years following the 2008 tax regime change saw the diesel share of new 

registrations remain consistently higher than in the United Kingdom. As in Section 3.1, this 

analysis uses a difference-in-differences quasi-experimental design to quantify the 

proportion of the shift in diesel share that is attributable to the 2008 policy change. The 

first iteration of the difference-in-differences specification examines the single policy 

change in 2008, then adds the remaining changes, controls and country-specific trends to 

the model in the same manner detailed in Section 3.1. The results are presented in Table 5. 

Table 5. Difference-in-differences results – Diesel share 

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

Initial policy (2008) 
0.3244 *** 0.1939 *** 0.2016 *** 0.2071 *** 

(0.0071)  (0.0145)  (0.0169)  (0.0174)  

Interim policy change A (2009) 
   0.0942 *** 0.1066 *** 0.1075 *** 

   (0.016)  (0.0175)  (0.0175)  

Scrappage scheme 
   0.0103  0.0007  -0.0009  

   (0.0113)  (0.0121)  (0.0122)  

Interim policy change B (2012) 
   0.065 *** 0.0647 *** 0.0683 *** 

   (0.0126)  (0.013)  (0.0133)  

Final policy change (2013) 
   -0.0052  -0.0024  0.0045  

   (0.0106)  (0.0112)  (0.0125)  

Household consumption 
    0  0.0001  

    (0.0001)  (0.0001)  

Price of petrol 
    -0.0003 ** -0.0004 ** 

    (0.0001)  (0.0001)  

Price of diesel 
    0.0003 ** 0.0003 ** 

    (0.0001)  (0.0001)  

Adjusted R 0.9626  0.9798  0.98  0.9801  

Country-specific trend No  No  No  Yes  

N 300   300   300   300   

Note:  *** Statistically significant at p<0.01 

** Statistically significant at p<0.05 

* Statistically significant at p<0.1 

Results are for a double-log estimation. 

Column 1 in Table 5 shows that including only the 2008 tax regime change in the 

difference-in-differences estimation produces a positive and significant effect of an 

increase of approximately 32% on the diesel share of new registrations in Ireland. Including 

the subsequent policy changes in column 2, however, reduces the size of the effect of the 

initial policy change to roughly 20%, and this remains consistent throughout the remaining 

specifications.  

Column 2 shows that the subsequent policy changes also had a significant impact on the 

diesel share of new registrations in Ireland. The second biggest impact appears to have been 

the policy change in January 2009, which increased the diesel share by approximately 9%. 

As with the finding in Section 3.1, however, this may be attributable to a residual effect 

from the initial policy change. The scrappage scheme did not have a significant impact on 

the diesel share across any of the model specifications. This suggests that although the 

scheme had a significant impact on average CO2 ratings by incentivising consumers to buy 
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more CO2 efficient vehicles, it did not have an impact on the type of vehicles consumers 

chose to purchase in terms of fuel type. Finally, it should be noted that the 2012 interim 

policy change increased the diesel share in Ireland by approximately 7%. As with the 

explanation in Section 3.1, this may be attributable to a signalling effect of the policy 

change, whereby consumers were reassured that buying a lower-emitting vehicle would be 

beneficial in terms of the associated tax savings. 

Column 3 in Table 5 shows the results of adding control variables to the difference-in-

differences model. Household consumption did not have a significant effect on diesel share. 

Petrol and diesel price do show very small but significant effects, albeit with 

counterintuitive signs. The coefficient on petrol price suggests that as petrol price in the 

current period increases, the diesel share decreases. Intuitively, the opposite should be true: 

as petrol prices increase, consumers would switch to diesel cars, and vice versa for diesel 

prices and petrol cars. This result may be explained, however, by the fact that consumers’ 

car purchasing behaviour may be more heavily influenced by past fuel prices, rather than 

current fuel prices, and that a lag effect may be present. Nevertheless, since the coefficient 

values are close to zero, the effect is negligible. As a robustness check, the model was run 

controlling for country-specific trends. The size and significance of the coefficients remains 

largely unaffected (column 4), which suggests that the estimated coefficients are robust to 

the inclusion of a linear country-specific trend. 

3.2.2 Diesel share – Including used imports 

Section 3.2.1 compares the diesel share of Irish registrations of new passenger cars to the 

diesel share of registrations in the United Kingdom. As noted previously, a sizeable portion 

of first vehicle registrations per year in the Republic of Ireland are used imports, primarily 

from the United Kingdom. For example, in 2017, approximately 41% of all private cars 

registered for the first time in Ireland were used imports. In Figure 6, the diesel share of all 

vehicle registrations in Ireland per month (including used imports) have been plotted 

against UK vehicle registrations per month.16 

                                                      
16 Note: the UK figures used in this section are the same as those used in Section 3.2.1, and do not 

include second-hand vehicles imported into the UK. Second-hand imports in the United Kingdom, 

however, constitute a very small proportion of the vehicle stock. In 2017, only 2.4% of the passenger 

car stock in the United Kingdom were used imports (Source: Author correspondence with SMMT). 
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Figure 6. Diesel share of total passenger cars registered 

Ireland vs the United Kingdom 

 

Source: Central Statistics Office (CSO) - Ireland 2018 and The Society of Motor Manufacturers and Traders 

(SMMT) - UK 2018. 

Figure 6 shows that the diesel share when including used imports (~80%) is similar to the 

diesel share of new domestic registrations alone, and appears to have been affected 

similarly by the 2008 taxation policy change. Mirroring the effect shown solely in new 

domestic registrations, the diesel share of total passenger car registrations increases 

considerably precisely in the month following the 2008 tax regime change and appears to 

have had a persistent effect. To quantify the magnitude of this effect, this analysis employs 

the same difference-in-differences methodology detailed in prior sections, with the same 

variations in model specification. The results are presented in Table 6. 

The 2008 policy change, examined on its own (column 1) appears to have had an even 

larger effect on the diesel share of total registrations than for new cars alone. As before, the 

size of this effect is smaller when combined with interaction terms for the subsequent policy 

changes. The 2008 and 2012 policy changes had a significant and positive effect on diesel 

share, with the change in 2008 appearing to play a more significant role. Adding the 

covariates of household consumption and fuel price yields only marginal changes the size 

of the coefficients, shown in column 3, with the exception of the scrappage scheme 

interaction term, which becomes weakly significant at the 5% level. Among the control 

variables, only household consumption shows a significant and positive effect on diesel 

share, which suggests that as household consumption increases, the diesel share of total 

registrations increases also. Finally, as in Sections 3.1 and 3.2, country-specific trends have 

been included as a robustness check (shown in column 4) and do not change the size and 

significance of the estimated coefficients. 
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Table 6. Difference–in-differences results: Diesel share of total monthly registrations 

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

Initial policy (2008) 
0.3538 *** 0.2204 *** 0.1807 *** 0.1865 *** 

(0.0073)  (0.0139)  (0.0152)  (0.0157)  

Interim policy change A (2009) 
   0.1063 *** 0.0816 *** 0.0826 *** 

   (0.0154)  (0.0157)  (0.0157)  

Scrappage scheme 
   -0.0138  -0.021 * -0.0225 ** 

   (0.0109)  (0.0109)  (0.0109)  

Interim policy change B (2012) 
   0.0515 *** 0.0391 *** 0.0428 *** 

   (0.0122)  (0.0117)  (0.0119)  

Final policy change (2013) 
   0.0045  -0.0119  -0.0051  

   (0.0103)  (0.0101)  (0.0112)  

Household consumption 
    0.0002 *** 0.0003 *** 

    (0.0001)  (0.0001)  

