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This paper assesses household burdens from a carbon tax with revenue recycling and compares them to price
changes during the recent cost-of-living crisis. The illustration focuses on Lithuania, an OECD country that
attained high-income status a decade ago, and that recently enacted a €60/ton CO5 carbon tax despite a chal-
lenging policy context, with high poverty rates and major concerns about the affordability of energy and other
necessities. Although households spend large shares of their budget on energy, the average impact of the carbon
tax on their overall cost of living is comparatively modest. At around 3 % on average, it is substantially smaller
than the impact of inflation between 2021 and 2024 (35.8 %). Results confirm that direct burdens from higher
fuel prices fall disproportionately on lower-income households. But indirect effects of carbon pricing, from
higher prices of goods other than fuel, are sizeable and broadly “flat” across the income distribution, which
dampens regressivity. We simulate seven different options for compensating households by recycling carbon-tax
revenues back to them through transfers or by lowering other taxes. When carefully designed, revenue recycling
allows considerable scope for cushioning burdens, and for addressing concerns about disproportionate costs for

some groups of households and voters.

1. Introduction

As part of strategies to tackle the causes of climate change, different
forms of carbon pricing, such as carbon taxes, cap-and-trade systems and
phase-outs of fossil-fuel subsidies, have been introduced or proposed to
shift the marginal private cost of carbon towards its marginal social cost.
These measures incentivise a reduction in emissions and the substitution
of cleaner for dirtier fuels and technologies. They are recommended for
their environmental effectiveness, because they are administratively
simple and economically efficient, without being technologically pre-
scriptive, and because they do not weigh on government budgets but,
instead, create revenue (Pigou, 1920; Nordhaus, 1991; High-Level
Commission on Carbon Prices, 2017; Pearson and Smith, 1991).

Across countries, including in the high-income OECD area, current
carbon prices are well below levels that are considered in line with
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national and international commitments, notably the targets affirmed in
the Paris Agreement (OECD, 2022c,d). Numerous governments are
therefore considering reforms to introduce or increase them. A partic-
ular challenge for carbon-pricing initiatives is their distributional
impact, however. Mitigation policies are needed to prevent catastrophic
impacts of climate change, and the associated costs for societies. In the
short term, there can nevertheless be notable trade-offs between the
intended incentives from higher carbon prices, and unintended distri-
butional effects (Baranzini et al., 2000; Baumol and Oates, 1988). The
pattern of these distributional effects, in turn, is a key driver of public
and political support for fighting climate change (Biichs et al., 2011;
Tatham and Peters, 2022). Understanding the size and incidence of
household burdens from climate-change mitigation, even if temporary,
is important for social welfare reasons (Baumol and Oates, 1988;
Budolfson et al., 2021). It is also a key input into designing mitigation
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measures that governments can afford and voters are likely to support
(Beiser-McGrath and Bernauer, 2019).

Carbon pricing tends to be less regressive at lower GDP levels
because significant shares of the population cannot afford to fully satisfy
their energy needs. Nonetheless, with binding spending constraints
among the poor and other disadvantaged groups, even small price in-
creases can create significant welfare losses. The relationship between
national income and emissions, and consequently carbon-price burdens,
is well documented (Dorband et al., 2019; Dasgupta et al., 2002), but
non-linear and dependent on climate and other contextual factors
(Ivanova et al., 2017). As countries transition to higher income levels,
poorer and middle-class households tend to spend growing shares of
their budgets on energy, e.g., as they rely more on motorized vehicles
and transition away from traditional biomass for heating. During that
transition, lower-income households can therefore be especially exposed
to energy price shocks. They are typically also ill-equipped to draw on
savings, invest in energy-saving technology, or reduce other expendi-
tures, and may therefore need to cut back on essentials (OECD, 2022d;
Sologon et al., 2025). Distributional impacts can be felt more strongly in
countries with a high incidence of low household income or poverty, and
where energy is a necessity due to climate conditions.

This paper studies the impact of a carbon charge recently adopted in
Lithuania. Like other EU and OECD countries, Lithuania faces consid-
erable need and pressures to reduce emissions (OECD, 2021b). Lithuania
is a high-income country, but with national income lower than in
comparator countries. It joined the OECD in 2018 and, despite high
growth rates, GDP remains below EU and OECD averages. Poverty rates
are among the highest in Europe' and households spend large parts of
their budgets on energy. The affordability of necessities and associated
equity concerns therefore feature prominently in national debates of
price-based climate-change mitigation measures. The recent
cost-of-living crisis has further heightened attention to household bur-
dens from high or rising prices, and to energy prices in particular.

Regressive effects of carbon pricing, or a concentration of losses
among specific groups, may therefore call for accompanying measures
to compensate losers, while maintaining the fundamental price signals
from carbon pricing (Carattini et al., 2018; World Bank, 2019).
Compensation should be timely and may need to be suitably targeted to
make it cost-effective, notably in a context of tightening fiscal space.
Suitably designed, compensation for households can increase political
support for carbon pricing by easing concerns over impacts on living
costs (Beiser-McGrath and Bernauer, 2019).

The paper makes three main contributions to this debate and to the
literature. First, we undertake the first comprehensive distributional
analysis of carbon pricing for Lithuania, an EU country and OECD
member with lower GDP and higher poverty rates than in comparator
countries. Previous studies have analysed carbon-pricing burdens in
upper-middle-income countries (e.g. Renner (2018) for Mexico,
Rosas-Flores et al. (2017) for Peru), but there is limited evidence for
countries that transitioned to the high-income group of countries rela-
tively recently (e.g., Antosiewicz et al. (2022) in Poland). Second, we
carefully examine options for compensating households, providing a
richer assessment of revenue recycling than is typical in the literature,
quantifying gains and losses, and estimating the number of gainers and
losers, as key metrics related to voter support. We analyse seven
different compensation policies, including cash transfers and tax re-
ductions that commonly feature in policy debates. Third, we account for
recent price and income changes to make results more realistic and,
arguably, more policy relevant in the context of rapid changes in the cost
of living. Much of the literature on the distributional impacts of carbon
charges considers hypothetical carbon prices that are specified in

! In 2024, the at-risk-of-poverty rate in Lithuania is 21.5 %, the third highest
level in the EU after Bulgaria at 21.7 % and Latvia at 21.6 %, and compares to
an EU-27 average of 16.2 % (Eurostat, n.d.).
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nominal terms, evaluating their impact using income and consumption
data that is between 5 and 10 years old. In periods of moderate to high
inflation, such analysis can quickly become outdated and can be a blunt
guide for policy. In the discussion, we compare household burdens from
carbon pricing with those from other price increases, which are unre-
lated but sometimes confounded in public and political debates.

