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A B S T R A C T   

We examine how a European carbon price will affect citizens by studying its incidence on households in 23 
countries of the EU. At the national level, the distributional impact before revenue recycling is mainly neutral, 
sometimes progressive. At an aggregate EU level, however, the impact is regressive because some low-income 
countries would be strongly affected by the carbon price. While national redistribution can yield a progressive 
EU incidence, we show that European-wide redistribution is more effective for the most affected households. We 
offer two indicators to offset regressive distributional effects of EU climate policy, such as the recently proposed 
Green Deal. The first renders the tax burden proportional; the second focuses on compensating the households 
most severely affected. Including both indicators in European redistribution makes for a better representation of 
the initial burden of carbon pricing and could increase public acceptability.   

1. Introduction 

The European Union (EU) has major climate-policy ambitions, and 
the European Commission’s (EC) Green Deal proposal extends these 
ambitions further, trying to manifest the EU as a global leader in climate- 
change mitigation (EC, 2019). The central components of the deal would 
increase the EU’s midterm reduction target from 40% to at least 55% by 
2030, aiming at EU-wide climate neutrality by 2050. The measures 
proposed by the EC could impose significant mitigation costs on Euro
pean households. Yet, little is known about how these costs will be 
distributed across countries and income groups. Our analysis provides 
new estimates of the incidence of a European carbon price and its 
distributional outcomes, both at the national and the European level. It 
further indicates how tax revenues can be used to alleviate the adverse 

distributional effects on selected households. 
Carbon pricing, valid across all member states, is central to EU 

climate policy. This instrument enjoys widespread support from 
academia (see e.g. Fullerton et al., 2010; Tirole, 2012; Golosov et al., 
2014; Nordhaus, 2015; Hassler et al., 2018) as well as from international 
institutions (e.g. IMF, 2019) and has recently been shown to generate 
large efficiency gains for the EU (Parry, 2020).1 Under the Green Deal, 
the European Emissions Trading Scheme (EU ETS), the EU’s central 
carbon pricing instrument, will be strengthened and its sectoral 
coverage possibly extended (EC, 2019). Europe has long imposed rela
tively high taxes on fossil fuels for road transport (Sterner, 2007), and an 
increasing number of EU countries are introducing more general carbon 
taxes (Government of the Netherlands, 2019 & Federal Government of 
Germany, 2019). The Commission also proposes border carbon 
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adjustments so that prices of imports reflect their carbon content (EC, 
2019). 

The combination of a stricter EU ETS with carbon taxes for non-ETS 
sectors and border tax adjustments brings us closer to a situation where 
all goods and services are taxed and full carbon accounting increases in 
relevance. We adopt this approach here and assume full taxation of 
direct emissions and those embedded in consumption also when the 
products are produced elsewhere. Such comprehensive carbon pricing 
might need to be combined with measures that help citizens cope with 
the transition to a low-carbon economy. One of the advantages of carbon 
pricing is that the revenue raised in taxes can be recycled to reduce the 
impact for households or industries. Such recycling has already been a 
central tool within the EU-ETS (Dorsch et al., 2019). In the context of the 
Green Deal, the Just Transition Mechanism, with the Just Transition 
Fund of 17.5 billion EUR as its central component, will provide addi
tional funds for the regions and sectors most seriously affected by more 
ambitious climate policy (EC, 2021a). In this paper, we discuss the role 
of the burden of carbon pricing on consumers, i.e. how much a con
sumer’s expenditure increases due to price increases from the tax. Our 
central scenario assumes no behavioral adjustments of the economy and 
is relevant for political decision making when households evaluate a 
policy based on the status quo of consumption patterns. The burden on 
consumers is an important indicator for policy as it represents the direct 
and visible impact of the tax, and shows how revenue could be recycled 
to offset adverse effects from increased prices. 

This seems particularly important, as carbon pricing has been subject 
to public and political opposition in the past (see e.g. Andersen and 
Ekins, 2009; Carattini et al., 2018). One important example of public 
opposition is the yellow-vest movement in France that has had severe 
impacts on French climate policy. According to a survey by Douenne and 
Fabre (2020), French people expressed that while they support efforts to 
limit climate change, they are opposed to increased taxes on transport 
fuels. Possible reasons are the expected distributional concerns (e.g. 
severe effect for the middle class and rural households), the lack of 
affordable green options and possible inefficacy of the policy. The 
yellow-vest protests highlight the importance of looking more closely at 
the social and economic factors underlying political acceptability and its 
relation to fairness, both actual and perceived (see Carattini et al., 
2018). It also highlights the importance of a salient revenue recycling 
scheme that can increase trust in the government (Klenert et al., 2018; 
Maestre-Andrés et al., 2019) and thereby increasing the support for 
environmental policies (Criqui et al., 2019). In addition, communicating 
the environmental and distributional effects of the policy could increase 
public knowledge about the policy and also raise the level of support 
(Douenne and Fabre, 2020). 

We quantify the initial effects of carbon pricing on households with a 
microsimulation based on a multi-regional input-output (MRIO) 
approach (see, e.g., Dorband et al., 2019; Vogt-Schilb et al., 2019). We 
use data from the Global Trade Analysis Project (GTAP) database 
(Aguiar et al., 2016), GTAP 9, transformed into an MRIO to calculate the 
indirect industrial and direct emissions associated with household con
sumption. Household expenditure patterns are provided by the EURO
STAT Household Budget Survey (HBS) for 23 EU countries, which are 
mapped to the GTAP sectors and serve to derive carbon intensities. 
Assuming an exogenous carbon price increase of 25 EUR/tCO2, which 
corresponds to a price increase from 2010 to almost current levels, we 
calculate the additional tax burden per household. Finally, households 
are aggregated to expenditure deciles either at a national or at a Euro
pean level.2 Beyond these national and European distributions, we 
analyze the distributional impact for some special groups that might lack 
mitigation options. To analyze this concern, we disentangle the drivers 
of the carbon-tax burden on households in terms of economic sectors and 

the rural/urban divide. In addition, we identify households with a 
particularly high burden from the tax. Based on our findings, we propose 
different redistribution schemes that offset adverse distributional effects 
on European households. 

We confirm our central results in a scenario where consumers react 
to the price increases based on elasticities estimated in previous litera
ture. In addition, we relax our main assumptions in a set of alternative 
scenarios that include carbon pricing for domestic emissions only (no 
border carbon adjustment), EU-ETS policy only (no border carbon 
adjustment and no sectoral expansion), and evaluating the burden based 
on current income. All scenarios indicate that the carbon tax is regres
sive at the level of the whole EU. At the national level, however, a 
comprehensive carbon price on all goods (even imported) would have a 
mostly neutral or even progressive impact. The drivers of the regressive 
pattern at the EU scale are high average carbon tax burdens in some low- 
income countries (located mainly in Eastern Europe). It turns out that 
the monetary transfers needed to offset the regressive pattern are rela
tively small (less than 7% of total revenues). We show that national and 
European equal per capita redistribution can turn the EU incidence 
progressive, with European equal per capita redistribution being more 
effective for the most affected households. 

The aim of our study is thus to understand the incidence of 
comprehensive carbon pricing on European households and to discuss 
how this understanding can improve policy design. The paper proceeds 
as follows. In Section 2, we relate our study to previous literature. 
Section 3 explains the methodology and the data used to derive carbon- 
tax incidence. Section 4 presents our results: we look at European and 
national carbon tax incidences (4.1), redistribution schemes (4.2), and 
consumers with a high tax burden (4.3). A technical discussion of our 
modeling assumptions and sensitivity analyses can be found in Section 
5. Section 6 concludes. 

2. Literature 

Our analysis builds on previous studies of the carbon tax incidence 
that evaluate the effects of this policy in single countries. A large part of 
this literature models demand-side effects only, using microsimulation 
and assuming either no change in demand (Metcalf, 1999; West and 
Williams, 2004; Renner, 2018; Dorband et al., 2019) or including 
demand-side responses (Burtraw et al., 2009; Datta, 2010; Douenne, 
2020), which are the approaches taken in the present analysis. Within 
this literature, we extend studies that analyze single EU-member coun
tries (Labandeira and Labeaga, 1999; Callan et al., 2009; Feng et al., 
2010; Farrell, 2017; Berry, 2019) or a number of selected European 
countries (Symons et al., 2002). While most of the EU-based estimates 
focus on specific countries in Northern, Western and Southern Europe 
like Ireland, Sweden, France and Spain, we provide estimates of the 
carbon tax incidence for 23 of the 27 EU member countries. This in
cludes countries like Poland, Romania, Greece and Bulgaria where evi
dence so far is sparse. Finding that the incidence is mostly neutral to 
progressive on a national level is thus of direct relevance to policy 
makers that wish to address distributional consequences of stronger 
carbon taxation within the Green Deal in their country. In addition, all 
incidences reported in our study are comparable across countries 
because they are consistently built from the same model. 

Most importantly, we extend the previous literature by estimating 
the carbon tax incidence based on European expenditure deciles, and 
thus go beyond studies that focus on national distributions. One 
exception is Sager (2019a), who performs an analysis of the European 
carbon-tax incidence and finds it to be regressive. The study confirms 
our finding that the regressive effect at the EU level is not due to national 
regressivity but to inter-country differences. While Sager’s study con
structs average household characteristics on the percentile level of the 
income distribution, our study uses micro-level household budget sur
veys of nearly all EU countries, and thereby estimates the impact of a 
carbon tax on individual household data. We thus provide new evidence 

2 We construct the expenditure deciles based on a Purchasing Power Parity 
(PPP) and the modified OECD adult equivalent scale. 
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on international equity when pricing carbon in Europe. In addition, our 
modeling approach allows us to study horizontal equity, and we identify 
especially affected households among the European distribution, which 
is a highly policy relevant measure of inequality (see e.g. Douenne and 
Fabre, 2020). Beyond the equal-per-capita redistribution that Sager 
(2019a) analyzes as well, we introduce two new indicators for European 
redistribution that alleviate inequality concerns: targeted transfers that 
render the incidence neutral on a European level and the number of 
especially affected households in each European country. 

Apart from taxation that directly targets carbon dioxide emissions, 
which we analyze below, many studies focus on proxies like fuel taxa
tion or other sectoral climate policy in multiple European countries. 
Some studies again estimate national distributions. Sterner (2012a) 
compares the impact of fuel taxation across different European coun
tries, finding that fuel taxation mostly tends to be neutral. Flues and 
Thomas (2015) estimate the impact of different energy taxes in Euro
pean countries. Ekins et al. (2011) show the distributional consequences 
of sectoral expansion of the European Emissions Trading Scheme in the 
context of an environmental tax reform, and evaluate the distributional 
effects across European income quintiles and within European countries. 
Kosonen (2013) finds a regressive effect of a 10% price increase in 
electricity and gas prices across EU income deciles. Our study adds to 
these previous estimates by showing the effect of comprehensive carbon 
pricing across EU households. 

3. Methods 

This section describes both the economic and technical concepts 
behind our analysis and the underlying datasets. We start by introducing 
the basic concepts of input-output analysis, which is used to derive 
carbon footprints. Afterwards, we briefly present the characteristics of 
the MRIO database (GTAP) and the household database (HBS) we use. 
We then describe the matching procedure between these two databases 
and the derivation of the carbon tax burden. 