Price of petrol 
    0  0  

    (0.0001)  (0.0001)  

Price of diesel 
    0.0001  0.0002  

    (0.0001)  (0.0001)  

Adjusted R 0.9672  0.9841  0.9864  0.9864  

Country-specific trend No  No  No  Yes  

N 360  360  360  360  

Note:  *** Statistically significant at p<0.01 

** Statistically significant at p<0.05 

* Statistically significant at p<0.1 

3.3 Summary of the estimations of the impacts of the policy changes 

In summary, the change in the tax regime and subsequent policy changes have had a 

sizeable impact on the average CO2 ratings of newly registered passenger cars. Upon closer 

examination, this effect appears to have been driven largely by increased purchases of 

diesel-powered vehicles, which tend to have lower rated CO2 emissions but higher 

emissions of other pollutants such as NOx. This increase in diesel share was anticipated in 

the context of Irish policy research (Kelly et al., 2009; Comhar SDC, 2007) and this ex post 

counterfactual analysis aligns well with the estimates by Hennessy & Tol (2011) in respect 

of the increase in diesel share attributable to the policy change.17  

4 Assessments of the impacts of the behavioural changes on environmental 

pressures 

In order to examine the impact of the tax changes, this analysis considers two fleet scenarios 

which simulate the greenhouse gas (GHGs) and air pollution emission outcomes. The first 

scenario is the policy measure scenario, which captures the actual fleet and emissions 

outcomes that resulted from the defined policy interventions from 2008 onwards. The 

second scenario is the counterfactual scenario, which draws upon the analysis of new 

                                                      
17 Hennessy and Tol (2011) estimated that the overall market share of diesels in Ireland will increase 

from 25% to 58% as a direct result of the policy shift (an increase of 33%) which is strikingly similar 

to the present estimate of the single policy effect (36% - column 1 of Table 6) and the combined 

effect of the disentangled individual policy measures (29% - column 4 of Table 6). 
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registrations in Section 3 and is designed to represent a situation in which none of the 

defined policy interventions were introduced between 2008 and 2017.  

The simulation is supported by an Irish calibrated fleet modelling system, derived from the 

COPERT system,18that can support the development and analysis of a variety of road 

transport policies and associated scenarios. The model is calibrated with actual and 

estimated vehicle stock and activity data and is utilised as part of the assessment of 

associated GHGs emissions and air pollution outcomes for a given scenario. The estimated 

activity data is informed in part by recent analysis of odometer readings from the national 

car test data in Ireland using an earlier developed method (Kelly et al., 2009).  

It is important to note that the modelling system allows for evaluations of either “real 

world” emissions or “type approval” (i.e. rated) emissions. This analysis uses the “real 

world” option. These deliver higher emission outcomes than the type approval emission 

factors, which reflect manufacturer or governmental ratings, that may not be as 

representative of actual on-road emission performance.  

The policy measure scenario for this modelling was informed by actual historical data of 

the Irish fleet. Table 7 shows the number of new private vehicle registration as well as the 

evolution of the total private vehicle stock over the years from 2008 to 2017.  

The total number of private diesel vehicles in the Irish fleet was approximately one quarter 

of total petrol private vehicles in 2008, but by 2017, they had reached a near-even split in 

their share of the total market. The data show a clear shift in the purchasing patterns from 

2008 onwards, with many years of diesel sales outstripping those of petrol. The proportion 

of newly registered private vehicles was approximately 8% of total private vehicles across 

these years. 

The counterfactual scenario assumes that total new vehicle demand remains the same as in 

the policy interventions scenario. The policy interventions influenced vehicle choice; 

however, it is assumed that the overall level of vehicle demand did not change.19  The 

difference between the two fleet simulations in terms of new and newly imported petrol 

and diesel vehicle purchases are shown in Figure 7. 

Diesel vehicle purchases are higher under the policy interventions scenario than in the 

counterfactual scenario. However, in moving from a petrol vehicle purchase in the 

counterfactual scenario, to a diesel vehicle in the policy scenario, the shift is not necessarily 

from a small petrol engine to a small diesel engine.20 Official vehicle sales data 

(www.simi.ie) suggest that the bulk of new purchases following the policy intervention 

were medium-sized diesel engines. In the analysis, approximately 90% of the vehicle swaps 

between the counterfactual and policy intervention scenario over time are consequently 

defined as small petrol to medium diesel.  

                                                      
18 http://emisia.com/products/copert-4. 

19 The number of vehicles in some market segments purchased under the policy intervention scenario 

might have increased if the burden of taxation in those segments was reduced. However, it is 

assumed that this would have been balanced out with reduced numbers of vehicles sold in other 

market segments where the taxes were raised and that therefore the total number of vehicles sold is 

not changed compared with the policy intervention scenario.   

20 In this analysis, vehicles are separated into small (<1.4 litre engine), medium (1.4 to 2 litre 

engines) and large (>2 litre engine) categories.  

http://www.simi.ie/
http://emisia.com/products/copert-4
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Fuel efficiency generally improves for those users moving from a petrol car to a diesel one. 

The difference is modest for the main group, who swap between a small petrol and a 

medium diesel vehicle. Also, given that the fuel cost per kilometre driven is lower for diesel 

cars, one would expect to find a rebound effect due to consumers driving more, as is well 

documented in fuel economy studies (see Dimitropolous et al., 2018, for a recent meta-

analysis). Here, the rebound effect is assumed to be 20%, reflecting the latest findings in 

the United Kingdom (Stapeleton et al., 2016) and the French bonus-malus scheme 

(D’Haultfoeille et al., 2014) on direct rebound effect. The policy intervention scenario 

consequently assigns a higher mileage for those new diesel vehicles in the fleet than for the 

corresponding petrol vehicles in the counterfactual. 

The difference in emission outcomes across the pollutants between the policy interventions 

and counterfactual scenario are presented in Table 10. The substantive emission changes 

relate to NOX, PM2.5, NMVOC and CO2. The increasing share of diesel vehicles under the 

policy interventions scenario contributes to a steady increase in both NOX and PM2.5 

emissions as those vehicles penetrate the market at an accelerated rate, and thereafter 

continue to operate within the fleet over time. The rate of increase in those emissions slows 

in later years as the estimated real-world emission performance sees a continuing 

convergence between petrol and diesel vehicles in terms of their NOX and PM2.5 emission 

factors. This convergence is most apparent from 2015 onwards and the introduction of the 

Euro 6 emissions standards, and it is likely that the improved testing of Euro 6c and Euro 

6d temp21 will offer further confidence in the abatement technology performance. Notably, 

the “Dieselgate” emissions scandal of 2015 is hoped to have served as an important trigger 

for change in narrowing the gap between tested and real-world emission performance. 

The growing number of diesel vehicles in the fleet in place of petrol vehicles also delivers 

a benefit in terms of reduced NMVOC emissions. 

In terms of CO2, the analysis suggests that the policy has indeed contributed to a steady and 

growing reduction of CO2 as a result of the shift towards more fuel-efficient vehicles. The 

impact builds from a saving of just under 7kt in 2008 to approximately 166kt in 2017. As 

indicated, these values allow for a modest rebound effect in regard to the difference in fuel 

efficiency between the petrol and diesel vehicle choices.  