The remainder of the paper is structured as follows. Section 2 briefly
sketches the policy context for carbon taxes. Section 3 gives an overview
of past assessments of their distributional impact. Section 4 lays out the
methodology and describes the data. Section 5 presents results, dis-
tinguishing between (i) direct effects of carbon pricing on households’
living standards (via their fuel consumption), (ii) indirect effects (via
consumption of other goods and services with different carbon content),
and (iii) effects of household compensation that can be financed from
carbon-tax revenues. Section 6 compares burdens resulting from the
carbon tax, with those from the recent cost of living crisis.

2. Carbon tax: policy context and distributional effects

Carbon taxes were first introduced in Finland in 1990 and in Norway
in 1991. In 2025, 53 national and 40 subnational jurisdictions operated
110 carbon pricing schemes (World Bank, n.d.). In Europe, 20 countries
had implemented a carbon tax in 2021 with rates ranging from 75
cent/tonne of CO, in Ukraine to 120 Euro/tonne in Switzerland. The
OECD’s (2022) Tax Policy Reforms report notes that “promoting envi-
ronmental sustainability has become increasingly central to the policy
goals of taxing energy and vehicle use”, and successive editions provide
additional details on new or higher carbon taxes that are planned or
were recently adopted (e.g., in Austria, Canada, Iceland, Ireland,
Netherlands).

The European Green Deal, approved in 2020, is a set of policy ini-
tiatives with the overarching goal of a climate-neutral EU by 2050. In
light of this ambition, the 2021 European Climate Law set an interim
emissions reduction target of 55 % by 2030 (compared with 1990
levels). In order to meet this target, the European Commission has
developed a set of proposals, also known as the Fit for 55 package,
putting in place new climate policy initiatives in line with the increased
ambition of the Green Deal. Fit for 55 comprises numerous legislative
proposals and climate policy initiatives including, but not limited to, the
taxation of energy and the extension of carbon pricing to transportation
and residential sectors.

In accordance with EU-level commitments, Lithuania has targeted
net-zero emissions by 2050. Achieving this will require considerable
acceleration of emissions reductions, including by reversing detrimental
emissions trends in the transport sector. Indeed, emissions from private
vehicles and road freight have grown steadily and fuel taxes in Lithuania
are among the lowest in the EU. Lithuania’s expanding domestic
renewable energy production helps to reduce its reliance on electricity
imports. But decarbonising the economy through electrification will also
significantly increase electricity demand; Energy efficiency is therefore
key and will require a package of ambitious climate policies (OECD,
2021a, OECD, 2021b).

Until recently, Lithuania did not operate an explicit carbon tax. CO5
emissions from energy use were partly priced, through the EU Emissions
Trading System (ETS) and through (comparatively low) fuel excise
taxes.” In May 2023, the Lithuanian Government signed into law a tax
based on the carbon intensity of fuels that is to be phased in from 2025.
It is to start at 10 Euros per tonne of CO, and rise by 10 Euro each year,
to 60 Euros per tonne in 2030. In addition to being the target carbon-tax
rate in the specific Lithuanian reform, 60 Euros per ton also corre-
sponded to a low to midpoint estimate for the social cost of carbon in
2020 and a low-end estimate for 2030. As such, it is an informative
benchmark value as countries seek to narrow or eliminate the gap

2 (OECD, 2023), e.g. https://stat.link/2s67g0.
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between the private and social cost of carbon. More recent and forward-
looking studies mostly support significantly higher values, however,
illustrating the sizeable gaps between current policies and those needed
to meet mitigation targets.3

While carbon pricing is central to climate mitigation efforts in
numerous countries, some governments have responded to cost-of-living
concerns by recently easing or suspending environmental tax measures.
For instance, Portugal suspended a proposed carbon-tax increase in
carbon tax and Austria delayed the introduction of its carbon tax until
October 2022. Already at an earlier stage, the French government
withdrew a planned carbon-price increase and froze any further in-
creases, following strong resistance from some groups of voters, notably
in rural areas (the ‘Yellow Vest’ movement that formed in late 2018).
Throughout the EU and OECD areas, concerns over high and increasing
living costs have remained prominent in recent years.

There is a common conjecture that, without revenue recycling, car-
bon pricing is regressive in high-income countries (Klenert and Mat-
tauch, 2016). However, home fuel and electricity taxation tend to be
more regressive than fuel taxation in the transport sector (Biichs et al.,
2021), which can be progressive, especially in countries with moderate
car ownership and well-developed public transport systems (Wang et al.,
2016). In the EU, average impacts of a given carbon-tax rate on the cost
of living are much larger in lower-GDP, primarily Central and Eastern
European countries (Feindt et al., 2021; Linden et al., 2024).4 Taxation
of both direct and indirect emissions, associated to the production of
goods and services, tends to be less regressive than taxing direct emis-
sions only (Ohlendorf et al., 2020; OECD, 2024).

In countries with lower GDP levels, larger shares of households are
unable to satisfy their energy needs (Flues and van Dender, 2017), and
carbon pricing is therefore less regressive. In poorer countries, pro-
gressive impacts are possible, as the carbon intensity of consumption
baskets is low, and energy can be difficult to access or unaffordable for
large shares of the population, and heating fuels may be less important
due to climatic conditions (Ohlendorf et al., 2020; Dorband et al., 2019;
OECD, 2024).