3.1. Input-output analysis 

Our analysis is based on standard MRIO analysis, see e.g. (Miller and 
Blair, 2009). The structure of MRIO data, as it implicitly refers to 
network data, allows to accurately account for the global supply chain 
structure. MRIO data consists of an inter-industry flow matrix Z ∈
ℝ(m∙n)×(m∙n), where m is the number of sectors, n is the number of re
gions, and the final demand vector Y ∈ ℝm∙n×n. Single entries of Z, such 
as zr1,s1

r2,s2 reflect the monetary value of flows originating from sector 
s1in region r1 and going to sector s2 in region r2. Analogously, yr1,s1

r2 

corresponds to the monetary flows from sector s1 of region r1 into final 
demand in region r2. 

The technology matrix A ∈ ℝ(m∙n)×(m∙n) consists of single entries 

ar1,s1
r2,s2=zr1,s1

r2,s2/or2,s2, where or2 ,s2 =
∑

s

∑

r

(
zr,s

r2 ,s2

)
+
∑

r
yr

r2 ,s2
is a sector’s 

total output. A enables the calculation of the Leontief inverse L = (I −
A)− 1, where I denotes the identity matrix (Leontief, 1936). L reflects all 
pre-products that have been used at some stage during the production 
process. 

Let F ∈ ℝm×n denote the CO2 emissions vector, with elements Fr,s, 
which refer to the total emissions released by sector s in region r. 
Dividing F entry-wise by the corresponding total sectoral output results 
in vector f, reflecting the CO2 emissions associated with the production 
of one USD of output. This is nothing other than ‘embodied’ emissions 
intensity. 

GTAP reports final demand for households separately and accounts 
for households’ direct emissions. Let Fr1, s1

dir denote the direct emissions 
of households in region r1 for sector s1. Let YHHdenote final consumption 
due to households. The indirect emissions associated with household 
consumption in region r1 for sector s1 are then 

Find
r1 ,s1

=
∑

r′

∑

s′

∑

r
fr′ ,s′ L

r,s1
r′ ,s′ y

HH r1
r,s1

.

Finally, we need to add the direct emissions, resulting in the total 
amount of emissions associated with household consumption Fr1, s1

HH, 
which is 

FHH
r1 ,s1

= Fdir
r1 ,s1

+Find
r1 ,s1

.

3.2. Data 

3.2.1. GTAP 
For the calculation of emission intensity from household consump

tion, we use GTAP 9. This database is transformed into an environ
mentally extended MRIO model, with the procedure proposed by Peters 
et al. (2011) and Andrew and Peters (2013). This raw-database covers 
140 regions and 57 sectors and consists of harmonized national input- 
output tables. In addition, it accounts for trade data. We use the base 
year 2011 to assess total emissions associated with household con
sumption in the EU, as it is closest to the base year in the household 
survey. An overview of specific data content of the GTAP database is 
given in Peters et al. (2011). We follow their approach and use their 
suggested treatment of international margins and taxes. Finally, we 
distribute the emissions related to international transportation as Peters 
et al. (2011) suggest in their ‘endogenous international transportation 
pool approach’. 

3.2.2. HBS 
The HBS from Eurostat is a national expenditure survey in the EU for 

all member states (plus Serbia and the United Kingdom) (EC, 2021b). 
The main goals of this survey are estimating living conditions in the EU 
and providing data for macroeconomic indicators (e.g. consumer-price 
indices to measure inflation). The HBS collects data every five years, 
the latest collection round was in 2015. As the harmonization and 
publication process of the 2015 round is not yet complete, we build our 
analysis on 2010 HBS data. The main advantages of this dataset are that 
all the member states provide their data in line with the same expen
diture classification and that Eurostat harmonizes the data with respect 
to the base year. The expenditure classification follows the COICOP-HBS 
structure (four levels with 5-digit codes). One drawback is that the data 
is not fully comparable because of residual differences in data collection 
between the countries. Examples are the choice of a probability design 
vs. non-probability schemes, heterogeneous sampling errors, coverage 
errors, and differences in the calculation of self-imputed rents. Data is
sues with Czech Republic and Sweden force us to exclude both from the 
central scenario.3 In addition, data for The Netherlands and Austria are 
missing from the 2010 HBS round (EC, 2015). Nevertheless, Eurostat’s 
joint framework increases comparability and enables us to use a 
harmonized and consistent approach for 23 countries. We include the 
four missing countries in a sensitivity run in Section 5. 

3.3. Matching IO and HH data 

So far, we have derived the total emissions associated with the 
consumption of all households within one country. For an incidence 
analysis, the impacts for single households need to be derived. To do so, 
we have to link the MRIO and household data. We match the 57 GTAP 9 
sectors with the most disaggregated level of the HBS categories ac
cording to conversion tables provided by GTAP and links via ISIC con
version tables where necessary (GTAP, 2021). The most disaggregated 
HBS level consists of 200 categories. We double-check our matching 
procedure against the tables in Dorband et al. (2019). In general, as 

3 Czech data does not allow the calculation of aggregate numbers, whereas 
Swedish data is not disaggregated enough (especially for energy consumption). 
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Hubacek et al. (2017) point out, three situations can occur when 
matching household data with MRIO data. First, one expenditure cate
gory matches one MRIO category exactly. Second, various expenditure 
categories correspond to one MRIO category. Third, one expenditure 
category is linked to two or more MRIO categories. At the 5-digit level of 
the COICOP-HBS categories, only cases 1 and 2 occur in our matching 
procedure. In these two cases, the matching is straightforward. In case 1, 
all emissions from the MRIO data fall in with the respective expenditure 
category. In case 2, the emissions from one GTAP 9 sector are linked to 
various expenditure categories. Consequently, these expenditure cate
gories share the same carbon intensity in our model. The emissions 
assigned to each expenditure category are proportional to that cate
gories expenditure share in overall expenditure associated with the 
categories that are matched to the same GTAP 9 sector. Table A.1 shows 
the full matching table. Germany does not provide data at the 5-digit 
level for some expenditure categories.4 To obtain the same dis
aggregated consumption level, we use average German consumption 
patterns for the estimation of the disaggregated consumption shares 
within these categories. In the case of Italy, we generated a country- 
specific matching table because data in the respective subcategories is 
missing for one 4-digit and one 3-digit-category. 

3.4. Microsimulation of the carbon tax burden 

To calculate the incidence of a carbon tax on European households, 
we estimate households’ direct and indirect emissions with the envi
ronmentally extended MRIO model referred to above. The resulting 
carbon footprint depends on sectoral carbon emissions, supply chains 
and household-dependent expenditure patterns. We then simulate the 
implementation of a carbon tax on all sectors in addition to pre-existing 
taxes and assume a pass-through rate of 100%. That is, the additional 
costs stemming from the carbon tax are incurred in their entirety by the 
households.5 GTAP 9 only provides data on CO2 emissions, not on other 
greenhouse-gas emissions. Consequently, the carbon tax analyzed here 
is imposed on CO2 emissions only. In our analysis, we focus on the first- 
order effect of a carbon tax since our aim is to measure the initial inci
dence of that tax. No changes occur on the supply or demand side. We 
relax this assumption in Section 5. 

We set the carbon price in our analysis to 25EUR/tCO2. We assume 
that this carbon price falls on top of all other existing carbon prices both 
at the European and at the national scale, thus raising the price in the 
EU-ETS from roughly 14 EUR/tCO2 in 2010 to 39 EUR/tCO2, and 
equivalent increases of national price levels. This price increase leads to 
a carbon price level that is in the lower range of carbon-prices consistent 
with achieving the Paris temperature target (High-Level Commission on 
Carbon Prices, 2017). However, in light of possible political obstacles 
(Klenert et al., 2018), this carbon price level can be seen as a reasonable 
entrance price (see also the discussion in Dorband et al., 2019) to 
ambitious climate policy that is thus politically relevant. Indeed, the EU- 
ETS price in 2021 has so far been at around 40 EUR(2010)/tCO2 (Reu
ters, 2021). Thus, our impact analysis is a timely contribution to 
designing carbon pricing and redistribution in the implementation 
phase of more ambitious policy measures and can be interpreted as the 
additional effect of increasing the European carbon price from 2010 
levels almost to current levels.6 

In our central scenario, we impose the carbon tax on all sectors and 
on both locally produced and imported emissions. This scenario mimics 
increased European ambition in terms of sectoral and global coverage of 
the carbon pricing scheme. Assuming that national carbon pricing 
schemes remain unchanged in our scenarios implies that countries with 
these schemes impose more ambitious carbon pricing schemes than 
those without national carbon pricing schemes. Differences between 
European and country ambition have been observed constantly since the 
implementation of the EU ETS (Worldbank, 2020). For illustrative 
purposes, we also include two scenarios in which only emissions from 
the EU ETS sectors are subject to a tax increase (Section 5). 

The required steps for the calculation of the carbon footprint of one 
household and the relative additional burden are as follows. Let the set 
of households in the HBS be HBSr

l, where r refers to the country in the set 
of EU countries and l ϵ{1,…,nr} refers to the corresponding household, 
where nr is the total number of households in country r in the HBS. Let 
the expenditures for item s of the corresponding household be denoted 
by hbsr, s

l, and the total sum of household expenditures in region r on 
item s according to the HBS be yr, s

HBS.7 Carbon intensities for items are 
gained by dividing Fr1, s1

HH by the total corresponding household ex
penditures. These intensities are then used to calculate household 
emissions emirl as follows: emilr =

∑

s
emilr,s =

∑

s
hbsl

r,s∙FHH
r,s /yHBS

r,s . The total 

carbon tax burden for a household results as br
l = emirl ∙ p, where p is the 

carbon price set to 25 EUR/tCO2. The relative burden is given by ∆br
l =

br
l/hbsr

l, where hbsr
l =

∑
shbsr, s

l are the total expenditures of household l 
in region r. The additional relative burden is thus defined as the addi
tional yearly costs that a household would spend on consumption due to 
the tax divided by the total expenditures of that household. Note that tax 
revenues collected in this step are assumed to not be used at all. We use 
current expenditures as a proxy for lifetime income because it has been 
convincingly argued that they are a more accurate reflection of a 
household’s economic well-being than current income (see Poterba 
(1989), Poterba (1991), and Sterner (2012b) for discussion). 

4. Results 

This section derives the carbon-tax incidence in Europe. Section 4.1 
focuses on the case prior to redistribution of tax revenue, analyzing the 
EU aggregate and the tax burden for 23 EU member states. Section 4.2 
introduces different redistribution mechanisms. Section 4.3 discusses 
the characteristics of households that are especially affected. 

4.1. European incidence and its national precursors 

Fig. 1 shows the distributional impact of a European carbon tax 
based on expenditure deciles for the aggregate population of 23 EU 
states. Each boxplot summarizes the distribution of the relative burden 
of all households in this expenditure decile. The impact is calculated 
without recycling the tax revenue collected. The tax is near to neutral for 
the upper half of the European population. For the lower half of the 
population, however, we observe a regressive pattern. With a median of 
2.6%, the burden for the lowest decile is more than double that of deciles 
5 to 10 (roughly 1.1–1.2%). If we look at the interquartile range of each 
boxplot in each decile (the range between the 25th and the 75th 
percentile), then the differences between the deciles stand out more 
starkly. In the lowest two deciles, a carbon tax of 25 EUR/tCO2 could 
increase expenditure by more than 4% for around one quarter of 
households. This number is well below 2% for the expenditure deciles 5 
to 10. 