 

                                                      
21 Euro 6c and 6d temp have changed the emission test cycle, not the emissions standard, for Euro 

6 vehicles. In 6c, vehicles are tested on the worldwide harmonised light vehicle test procedure 

(WLTP) which offered an improved emission estimate to testing based on the older “New” European 

Driving Cycle (NEDC). These are both lab tests. Euro 6d temp introduces the real driving emissions 

(RDE) test which assesses vehicles’ on-road performance. It is therefore expected that the gap 

between tested emissions and actual emissions will close now into the future, as new vehicles adhere 

to the Euro 6 standard, which sees very little difference between petrol and diesel vehicles in terms 

of their emission performance for NOX and PM.  
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Table 7. New registration of passenger cars and total vehicle stock 

  2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

All new diesel private 77 949 63 223 81 787 94 918 88 668 94 176 111 462 123 949 155 206 155 212 

New registration diesel private 50 283 30 645 53 998 61 730 56 520 51 772 67 740 86 103 99 306 82 492 

Imported diesel private 27 666 32 578 27 789 33 188 32 148 42 404 43 722 37 846 55 900 72 720 

All new petrol private 124 535 39 361 37 934 31 002 23 888 25 849 32 098 41 759 52 087 55 855 

New registration petrol private 92 298 22 802 27 124 23 246 17 788 18 964 23 417 32 963 39 472 39 391 

Imported petrol private 32 237 16 559 10 810 7 756 6 100 6 885 8 681 8 796 12 615 16 464 

Diesel private 383 421 424 478 480 485 559 195 621 105 693 663 776 440 864 925 969 228 1 070 518 

Petrol private 1 533 806 1 469 704 1 379 889 1 314 367 1 245 203 1 199 451 1 148 911 1 099 453 1 032 806 962 775 
Total vehicle 2 497 568 2 467 660 2 416 387 2 425 156 2 403 223 2 482 557 2 515 322 2 570 294 2 624 958 2 675 879 

Source: CSO, DTTaS.  
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Figure 7. Fleet Simulation of the policy measure and counterfactual scenarios  

2008-2017 (numbers of vehicles) 

 
Sources: CSO, DTTaS, own modelling 

Again, it is noteworthy that from 2017 onwards, the difference between petrol and diesel 

vehicles in terms of air pollutant emissions is likely to have narrowed to the extent that 

from this point onwards, there would be a limited penalty in terms of additional air pollution 

irrespective of petrol or diesel vehicle choices. This, of course, relies on Euro6d temp 

stimulating the desired changes in real world on-road emissions. However, this work also 

adds further weight to the argument that into the future, in regard to operational emissions, 

shifting from one internal combustion engine (ICE) vehicle to another offers only modest 

changes in emissions. Greater impacts would be realised where, ICE vehicle circulation is 

reduced, or where ICE vehicles are substituted for an electrified alternative that offers a 

more substantial change in efficiency and exhaust emissions. 
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Table 8. Annual emission variation between policy and counterfactual scenario 

Tonnes 

Tonnes 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

NOX 110 365 673 946 1 218 1 494 1 825 1 879 1 966 2 000 

SO2 1 2 3 4 6 7 8 10 12 14 

NMVOC  -57 -188 -328 -451 -575 -700 -850 -982 -1 154 -1 326 

PM2.5 12 41 48 54 60 66 73 81 92 103 

NH3 -5 -17 -22 -27 -31 -36 -41 -44 -48 -52 

CO2 -6 744 -22 381 -39 892 -55 153 -70 145 -85 013 -102 530 -121 861 -144 821 -166 033 

5 Assessments of the impacts of the behavioural changes on environmental 

states 

The previous section has provided an estimation of the changes in air pollutant emissions 

and CO2 that are attributable to the policy interventions studied here. The change in tonnes 

of CO2 emissions is a more broadly understood metric in terms of both scale and the 

relevance to climate change policy goals. The changes in air pollution emissions are also 

easily interpreted in the context of certain environmental directives (e.g. European National 

Emissions Ceiling Directive), in which their scale gives an indication of relevance to 

meeting national limits on annual total emissions. However, air pollutants are more 

challenging to evaluate with respect to their monetised health and environmental impact 

values. This is due to the more complex interactions between air pollutants and their 

environment in terms of chemistry, dispersion, concentration in the atmosphere, and the 

exposure levels of sensitive environments and humans. 

As a part of prior work supported by the Irish Environmental Protection Agency, the 

EnvEcon team developed a marginal damage valuation (MDV) methodology (EnvEcon, 

2015 and 2016) to afford analysts the capacity to apply a monetised weighting to air 

pollution emission changes in Ireland with relative ease.22 The applied methodology is 

summarised with an excerpt from the EnvEcon MDV Guidebook (EnvEcon, 2015) in 

Annex B. The Guidebook offers damage values for NOX, SO2, NMVOC, NH3 and PM2.5 

as given in Table 9. For the final calculations in this study these values have been adjusted 

for inflation to bring them from €2010 values to €2015 values, an increase of less than 5%.  

                                                      
22 Similar to the environmental appraisal and evaluation guidance offered in the United Kingdom’s 

‘Green Book’ that can be accessed here: https://www.gov.uk/government/publications/the-green-

book-appraisal-and-evaluation-in-central-governent. 

https://www.gov.uk/government/publications/the-green-book-appraisal-and-evaluation-in-central-governent
https://www.gov.uk/government/publications/the-green-book-appraisal-and-evaluation-in-central-governent
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Table 9. Marginal damage values per tonne of air pollutants for Ireland 

EUR2010 per tonne per annum 

 NOx NH3 SO2 NMVOC PM2.5 

 Including secondary 
PM 

Including 
secondary PM 

Including 
secondary PM 

Including 
secondary PM & O3 

Primary PM 
only 

Ireland all 1 000 825 4 825 875 7 500 

Ireland rural 925 650 4 825 850 6 600 

Urban, large (Dublin) 9 350 13 175 10 300 2 675 67 650 

Urban, medium (Pop. >15 000) 1 550 3 300 4 750 1 550 22 825 

Urban, small (Pop. 10 000 – 15 000) 1 375 1 500 5 275 1 350 14 800 

Small towns (Pop. < 10 000) 1 150 1 050 4 725 1 025 9 650 

Source: EnvEcon, 2015.  

The emission differentials for the period 2008 to 2017 were presented in Table 8 (prior 

section) and the cumulative emissions for this ten-year period are presented in Table 10.  

Table 10. Cumulative emission differences between the policy and counterfactual scenario 

From 2008 to 2017. 

Pollutant - Gas 10 Year Total (2008 to 2017) 

NOX 12,476 tonnes 
SO2 66 tonnes 

NMVOC -6,611 tonnes 
PM 2.5 630 tonnes 

NH3 -323 tonnes 
CO2 -814,572 tonnes 

Table 9 presents the estimated marginal cost of the additional emissions arising from the 

policy change over the period 2008-2017. As observed in Section 4, the proportional 

change in emissions is initially modest. This is unsurprising, as the new vehicles purchased 

following the policy introduction in 2008 remain a minor subset of the overall vehicle fleet 

in the country at the outset of the intervention. Furthermore, the new vehicle purchases 

largely remain as internal combustion engine (ICE) vehicles (albeit more efficient ones), 

which still combust fossil fuel and generate emissions.  

Nonetheless, the impact of the policy interventions increases over time as the policy 

continues to influence purchase decisions, and a greater share of lower CO2 emissions-rated 

vehicles (principally diesels) gradually penetrate the market over the subsequent years. NOx 

and PM emissions grow steadily before slowing as the Euro standards converge in later 

years, with NMVOC dropping notably as fewer petrol vehicles are operating within the 

system. 