The literature on net impacts, accounting also for revenue recycling,
points to the quantitative importance of revenue recycling for overall
distributional outcomes.® Lump-sum transfers financed through carbon
pricing are progressive and poverty-reducing (Berry, 2019; Klenert
et al., 2018; Owen and Barrett, 2020; OECD, 2024). Depending on their
reach, more targeted social welfare payments also support low-income
earners and reduce inequality, but they can achieve effective compen-
sation at lower fiscal cost (Callan et al., 2009). Across-the-board income
tax cuts benefit the top and are regressive in their mechanical impact
(Goulder, 1995), but can have progressive impacts if they lead to higher
employment (Rausch et al., 2011). Recycling carbon-tax revenues
through preferential rates of value-added tax (VAT) for specific goods, e.
g. on public transport, can redistribute between income groups and re-
gions (Brannlund and Nordstrom, 2004). Energy cheques tend to reduce
fuel poverty (Berry, 2019), while public transport vouchers can be
progressive and achieve sizeable emission reductions (Biichs et al.,
2021). Support for retrofitting residential buildings is progressive if it is

3 The US government currently relies on a mean value of USD 51/tCO,
(Interagency Working Group on Social Cost of Greenhouse Gases (IWG), 2021),
a recent report by the European Commission (2021) suggests a central value of
EUR 100/tCO, through to 2030, while a recent comprehensive review indicates
a preferred mean estimate of USD185/tCO,, at 2020 prices (Rennert et al.,
2022). See also (Network for Greening the Financial System, 2023; Tol, 2023).

4 As a result, findings point to regressive impacts of uniform EU-wide carbon
taxation (Feindt et al., 2021).

5 This also holds for policies that raise effective carbon prices through a
withdrawal of energy subsidies (Durand-Lasserve et al., 2015).
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targeted to the least efficient dwellings (Bourgeois et al., 2021), and if
support is likely to be taken up by low-income earners (e.g., if it is
provided in the form of direct grants, instead of subsidised loans).

A number of countries implemented explicit compensation policies
financed through carbon tax revenues (Immervoll H. , 2024). In Ireland,
the carbon tax includes a commitment to use the revenues to prevent
fuel poverty and ensure a just transition. The carbon tax introduced in
British Columbia, Canada, in 2008 was accompanied by a
revenue-neutral tax shift that cuts other taxes and provides for direct
transfers to households (Murray and Rivers, 2015). Switzerland ear-
marks one third of carbon-tax revenues for programmes to support a
green transition and reduce energy consumption, with the remainder
redistributed through lower health insurance premiums (Bureau et al.,
2019). Austria introduced a “climate bonus” paid to residents at
different rates depending on access to the public transportation network
(Budgetdienst, 2022). At the EU-level, countries have been designing
Social Climate Plans, detailing how a share of revenues from the EU-ETS
can be used to compensate vulnerable households (European Parliament
and Council of the European Union, 2023).

3. Methodology and data

We use a microsimulation approach to capture the heterogeneous
impact of carbon taxation on households represented in detailed micro-
data (O’Donoghue, 2021a,b). We use two main data sources, the World
Input-Output Database (WIOD) and the Lithuania portion of the EU
Household Budget Survey (HBS). The section starts by describing the
input-output analysis underpinning carbon-intensity estimates for each
product category. WIOD is then combined with HBS data to estimate
carbon-tax burdens at the household level.®

We model a uniform carbon tax on all sectors within the country.
This is a simplification, as the current version of Lithuania’s carbon-tax
reform does not cover installations already subject to emissions trading
(EU-ETS). An assessment of a uniform carbon tax is nevertheless infor-
mative, as EU-ETS does not yet include the transport and buildings
sectors, where the effects of carbon taxes on prices are expected to be
especially sizeable. By 2030, carbon prices will, to varying extents, also
rise for ETS sectors, even if not through explicit carbon taxes, but due to
the removal of emission allowances and tightening emission caps. Given
current policy trajectories and a growing urgency about countries’
failure to meet emission targets required for the key 1.5 and 2-degree
commitments, an average carbon price of 60 EUR/tonne of CO, argu-
ably presents a reasonable lower-bound value in 2030.

The reference period of the policy introduction and simulation is
relevant. Available data refer to earlier periods. However, household
circumstances, preferences and prices, and as resulting consumption
patterns, change over time. Our modelling relies on available household
expenditure microdata (HBS, 2015). For the simulations, we uprate
price data to account for the major recent price changes up until July 2,

6 A previous analysis of a carbon tax in Lithuania was published as a working
paper (Immervoll, O’Donoghue, Linden and Sologon, 2023). The distributional
impact estimates presented here differ from those in the working-paper version
for several reasons. Most importantly, the primary dataset here is the Lithuania
Household Budget Survey, while the working paper uses the Survey on Income
and Living Conditions with expenditure patterns imputed, rather than
observed. The working paper also attempts to account for household behav-
ioural responses, mainly for methodological illustration. Behavioural modelling
is not included here.
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022.7 Relatedly, observed income levels are uprated via income in-
flators, and separately for each income quantile. This approach is stan-
dard in the literature, to side-step challenges involved in more ambitious
now-casting approaches (Immervoll et al., 2005; O’Donoghue and
Loughrey, 2014; Sologon et al., 2022). Indeed, now-casting of microdata
can be informative when the objective is to approximate aggregate
measures of inequality. They involve a range of data adjustments,
however, which can be problematic when the resulting data are used as
input into further modelling or analysis. Essentially, extensive data
manipulations can obscure distributional results from the policy
modelling that are of primary interest. A description of our approach can
be found in the appendix.

3.1. Computing household carbon footprints

Modelling the CO, emissions linked to all forms of household con-
sumption requires data on households’ (energy) expenditure, economy-
wide data that capture carbon emissions by sector, and production
linkages between sectors. Emissions associated to household consump-
tion can be written as Eyy = Egypp + Eingup, where Egypy gives the direct
emissions associated to households’ fuel consumption, and E;qyy gives
the indirect (embedded) emissions associated with households’ con-
sumption of all other goods and services.

We compute direct emissions (Eg4;py) by sourcing energy prices and
carbon intensity factors for each fuel consumed by households. For each
fuel type, expenditure is then divided by its price to estimate the
quantity of energy consumed, and multiplied by its carbon intensity
factor. We differentiate between heating oil, gas, district heat, firewood,
coal, diesel and petrol®.