One may conjecture that regressivity at the European level reflects 

4 Food and non-alcoholic beverages; alcoholic beverages, tobacco, and nar
cotics; water supply and miscellaneous services relating to dwellings; transport 
services. We use average consumption patterns at the 4-digit-level from 2010 
and disaggregate it at the 5-digit level with 2015 data: https://www-genesis.des 
tatis.de/genesis/online, Table 61111-0007, (accessed September 28th, 2020).  

5 The empirical evidence in Andersson (2019) confirms that in the Swedish 
case the carbon tax is passed on fully to consumers.  

6 Please note that the results in our central scenario are linearly scalable in 
the carbon price level as in Dorband et al. (2019). 

7 In Section 3.3 we explained how we match GTAP sectors and HBS items. 
Therefore, the indicator s refers to the common categories after the matching 
procedure. Please see the Table A1. 
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regressivity of the tax within some EU member states. However, Fig. 2 
reveals that EU regressivity is driven by differences in average charac
teristics between EU countries rather than within-country differences. 
We disentangle these effects via decomposing the relative tax burden of 
a household i in decile j of country r (∆brji) into four components: the EU 
average relative tax burden, the between-country contribution, the 
within-country contribution and the horizontal contribution: 

∆brji= ∆bEU⏟̅⏞⏞̅⏟
EU averageburden

+ (∆br − ∆bEU)
⏟̅̅̅̅̅̅̅̅̅⏞⏞̅̅̅̅̅̅̅̅̅⏟

Between− countrycontribution

+
(
∆brj − ∆br

)

⏟̅̅̅̅̅̅̅̅ ⏞⏞̅̅̅̅̅̅̅̅ ⏟
Within− countrycontribution

+ ∆brji − ∆brj
⏟̅̅̅̅̅̅̅⏞⏞̅̅̅̅̅̅̅⏟

horizontalcontribution 

The between-country contribution is the difference between the 
national average of the carbon tax burden (∆br) compared to the EU 
average (∆bEU). It shows how EU countries differ among each other. The 
within-country contribution is the difference between the average tax 
burden of deciles at the national level (∆brj) to the national average. It 
shows the vertical inequality of the carbon tax within countries. The 
horizontal contribution is the difference between the household’s indi
vidual relative burden and the average relative tax burden of the decile 
at the national level. It captures the horizontal inequality within na
tional expenditure deciles. 

Fig. 2 plots this decomposition as the distribution of the three con
tributions per European expenditure decile. The sum of the three com
ponents in Fig. 2 plus the average EU tax burden would yield Fig. 1. The 
between-country effect is clearly regressive until decile five and pro
portional from decile 6 to 10. The within-country effect, however, fol
lows a slightly progressive pattern, especially notable from decile 1 to 4, 
whereas the horizontal effect is proportional on average.8 We conclude 
that the between-country effect is the essential driver of European 
regressivity and not the within-country or horizontal effect. 

Appendix B provides further evidence for our main result. A 
regression analysis confirms that between-country differences drive 
regressivity at the EU-level. The analysis shows that while EU house
holds with lower expenditure on average experience a higher relative 
carbon tax burden (the finding of Fig. 1), this effect disappears once 
country-level dummies are introduced (the finding of Fig. 2). The results 
are robust to including a possible rural vs urban divide. On average, 
households living in sparsely populated areas have a higher relative 
carbon tax burden. However, country-level characteristics remain the 
strongest driver behind a household’s relative tax burden. 

4.1.1. National characteristics that drive the European incidence 
Two characteristics are the main contributors to the regressive 

between-country pattern. First, households from countries with lower 
average expenditure populate lower-expenditure deciles at the EU level. 
Citizens from Bulgaria, Poland, and Romania mainly populate the lowest 
expenditure decile. Fig. 3 clearly illustrates this. The dominance of inter- 
country differences is so large that hardly any households from these 
three countries are to be found in the highest (European) decile. 

Second, these three countries have an average tax burden for CO2 
emissions that is much higher than in most other countries, as shown in 
Fig. 4a and Fig. A.1 in the appendix. The median carbon tax burden is 
roughly 4.3% in Bulgaria and 3.8% in Poland across all national deciles. 
Romania is not far behind. By contrast, consumers in the countries that 
make up the highest European decile - Germany, France, and Italy - pay 
an average tax of less than 1.4% across all deciles. 

A closer look at the shape of the national impacts reinforces the point 
concerning intra- and inter-country comparisons. The corresponding 
diagram for France and Italy shows that the corresponding curves are 
slightly progressive (see Fig. 4a). Overall, the national distribution of 
burdens is mostly either proportional or slightly progressive (see 
Fig. A.1). The differences between the impacts for the deciles are rather 
small. In some of the low-income countries, we observe a tendency for 
the tax to be progressive (e.g. Poland, Romania, and Hungary). Some 
countries do not fit into this pattern. Luxembourg, for example, overall 
shows a regressive impact. In some countries, a tax may be neither 
progressive nor regressive if, for example, the deciles in the middle pay 
most (Greece and Cyprus). These variations demonstrate that also other 
factors influence the distribution of the tax burden locally, such as 

Fig. 1. Carbon-tax burden prior to redistribution based on European expenditure deciles. Outliers are excluded. The black line marks the median value per decile; the 
white rectangle the mean. The grey box represents the range of the 25th to the 75th percentile (interquartile range). The whisker below (above) the grey box ends at 
the 5th (95th) percentile. 

8 Note that the results for the within-country and the horizontal contribution 
also include re-ranking effects between national and European expenditure 
deciles; i.e. two households from the same national decile can end up in 
different European deciles. The horizontal contribution at the national scale 
would be by definition proportional on average. The horizontal contribution at 
the European scale can, however, be influenced by re-ranking. The panel for the 
horizontal contribution in Figure 2 shows that re-ranking does not change the 
proportional pattern notably. 
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population density, availability of public transport, and climate.9 

Comprehensive carbon pricing of all goods and services drives 
neutral to progressive impacts of the tax within EU countries. To see this, 
Fig. 4b shows the relative tax burden originating from electricity, direct 
and indirect emission consumption within six selected EU member 
states. Previous literature indicates that, especially in developing 
countries, taxes on fuels are generally less regressive than those on en
ergy consumption for heating and on electricity (De Mooij et al., 2012). 
In fact, taxes on motor fuels are typically progressive in developing 
economies (Peters, 2012; Sterner, 2012b; Labeaga et al., 2020). Fig. 4b 
confirms these findings. A tax specifically and only on electricity would 
tend to be regressive. This applies to all countries, but the effect is 

particularly marked in low-income countries such as Bulgaria or 
Romania. The obvious interpretation is that electricity is used for uni
versal necessities such as cooking and lighting, but the tendency to in
crease consumption with rising income is weak. The results in 
Brännlund and Vesterbert (2018) confirm it for Sweden. 

By contrast, Fig. 4b also shows results for direct fossil-fuel use and 
indirect carbon use. The latter has a striking tendency to increase with 
income. If the EU had a more complete system of carbon pricing, a larger 
share of final goods would embed their total carbon content in the price, 
and the burden would fall on the consumers of those goods. A relatively 
higher share of this burden from indirect emissions would fall on the 
high-income earners. 

This also provides a stark contrast to the final category shown in the 
figure, that of direct emissions. Here our results are close to those in 
Sterner (2012a, 2012b). In low-income countries, the impact is pro
gressive. In the more affluent EU countries, a tax on these direct emis
sions would tend to be broadly neutral. There is a slight tendency for 

Fig. 2. Carbon-tax burden decomposed into three dimensions: between, within and horizontal. The carbon-tax burden is prior to redistribution and based on Eu
ropean expenditure deciles. Outliers are excluded. The black line marks the median value per decile. The grey box represents the range of the 25th to the 75th 
percentile (interquartile range). The whisker below (above) the grey box ends at the 5th (95th) percentile. 

Fig. 3. Population shares of EU expenditure deciles from each EU country. Countries with a share of below 5% in a decile are summarized in the category “Other”. 
Bulgaria, for example, has a share of 10.8% in decile 1 and a share of 3.7% in decile 2. Table A.2 reports shares of all countries. 

9 We could not further identify main drivers behind incidences that diverge 
from progressivity or neutrality and leave a more thorough analysis for future 
research. 
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regressivity to make itself felt in parts of the income spectrum in 
countries such as France, Italy, and (less clearly) Germany, where the 
graphs for the direct burden have an inverted-U shape. This suggests that 
the most affected are households in the middle segment of the income 
distribution. 

4.1.2. Sectoral contribution to regressivity at the European scale 
The regressive impact of carbon taxation on the European level is 

driven by between-country differences. To identify drivers why low- 
income countries have a higher carbon tax burden than high-income 
countries, we next decompose the contribution of each country to the 
regressive pattern based on different sectors of the economy. Fig. 5 
displays the three sectors that contribute the most to the tax burden 

Fig. 4. National carbon-tax burden for selected EU countries (see Fig. A.1 for all 23 EU countries). (a) Carbon-tax burden prior to redistribution based on national 
expenditure deciles (median, interquartile range, and 5 to 95% range); (b), Median tax burden split into three components. Direct emissions (coal, petroleum, and 
gas), emissions from the national electricity sector, and indirect emissions (embodied in the production process of purchased household goods). Outliers are excluded. 

Fig. 5. Each country’s contribution to European carbon tax impact by economic sector. The three sectors shown are “Housing, water, electricity, gas and other fuels“, 
“Transport” and “Food and non-alcoholic beverages” (Figure A.2 in the appendix shows all 12 COICOP sectors). Three national indicators are plotted against each 
country’s average expenditure. The first row shows the average household expenditure share of the respective sector, the second the carbon intensity in each sector, 
the third the average carbon tax burden originating from each sector. The tax burden depicted in the last row is the product of the values of the two other rows. The 
line in each plot represents the linear fit to guide the eye. 
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compared to all sectors: Housing, transport, and food (Fig. A.2 in the 
appendix shows the contributions of all 12 COICOP sectors with a 
description of how we calculate the factors). Fig. 5 plots each country’s 
average burden that originates from the respective sector against the 
country’s average expenditure (third row). It also shows the two factors 
determining the average burden: the average expenditure share (first 
row) and the average carbon intensity (second row) of this sector. The 
product of these two factors gives the average burden. 

All three sectors contribute to the regressive impact on the European 
scale: those countries with the lowest expenditures are the ones with the 
highest relative burden. In particular, the housing sector’s contribution 
to the regressive pattern is high for expenditures below 15,000 Euros. 
The two factors make up the regressive between-country pattern of the 
burden. First, low-income countries spend on average a larger share of 
their income on housing. Second, the carbon intensity of the housing 
sector is slightly higher in low-income countries. The transport sector 
also contributes to the regressive European incidence: the relative tax 
burden decreases as national expenditure rises. Here, we however 
observe that the expenditure share increases with rising expenditures. 
The difference in carbon intensities turns the relative tax burden 
regressive for transport even though the expenditure share increases 
with national expenditures: the transport sector has a higher carbon 

intensity in low-income countries. In the food sector, the pattern is 
reversed. While the carbon intensity is very similar across all European 
countries, the expenditure share in the food sector drives the regressive 
contribution to the European carbon tax impact. Overall, a regressive 
pattern from the food sector emerges. 