In the assessments, a value of €30 per tonne has been assigned to CO2 emissions. This value 

would be at the lower bound of international estimates as a shadow price for carbon.23  

Air pollution impacts are heavily influenced by incidence and exposure. As a result, where 

increased emissions occur in highly populated areas (e.g. a major city), the consequent 

change in local concentrations of air pollutants are likely to have a greater impact on human 

                                                      
23 https://www.carbonpricingleadership.org/report-of-the-highlevel-commission-on-carbon-prices/. 

https://www.carbonpricingleadership.org/report-of-the-highlevel-commission-on-carbon-prices/
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health. The MDV methodology provides conservative valuations per tonne of emissions in 

a variety of contexts from large urban areas to less populous rural areas in Ireland. In the 

case of this particular policy intervention, the changes are from a ground-level mobile 

emission source (i.e. private passenger cars), and consequently, the precise location where 

the emissions are generated is unknown, given that users drive their cars in a variety of 

locations and conditions. 

This analysis considers the variation in tonnes of air pollutant emissions between the policy 

interventions scenario and the counterfactual scenario over time and assigns a conservative 

damage valuation to those additional emissions. A range is provided which assumes that 

all emissions occur either in a large urban area, Dublin (upper range), or are distributed 

evenly on a national scale (lower range). As an indicative mid-point assumption, 70% of 

emissions are deemed to occur in Dublin, and 30% are distributed evenly on the national 

scale. The reason for this allocation is that Dublin (and urban areas more generally) has 

traditionally had a far higher share of smaller petrol vehicles and has exhibited the greatest 

change in shares of diesel vehicle purchases.24 As a result, it is likely that a high share of 

these new diesels were operating in Dublin.  

In summary, in the upper and central estimates, the benefits from reduced CO2, NMVOC 

and NH3 emissions in the policy intervention scenario are outweighed by the consequent 

rises in NOX and PM2.5 emissions. Where emissions of air pollutants are evenly distributed 

across the country (in less populous areas; the lower estimate), there is an estimated net 

environmental and human health benefit of approximately €12.5m over the 10-year period 

under the lower estimate. Under the upper-range valuation, where all additional air 

pollution occurs in Dublin, there is a net environmental and human health cost of just under 

€119m over the 10 years. The central estimate indicates net costs of €79.5m for the 10-year 

period.  

                                                      
24 In 2007, over 75% of new vehicles purchased in Dublin were petrol, by 2012 over 70% of new 

vehicles being purchased in Dublin were diesels. As such it would seem that a large share of the new 

vehicles shifting towards diesel were purchased in Dublin – See statistics at https://www.simi.ie/en. 

https://www.simi.ie/en
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Table 11. Impact valuations of emissions changes 

In EUR2015 

 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

Upper limit 

NOx 1  069  800 3  550  900 6  542  000 9  190  800 11  842  600 14  520  900 17  739  500 18  266  100 19  105  200 19  438  700 

SO2 6  400 21  200 35  300 47  800 60  400 73  000 88  300 104  200 124  600 145  100 

NMVOC -157  500 -522  800 -911  200 -1  255  100 -1  598  500 -1  945  200 -2  362  300 -2  730  500 -3  208  800 -3  687  400 

PM2.5 858  600 2  849  800 3  346  100 3  779  700 4  204  900 4  627  800 5  157  800 5  721  300 6  483  700 7  238  000 

NH3 -71  500 -237  200 -306  500 -367  400 -428  400 -489  500 -564  600 -602  100 -654  600 -707  400 

CO2 -202  300 -671  400 -1  196  800 -1  654  600 -2  104  300 -2  550  400 -3  075  900 -3  655  800 -4  344  600 -4  981  000 

Lower limit 

NOx 114  400 379  700 699  600 982  900 1  266  500 1  552  900 1  897  100 1  953  500 2  043  200 2  078  900 

SO2 3  000 9  900 16  500 22  400 28  300 34  200 41  300 48  800 58  400 67  900 

NMVOC -51  500 -171  000 -298  100 -410  600 -523  000 -636  400 -772  900 -893  400 -1  049  900 -1  206  400 

PM2.5 95  200 316  100 371  200 419  200 466  400 513  300 572  100 634  600 719  200 802  800 

NH3 -4  500 -14  900 -19  200 -23  100 -26  900 -30  700 -35  500 -37  800 -41  100 -44  400 

CO2 -202  300 -671  400 -1  196  800 -1  654  600 -2  104  300 -2  550  400 -3  075  900 -3  655  800 -4  344  600 -4  981  000 

Central estimate 

NOx 783  200 2  599  600 4  789  300 6  728  500 8  669  700 10  630  500 12  986  800 13  372  300 13  986  600 14  230  700 

SO2 5  400 17  800 29  700 40  200 50  700 61  400 74  200 87  600 104  800 121  900 

NMVOC -125  700 -417  300 -727  300 -1  001  700 -1  275  900 -1  552  500 -1  885  500 -2  179  400 -2  561  100 -2  943  100 

PM2.5 629  600 2  089  700 2  453  600 2  771  500 3  083  300 3  393  400 3  782  100 4  195  300 4  754  400 5  307  400 

NH3 -51  400 -170  500 -220  300 -264  100 -307  900 -351  900 -405  800 -432  800 -470  500 -508  500 

CO2 -202  300 -671  400 -1  196  800 -1  654  600 -2  104  300 -2  550  400 -3  075  900 -3  655  800 -4  344  600 -4  981  000 
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6 Assessing the impact of the measures on net public revenue 

Changes in taxes and tax provisions typically lead to changes in net public revenue. In the 

case of these Irish vehicle tax reforms, this analysis accounts for a change in revenue from 

vehicle taxes as a result of two effects: (i) the change in consumer preferences due to the 

tax modification; and (ii) the change in calculation basis from engine size to CO2 emissions. 

The interventions were originally designed to be revenue neutral and therefore the second 

effect should not be important, though this analysis investigates it nonetheless.  

In the affluent period before 2008, revenue from passenger car VRT and AMT had steadily 

increased, mainly due to an increase in total vehicle registrations and the higher share of 

larger vehicles (Figure 8). In 2008, the economy crashed and with it vehicle tax receipts – 

in particular vehicle registration taxes – as vehicle sales plummeted (the right axis in Figure 

8). The effect is less dramatic for AMT revenue. The change in AMT structure applied only 

to the new cars joining the fleet and therefore represented a small change to the total AMT 

revenue collected annually on the entire vehicle stock. It is difficult to attribute the changes 

in vehicle tax receipts to the vehicle tax reforms alone due to the dramatic impact of the 

economic recession on vehicle sales over the same period. 

Figure 8. Vehicle registration taxes and registrations for passenger cars 2000-2017 

 

This analysis estimates VRT and AMT based on engine size for the current profile of 

vehicles using annual first registration data broken down into emissions bands and engine 

size. For the VRT analysis, the average open market selling price (OMSP) for registrations 

is grouped into three engine size bands (<1.4L, 1.4-1.9L, and >1.9L), enabling the 

calculation of the VRT based on engine capacity for new registrations from 2008. This can 

then be compared with the tax receipts over the six months in the year of the reform (2008) 

and over the whole period to date. The new tax regime favoured low CO2-emitting vehicles 
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regardless of engine size. This encouraged a shift to diesel passenger cars, which generally 

have larger engine size but lower CO2 emissions and fuel consumption for equivalent 

horsepower. Table 12 shows the estimated VRT revenue based on engine size compared 

with the revenue actually collected under CO2 emissions for the period from Q3 2008 to 

Q2 2018. One can see that if the VRT were estimated using engine size and based on the 

current profile of new registrations, diesel VRT revenue would be nearly doubled and petrol 

receipts would be increased by more than 60% in the period since the shift in 2008. The 

total revenue would have been €5.25 billion higher without the introduction of the policy 

intervention.  