We compute indirect emissions using the Input Output (I0) meth-
odology (Miller and Blair, 2009; Leontieff, 1951) and data from the
WIOD’s Multi-region input-output (MRIO) tables with 2014 as a refer-
ence year. MRIO datasets map monetary flows between n sectors and m
regions, Z € R™M(MM)_ A final demand vector Y € R captures the
final demand for each industry output in each region. The technology
matrix, A € RMMmn)_contains all input coefficients for all sectors in all
regions. Using the technology matrix, we calculate the Leontief inverse
matrix, L = (I —A)"l, which gives the economy-wide input re-
quirements of output 0, 0 = f(I—A) " =f (I +A + A? + ... + A").

To compute carbon emissions associated with industries’ outputs, we
multiply the Leontief inverse matrix with a vector capturing industry-
level COy emissions, resulting in an environmentally-extended Multi-
regional Input-Output (EE-MRIO) model (see Kitzes (2013) for an
introduction to EE-MRIO modelling). Briefly, let E € R1?) denote a
vector of emissions for each sector and region, where p = m*n. We
compute CO, emissions per monetary unit of the sector’s output by
dividing E entry-wise by the corresponding sector’s output. Finally, we
compute households’ indirect emissions. Emission vectors are some-
times provided alongside MRIO models. In the case of the WIOD, this
emission vector consists of a value of total CO5 emissions per euro of
industry output per region, and includes energy-based, progress-based,
and fugitive emissions. In this paper, we simulate a carbon tax on
energy-based emissions only. Therefore, rather than using the full EE

7 We use June 2022 as a reference period for this analysis because it reflects
prices at the peak of the cost of living crisis in Lithuania (HCIP inflation was
highest in 2022) and represents a mid-year estimate, thereby following the
convention in the literature.

8 We source natural gas and electricity prices from Eurostat, prices of oil
products (Diesel, Petrol, Heating oil) from the European Commission Weekly
Oil Bulletin, and fire wood and coal prices were provided by the Lithuanian
Statistical Office upon request. We take district heating prices from Werner
(2017). Carbon Intensity factors are sourced from the 2006 IPCC Guidelines for
National Greenhouse Gas Inventories (IPCC, 2006) and Werner (2017) for
district heat.
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provided by WIOD, we compute carbon emissions for each fuel type. We
then compute the carbon emissions of each industry’s output as a
function of industry inputs.” Finally, we match the HBS expenditure
groups'® in COICOP to WIOD industries in NACE rév. 2 using bridging
matrices provided by Cai and Vandyck (2020) ,“ enabling us to
compute indirect carbon emissions at the household level (Ejgu)-

3.2. Revenue recycling

Carbon-tax revenues can be used to finance compensation to
households. Such revenue recycling can ease a regressive distributional
impact of carbon taxation, and could even render it progressive (Klenert
et al., 2018). Popular proposals include uniform lump-sum transfers,
reductions in consumption, labour, or capital taxes, or subsidies to
accelerate household adoption of low-carbon heating and transportation
technologies. In this paper, we draw on HBS data to simulate options for
recycling carbon-tax revenues to finance various cash transfers or tax
reductions. Past studies demonstrate that distributional impact of rev-
enue recycling can be bigger than that of the carbon tax (Fremstad and
Paul, 2019). We therefore explore this channel in detail, simulating a
total of seven different compensation options; per capita transfers, per
capita transfers targeted to rural households, a reduction in energy
excise duties, a reduction in energy excise duties with remaining reve-
nues used for per capita transfers, a transfer aimed at closing the
energy-poverty gap with remaining revenues returned as per capita
transfers, a reduction in food value added taxes (VAT), and a reduction
in all indirect tax liabilities.'?

4. Results

At carbon tax levels that countries currently apply or discuss, the
impact on household living costs can be significant, as can their distri-
butional effects. At the outset, it is useful to put the resulting burdens
into context, however. In Lithuania, the impact on living costs would be
much smaller than the effects of high inflation rates seen in this country,
and across the OECD, since 2021. A carbon tax at 60 EUR/tonne as
currently discussed would increase the consumer price index by less
than 4 % in total.

4.1. Consumption patterns across the income distribution

The impact on different population groups depends upon various
factors, including notably the distribution of expenditures across the
income spectrum. Carbon taxes affect household budgets directly
through fuel consumption, and indirectly via the consumption of other

° Given difficulties in measuring process-based and fugitive emissions, we
view it as more realistic to simulate a carbon tax levied in relation to energy
consumption. A challenge with this approach pertains to the high volatility in
the energy mix consumed by industries. In Lithuania in particular, the energy
mix produced by energy industries within the country and used by industries
has changed substantially since 2014 (the WIOD reference year). To attenuate
the impact of changes in the Lithuanian energy sectors, we approximate energy
industries’ fuel mix through the average fuel mix across EU energy industries,
sourced from UNIDO MINSTAT.

10 Expenditure categories are Food and Non-alcoholic beverages, Alcoholic
beverages, Tobacco, Clothing and footwear, Heating fuels, Electricity, Rents,
Household services, Health, Private transport, Public transport, Communica-
tion, Recreation and culture, Education, Restaurants and hotels, Other goods
and services, Childcare costs, Motor fuels, Durable goods.

11 Further detail on the procedure is provided in O'Donoghue et al. (2023).

12 The options considered are frequently discussed as policy options and have
been implemented in various countries. For example, households were
compensated for increased living costs through per capita transfers in Canada,
through geographically targeted transfers in Austria, through excise tax re-
ductions in Finland, and through energy poverty benefits in France.
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goods and services that give rise to CO5 emissions during the production
process.

The direct incidence of carbon taxes across households is shaped by
the pattern of fuel expenditures. Domestic heating fuels are ‘necessities’
in the sense of the term as commonly used by economists, i.e. people will
buy them regardless of income and low-income households tend to
devote larger shares of their total income and expenditures to heating
fuels than better-off households. An opposite pattern can emerge for
motor fuels, reflecting higher rates of car ownership among middle and
higher-income households.