Table 1 
Description of indicators for redistribution.  

Scenario National equal-per-capita European equal-per-capita Targeted transfers High-intensity consumers 

Description National tax revenue is 
recycled with equal transfer 
per person in the country 

European tax revenue is 
recycled with equal transfer 
per person in every country 

All households in deciles 1–4 receive the 
same cash transfer that equalizes the 
median burden of the first and the fifth 
decile 

Share of households that have a higher tax 
burden than one standard deviation above the 
mean of the entire distribution of burdens in the 
EU 

Revenue 
recycled 

100% 100% 6.6% Unspecified  

Fig. 6. European carbon-tax incidence under different redistribution mecha
nisms. 1. A national equal-per-capita redistribution of a national carbon tax 
revenue (in black); 2. a European equal-per-capita redistribution of a European 
carbon tax revenue (dark grey); 3. an equal-per-household redistribution for 
deciles 1 to 4 only that equalizes the median incidence in decile 1 to that of 
decile 5 (light grey). Note that the fourth case (white) is the incidence of the tax 
without refunding (reproducing Figure 1), where the revenue raised has not 
been returned to the economy and all deciles are negatively affected. Similarly, 
the Targeted program (light grey) also leaves tax revenue that is not refunded. 
Outliers are excluded. 

Table 2 
Share of total transfer allocated to the different EU countries under (1) National 
equal per capita (2) European equal per capita (3) Targeted transfers (4) High- 
intensity consumer share (5) EC’s Just Transition Fund. The first row shows the 
total amount transferred. The second row shows that Belgium would get 3.7% 
with national refunding and 2.7% with EU-wide refunding. The first figure is 
larger because Belgium has higher than average emission consumption and thus 
tax revenue. Belgium would receive 1.4% with Targeted transfers, since there 
are fewer households in the lowest four EU deciles. The next column shows a 
very low share of high-intensity consumers (0.01%) because Belgium has only 
very few candidates in the “most affected” category (see Section 4.3 for details). 
Finally, the last column shows what Belgium would get from the proposed EU 
Just Transition Fund.  

Member 
state 

1 
National 
EPC 
refund 

2 
European 
EPC 
refund 

3 
Targeted 
transfers 
to deciles 
1–4 

4 High- 
intensity 
consumers 

5 Just 
Transition 
Fund 

Total 
transfer 

57.5 B 
EUR 

57.5 B 
EUR 

3.8 B 
EUR 

unspecified 17.5 B 
EUR 

Belgium 3.7% 2.7% 1.4% 0.01% 0.9% 
Bulgaria 1.1% 1.9% 4.4% 11.4% 6.1% 
Croatia 0.7% 1.1% 1.6% 0.6% 0.9% 
Cyprus 0.4% 0.2% 0.1% 0.1% 0.5% 
Denmark 1.8% 1.4% 0.7% 0.0% 0.5% 
Estonia 0.4% 0.3% 0.8% 2.0% 1.7% 
Finland 1.8% 1.4% 1.1% 0.04% 2.2% 
France 15.4% 16.4% 12.1% 0.7% 5.4% 
Germany 24.6% 20.6% 14.2% 0.02% 11.7% 
Greece 5.9% 2.8% 2.4% 8.2% 3.9% 
Hungary 1.7% 2.5% 4.9% 5.0% 1.2% 
Ireland 1.4% 1.2% 0.6% 0.1% 0.4% 
Italy 15.7% 15.0% 12.2% 1.4% 4.9% 
Latvia 0.4% 0.5% 1.1% 1.4% 0.9% 
Lithuania 0.5% 0.8% 1.5% 0.7% 1.3% 
Luxembourg 0.4% 0.1% 0.03% 0.1% 0.05% 
Malta 0.2% 0.1% 0.1% 0.3% 0.1% 
Poland 8.9% 9.6% 16.0% 47.1% 26.7% 
Portugal 1.9% 2.7% 3.3% 0.1% 1.1% 
Romania 2.5% 5.1% 10.5% 18.7% 10.1% 
Slovakia 1.0% 1.4% 2.4% 1.9% 2.2% 
Slovenia 0.5% 0.5% 0.5% 0.02% 1.2% 
Spain 9.1% 11.8% 8.3% 0.05% 4.1% 
Austria – – – – 0.7% 
Czech Rep. – – – – 7.7% 
Netherlands – – – – 2.9% 
Sweden – – – – 0.8% 
Total 100% 100% 100% 100% 100%  
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4.2. Alleviating the carbon tax burden: indicators for redistribution 

The European carbon tax displays a regressive pattern for the lowest 
income groups. As we have shown this is largely caused by between- 
country differences and driven by relatively high carbon tax burden in 
low-income member states. Revenue redistribution could alleviate the 
tax burden and influence the outcome for poorer households. However, 
we need to be cognizant of the fact that the nation states of the EU are 
sovereign and that the mechanisms for distribution between them are 
limited; for reasons that are legal, constitutional and political. As illus
trated by the Green Deal and the Just Transition Fund, the European 
ambition for redistribution has increased. To assess various policy op
tions, we consider four different indicators for redistribution that are 
summarized in Table 1. 

We simulate two redistribution schemes with equal-per-capita 
mechanisms (EPC). In the first scheme, the national carbon tax reve
nue is recycled to households within each country on an EPC basis. 
Persons in each country receive the same transfer, but the transfer differs 
between countries. In the second scheme, the total European tax revenue 
is recycled EPC. Each person in the EU receives the same cash transfer. 
The third policy option, Targeted transfers, is implemented on an equal- 
per-household basis to directly offset the tax incidence of EU house
holds. The cash transfer equalizes the median incidence of the lowest 
decile to that of the fifth decile. Under the Targeted transfers scheme, all 
households in deciles 1 to 4 receive the same cash transfer, while the 
higher deciles receive no transfer. Fig. 6 shows the distributional impact 
of these three options. Lastly, we consider an indicator for redistribution 
that targets especially affected households. Households are identified as 
high-intensity consumers if their carbon tax burden is higher than the 
carbon tax burden at one standard deviation above the mean of all Eu
ropean households (3.1%). The indicator for redistribution computes 
the share of high-intensity consumers in each European country. 

We compare each redistribution indicator to the allocation of re
sources from the Just Transition Fund that is part of the Green Deal (EC, 
2020). The Just Transition Fund is currently scheduled to redistribute 
17.5 billion EUR across the EU countries. The funds are allocated to 

regions and sectors most seriously affected by more ambitious climate 
policy (EC, 2021a). 

4.2.1. National equal per capita transfers 
National EPC refunding of taxes, the first case, has often been dis

cussed in the literature (Carattini et al., 2017; Nature Editorial, 2017; 
Klenert et al., 2018). The transfers reveal significant variations between 
countries, as they will collect very different amounts of revenue with the 
same tax. The lowest average tax revenue and thus per-capita redistri
bution is found in Romania (72 EUR), the highest per-capita redistri
bution in Luxembourg (462 EUR). Table 2 reports the share of the total 
European tax revenue allocated to each country under the National EPC 
scheme. As shown by the black bars in Fig. 6, this mechanism is able to 
reverse the regressivity of the tax burden. Most people are better off after 
such a tax reform, but note that especially the 10th decile is a net loser 
on average. Furthermore, we still have a source of inequity between 
countries because on average households in lower-income countries like 
Poland and Romania are more seriously affected (see Fig. 4a). This 
clearly shows the limits of what national refunding can achieve in low- 
income countries. 

4.2.2. European equal per capita transfers 
National refunding schemes miss the main driver behind the 

regressivity of the European carbon tax: inter-country differences. An 
alternative in line with a European Green Deal might be an EPC 
implemented at the European level, the second case. Here, the entire 
carbon tax revenue from all member states would be redistributed on a 
European EPC basis. The transfer amounts to 145 EUR per capita, which 
is comparable to individual country transfers in Slovenia in case of the 
national EPC. For low-income countries like Romania, the per-capita 
refund would be roughly doubled. Table 2 again reports the share of 
total tax revenue allocated to each country under the European EPC. The 
dark grey bars in Fig. 6 show that under the European EPC very poor EU 
households would benefit to a larger extent from this refunding model. 
The outcomes imply that countries with a higher average burden (see 
Fig. 4a) receive transfers from more affluent countries with lower 
average burdens, making total incidence more progressive after 
redistribution. 

4.2.3. Targeted transfers 
Implementing the EPC redistribution schemes above may however 

not be desirable, as the entire tax revenue is used in refunds, which, in 
our example, is more than enough to offset the burdens on most house
holds. Part of the revenues may also be allocated to green investment 
activities to spur the transition to a low-carbon economy. This is, for 
example, also part of the EC’s Green Deal proposal (EC, 2021a). 
Accordingly, in Fig. 6, we consider an additional mechanism that uses 
only a small share of the revenues but targets them at households that 
are especially affected (depicted in light grey). This mechanism equal
izes the median incidence of the lowest decile (2.6%) to the median of 
the fifth decile (1.2%). Households in deciles 1 to 4 each receive the 
same cash transfer (57.5 EUR per household), which is the minimum 
required to achieve proportional burden at the median on a European 
level. Only 3.8 billion EUR are needed to achieve proportionality. 
Table 2 reports the share of the 3.8 billion that is allocated to each 
country under the Targeted transfer scenario. Note that we set the 
transfer to deciles 5 to 10 at zero, as the median incidence is nearly the 
same for these deciles. Deciles 1 to 4 vary in their incidence, as cash 
transfer is the same for all of them. 

Fig. 7. Distribution of high-intensity consumers across European deciles. High- 
intensity cases are defined as having a burden above one standard deviation 
from the entire European distribution. Countries with a relative share below 3 
% and an absolute number of below 100.000 per decile are summarized in 
“Other”. (For interpretation of the references to color in this figure legend, the 
reader is referred to the web version of this article.) 
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4.2.4. High-intensity consumers 
All three redistribution schemes in Fig. 6 only alleviate the burden on 

the median of households for each decile. However, there are house
holds who are subject to a higher incidence, as can be seen by the upper 
whiskers in each decile in Fig. 6. Accordingly, we now consider house
holds with a particularly high burden as an additional indicator for 
redistribution (higher than the burden at one standard deviation above 
the mean of the entire distribution of burdens in the EU, roughly 3.1%). 
Table 2 reports the share of high-intensity consumers found in each EU 
country. It shows that it is mainly Eastern European countries with a 
significant share. Most high-intensity consumers are located in Bulgaria, 
Poland, and Romania, with a total share of over 75% of all cases. We 
further identify the properties of high-intensity consumers in Section 
4.3. 