Table 12. Actual and estimated passenger car VRT receipts 

Period VRT (million €) 

  Revenue collected Estimated revenue 

Diesel Q3- Q4 2008 160.64 276.14 

Diesel Q3 2008 - Q2 2018 4533.71 8460.79 

Petrol Q3- Q4 2008 66.09 114.73 

Petrol Q3 2008 - Q2 2018 1107.37 1768.06 

Total revenue gap Q3 2008 – Q2 2018 5248.46 

The same methodology is also used to examine the impact of the tax reform on AMT 

revenue. The AMT is levied on the whole stock but in this case only the marginal effects 

are assessed, namely the impact of the change in tax structure on the newly registered 

passenger cars joining the stock on an annual basis. The effect is cumulative, as the vehicles 

remain in the stock and their owners are liable for the AMT throughout the lifetime of the 

vehicle. One can see in Table 13 that the tax revenue from AMT would have been 

significantly higher based on engine capacity. There are some discrepancies in the 

estimated values and the actual receipts for AMT over the period that are partly due to 

additional charges from more frequent payments or arrears but the trends are similar to the 

VRT analysis. In all cases, the AMT based on engine size (row 4) would have raised more 

revenue than the CO2-based taxes, ranging from €23 to €54 million. In 2016, the 

Comptroller and Auditor General noted that the change in vehicle tax system has led to 

“significantly lower average tax paid in respect of newer private cars taxed on the basis of 

engine emissions, compared to those taxed on the basis of engine size” leading to an 

estimated loss of “around €29 million” annually until 2024 in motor tax receipts (C&AG, 

2016).  

Table 13. Estimated AMT revenues with CO2 and engine cc and compared to actual receipts 

EUR2015 million 

 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

Estimated cc-based AMT revenue 102.27 52.85 60.22 61.68 55.27 57.42 68.15 77.14 97.63 101.36 
Estimated CO2-based AMT revenue 88.46 31.98 30.95 27.1 29.92 34.83 38.94 42.2 50.83 52.35 
Receipts new registrations 79.44 27.15 21.12 20.11 44.24 47.26 37.2 36.2 44.24 47.26 
Difference -22.83 -25.7 -39.1 -41.57 -11.03 -10.16 -30.94 -40.94 -53.39 -54.1 

The assumption in the calculations for Table 12 and Table 13 is that the profile of passenger 

car model registrations has not changed with the change in tax structure. This assumption 

is not likely to hold and it can be expected that without the change in vehicle tax structure, 
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the fleet profile would have been different. Therefore the VRT and AMT revenues are now 

estimated for the counterfactual fleet scenario estimated in Section 4 for three categories of 

engine size >1.4L, 1.4-2.0L and >2.0 L in the years 2008-2017 and presented in Figure 9. 

Aside from 2008, when the year was split between engine and CO2-based taxes, in all other 

years both AMT and VRT would have been higher in the counterfactual scenario. In 

particular, one can see that the VRT revenue would have been significantly higher under 

the old system. Summed up over 2009-2017, there is a revenue loss for AMT and VRT of 

€2 billion compared with the counterfactual scenario. This is likely to be a better estimate 

than the AMT and VRT results calculated with the assumption of an unchanging vehicle 

profile above. 

Figure 9. Comparison of estimated counterfactual and actual AMT and VRT receipts 

 
 

Fuel excise duty receipts from private cars have not dropped since the tax reform, ranging 

between €1.6-1.8 billion since 2008. Fuel excise duty rates have historically been lower by 

11-15% for diesel fuel compared with petrol fuel, cf. Table 14. Fuel excise duty rates were 

increased for both fuels in 2012 and the recovery of the economy since 2014 has led to 

revenue from fuel excise and VAT holding steady over the 10-year period.  
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Table 14. Fuel excise duty and VAT rates and receipts 

2008-2017, constant 2015 money value 

  2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

Petrol rate (€/L) 0.71 0.74 0.80 0.86 0.90 0.88 0.86 0.83 0.83 0.85 

Diesel rate (€/L) 0.57 0.62 0.69 0.74 0.78 0.76 0.74 0.70 0.71 0.72 

Petrol receipts (million €) 1 241 1 203 1 198 1 208 1 181 1 102 1 031 917 812 731 

Diesel receipts (million €) 332 387 481 590 694 744 804 817 878 919 

Source: EPSSU, SEAI.  

The revenue from excise duty and value added tax (VAT) for the counterfactual scenario 

without the policy interventions is estimated from the fleet modelling output for the petrol 

and diesel vehicle stock and mileage by engine size; this is multiplied the actual fuel 

consumption by engine size each year and the excise duty and VAT rates. That revenue 

was then compared with estimated excise duty receipts from the policy scenario and the 

results are presented in Table 15.25 

Table 15. Difference between estimated policy measure and counterfactual excise duty 

receipts 

2008-2017, constant 2015 money value. 

  2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2009-2017 

Petrol -261.2 -303 -307.6 -306.1 -306.7 -275.2 -262.1 -238.9 -229.1 -225.1 -2453.78 

Diesel 101.1 121.95 155.8 187.6 223.6 243.8 263.9 274.8 316.7 380.9 2169 

Net change -160.1 -181.1 -151.7 -118.5 -83.1 -31.4 1.8 35.9 87.6 155.9 -284.8 

Note: negative values imply excise duty and VAT receipts are lower with the policy measure than might have 

been expected in the counterfactual scenario without the policy changes. 

It is clear that the shift to diesel vehicles since the tax reform is estimated to have resulted 

in increased diesel fuel receipts and a reduction in receipts from petrol sales. The estimated 

net impact was initially negative, but diesel fuel sales have proportionately increased since 

2015, leading to a net increase in fuel excise duty and VAT revenue. For the period 2009-

2017, there is a total net revenue loss of approximately €280 million. 

There has been no increase or change in administration or compliance costs recorded with 

the change in the vehicle tax basis (Comptroller and Auditor General, 2016). The 

administration system remains unchanged and, if anything, costs have reduced over time, 

as more customers choose to pay their vehicle taxes online.  

7 Assessing the marginal cost of public funds 

The application of a tax provision that reduces net public revenues causes a social cost per 

unit of revenue foregone equal to the marginal cost of public funds of the instrument 

actually used to raise the necessary additional revenue in the country concerned. As a rough 

estimate, it has been assumed that the marginal cost of funds in general is in the order of 

1.3, in accordance with the Irish Public Expenditure code, Barrios et al. (2013), and Dahlby 

                                                      
25 The estimated policy scenario receipts are used for comparison rather than the actual receipts, as 

there are other factors driving real-world fuel sales, primary of these is the exchange rate between 

the UK sterling and the Euro. A significant amount of fuel tourism occurs between Northern and the 

Republic of Ireland, which distorts the fuel receipts 
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and Ferede (2011). Based on the estimated loss of revenue from AMT and VRT of €2 

billion and a loss of €284 million in fuel excise duty over 2009-2017, this would give a true 

social marginal cost of public funds of approximately €3 billion, mainly due to the 

estimated loss of VRT revenue over the period. 

8 Assessing distributive impacts 

It is important to understand the distribution of costs and benefits of tax reforms. Before 

considering the potential social costs of the fiscal transfer needed to fund the deficit created 

by the tax reform, it is useful to consider who, if anyone, benefitted from the vehicle tax 

reform in Ireland. It has not been possible to estimate the distributive effects of the vehicle 

tax reform in Ireland, therefore this discussion is mainly qualitative.  