Fig. 1 plots the distribution of fuel expenditures in Lithuania, along
with electricity, accounting for price changes up until mid-2022.
Spending shares for heating fuel are highest in income deciles 3, 4,
and 5. Overall, spending on heating fuels and electricity is regressive.
Expenditure on domestic fuels in particular is substantial across the
income distribution. Nevertheless, shares are lower in the poorest 2
deciles compared to deciles 3 and 4, which may be related to budget
constraints and the poorest households needing to prioritize other es-
sentials over adequate heating. Expenditures on electricity are sub-
stantially lower than for heating fuel in all deciles, and follow a mildly
regressive pattern overall. Spending on motor fuels is top-heavy, with
smaller spending on this item in the bottom 30 % but a higher share than
heating fuels at the top. Taken together, overall fossil-fuel (and energy)
expenditure is broadly flat in Lithuania, albeit following a slight inverted
U-shape.

Fuel prices and the composition of fuel consumption also drive
distributional outcomes. Population groups that use higher-emitting
“dirtier” fuels will see a greater absolute impact of carbon taxes on
prices. The relative price change depends also on initial prices, with
cheaper fuels affected more strongly by a given carbon tax per unit. As is
commonly the case, motor fuels in Lithuania are more expensive (due to
higher taxation) than domestic fuels (Fig. 2, Panel A). As a result, the
energy usage and emissions per unit of fuel expenditure are higher for
domestic fuels (which account for a large share of spending for low-
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income people) than for motor fuels (mostly consumed by higher-
income groups). Domestic fuels include high shares of solid fuels
(coal, coke, firewood), which have much higher emissions than liquid
fuels. Emission factors are lower for natural gas (Fig. 2, Panel B).

Like the direct burden from fuel expenditure, the distribution of the
indirect burden from carbon taxes on everything else is also driven by a
range of factors, and their net effect is difficult to anticipate. Budget
shares for goods other than fuel can be comparatively “flat”, with similar
shares of total expenditures across income groups. But since poorer
households save less, they spend a higher proportion of their income
than better-off households. A relatively flat indirect impact of carbon
taxes across households with low and high spending can therefore
translate into a distributionally regressive impact across the income
spectrum (with carbon tax burdens making up a larger share of income
for low-income groups).

4.2. Distributional impact across income groups

The carbon tax incidence is shaped by (i) the distributional patterns
of households’ fuel expenditures, and (ii) the indirect effects of a 60 EUR
carbon tax on the cost of other goods, based on emissions released
during production in different parts of the value chain.

Fig. 3 decomposes the carbon-tax burden into components related to
domestic and motor fuels, and indirect emissions. The carbon-tax
burden on domestic fuels (ca. 1.8 % of household income on average
across all income groups) is much higher than for motor fuels (less than
0.5 % on average). This reflects the higher expenditure on heating, as
well as the higher emissions per euro of domestic fuel. In line with fuel
expenditure profiles, the direct carbon tax burden for domestic fuels is
concentrated in the bottom half (regressive), while carbon taxes on
motor fuels are more progressive. The direct burden on households from
overall fuel expenditures is regressive.

At just over +1 % of household income on average, the costs from
indirect emissions related to the domestic production of other goods and

I Domestic Fuel Motor Fuel M Electricity

Shareof_total

2%>§/Een_d|ture

18% |

14% | I I . . . l l
12%

10% |

8% }

6% |

4%

2% }

0% .2l3l4.5.6I7.8.9.10

Income decile group

Fig. 1. High-income households spend large shares of their budgets on energy - Lithuania, approximations for 2022.
Note: Domestic fuel includes expenditure on gas (natural gas and town gas), liquified hydrocarbons, liquid fuels, heat energy, coal and other solid fuels. Motor fuels
include expenditure on diesel and petrol for transportation. Source: Household budget survey, combined with 2022 price data.



H. Immervoll et al.

A. Prices in Lithuania, EUR per kWh

2018 W 2021 (Jun)

2022 (Jan) I 2022 (Jun)

Heating ol  Natural Motor Diesel Coal Firewood

Gas gasoline

Energy Policy 206 (2025) 114783
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Fig. 2. Fuel prices and CO, emissions A. Prices in Lithuania, EUR per kWh B. CO, emissions, tonnes per unit (1 = average).
Note: Firewood also includes wood waste. Source: Author calculations using UNFCCC, Eurostat, EC Weekly Oil Bulletin.
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Fig. 3. Components of a EUR 60/t carbon tax (% of household disposable income).
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Source: Authors’ calculations using data on household expenditure, emission levels and industry inputs and outputs.

services are lower than the direct component, but remain important, as
households spend much more on non-energy than on fossil fuel overall.
This highlights the quantitative importance of accounting for all con-
sumption categories, and a careful Input-Output analysis. The scale of
the indirect effect is partly driven by spending on electricity, and the
carbon intensity of electricity generation, with the largest contributions
due to food and electricity consumption. Although the lowest-income
households spend greater shares of total expenditure on electricity
than higher-income groups (Fig. 2), the carbon content of electricity is
lower than for other energy sources, and overall indirect effects
(including also electricity) are essentially flat as a share of income.

Overall carbon-tax burdens are regressive, with around 3.5 % of
income for the bottom half of the distribution, and 2.15 % for the top
half - they are also largest for decile 1, and smallest for decile 10 (see
Fig. 4). As noted, multiple drivers and country idiosyncrasies shape this
result. There is no a-priori reason to expect it to apply more generally
and carry over to other country settings.

4.3. Revenue recycling

The carbon tax generates revenue, which can be used to shape its
overall distributive impact via revenue recycling. Such revenue recy-
cling can alleviate distributional concerns of carbon pricing and increase
their public acceptability (Klenert et al., 2018). The policies financed
with carbon tax revenues measures as part of a broader carbon-tax
policy package however also produce gains or losses for different in-
come groups and each revenue recycling option has strengths and
weaknesses (Nachtigall et al., 2022). We consider seven stylised
compensation measures. Table 4 in the appendix provides a
non-exhaustive list of compensation options considered in the literature.
All are budget-neutral and can thus be fully financed through the carbon
tax.