4.2.5. Comparison of redistribution indicators and the Just Transition Fund 
Table 2 shows the share of the total European tax revenue (57.5 

billion EUR) allocated to each country for the two EPC mechanisms. In 
the second column, each country “keeps” the taxes paid by its citizens 
and refunds them on a national EPC basis. This would be the result if the 
EU were to agree on a common (but nationally implemented) tax in each 
member country. In column three, the European total is refunded on a 
European EPC basis, which generally implies higher (lower) refunds for 
citizens in low-income (high-income) countries. Note that the figures in 
column 2 are proportional to each country’s emissions - including im
ported ones. These figures represent each country’s share in the total 
European tax revenues collected. The figures in column 3 are propor
tional to each country’s population. One can see that over and against 
national EPC, mainly northern and western European countries 
(Belgium, Germany, Ireland etc.) are net donors under the European EPC 
mechanism, with eastern European countries being net recipients. 
Hence, European EPC is able to reflect some of the inter-country dif
ferences that cause regressive incidence. 

In comparison, the Targeted transfer scheme indirectly targets low- 
income countries within the EU to a larger extent than European EPC 
because the lowest four deciles are money recipients and countries are 
not equally represented in these deciles (see Fig. 3). Column 4 of Table 2 
shows the share of revenue allocated to each EU country under the 
Targeted transfer scheme. Since refunds are only given to households in 
the lowest four deciles, redistribution is highly targeted. With its much 
lower cash transfer per household, Targeted transfer is, however, limited 
in the extent to which it reaches households with above-median inci
dence. The advantage is that it uses only 3.8 of the 57.5 billion EUR 
collected (6.6%) and is still able to mitigate regressivity at the median 
and make the incidence neutral-to-progressive in Fig. 6. 

The share of high-intensity consumers indicates even more skewed 
redistribution across the EU, column 5 of Table 2. Almost half of all high- 
intensity consumers are located in Poland, with most found in eastern 
European countries. Using part of the tax revenue according to this in
dicator would compensate especially affected households, thus a skewed 
redistribution to more carbon-intense and lower-income countries 
should be implemented. 

Comparing the indicators in Table 2, both the Targeted-transfer and 
the high-intensity-consumer indicators suggest that a large share of total 
compensation should be allocated to Bulgaria, Poland, and Romania, in 
comparison to the EPC transfers. Interestingly, the simple average of the 
Targeted transfer and the share of high-intensity consumers is fairly 
close to the share specified by the EC for the Just Transition Fund. 
Eastern European countries receive a higher share than the share they 
generate in revenue (equal to the national EPC in column 2). For 
example, when we combine the Targeted-transfer and the high- 
intensity-consumer shares with equal weights, the average is a share 
of 7.9% for Bulgaria, 7.1% for Germany, 6.4% for France, and 31.6% for 
Poland. The Just Transition Fund allocates 6.1% to Bulgaria, 11.7% to 
Germany, 5.4% to France, and 26.7% to Poland. The similarity is no 
coincidence, as the allocation rule of the Just Transition Fund is based 

largely on above-average emission intensities in European regions and 
on gross national income. Exceptions are Hungary, Latvia, and Romania, 
where both indicators in columns 4 and 5 of Table 2 point to a higher 
share of resources allocated to households in these countries than in the 
Just Transition Fund proposal. 

In conclusion, we argue that the indicators ‘Targeted transfers’ 
(column 4) and ‘high-intensity consumers’ (column 5) in Table 2 are 
relevant for European redistribution when designing climate policy. 
More specifically, it could be explicitly included in the Just Transition 
Fund along with the indicators already in place. It would help increase 
the visibility of implementing a just transition with the Green Deal, 
thereby improving the political acceptability of the policy. Distribu
tional fairness and revenue salience are among the most important 
factors in successfully implementing carbon pricing. Targeted and equal 
per capita transfers are promising redistribution mechanisms for the 
purpose (Klenert et al., 2018). However, it might also be necessary to 
take into account country-specific characteristics (Stiglitz, 2019) and 
other factors than the distributional impact of the carbon policy (Dou
enne and Fabre, 2020). A clear communication strategy of the envi
ronmental, economic, and societal costs and benefits of the carbon 
policy can increase public and political support (Carattini et al., 2018). 
The results summarized in Table 2 can be drawn upon to communicate 
that the EC is taking due account of the way its citizens are initially 
affected by higher carbon prices. 

4.3. Properties of high-intensity consumers 

High-intensity consumers face a large burden from the carbon tax. 
Without targeted compensation, climate policy may severely increase 
inequality, thus endangering the successful implementation of the tax 
from a broader societal perspective. In this section, we further investi
gate the characteristics of high-intensity consumers to identify them 
within the European distribution. 

We first examine in how far high-intensity consumers can be iden
tified from their expenditure. Fig. 7 shows where high-intensity con
sumers are to be found along the European expenditure distribution. We 
find that these are predominantly located in the lowest expenditure 
deciles. Almost 70% of the high-intensity cases are to be found in the 
three lowest deciles. There are only a few high-intensity consumers in 
the highest deciles (less than 3% of all high-intensity consumers). For 
the poorest households, high-intensity consumption means that the 
carbon tax will hit these households very hard. Accordingly, we define 
them as “hardship cases”. Introducing the tax will place a large burden 
on these households that they will probably find difficult to compensate 
for. Most hardship cases are located in Bulgaria, Poland, and Romania, 
their share of all high-intensity cases is over 75%. Compensation based 
on the share of high-intensity consumers would focus on Bulgaria, 
Estonia, Poland and Romania as their share thereof is large compared to 
their population share (compare column 5 in Table 2 to column 3, which 
is the share of population in each EU country). These four countries have 
similarities like the high electricity carbon intensity in Estonia and 
Poland (see Ward et al., 2019) and the high overall energy intensity (see 
Eurostat, 2021). 

Next to expenditure, a plausible conjecture is that the large carbon 
tax burden is due to divide between rural and urban areas.10 Fig. 8 shows 
the distribution of high-intensity consumers split according to their 
area’s population density. We find that in the lowest decile, high- 
intensity consumers are more prominently located in sparsely popu
lated areas. The figure is more than 2 times higher than in densely 
populated areas. The ratio however is reversed in the higher deciles. 
From Fig. 8 we learn two things: It is necessary (i) to not only 

10 We follow the Eurostat definition and its three categories: Densely Popu
lated (at least 500 inhabitants/km2), Intermediate (between 100 and 499 in
habitants/km2) and Sparsely Populated (less than 100 inhabitants/km2). 
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compensate households in rural areas, as many high-intensity con
sumers with low expenditure are to be found in densely populated areas, 
and (ii) to specifically compensate lowest-expenditure European 
households located in rural areas, as these represent the largest number 
of high-intensity cases. 

Additionally, we checked whether we can identify high-intensity 
consumers on the basis of their expenditure patterns. The results in 
Fig. A.3 show no clear indication that high-intensity consumers have a 
particularly high burden from, say, the direct consumption of fuels or 
from electricity, so we discard the hypothesis. 

Overall, high-intensity consumers are mainly characterized by low 
expenditures rather than a potential rural/urban divide or specific 
consumption patterns. Our analysis is however limited due to data 
availability. Future research should investigate in more detail how to 
identify high-intensity and especially hardship cases to design appro
priate compensation. 

5. Technical discussion 

We now discuss how our main modeling assumptions influence our 
central result that the EU carbon tax is regressive prior to revenue 

recycling (see Kosonen, 2013 and Ohlendorf et al., 2021 for a detailed 
review of the literature on which factors influence the distributional 
effects of climate policy). We provide further analyses that relax some of 
these assumptions, all of which confirm our central estimate. These 
scenarios are the following: including demand-side responses; changing 
the regional and sectoral coverage of the carbon tax, correcting for 
household under-reporting; adding the UK to EU climate policy; adding 
the four missing EU countries; using income rather than expenditure as 
our welfare measure. We discuss the conducted sensitivity analyses 
briefly below. Please see the Appendix C to this article for more detailed 
information. Table 3 shows the relative burden from the carbon tax per 
decile and the corresponding Suits Index for the conducted scenarios. 
The Suits Index is a summary statistics of the distributional incidence of 
a tax based on the concept of the Gini Index with values ranging from − 1 
to +1 (Suits, 1977). A negative (positive) Suits index means that the 
overall impact of the policy is regressive (progressive), with a lower 
(higher) value indicating more inequality of the tax burden across the 
expenditure distribution. 

We abstract from any changes in demand to derive our central esti
mate. To relax this assumption, we build a stylized model with demand- 
side responses assuming different price elasticities considering final 
prices paid by consumers across sectors and countries based on the 
literature. We allow for demand-side changes in sectors where the car
bon price yields notable price changes and adjust demand according to 
elasticity estimates from a literature review. Demand-side adjustments 
are more pronounced if the tax leads to a notable price increase (see 
Banks et al., 1996). Empirical evidence about price effects reported by 
Labandeira et al. (2017) shows very low uncompensated and compen
sated elasticities (and low dispersion) for electricity, natural gas or car 
fuels, either gasoline or diesel. This is true both for developed countries 
and the short run, although even in the long run almost all goods in most 
countries appear as inelastic to prices. However, we also construct a 
scenario with a relatively high elasticity estimate to derive a lower 
bound for the additional burden of the tax after demand-side adjust
ments. This scenario also builds on the findings from Andersson (2019), 
providing evidence for the fact that the carbon tax elasticity of gasoline 
demand is significantly larger than its price elasticity. Including demand 
side responses based on the elasticities reported in Table A.3, the 
adjusted model results in slightly decreased carbon tax burdens across 
households but the changes in the regressive pattern are small (see 
scenarios 2 to 4 in Table 3). We thus conclude that the carbon tax is 
likely to remain regressive in the short- to medium run. Sager (2019a) 
finds a more pronounced decrease in the carbon tax burden when taking 
into account demand- and supply-side changes but still finds a clearly 
regressive pattern at the global scale. 

Fig. 8. Distribution of high-intensity consumers across densely and sparsely 
populated areas. No information on this was available for Romania. Countries 
with a relative share below 3 % and an absolute number of below 50.000 per 
decile and density level are summarized in the group “Other”. (For interpre
tation of the references to color in this figure legend, the reader is referred to 
the web version of this article.) 

Table 3 
Median relative burden from the carbon tax per decile and Suits Index for the 11 scenarios.  