Comparing the average VRT paid per vehicle under the CO2 vehicle tax shift in 2009, 

€3513, with the average engine size VRT paid, €5793 in 2007, it is clear that the average 

VRT paid per new registration has decreased significantly.26 There has been less difference 

in average AMT paid between the periods before and after the tax change. Values ranged 

from €179 to €207 in 2006/2007 versus €174 to €261 in 2009/2010 per new registration. 

However, these values are extremely variable year-on-year.27 This suggests that car owners 

overall have benefited from the reform by paying less vehicle taxes. The welfare of non-

car owners on the other hand has reduced, as there has been less revenue collected and 

therefore less public funds available for services provided by government, such as 

education and health. The distributional implications can change depending on how the 

fiscal deficit is funded in practice.28 

It is also interesting to understand which car owners have benefitted most. The tax shift 

benefitted those buying new cars and importing used cars first registered after July 2008. 

Since lower-income households are less likely to buy new cars in the first place, it can be 

assumed that middle- and higher-income households were the greater beneficiaries of the 

tax reform in the initial years. Over the years, as these cars have trickled into the second-

hand market, lower-income groups have also benefited from the lower AMT associated 

with these cars. 

High-income earners are more likely to purchase high-value cars with higher CO2 

emissions that benefitted least from the tax shift (Kurz and Li, 2015). The highest tax rate 

on the new CO2 emissions AMT scale in 2008 (€2,000) was designed to penalise high-

emitting vehicles, in many cases SUVs. The new tax rate was higher than the top rate under 

the previous engine size AMT regime (€899-1499). However, fewer cars were affected –

in 2009, only 1% of new registrations fell into this category, as compared with 6% in the 

top AMT rate under the engine size-based tax. Similarly, while the VRT rates were 

increased at the top end of the scale under CO2 taxes, fewer vehicles were liable in this 

                                                      
26 All monetary values adjusted to 2015 money. 

27 This result merits further investigation as it indicates that there is an average AMT amount that 

people are used to paying and perhaps their car purchasing decisions converge around this amount. 

28 Durrmeyer analyses two concrete scenarios that seek to shed some light on how net consumer 

surplus (after a tax to fund the revenue gap is levied on consumers) is affected by the feebate in 

France. In the first scenario the direct fiscal cost of the feebate is funded by a lump sum tax on 

consumers. The other scenario considers a proportional income tax. 
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category. Therefore, it is ambiguous whether car owners with high emissions paid more or 

less under the new tax regime.  

However, VRT was reduced from 22.5% to 14% at the lower end of the scale, meaning that 

smaller, low-emitting vehicles paid significantly less than under the engine size based VRT. 

However, the diesel effect created some ambiguity. As discussed in Section 3, the tax shift 

encouraged people to move to larger sized diesel vehicles with lower CO2 emissions ratings 

inter alia.29 Therefore, people who previously would have purchased cars with relatively 

small engines, moved to larger diesel engines and therefore increased their utility through 

better comfort and lower costs.30 Nonetheless, in general, small car purchasers benefitted 

under the CO2 taxes more than larger car purchasers. 

In fact, on average, the greatest reduction in AMT paid has taken place for vehicles with 

engine sizes in the range of 1.6-2L. This is due to the shift to diesel vehicles, often with a 

larger engine size 1.9L but with relatively lower CO2 emissions. The econometric analysis 

in Section 3 shows that the tax regime change in 2008 led to an increase in diesel share of 

18% in the first year. Even owners of vehicles with the smallest engine sizes will have 

reduced their taxes, as the lowest point on the CO2-based VRT and motor tax scales are 

lower than the previous engine size tax rates.  

9 Consumer surplus 

Under the tax reform, car purchasers have paid lower taxes than they would have paid had 

the old system remained in place. While there is a social cost associated with this loss of 

revenue, there is also a private benefit to the reform. Consumers now pay lower taxes of 

approximately €2.3 billion, which can be assumed to be a consumer surplus. 

There are possibly other effects that impact on the consumer surplus that are difficult to 

quantify. On the negative, the new policy potentially distorts consumer choices as the new 

tax schedule could induce consumers to purchase vehicles that they would normally not 

favour. In addition, consumers could be affected by supplier price changes, as car suppliers 

adjust their price offering to match the tax reform. On the positive, there is some evidence 

to show that consumers may undervalue future fuel costs (Teusch and Braathen, 2018). 

Empirical analysis on US data suggests that consumers may in fact only value 

approximately 75% of the (discounted) cost of gasoline when they buy vehicles (Allcott 

and Wozny, 2014). This tax reform could have incentivised consumers to buy vehicles that 

are in their long-term private interest. These effects have not been estimated numerically 

and are therefore not included in the cost benefit analysis. 

10 Producer surplus 

Ireland has no indigenous car manufacturing industry and therefore is relatively open 

competition between brands on the market. No brand has a market share greater than 11%. 

                                                      
29 There is not a direct correlation between CO2 emissions and engine sizes due to the fact that diesel  

engines are likely to be larger with lower CO2 emissions compared with their equivalent powered 

petrol car. 

30 Although diesel vehicles are on average more expensive, people also imported used diesel vehicles 

from the UK where the favourable exchange rate and used market led to significant reductions in 

prices compared to Irish new car prices. 
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The analysis therefore assumes that there is perfect competition and that producer surplus 

is not affected by the tax reform.   

11 Full cost-benefit analysis 

The estimated costs and benefits of the tax reform are presented in Table 16. The ex-post 

impacts of the tax reform due to the change in vehicle tax revenue and the economic value 

of emissions are estimated over the period 2009-2017. The loss of VRT revenue outweighs 

all other impacts at €1.8 billion, however most of this is a transfer to those consumers who 

now benefit from lower vehicle taxes. The value of reduced CO2 emissions is 

approximately €24m over the period, with a further benefit of just under €18m for NMVOC 

and minor NH3 reductions in the period. However, these are offset by the external costs 

associated with increased NOx, PM2.5 and minor SO2 emissions of nearly €120 million in 

that same period.31 This delivers a net cost related to air pollutant changes of approximately 

€76m. The net value of the social costs and benefits of the tax reform is therefore estimated 

at -€762 million over the period 2009-2017.

                                                      
31 All air pollution costs are taken from the central estimate detailed in Table 11. 



42  ENV/WKP(2019)12 
 

  

Unclassified 

 

Table 16. Estimated value of economic impacts of vehicle tax reform 

2009-2017, constant 2015 money value in millions. 
 

2009 2010 2011 2012 2013 2014 2015 2016 2017 Total 

Revenue 

AMT -9 -22 -28 0 1 -17 -26 -33 -33 -166 

VRT -110 -166 -182 -156 -159 -199 -223 -326 -315 -1,837 

Fuel excise duty and VAT -181 -152 -118 -83 -31 2 36 88 156 -285 

Public funds -€2,970 

Consumer surplus €2,290 

Emissions                     

NOx -2.6  -4.8  -6.7  -8.7  -10.6  -13.0  -13.4  -14.0  -14.2  -85.4  

SO2 -0.0  -0.0  -0.0  -0.1  -0.1  -0.1  -0.1  -0.1  -0.1  -0.6  

NMVOC 0.4  0.7  1.0  1.3  1.6  1.9  2.2  2.6  2.9  14.1  

PM2.5 -2.1  -2.5  -2.8  -3.1  -3.4  -3.8  -4.2  -4.8  -5.3  -31.2  

NH3 0.2  0.2  0.3  0.3  0.4  0.4  0.4  0.5  0.5  3.1  

CO2 0.7  1.2  1.7  2.1  2.6  3.1  3.7  4.3  5.0  24.4  

Total net impact -€762 

Notes: negative values represent costs and positive values are benefits 
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12 Conclusions 