Option (1) is a stylised per capita transfer, paid at the same indi-
vidual rate to all residents. Similar to a universal basic income, a per
capita payment is often less redistributive than established social
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Source: Authors’ calculations using data on household expenditure, emission levels and industry inputs and outputs.

transfers. When conceived as a standalone benefit that replaces other
transfers, a basic income is difficult to finance without a substantial tax
increase (Browne and Immervoll, 2017). However, in the context of a
carbon tax, per capita compensation can be an attractive option, as it is
built around a novel revenue source, and can be introduced “on top of”
existing transfers, without needing to substitute for them. It is also
simple to communicate and, as everyone receives a recurring payment,
it may act as a signal that the carbon tax aims to alleviate climate
change, without creating an additional overall burden for households.
The universal lump-sum payment to everybody is indeed sometimes
argued to be the optimal revenue recycling option (Klenert et al., 2018).

Alternatively, carbon-tax revenues can be used to compensate
households more selectively, e.g. by adapting/expanding existing pol-
icies or introducing new targeted support payments.

Option (2) is a cut in food VAT rates. Because food is a necessity and
purchased by everyone, this option distributes resources across all
households but provides most support to low-income households rela-
tive to their income, as they devote bigger shares of their budget to food.

Option (3) is a per capita transfer to households in rural areas only.
Because of higher energy needs due to reliance on personal trans-
portation and larger, often detached, houses, rural households are
particularly likely to be disproportionately affected by a carbon tax.

Option (4) is a reduction in excise taxes levied on energy, to mitigate
the effect of the carbon tax on energy prices. Such rebalancing of the tax
burden has been implemented in some countries, for instance in Finland,
France, and Germany (OECD, 2024). As it reduces the carbon price for
some emissions, it also weakens the overall incentives for emission re-
ductions. And because excise duties are commonly levied on motor fuels,
but not on domestic fuels, this primarily directs resources towards
higher earners. The tax base of the carbon tax is much broader than that
of energy excise duties, therefore the revenues generated by a carbon tax
exceed those needed to eliminate energy excise duties. Remaining rev-
enues are returned to households on a per capita basis under Option (5).

Option (6) is designed to address energy poverty, a particularly
salient concern with carbon taxation, and especially in Lithuania. The
transfer is designed to close the energy poverty gap, defined as energy
expenditure exceeding twice the median energy income share (before
the carbon tax), following the ‘High Share’ definition of energy poverty
(see Menyhért (2024) for a comparison of energy poverty definitions).
Because carbon tax revenues are more than sufficient to close this energy

poverty gap for all households, the remaining revenues are returned as
per capita transfers.

Finally, Option (7) is a general and proportional reduction in the
indirect tax liability, including Value added tax, excise duties, and ad
valorem taxes for all products.

For each option, Fig. 5 reports two measures of gains/losses by in-
come group; average gain or loss of a carbon tax with revenue recycling,
and the share of individuals with net gains.'®

As a baseline, Fig. 5, Panel (a) first shows household losses in the
absence of any compensating transfers, to facilitate assessing the impact
of revenue recycling. The results elaborate Fig. 4 by showing also the
variation of impacts within income deciles, and can be interpreted as a
scenario where the government does not spend the carbon-tax revenue.
The revenues are sizeable (ca. €560 million or 0.75 % of GDP according
to our calculations) and provide the government with considerable
scope to cushion losses and shape the distributional profile as part of a
broader policy package.

When all carbon-tax revenues are channelled back to individuals via
a per capita transfer (Fig. 5, Panel (b)), most people are better off than
without the carbon-tax package. Revenues are sufficient for financing a
per-capita transfer of 16 Euros per month. Most households in the bot-
tom decile gain, and at least half do throughout deciles 1 to 4. Low-
income households pay smaller absolute amounts in carbon tax than
the better-off, because they spend less. However, substantial heteroge-
neity in fuel consumption among low-income households implies that a
significant share of low-income households still loses out under per
capita transfers. As a percentage of household income, gains quickly
decline as one moves up the income spectrum. Even for high-income
earners in the top decile, the per capita payment substantially reduces
the average net carbon-tax burdens (compare Panels (a) and (b)).

Lowering VAT on food (Fig. 5, Panel (c)) has a neutral impact and on
average neutralizes the impacts of the carbon tax across income deciles.
Lower gains for the poorest and higher gains for the richest compared to
a per-capita payment also reflect in the share of reform winners, with
higher shares of reform winners in all deciles except the lowest. Recy-
cling revenues through reduced VAT rates on food therefore

13 A household is considered to be reform winners if their net gains exceed
0.5 % of their disposable income.
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compensates households relatively well across the entire income spec-
trum, but it provides less support to the poorest than in the per capita
scenario.

The per capita transfer scenario examined in Panel (b) is very simple
and its distributional properties could be further tailored, e.g. by making
it taxable, or by differentiating payments across groups, to approxi-
mately account for higher energy dependence (in a similar spirit as in
the revenue recycling scheme in Austria noted above). Targeting
transfers to rural households can mitigate high carbon tax burdens if
rural households require more energy for heating and mobility. Rural
households generally have poorer access to public transportation
infrastructure and lower carbon heating options, such as district heating
or gas networks. Panel (d) shows a per capita transfer to rural house-
holds.'® In Lithuania, low-income households are primarily concen-
trated in rural areas, with 90 % of households in the lowest decile living
in rural areas, as compared to below 20 % among high income house-
holds. The average impact of the carbon tax on the cost of the con-
sumption basket in rural areas is twice as high (ca. 4 %) as in urban areas
(ca. 2 %). When compensation payments are targeted entirely to
households outside of cities, a higher share of low-income households
gains from the reform compared to untargeted payments (compare
Panel (b) and (d)). The per capita transfer to rural households is
noticeably more progressive with the majority of households in deciles 1
to 5 gaining from this reform, though the overall share of gainers is
slightly below that with untargeted payments (38.5 % against 41.8 %).
Transfers to rural households may therefore be politically attractive,
particularly if impacts on low-income households are a concern
(Dechezlepreétre et al., 2022).1°

Using revenues to lower energy excise taxes is regressive as shown in
Panel (e) because existing excise taxes are levied on motor fuels but not
domestic fuels or electricity. The tax base for energy taxes is much
narrower than that of a carbon tax, but energy excise rates are higher
than average carbon tax rates. A small share of carbon tax revenues
would therefore be sufficient to reduce excise tax rates to zero. The
remaining revenues can be returned to households as per capita trans-
fers. The impact of this reform is shown in Panel (f) and smoothens
average losses across income groups.