Scenario Decile Suits 

1 2 3 4 5 6 7 8 9 10 

1 - Baseline 2.60 1.66 1.31 1.21 1.17 1.14 1.13 1.13 1.13 1.15 − 0.104 
2 - Demand side - Eastern countries w. high elasticity 2.55 1.64 1.30 1.20 1.16 1.13 1.13 1.12 1.12 1.14 − 0.102 
3 - Demand side - Eastern countries w. low elasticity 2.57 1.64 1.29 1.19 1.15 1.12 1.12 1.12 1.12 1.13 − 0.105 
4 - Demand side - equal max. elasticity 2.14 1.51 1.23 1.14 1.10 1.08 1.08 1.07 1.08 1.09 − 0.084 
5 - EU carbon pricing only 2.16 1.30 1.01 0.91 0.87 0.84 0.83 0.81 0.80 0.79 − 0.150 
6 - EU ETS carbon pricing only 1.20 0.64 0.46 0.40 0.36 0.34 0.33 0.32 0.31 0.31 − 0.219 
7 - Underreporting (Eurostat) 1.89 1.31 1.09 1.01 0.97 0.93 0.92 0.92 0.92 0.92 − 0.080 
8 - Underreporting (GTAP) 2.83 2.72 2.45 2.27 2.15 2.06 2.00 1.97 1.88 1.76 − 0.161 
9 - with UK 2.47 1.77 1.42 1.29 1.23 1.19 1.18 1.17 1.16 1.18 − 0.073 
10 - EU 27 3.24 1.87 1.31 1.20 1.16 1.13 1.15 1.22 1.18 1.22 − 0.089 
11 - Temporary income 4.16 2.78 1.86 1.51 1.34 1.21 1.11 1.03 0.95 0.78 − 0.240  
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The central scenario analyses a carbon price on all sectors and all 
imported goods. However, a sectoral extension of the EU ETS and border 
carbon adjustments are still under debate (EC, 2019). To represent the 
case without border carbon adjustments, we build a scenario where only 
domestic EU emissions are taxed. In addition, we check the distribu
tional impact if only the EU-ETS price increases (i.e. a scenario without 
border carbon adjustments and sectoral expansion), a scenario that 
comes close to the current EU climate policy. Table 3 shows that the 
overall tax burden decreases notably under scenarios 5 and 6 (more 
pronounced in the EU ETS only scenario), but the regressive pattern 
increases as the Suits index shows. It follows that a sectoral extension of 
the EU ETS to all sectors would have a progressive impact. The same 
holds for the overall effect of border carbon adjustments on all sectors. 

Our main model does not correct for under-reporting. Household 
budget surveys usually face the problem of under-reporting of expen
ditures, that is, households report lower expenditures on certain sectors 
or overall than the true level (Ivanova et al., 2017). We correct for the 
bias occurring at the aggregate level by relying on national accounts of 
aggregate expenditure from EUROSTAT and GTAP 9 in two sensitivity 
tests (see Table A.4). Both tests lead to a regressive distributional impact 
of the carbon tax across EU deciles, to a lesser extent when using 
EUROSTAT expenditures and to a larger extent when using GTAP 9 
expenditures compared to our central estimate (see scenario 7 and 8 in 
Table 3). 

The UK’s future role in European climate policy is still under debate. 
Therefore, we exclude the UK in our central scenario. However, even 
with the UK leaving the EU, there is the possibility of future collabora
tion in the field of climate policy. We thus take into account this pos
sibility and model the distributional impact of a carbon tax on the 23 
countries plus the UK. The results confirm the regressive pattern 
observed in our central scenario (Table 3, scenario 9). 

Due to data issues, Austria, the Netherlands,11 the Czech Republic12 

and Sweden13 are not part of our central scenario, even though they 
belong to the EU. In a sensitivity run, we use EUROSTAT’s dataset on 
expenditures by income quintile to include these countries. Table 3, 
scenario 10, shows that the regressive impact of the carbon tax is still 
present. 

Finally, our concept of welfare also has important implications. 
Many studies of the carbon tax incidence are based on income rather 
than expenditure. Since Poterba (1989) suggested that expenditure is a 
better measure for welfare than income, studies have frequently found 
that the carbon tax incidence is much more regressive when the welfare 
measure is income compared to expenditure (Hassett et al., 2009; Cronin 
et al., 2019; Douenne, 2020). Therefore, in another sensitivity run, we 
calculate the carbon tax burden relative to current income levels and 
construct European deciles according to current income.14 As Table 3, 
scenario 11, shows, using this welfare measure produces significantly 
higher burden at the median for lower income households. The opposite 
is true for high-income households. Thus, this measure of welfare tends 
to increase the regressivity of the carbon tax. The increased Suits Index 
confirms this. Note that Italy and Luxembourg are excluded from this 

scenario because the two countries do not provide data on income in the 
HBS 2010. 

Beyond the demand side response that we analyzed above, there are 
more general equilibrium impacts for instance due to technical progress 
or alternative long-run factors affecting substitution of technologies 
(heating, cooking or lighting appliances or vehicles), for instance (see 
again Labandeira et al., 2017). In this sense, our results may be biased 
due to the absence of dynamics in the supply side. Literature that uses 
general equilibrium modeling generally observes that the incidence 
becomes more progressive when changes in factor prices, incomes and 
other general equilibrium effects are taken into account (Rausch et al., 
2011; Dissou and Siddiqui, 2014). While we do not explicitly model this, 
we thus conjecture that our static model tends to be more regressive by 
abstracting from general equilibrium effects. In addition, analyzing mid- 
to long-term effects would make it necessary to take into account the 
influence of the Environmental Engel curve (Sager, 2019b), focusing on 
CO2 demand changes when income and income inequality changes. On 
the other hand, Andersson and Atkinson (2020) show that the carbon tax 
has become more regressive over time in Sweden, probably caused by an 
increase in income inequality. Future work should model these addi
tional dynamic effects. 

Overall, there is no conclusion whether we over- or underestimate 
regressivity. Two assumptions tend to make our EU carbon tax incidence 
more regressive than if we would account for the following effects: 
under-reporting in the HBS compared to national accounts and general 
equilibrium (GE) effects. Using expenditure rather than income as our 
concept of welfare tends to make our (EU and national) incidences less 
regressive. Changing the regional and sectoral coverage of the carbon 
tax, though, affects the regressivity of the carbon tax only weakly. Other 
channels through which our results might be biased are business cycle 
effects (income, prices or interest rates effects), heterogeneity in the 
responses to the tax both across individuals and countries, the capacity 
of the economy to decarbonize conditional on the state of the technology 
or alternative socioeconomic or political reasons, such as a pandemic or 
a deep crisis. We leave it for future research to include these effects. 

6. Conclusion 

Based on a consistent dataset and a harmonized method, we show 
that a carbon tax is neutral or even progressive for most of the member 
states in the EU. For the EU as a whole, however, a carbon tax is 
regressive which is mainly driven by inter-country differences. These 
results are robust under a wide range of scenarios. More ambitious 
climate policy, as is envisioned by the EC in its Green Deal, needs to 
counter a disproportionately high burden on low-income households. 
These households are concentrated in a couple of low-income countries. 
This issue should therefore not be handled at the member-state level 
alone but by transfers between countries. The fact that inter-country 
differences are the drivers behind the regressivity of a European car
bon tax may be an indication of the existence of an analogous problem 
on the world scale, where income differences are large and payments 
from rich countries to low-income countries are likely to be a crucial 
element in any global climate deal. 

With the comparison of the initial burden caused by both direct and 
indirect uses of carbon, this paper contributes to a number of debates, 
notably those that focus on responsibility for climate change and indi
rect (imported) emissions and the territorial principle. We show the 
importance of studying the various components of direct and indirect 
carbon tax incidence in different sectors, social strata, countries, and 
through border carbon adjustments in designing compensatory mea
sures for any inequitable effects that may remain. We find that a sectoral 
expansion of the EU ETS and a carbon border adjustment would have a 
progressive effect at the European scale. Hence, these two modifications 
of the European climate policy can shift the disproportional burden on 
low-income households towards the richer households at the European 
scale. 

11 Austria and the Netherlands are not part of the HBS 2010.  
12 According to the statistical bureau of the Czech Republic, the Czech data in 

the HBS is not suited to deduce aggregate numbers. As we need aggregate 
expenditure levels to compute national carbon intensities per sector, we exclude 
the Czech Republic from our central scenario.  
13 Swedish data does not report expenditures at the 5-digit-level for some 

expenditure categories. While we are able to solve this issue for Germany via 
using the Consumer Basket, the information from the Swedish Consumer Basket 
does not solve this issue, e.g. in the category “electricity, gas and other fuels”. In 
this category, valid information is of particular importance for both the direct 
footprint and the footprint caused by electricity consumption. We thus decide to 
exclude Sweden in the central scenario. 
14 Again, we correct for Purchasing Power Parity and household size (ac

cording to the modified OECD scale) differences. 
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A particular focus of our study is that of hardship cases occurring 
when individuals in low-income distribution quantiles face high carbon- 
tax incidence. By identifying the geographical and social characteristics 
of these individuals, it may be possible to design other policies to ease 
their transition to lower carbon use. According to our findings, we 
propose two European redistribution mechanisms targeted at these 
especially affected households avoiding high burdens from the tax. We 
suggest that a variant of the Targeted transfers and high-intensity con
sumer share that we propose could be incorporated into a European 

redistribution scheme, for example, the one defined in the allocation 
rule of the Just Transition Mechanism. 

The EC should take due account of national characteristics and 
employ suitable, transparent communication strategies. Acknowledging 
that carbon pricing imposes significant short-term costs on households 
and communicating the fact that policy measures are being taken to 
avoid this initial impact will make it more likely for future EU climate 
policy to be successful and accepted by European citizens.  

Appendix A. Additional figures and tables  

Table A.1 
Matching table between GTAP 9 sectors and COICOP-HBS consumption category.  

GTAP 9 Sector COICOP-HBS consumption category 

1 01111 
4 01161-7,01171-4,01177-8 
8 01192, 06121, 09331 
10 01147 
11 01146 
15 04541 
19 01121, 01123-5, 01127, 01155 
20 01122, 01126 
21 01152-4 
22 01141-5.01151 
24 01181 
25 01112-6,01131-4,01168-9,01175-6,01182-6,01191,01193-4,01213,01223-4,02121 
26 01211-2,01221-2,02111, 02122, 02131, 02211-3 
27 03111, 03131, 05121, 05211 
28 03121-3 
29 03211-3 
31 09511, 09521, 09531, 09541 
32 04531, 07221 
33 05611, 06111 
38 07111, 07121 
39 07131, 07141, 07211 
40 08211, 09111-2 
41 05311-7, 05321, 05411-3, 05511, 05521, 06131, 09121-2, 09131, 09141, 12121, 12311 
42 04311, 05111, 05612, 09211, 09221-2, 09311, 09321, 12131, 12321-2 
43 04511 
44 & 17 04521-2, 04551 
45 04411 
47 03141, 03221, 05131, 05331, 05414, 07112, 07231, 09151, 09341, 11111-2, 11121, 11211 
48 07311, 07321, 07351, 07361, 096 
49 07341 
50 07331 
51 08111, 08311 
52 1261, 12621 
53 1251, 12521, 12531, 12541, 12551 
54 04111, 04121 
55 04321, 04441, 05621-2, 07241, 09231, 09411,09421-4, 09431, 12111, 12211, 127 
56 04421, 04431, 06211, 06221, 06231–3, 06311, 09351, 10111, 10211, 10311, 10411, 10511, 12411-2 
57 04211, 04221-2   
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Fig. A.1. National carbon tax burden prior to revenue recycling in 23 EU countries and the UK based on national expenditure deciles. The black line marks the 
median value per decile. The grey box represents the range of the 25th to the 75th percentile (interquartile range). The whisker below (above) the grey box ends at 
the 5th (95th) percentile.  

Table A.2 
Population share per country per European expenditure decile.  