The Irish vehicle tax reform was successful in encouraging consumers to switch to lower-

emitting cars from a CO2 emissions perspective. The average national CO2 emissions rating 

dropped from 152gCO2/km in 2009 to 112gCO2/km in 2017 for new passenger cars. This 

study uses a difference-in-differences econometric model to establish in more detail the 

causality of the drop in emission ratings. The analysis finds that the vehicle tax reform 

caused a drop of approximately 10gCO2 /km in its first year, with further decreases caused 

by subsequent policy changes in later years. This reduction in emissions was primarily 

caused by a shift to diesel vehicles. Further modelling with a fleet model generated 

counterfactual and policy scenarios to estimate the impact on other emissions and the 

related health implications. The fleet simulation was also used to calculate the tax revenue 

change due to the tax reform and finds a significant exchequer loss over the last ten years, 

amounting to over €2.3 billion; VRT has been more significantly impacted than AMT. The 

drop would have been less large if diesel fuel had been taxed at a higher rate. However, 

this loss in revenue equates to a transfer to consumers via lower vehicle taxes for the 

majority of new car owners.   

Summing the overall costs and benefits gives a net cumulative social cost of the policy of 

approximately €762 million over the period 2009-2017. The findings of a modest reduction 

of CO2 emissions but interim increases in NOX and PM are consistent with earlier related 

modelling work (Fu and Kelly, 2012; Hennessy and Tol, 2011).  This longer ex post 

analysis highlights the importance of broader ex ante assessments (e.g. considering air and 

health impacts) and simultaneously the dangers of focusing on a narrow issue (e.g. CO2 

emissions) in the policy instrument design.  

The real-world variation in air pollutant emission factors for petrol and diesel vehicles 

remained pronounced in the early parts of these policy interventions. However, the impact 

of Dieselgate in 2015, and subsequent actions to regulate the euro 6 standard, partly on the 

basis of real driving emissions (RDE) as part of euro 6 temp, should mean that from 2016 

the gap between new diesel and new petrol vehicles in terms of air pollutant emissions will 

be small.  As such, future policy interventions should arguably focus on the greater gains 

that can be achieved by fleet growth reduction, trip reduction and shifts from internal 

combustion engine vehicles of all kinds to electrified alternatives. 
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Annex I Additional explanation of policy measures in Section 2 

Table A1. Interim policy adjustments 

Emissions rating bands with Annual Motor Tax (AMT) and % change, effective 1 January 2009 and 1 

January 2012 

Rating 

CO2 g/km 2009 2012 

Lower Limit 
(>) 

Upper Limit 
(<=) 

Annual Motor Tax 
(AMT) 

% Change from 
2008 

Annual Motor Tax 
(AMT) 

% Change from 
2009 

A 0 120 €104  4% €160  54% 

B 120 140 €156  4% €225  44% 

C 140 155 €290  4% €330  9% 

D 155 170 €430  4% €481  8% 

E 170 190 €600  5% €677  7% 

F 190 225 €1 000  5% €1 129  8% 

G 225 225+ €2 000  5% €2 258  8% 

Source: DTTAS and Department of Finance (2012).  

 

Table A2. Final policy change (Current policy) 

Updated emissions bands with Annual Motor Tax (AMT), Vehicle Registration Tax (VRT) rate, and % 

change from 2008, effective 1 January 2013 

Rating 

CO2 g/km Annual Motor 
Tax (AMT) 

AMT % Change 
from 2008 

VRT as % of 
selling price 

VRT % Change 
from 2008 Lower Limit (>) Upper Limit (<=) 

A0 0 0 €120 20% 14%* 0% 

A1 1 80 €170 70% 14% 0% 

A2 80 100 €180 80% 15% 7% 

A3 100 110 €190 90% 16% 14% 

A4 110 120 €200 100% 17% 21% 

B1 120 130 €270 80% 18% 13% 

B2 130 140 €280 87% 19% 19% 

C 140 155 €390 34% 23% 15% 

D 155 170 €570 33% 27% 14% 

E 170 190 €750 25% 30% 7% 

F 190 225 € 1200 20% 34% 6% 

G 225 225+ €2 350 18% 36% 0% 

Note: *14% is the nominal rate of VRT for cars with emissions of 0-80 CO2 g/km, however, with tax relief up 

to €5 000, the effective VRT rate for most zero-emission vehicles (i.e. electric cars) is 0%.  

Source: Department of Finance (2013).  
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Annex II Marginal Damage Valuation Methodology 

As a part of prior work supported by the Irish Environmental Protection Agency, the 

EnvEcon team developed a marginal damage valuation (MDV) methodology (EnvEcon, 

2015 and 2016) to afford analysts the capacity to apply a monetised weighting to air 

pollution emission changes in Ireland with relative ease.32 The EnvEcon team developed 

the guidebook as many policy intervention or investment appraisals opted to exclude any 

weighting for air pollution impacts on the grounds that the technical requirements and costs 

for such detailed case specific studies (e.g. spatial emission estimation, dispersion 

modelling, concentration modelling, exposure and human health impact assessments) were 

a substantial barrier to non-specialist analysts within the various line ministries of 

Government. The MDV methodology and guidebook allow the generation of a 

conservative estimate of the marginal damage in terms of health and environmental impacts 

that would be associated with a tonne change in the emissions of a given pollutant in a 

given type of area (e.g. major city or rural) in Ireland. Broadly, it is estimated that more 

than 90% of the impact valuation is related to human health impacts. Box 1 outlines the 

approaches taken in the guidebook. 

 

Box 1. Summary methods associated with the MDV guidebook development 

Excerpt from EnvEcon 2015. 

Method: Spatial Distribution of Emissions 

Pollution sources were initially divided into either point sources (e.g. power stations) or 

area sources (e.g. residential). Emissions from the point sources were spatially allocated 

using an improved inverse distance model that considered Irish meteorological data and 

other parameters. Emissions from the area sources were allocated evenly along the relevant 

areas for that source, such as along a road network line. Prior work by the EPA regarding 

spatial distribution of air pollutant emissions was also considered. Residential sector 

emissions were allocated utilising census data and other work. These area and point sources 

of pollution were then summed to generate an aggregate spatially allocated level of 

emissions. This work utilised and is consistent with the 2014 version of the 2010 EPA 

emission inventory. 

Method: From Emissions to Concentrations 

To move from spatially allocated levels of emissions to concentrations of pollution, 

EnvEcon conducted extensive ‘spatial’ regression work to reconcile refined estimates of 

nationally distributed emissions with empirical estimates of pollutant concentrations from 

                                                      
32 Similar to the environmental appraisal and evaluation guidance offered in the United Kingdom’s 

‘Green Book’ that can be accessed here: https://www.gov.uk/government/publications/the-green-

book-appraisal-and-evaluation-in-central-governent. 

https://www.gov.uk/government/publications/the-green-book-appraisal-and-evaluation-in-central-governent
https://www.gov.uk/government/publications/the-green-book-appraisal-and-evaluation-in-central-governent
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the national air quality monitoring network. This approach takes estimates of where 

pollution is occurring, and then marries this with observed data which implicitly captures 

key factors such as weather patterns, dispersion, background concentrations and natural 

sources. The relationships estimated for the spatial emissions and the monitored readings 

over time were then used to estimate concentrations in areas where comparable monitoring 

stations are not available. This empirical approach is believed to offer a robust and novel 

method to estimate concentrations, but is constrained by the quantity and quality of 

monitoring. 