Another approach to mitigating the impact of a carbon tax on energy
expenditure is to identify households that struggle to meet their energy
needs, and that are therefore deemed energy poor. While there is no
generally agreed definition of energy poverty (Menyhért, 2024), tar-
geting compensation to the energy poor is sometimes suggested in the
public and political discourse (European Parliament and Council of the
European Union, 2023; Berry, 2019). Panel (g) shows a progressive
impact of targeting households with energy-to-income shares that are
greater than twice the population median. In fact, the reform impact is
broadly flat and only slightly progressive when comparing decile aver-
ages, but it leads to substantial gains for some low-income households
(note the adjusted vertical axis in the two panels).

The patterns of gains and losses of a proportional reduction of all
indirect taxes (VAT, excise, and ad valorem taxes) shown in panel (h) is
slightly regressive, with net losses for approximately two thirds of
households with incomes below the median, and just over half of high-
income households winning. While most low-income households are net
losers under this reform, the broad-based reduction in indirect tax rates

14 We consider households to live in rural areas if they live in thinly populated
or intermediate density areas, using the ‘Degree of urbanisation (DEGURBA)’
classification.

15 Compensating those with the greatest carbon-price burdens, compensating
the poor, and avoiding regressive impacts of carbon pricing were all identified
as important predictors of public support for climate policy (Dechezlepretre
et al., 2022). Transfers to rural households perform well on all of these di-
mensions. It should be noted however that they exclude urban households
which form a substantial share of the Lithuania population.
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means that net carbon-tax burdens are reduced for all households
(comparing panel (a) to panel (h)).

5. Discussion — carbon taxes when price levels are volatile

Our results show a significant impact of a €60 per ton carbon tax on
the cost of living in Lithuania. The carbon tax-induced price rise further
adds to price hikes for energy and other goods during the cost-of-living
crisis. Indeed, the recent high-inflation period heightened concerns over
rising prices, and energy prices in particular, and the impact of carbon
prices on the cost of living is a major source of public opposition to price-
based climate mitigation (Dechezlepretre et al., 2022; Douenne, 2020).
Despite this link between rising prices and concerns about carbon
pricing, few studies compared the impacts of carbon prices and the
recent inflationary period on the cost of living.'°

The aftermath of the COVID-19 crisis and Russia’s war against
Ukraine resulted in the highest price increases in the EU in decades.
Initially, the price surge was driven by rising energy and freight costs
and supply-chain disruptions (Michail et al., 2022) but these later spilled
over to multiple industries and most goods (OECD, 2022a, OECD,
2022b). In Lithuania, price inflation peaked in the third quarter of 2022.
At the end of 2024, inflation in Lithuania has stabilized at 1.5 % relative
to 2023. Simultaneously, income growth in Lithuania has been sub-
stantial over the last decade. Between 2021 and 2024, wages and sal-
aries increased by between 35 % and 54 %, with the lowest wage growth
registered in the ‘Other service activities’ sector and the highest growth
registered in the ‘Administrative and support service activities’ sector.

Fig. 6 shows that the cost-of-living impact of a €60 per ton of CO,
carbon tax is small compared to both income and price growth. On
average, HICP changes between 2021 and 2024 are ten times as large as
estimated price changes from the carbon tax. For most Lithuanian
households, income growth outpaced inflation (wages and salaries grew
by 46 % on average, not shown in Fig. 6) and many Lithuanian house-
holds therefore became richer over the period. This would still be true if
a carbon tax of €60 per ton of CO, were implemented.

While the average impact of a carbon price on overall price levels is
clearly small compared to HICP changes, changes in the cost of living
differ substantially across income groups. This paper found a regressive
carbon tax that impacts domestic fuel and electricity prices most.
Similarly, Sologon et al. (2025) found that inflation in Lithuania be-
tween 2021 and 2022 was regressive and that domestic fuel and elec-
tricity prices increased most. For some households, and likely many
pensioners and low-income households, the combined price change may
make heating and electricity unaffordable. Comparatively small impacts
of a carbon price may therefore plausibly encounter public opposition,
even if burdens may not be noticed by the average household. Such
opposition may, e.g., be driven by the fact that the carbon tax is directly
under the governments’ control, unlike many of the forces that triggered
the cost of living crisis. Disadvantaged people, who suffer the largest
combined increase in their cost of living, may also be more likely than
the average household to voice opposition (Biichs et al., 2024). As
shown in this paper, compensating households through revenue recy-
cling provide powerful levers for compensating households, and future
research could identify households that are disproportionately impacted
by both inflation and carbon pricing.

6. Conclusion and policy implications

There is broad consensus that setting a price for carbon is a necessary
part of urgent strategies to avert catastrophic climate change. Carbon
pricing is economically efficient, as it promotes emission reductions in a

16 To our knowledge, only Konradt et al. (2024) compare the average impact
of a €150 per ton of $CO_2$ tax to cost of living crisis in 2022 in the euro area,
finding that such a carbon price would have comparatively small impacts.
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cost-effective way that leverages, rather than hinders, entrepreneurship,
markets and innovation. At the same time, there is a view that public
support for carbon taxes is limited, largely because of perceived welfare
losses and distributional concerns, and also in view of exceptionally high
and volatile energy prices in recent years. These concerns highlight the
need for careful distributional analyses that support policy design, and
the communication of the benefits and costs of a green transition.

In this paper, we use a rich set of available data and policy models to
assess the effect of a €60 per ton carbon tax in Lithuania, along with
compensatory government transfers financed through carbon-tax reve-
nues. The context of Lithuania is a challenging one for carbon pricing
and is therefore of particular interest. It is a former transition country
that has achieved high-income status relatively recently. Lithuania faces
similar pressures to reduce emissions and increase carbon prices as other
EU countries, but average household incomes are lower and poverty
rates are higher. The climate is comparatively cold and, while Lithua-
nian households are sufficiently rich to prioritize energy consumption
over other essentials, such as food, energy budget shares remain high,
particularly among low-income households.