Country Decile 

1 2 3 4 5 6 7 8 9 10 

Belgium 0.41 1.13 1.54 2.34 2.92 3.41 4.08 4.56 4.28 3.91 
Bulgaria 10.8 3.65 2 1.08 0.3 0.14 0.14 0.03 0.02 0.01 
Croatia 1.6 1.84 1.63 1.24 1.03 0.55 0.42 0.24 0.18 0.06 
Cyprus 0.03 0.06 0.09 0.13 0.14 0.16 0.19 0.2 0.28 0.41 
Denmark 0.09 0.36 0.88 1.33 1.85 2.29 2.25 2.51 2.48 1.84 
Estonia 1.82 0.67 0.42 0.25 0.19 0.13 0.08 0.06 0.06 0.02 
Finland 0.48 0.97 1.52 1.6 1.76 1.85 1.63 2.09 1.87 2.05 
France 7.06 10.86 14.02 16.61 18.32 20.65 21.65 20.99 22.41 21.38 
Germany 1.54 11.84 19.64 23.77 27.33 28.64 29.82 31.02 30.09 31.97 
Greece 1.11 2.61 3.02 2.71 2.86 2.74 2.59 2.29 2.54 2.72 
Hungary 5.75 6.1 4.41 3.2 1.97 1.24 0.8 0.59 0.27 0.11 
Ireland 0.28 0.5 0.69 0.89 0.92 0.94 1.17 1.18 1.28 1.06 
Italy 6.92 12.74 13.57 15.52 16.43 16.26 16.66 17.41 17.57 18.77 
Latvia 2.47 1.03 0.62 0.38 0.22 0.17 0.08 0.08 0.06 0.05 
Lithuania 2.34 1.52 1.2 0.89 0.6 0.51 0.3 0.21 0.14 0.09 
Luxembourg 0.01 0.02 0.04 0.06 0.09 0.1 0.11 0.17 0.23 0.4 

(continued on next page) 
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Table A.2 (continued ) 

Country Decile 

1 2 3 4 5 6 7 8 9 10 

Malta 0.11 0.1 0.11 0.11 0.09 0.08 0.07 0.07 0.06 0.07 
Poland 22.09 19.58 13.13 9.04 5.96 3.95 2.74 2.01 1.59 1.21 
Portugal 3.58 3.51 3.14 2.86 2.26 2.19 1.85 1.77 1.61 1.88 
Romania 25 9.34 5.02 2.78 1.41 0.76 0.42 0.22 0.12 0.06 
Slovakia 2.23 3.41 2.48 1.5 0.9 0.44 0.33 0.17 0.13 0.07 
Slovenia 0.17 0.39 0.57 0.69 0.68 0.62 0.61 0.43 0.37 0.33 
Spain 4.13 7.76 10.28 11.02 11.78 12.17 11.99 11.72 12.36 11.51  

Fig. A.2. Each country’s contribution to European carbon tax impact by economic sector. National indicators are plotted against each country’s average expenditure. 
The first row shows the average household expenditure share of the respective sector, the second the carbon intensity in each sector, the third the average carbon tax 
burden originating from each sector. The tax burden depicted in the third row is the product of the values of the two other rows. The line in each plot represents the 
linear fit to guide the eye. The twelve sectors are CP01 - “Food and non-alcoholic beverages“, CP02 – “Alcoholic beverages, tobacco and narcotics”, CP03 – “Clothing 
and footwear”, CP04 – “Housing, water, electricity, gas and other fuels”, CP05 ‑ “Furnishings, household equipment and routine maintenance of the house”, CP06 – 
“Health”, CP07 – “Transport”, CP08 – “Communication”, CP09 – “Recreation and culture”, CP10 – “Education”, CP11 – “Restaurants and Hotels”, CP12 – 
“Miscellaneous goods and services”. The 2-digit aggregation level of expenditures is the highest aggregation level below total household expenditures. We calculate 
carbon intensity per 2-digit consumption category as follows. In the first step, we sum all emissions per country of the 5-digit categories that fall in the respective 2- 
digit categories. We repeat this procedure for expenditures. In the last step, we divide total emissions per 2-digit category by total expenditure per 2 digit category in 
this country. In order to derive the expenditure share per 2-digit category, we divide total expenditures per 2-digit category per country by total expenditures (the 
sum of all 12 2-digit category total expenditures).  
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Fig. A.3. Tax burden for high-intensity consumers in selected countries by type of burden. T'he figure compares the median tax burden of high-intensity cases to the 
median of the overall population sorted by expenditure quintiles in Bulgaria, France, Germany, Poland, and Romania. Quintiles were chosen because of the low 
number of high-intensity cases in France and Germany. In Bulgaria, Poland, and Romania we see no difference in consumption patterns leading to the high burden. 
These households are simply poorer and therefore bear a higher burden. In Germany, we observe that cases of high-intensity are driven by direct emissions in the 
lowest quintile and by indirect emissions in the other quintiles. However, the number of observations is fairly low, so we refrain from generalizations. The number of 
observations is also low in France, so we do not interpret the pattern in Figure. A closer look at high-intensity consumers based on national distributions may reveal a 
more reliable pattern.  

Table A.3 
Demand side elasticities per GTAP 9 Sector based on Labandeira et al. 
(2017).  

GTAP 9 sector Elasticity estimate [Max, Central, Min] 

15 − 0.4, − 0.35, − 0.3 
32 − 0.29, − 0.2215, − 0.153 
43 − 0.18, − 0.153, − 0.123 
44 & 17 − 0.18, − 0.153, − 0.123 
48 − 0.551, − 0.321, − 0.091 
49 − 0.28, − 0.16, − 0.04 
50 − 1.4, − 1.165, − 0.93  
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Table A.4 
Share of aggregated HBS expenditure to EUROSTAT national accounts and GTAP data.   

EUROSTAT GTAP  EUROSTAT GTAP 

Belgium 0,88 0,87 Latvia 0,61 0,51 
Bulgaria 0,58 0,61 Lithuania 0,67 0,59 
Denmark 0,92 1,13 Luxembourg 0,90 0,56 
Germany 0,82 0,87 Hungary 0,67 0,63 
Estonia 0,63 0,59 Malta 0,75 0,48 
Ireland 0,73 1,03 Poland 0,56 0,60 
Greece 0,76 0,84 Portugal 0,72 0,85 
Spain 0,83 0,91 Romania 0,52 0,47 
France 0,81 0,88 Slovenia 0,87 0,90 
Croatia 0,70 0,73 Slovakia 0,53 0,57 
Italy 0,74 0,83 Finland 0,90 0,96 
Cyprus 0,83 0,93     

Appendix B. Regression analysis 

We specify a linear regression with the dependent variable being the relative tax burden on consumption based CO2 emissions on equivalent total 
expenditure corrected for PPP and household size (OECD-modified scale). We use different sets of explanatory variables. The results are summarized in 
Table A.5. The first regression only includes expenditure and we get a significantly different from zero negative sign. This negative sign can be 
interpreted as the partial first derivative of the relative tax burden with respect to expenditure. It provides information about the distributional impact 
across expenditure levels of the tax, with a negative (positive) sign indicating regressivity (progressivity). A non-significant parameter estimate in
dicates no significant evidence for either regressivity or progressivity, thus a hint for proportionality. In a second specification, we include a quadratic 
term in expenditure to capture non-linear profiles across the expenditure distribution. The coefficient of the linear term remains negative and sig
nificant and the parameter estimate of the square term is positive and significantly different from zero. The threshold where the derivative changes its 
sign correspond to very high expenditure values indicating that the change in regressivity to progressivity happens at the very top of the distribution 
(only for a small proportion of households). Fig. 1 exactly shows this relationship: regressivity at the lower half of the expenditure distribution fol
lowed by a tendency for progressivity at the richest expenditure deciles. Since estimates are obtained by ordinary least squares, the model just exploits 
the total variation of the relative tax burden. 

In our subsequent specifications, we introduce country dummies. Thus, the parameter estimates of the coefficients correspond to the overall 
within-country effect, thus only exploiting this source of variation. We get the reverse sign for the coefficients of expenditures, indicating the direction 
of within-country variations, already reported in Fig. 2. The country coefficients are to be interpreted as the difference of the relative tax burden of a 
household from Belgium (base category) and a household from a given country, ceteris paribus. A small, insignificant coefficient indicates no sig
nificant differences between this country and Belgium. A positive (negative) significant coefficient corresponds to a higher (lower) relative tax burden 
when originating from a given country compared to originating from Belgium, ceteris paribus. Comparing the estimates in columns (1) and (2) with 
the estimates including country dummies -columns (3) and (4)-, we can infer that the pattern of regressive results could be mainly explained by 
between-country differences (a result shown in the corresponding panels of Fig. 2). 

We estimate additional specifications including density of population indicators. We obtain significantly higher tax burdens for households living 
in intermediate and sparsely populated areas compared to densely populated areas (which is the reference group here). As the effect increases from 
intermediate to sparse population density, one can conclude that the lower the density level, the higher the relative tax burden (ceteris paribus). 
However, the effect of the population density level is small compared to the size of the most pronounced country effects. 

It is possible that misspecification arising from exclusion of relevant factors explaining the relative tax burden drives these results. However, the 
inclusion of country and density dummies confirm our results from the decomposition method and the visual inspection of the data in Section 3: the 
carbon tax is regressive at the European scale, and this is driven mostly by between-country differences.  

Table A.5 
Regression analysis to distinguish between- vs within-country drivers to European regressivity.   

Dependent variable: relative burden 

1 2 3 4 

Expenditures − 0.00004*** (0.00000) − 0.0001*** (0.00000) 0.00001*** (0.00000) 0.00001*** (0.00000) 
Expenditures squared  0.000*** (0.000) − 0.000*** (0.000) − 0.000*** (0.000) 
Bulgaria   3.493*** (0.029) 3.420*** (0.027) 
Croatia   0.944*** (0.028) 0.849*** (0.026) 
Cyprus   0.611*** (0.030) 0.579*** (0.028) 
Denmark   − 0.306*** (0.031) − 0.380*** (0.029) 
Estonia   4.054*** (0.027) 3.943*** (0.026) 
Finland   − 0.040 (0.027) − 0.051** (0.025) 
France   − 0.282*** (0.019) − 0.339*** (0.018) 
Germany   − 0.052*** (0.017) − 0.068*** (0.015) 
Greece   1.688*** (0.027) 1.626*** (0.025) 
Hungary   1.543*** (0.021) 1.462*** (0.019) 
Ireland   0.086*** (0.023) 0.030 (0.022) 
Italy   − 0.101*** (0.018) − 0.142*** (0.017) 
Latvia   1.664*** (0.027) 1.589*** (0.025) 
Lithuania   1.140*** (0.023) 1.047*** (0.022) 

(continued on next page) 
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Table A.5 (continued )  

Dependent variable: relative burden 

1 2 3 4 

Luxembourg   0.863*** (0.027) 0.829*** (0.025) 
Malta   2.268*** (0.027) 2.312*** (0.025) 
Poland   2.912*** (0.017) 2.840*** (0.016) 
Portugal   − 0.048** (0.021) − 0.126*** (0.019) 
Romania   2.033*** (0.018)  
Slovakia   1.421*** (0.023) 1.317*** (0.022) 
Slovenia   0.397*** (0.026) 0.297*** (0.024) 
Spain   − 0.267*** (0.018) − 0.312*** (0.017) 
Density: Intermediate    0.157*** (0.006) 
Density: Sparsely    0.231*** (0.006) 
Constant 2.777*** (0.006) 3.145*** (0.007) 1.113*** (0.017) 1.063*** (0.017) 
Observations 265,005 265,005 265,005 233,239 
R2 0.064 0.090 0.459 0.503 
Adjusted R2 0.064 0.090 0.459 0.503 
Residual Std. Error 1.737 

(df = 265,003) 
1.712 
(df = 265,002) 

1.320 
(df = 264,980) 

1.225 
(df = 233,213) 

F Statistic 18,159.040*** 
(df = 1; 265,003) 

13,119.630*** 
(df = 2; 265,002) 

9384.639*** 
(df = 24; 264,980) 

9457.472*** 
(df = 25; 233,213) 

*p < 0.1; **p < 0.05; ***p < 0.01. 