Method: Receptors and Relevant Parameters 

There are two principal categories of receptors utilised in this work. These are people, for 

estimating human health impacts, and natural areas for ecosystem and environmental 

impacts. The population distribution used is drawn from the 2011 Census records. These 

data are paired with average income estimations derived from analysis of the Pobal HP 

Deprivation Index (www.pobal.ie). Mortality, Morbidity and hospital expenditure data are 

sourced from the Central Statistics Office (CSO), various national health statistics and 

reports, and the mortality indicator database of the World Health Organisation (WHO). 

Spatial land cover data, including arable lands (crops), pastures, natural areas (e.g. 

coniferous forests, deciduous forests, mixed forests, natural grasslands, and peat bogs) are 

derived from the URBIS database at University College Dublin (UCD). These data have 

also been supplemented or checked against records from other sources (e.g. Department of 

Agriculture, Forestry and the Marine). Market resource prices were used to support damage 

valuation estimation. 

Method: Estimating Health and Environmental Impacts 

For direct health damage caused by primary PM2.5, ozone and NOX, the methods and 

parameters draw upon the Institute of Occupational Medicine model of life-tables adjusted 

by EnvEcon with Irish parameters and Irish input. Further information for the theoretical 

base and relevant parameters have been drawn from the major WHO EU work in 2013 and 

Holland (2014). The research has also considered the latest methods and tools for assessing 

health risks of air pollution and estimating Values of Statistical Life (VSL) (WHO EU, 

2014). As for health damage caused by the precursors of secondary particulate matter, NOx, 

NH3, SO2 and VOC, a primary “PM-equivalent” exchange rate and corresponding 

approaches from Amann and Wagner (2014) are used. The environmental damage from 

these air pollutants were derived from the international literature and some of the major 

EU research project outputs in this area such as “Assessment of Biodiversity Losses” 

(NEEDS, 2006) 
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Annex III Description of control variables used in the analysis in Section 3 

Consumer Price Index (CPI) 

All of the control variables used in the analysis have been adjusted using CPI data to control 

for inflation. The monthly CPI data was obtained from Eurostat and covers all goods, with 

the base year set as 2015. 

Figure 10. Monthly CPI 

All items, base year = 2015. 

 
Source: Eurostat Harmonised Consumer Price Index (HCIP) – All Goods.  

Figure 10 shows that prices in Ireland grew at a much quicker pace between 1999 and 2008 

when compared to the United Kingdom. After 2008, prices in Ireland appear to have fallen 

by about 5%, while in the United Kingdom during the same time-period prices were rising. 

All nominal control variables used with the above CPI data were therefore adjusted, in 

order to capture inflation differentials between the two countries. 
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Fuel prices 

Petrol and diesel monthly pump prices including tax were obtained from the European 

Commission’s Weekly Oil Bulletin,33 which from 2005 onwards has data on the fuel prices 

of all European member states in Euro. 

Figure 11. Unadjusted fuel prices in Ireland and the United Kingdom 

Euro per 1000 litres 

 
Source: European Commission’s Weekly Oil Bulletin.  

 

In Figure 11 it is clear that in euro terms, fuel prices in the United Kingdom were higher 

than in Ireland for much of the period under study. Fuel prices in the two countries converge 

significantly however in the wake of the 2008 economic recession, which sees both diesel 

and petrol prices tumble in both jurisdictions. From 2008 onwards fuel prices in both 

countries appear to follow a much more similar path.  

It is also interesting to note that in the United Kingdom, diesel prices are consistently higher 

than petrol prices for the entire period of study while in Ireland the opposite is true. 

Although these differences in fuel prices within each country are small, they may have had 

                                                      
33 Source: https://ec.europa.eu/energy/en/data-analysis/weekly-oil-bulletin. 

https://ec.europa.eu/energy/en/data-analysis/weekly-oil-bulletin
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an influence in purchasing decisions, both due to realised and perceived cost savings 

associated with vehicle fuel use. 

Arriving at the numbers presented in Figure 11 presented a number of challenges. Firstly, 

the fuel price data (for both countries) was not presented in the same currency, and hence 

needed to be converted into a single currency (Euro). From January 2005 onwards, all the 

fuel price data is in Euro, and there is therefore no need to make any adjustments. From 

January 2002 to December 2004, however, the UK fuel price data is in GBP. These values 

have been converted to Euro using the monthly (average) GBP to Euro exchange rate 

(obtained from Eurostat).34 The exchange rate for the period (Euro to GBP) is presented in 

Figure 12.  

Figure 12. Exchange rate Euro to GBP 

Monthly average 

 

Prior to January 2002, the Euro currency had not yet been adopted by any countries in the 

EU.  When the Euro was introduced, an irrevocable exchange rate was set by the ECB 

which fixed the participating countries’ exchange rates to the Euro based on a single value. 

In the Irish case, this value was 0.787564 Irish Punts per Euro, which is the value used to 

convert all Irish fuel price data to Euro prior to January 2002. 

The Euro currency, however, was never adopted in the United Kingdom, and hence there 

is not an exchange rate for GBP to Euro prior to 2002. All UK fuel price data prior to 2002 

is converted therefore first to Irish Punts (using historical exchange rates obtained from the 

Central Bank of Ireland), and then converted from Irish punts to Euro using the irrevocable 

                                                      
34 Source: http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=ert_bil_eur_m&lang=en 

http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=ert_bil_eur_m&lang=en
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exchange rate (in the same manner as Irish fuel prices). The monthly (average) exchange 

rate between Irish Punts and Pound Sterling (between 1994 and 2001) is presented in 

Figure 13. 

Figure 13. Historical exchange rate Irish Punt to Pound Sterling 

Monthly average 

 

Figure 13 shows that the Pound Sterling strengthened relatively to the Irish punt in the 

period from 1996 to 2000, which explains some of the difference in nominal fuel prices 

observed in Figure 11. Converting the UK fuel price data to Irish punts, however, captures 

any exchange rate dynamics between the two countries prior to the introduction of the Euro 

in Ireland in 2002.35  

Finally, the nominal fuel prices in Figure 11 were adjusted with the CPI in Figure 10 to 

account for inflation. Real fuel prices (in 2015 euro) are presented in Figure 14. These are 

the fuel prices control variables in Section 3 in the main body of the report. 

                                                      
35 These nominal price values were cross-checked with the conversion factors provided from the 

European Commission (EC) Weekly Oil Bulletin Conversion factors from 2002-2005. 
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Figure 14. Adjusted fuel prices in Ireland and the United Kingdom 

Base year = 2015 

 

When the nominal fuel prices are adjusted using the CPI in Figure 14, there is an even 

bigger spread in fuel prices prior to 2008 between Ireland and the United Kingdom. This is 

attributable to the fact that prices grew much quicker prior to 2005 in Ireland, meaning that 

the nominal rates are adjusted by a relatively smaller factor than those in the United 

Kingdom. 

Household consumption per capita 

Quarterly household consumption per capita figures are used as a proxy for income to 

capture household purchasing power differentials between Ireland and the United 

Kingdom. This series (obtained from Eurostat) is presented in Figure 15. 

As these are quarterly data, in order to obtain monthly estimates, each quarterly point is 

divided by 3, and it is assumed that consumption is constant for each month within the 

quarter household.36 Finally, as with fuel prices, nominal prices are adjusted using the CPI 

in Figure 10. The adjusted estimates are presented in Figure 15. 

                                                      
36 This gives the stepped appearance of Figure 15. 
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Figure 15. Adjusted quarterly household consumption per capita 

Ireland and the United Kingdom 

 
Source: Eurostat 