Appendix C. Additional scenario description 

C.1. Demand side responses and GE effects 

As discussed in Dorband et al. (2019), there are typically three main adjustment processes after the introduction of a carbon tax: demand-side 
changes, supply-side changes, and changes in wages and interest rates. We here address only the first adjustment process, demand side changes, 
for two reasons. First, demand side changes occur relatively fast after the introduction of a tax (see Baker and Blundell, 1991, for an example using 
household microdata). Second, including both supply-side changes and changes in wages and interest rates is much more data intensive and 
contingent upon model assumption (Dorband et al., 2019). As we aim at measuring the initial incidence of a carbon tax, we thus test the robustness of 
the initial incidence compared to the short-term incidence of a carbon tax via including demand-side responses. In this context, Álvarez (2019) shows, 
using discrete choice models, differences in the probabilities of obtaining diverging results in microsimulation models with or without demand side 
responses and GE models. His results reinforce our conclusions, conditional to the set-up we employ. In order to do so, we adopt the methodology 
applied by Ward et al. (2019) and first detect those sectors that are relatively highly affected by carbon pricing (via their respective carbon intensity). 
We then apply available elasticity estimates from Labandeira et al. (2017)15 and let the demand in these sectors adjust as follows: yr, s*r′ = yr, s

r′ ∙ (1 +
∆bs

r)δ, where yr, s*r′is the updated demand after the demand-side response and ∆bs
r the price increase of the average final consumption item s in region 

r. Thus, the modelled emissions would decrease by yr, s*r′/yr, s
r′. 

As our sample of regions is highly diverse and heterogeneous, we apply two scenarios with heterogeneous elasticities. We cluster the sample of our 
countries into three regions: Northern European, Eastern European and Southern European countries, assuming that actors in regions X, Y and Z have 
different abilities to adjust their expenditures. In the first scenario, we assign relatively good adjustment ability to Northern European countries, 
average ability to Southern European countries and the relatively lowest ability to Eastern European countries. In the second scenario, it is the other 
way around. Now, Eastern European countries adjust relatively easily and Northern European countries less easy. We again apply average ability to 
Southern European countries. This scenario mimics the situation that households in countries with a high average carbon tax incidence are better 
capable of adjusting their consumption. We test these two scenarios because it has been shown that the level of development of a country is a relevant 
factor for explaining differences in elasticities (see Fouquet, 2014). 

Abstracting from behavioral responses in our central scenario can be seen as a rather high threshold for our measure of incidence. To also calculate 
the lowest possible effect on households after demand responses, we construct a hypothetical scenario. In this scenario, we apply the highest elasticity 
estimate from Table A4 (− 1.4) to all sectors affected and to all countries equally. This scenario also mimics the situation where the consumer response 
to carbon-tax-induced price changes might be more pronounced than for conventional price changes. Andersson (2019) finds three-times higher 
elasticity estimates based on Swedish data. Hereby, we approach a lower threshold for the additional burden of the tax, precisely because we command 
households to react in the most extreme way that has been observed in the past for any good and consumer group. Note that this scenario does not 
include possible heterogeneous price elasticities across income levels. Banks et al. (1997) show that price elasticities are not constant across the 
income distribution in a quadratic almost ideal demand system. 

Whether price elasticities are very different across the income distribution is still an empirical unsolved question, although recent evidence seems 
to reinforce existing results that there is no evidence for significant differences of the price elasticity across the income distribution (see e.g. Ortega 
Díaz and Medlock, 2021). Our guess, based on evidence using quadratic demand models (see Labandeira et al., 2006), is that even when demands for 
some goods present non-linear profiles, it is not going to affect very much the dispersion of the own-price elasticities and, as a consequence, their 
effects on post-tax figures. In this sense, we are confident that our results constitute a measure close to a lower threshold in terms of the heterogeneous 
tax burden across income levels. This narrows down the interval of our results and reduces the uncertainty about the demand-side effects on 
regressivity. 

15 They report a summary of price elasticities found in the literature both for energy as a whole and for several energy commodities. Since ours can be interpreted as 
short-run results, we take the average short-run elasticities provided in their meta-analysis. 
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C.2. Under-reporting 

Under-reporting leads to two issues. First, we underestimate total expenditure levels of households. The ranking of households in the EU 
expenditure distribution could therefore be incorrect. We refrain from some form of correcting household expenditure because the HBS is the best data 
we have on household consumption.16 Second, we overestimate sectoral carbon intensities because we derive the intensities with aggregate HBS 
expenditures. 

Based on the national final consumption expenditure data provided by EUROSTAT17, we calculate the fraction of under-reporting at the 3-digit 
COICOP level. The assumption behind this approach is that EUROSTAT aggregate data is more accurate than aggregating household expenditure 
data from the HBS. We then use the fraction of under-reporting to inflate aggregate HBS expenditures. In order to be able to maintain the same 
matching as described in Section 3.3, we apply the fraction of under-reporting from the 3-digit-level to the subordinate expenditure categories at the 5- 
digit level. In the final step, we use the corrected aggregate expenditures at the 5-digit level to calculate corrected carbon intensities. This correction 
can have heterogeneous effects on households between and within countries. As for example average under-reporting is higher in e.g. Bulgaria than in 
Denmark (see Table A3), the corrected tax burden in Bulgaria decreases more strongly than in Denmark. Within countries, differences between 
expenditure sectors matter, too. Reducing for example the carbon intensity of the electricity sector more strongly than other carbon intensities leads to 
relatively higher changes for those households spending relatively more on electricity (usually the poor). Thus, we correct partly for both the het
erogeneous effect of underreporting across countries and across income groups. 

Our second approach to tackle under-reporting is to derive sectoral carbon intensities with GTAP 9 sectoral household expenditure estimates. 
GTAP explicitly accounts for households’ imports at market prices and households’ domestic purchases at market prices for their sectors (Aguiar et al., 
2016). 

In both approaches, we stick to the method described in 2.1 for the derivation of the CO2 emission vector F, but now use the two different total 
sectoral expenditure vectors for the calculation of the CO2 intensity vector f.18 

C.3. EU 27 

Austria, the Netherlands, the Czech Republic and Sweden are excluded from our central scenario. Based on EUROSTAT’s dataset on expenditures 
by income quintile we include these four countries in a sensitivity scenario. The data contains info on the average expenditure shares of the income 
quintiles on consumption goods at the 3-digit-level and on average total expenditure levels. We combine the 3-digit-level data with the dataset on 
average expenditure shares (total population – not by income quintile) which is provided at the 4-digit-level to arrive at household expenditure by 
income quintile at the 4-digit level.19 Drawbacks of this dataset are threefold. First, households are ranked according to their income instead of 
expenditure levels. Second, we can only build on average figures per quintile. Third, the highest level of resolution is the 4-digit-level. As there is no 
data available on how the 4-digit-level expenditures can be split into the 5-digit-level, we assume that the expenditures are equally spent on the 
respective subcategories. 

C.4. EU 23 + UK 

To account for the possibility that the UK remains part of the European climate policy, we model a scenario with the original 23 countries plus UK. 
The calculation is straightforward and analogous to our central scenario, as the UK is part of the HBS 2010 and the GTAP 9 data. 

C.5. Carbon tax on domestic emissions with and without CBA 

The European Trading Scheme (EU ETS) regulates local CO2 emissions within specific sectors, with around 11,000 large sources (industries, power 
stations) and airlines covering roughly 45% of total EU greenhouse gas emissions (Bayer and Aklin, 2020). In phase I, it covered around 50% of total 
CO2. The European Commission proposes to increase the sectoral coverage of the EU ETS and to consider border carbon adjustments in case of a lack of 
international ambition. We include two sensitivity tests addressing the possibility that these two extensions will not happen. For the first test, taxing 
only on domestic EU emissions, we modify the vector f introduced in Section 3.1 as follows. All direct CO2 emissions outside the EU (so all emissions 
related to non-EU industrial sectors) are set to zero, resulting in a refined vector f*EU. This vector is then used for the analysis. This scenario covers 73% 
of total embodied emissions. 

In the second scenario, we analyze the initial burden resulting from the EU ETS only. The tax is imposed only on emissions produced and consumed 
within the EU and within those sectors that are covered in Phase III. GTAP sectors covered are sectors 16, 31, 32, 33, 34, 35, 36, 43 and 50. Since we 
have no information about the distribution of emissions within the GTAP sectors, we assume that a GTAP sector is fully taxed if it is partly covered by 
the EU ETS. In Sectors 16, 31, 32, 34 and 43 we thus likely tax more emissions than covered within Phase III, resulting in an over-estimation of the tax 
burden of the EU-ETS. This scenario is modelled analogously to the previous one. Now, f is calculated as follows. All direct CO2 not related EU-ETS 
industrial sectors are set to zero. We get a refined vector f*EU− ETS, which is used for the analysis. Overall, 54% of total embodied emissions are now 
regulated. 

16 Inspecting Table A.4 shows that under-reporting is higher in lower-income countries like Bulgaria, Poland or Romania. Since these countries drive our regressivity 
result as they populate the lower deciles of the distribution, we conjecture that not correcting for under-reporting in total expenditure likely makes our central 
estimate too regressive.  
17 Data identifier nama_10_co3_p3  
18 Please note that this changes total emission levels assigned to households, too.  
19 We use the dataset by income quintile to get the expenditure level by 3-digit sectoral resolution for each quintile. From the dataset on the average expenditure 

shares at the national level, we can calculate how much is spent from these respective expenditures on the subordinate categories at the 4-digit level. By making the 
assumption that the share spent from the 3-digit-category on the subordinate categories is equal across income quintiles, we arrive at expenditure patterns at the 4- 
digit level by income quintile. 
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Appendix D. Suits index 

We calculate the Suits index according to Suits (1997). The Suits index is given by 

S = 1 −
(

1
K

)∫ 100

0
Tx(y)dy,

where Tx is the relative accumulated tax burden of the respective household, y the relative accumulated expenditure (from 0 to 100), and K = 5000. 
We approximate the integral 

∫
0
100Tx(y)dy by calculating the area under the curve with the trapezoidal rule that connects all points by a straight line: 

S ≈ 1 −
(

1
K

)
∑N

i=1
0.5(T(yi)+ T(yi− 1) )(yi − yi− 1),

with N being the number of households. This allows us to use household-level data instead of relying on decile averages as described in Suits (1997) in 
the case of discrete data. The Suits index is positive (negative) for a progressive (regressive) tax, ranging from − 1 ≤ S ≤ 1. To rank the households 
according to their expenditure level and for the calculation of the Suits index, we use the PPP and OECD (modified) adjusted figures and take into 
account the provided sample weight of each household. 
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