Results in this paper confirm that, without compensation measures, a
carbon tax is regressive. For instance, the “direct” burden from the
emissions associated with households’ own fuel consumption, sums to
about 3.3 % of household income for the bottom income decile,
compared to less than 1 % for the richest 10 %. “Indirect” burdens,
associated to emissions released in the production of all other goods and
services, are sizeable but essentially “flat”, with averages of around 1 %
of incomes in all income groups.

We study seven specific revenue recycling options for compensating
households. In line with previous research, we find that carbon tax
revenues give the government substantial leverage for shaping distri-
butional outcomes of a carbon-price reform (Klenert et al., 2018). It is
possible to avoid detrimental distributional impacts, but compensation
strategies need to be designed carefully. Recycling revenues in the form
of per capita payments, particularly if they are targeted to rural or
energy-poor households, renders the overall reform progressive, with
bigger gains for lower-income households. By contrast, using carbon-tax
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revenues to reduce other indirect taxes is regressive, and reducing VAT
for food has a broadly proportional impact. We show that all revenue
neutral policy packages create large numbers of winners and losers, even
among households with similar income levels. The per capita transfers
produce the largest share of reform winners, particularly among
low-income households. Tax cuts create more winners among
high-income households, but fewer overall. Results suggest that
combining tax cuts with per-capita transfers can make the overall impact
progressive, but this may not hold if only part of the carbon-tax revenue
is available for compensating households.

We contextualize carbon tax burdens by comparing associated price
changes to (unrelated) price increases and income trends during the
recent cost-of-living crisis. The impact of a €60 per ton carbon tax on
households’ living costs is much smaller (ca. 3 %) than cumulative
inflation during the 2021-2024 period (ca. 36 %). Inflation led to
particularly fast price increases for domestic fuels, highlighting that,
without specific support measures, low-income households may be left
behind. Yet, despite very high inflation, wage and salary growth out-
paced prices and, even with the proposed carbon tax, real incomes grew
for many Lithuanian households. This comparison is relevant because
burdens from carbon pricing and unrelated price increases are some-
times confounded in public debates and may weaken support for price-
based mitigation approaches.

The modelling approach combines different data sources to derive
patterns of household burdens that are needed for distributional anal-
ysis. As all modelling, it nevertheless abstracts from certain parts of
reality, and these limitations suggest possible priorities for future
research. Importantly, carbon taxes have effects beyond those on con-
sumption expenditures by altering the incomes of the owners of the
different factors of production, including natural resources, “brown in-
dustry” equity and labour (Rausch et al., 2011; Metcalf and Stock, 2020;
Metcalf G. , 2021) by changing the pace and direction of innovation
(Dechezlepretre and Kruse, 2022; Dechezlepréetre and Sato, 2017;
Dechezlepretre et al., 2023), and by affecting jobs in high-carbon in-
dustries (Metcalf and Stock, 2020; OECD, 2021a,b,c,d; OECD, 2024).
Further, households adjust their consumption behaviour following price
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7. Appendix

A.1. Data adjustments

To make the simulations more realistic and relevant in the context of a high-inflation environment, we adjust the historical expenditure and income
data underpinning the analysis. Currently available HBS data are from 2015; more recent data have recently become available but they relate to the
COVID period and are therefore not representative of key consumption patterns. We make adjustments to bring population totals and structure up to a
more recent period and, crucially, to account for price and income changes.

2020 is the most recent year for which population totals are available and we use this information to account for changes as shown in Table 2. Even
though the 2015-2020 time interval is short, population changes for some age groups were substantial in Lithuania, due to ageing and (historical and
current) migration patterns. Lithuania has fewer than 3 million residents, its population is decreasing and projected to decline by 200,000 by 2030
(OECD, 2021a,b,c,d). Historically, migration remained outward, with young people, in particular, leaving Lithuania. This trend has reversed recently,
with net positive migration flows since 2019 (OECD, 2021a,b,c,d). From 2015 to 2020, most working age groups declined while older age cohorts aged
(60+) expanded, with greater relative increases for older groups. To approximate 2022 population totals, we subsequently apply twice the average
annual growth rate over the 2015-2020 period. The resulting factors are used to reweigh observations in the micro-data depending on their age group.

Total inflation over the 2015-22 period was 54 %, with 2021-2022 accounting for more than half (32 percentage points) of this change. Food, drink
and tobacco, fuels, restaurants and transport increased at a higher rate than the mean. The impact is comparatively small; price increases observed
over the 2021-2022 period were more than ten times as high as the increase that would result from a carbon tax of EUR 60/tonne, using July 2022
price levels as reference.

Nominal incomes grew faster than prices between 2015 and 2020 (by 60 %, a real increase of almost 40 %). We uprate disposable incomes by a
quantile specific factor reflecting this average change. In reality, some of the change in disposable income will have been due to market income
changes among workers, some due to employment changes and some due to changes in policy, notably those that impact on pensions and other
government transfers. Although it is possible to approximately account for this granularity, it is beyond the scope of this paper. It is preferable to await
new data rather than attempting to undertake complex, cumbersome and potentially in-transparent adjustments of the rich income distributions
captured in the data.

Our approach can be summarized in five steps.

1) We group HBS expenditure items into COICOP groupings (see Table 2) and we source the corresponding Harmonized Index of Consumer Prices
(HICP) from Eurostat.

2) We compute HICP changes between January 2015 and July 2022 per expenditure grouping and uprate household expenditures observed in the EU-
HBS 2015 using HICP changes (see Table 2).

3) We source income uprating factors (2015-2020) for each household disposable income quantile and uprate disposable income for each household
using the uprating factor differentiating income growth per quantile (see Table 3).

4) We adjust the population weights to reflect changes in the demographic composition of the population (by age) (see Table 1).

5) To compute the carbon emissions associated with fuel expenditure, we source price data for July 2022 for each energy commodity (gas, liquid fuel,
solid fuels, district heat, diesel, petrol) and fuel emission factors. The prices were sourced from the European Commission Weekly Oil Bulletin and
provided by the Lithuanian Statistics Office upon request. We use the 2006 IPCC emission factors for each unit of fuel.
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Fig. 1. Change in the cost of living between 2015 and 2022.
Table 1
Population change Lithuania - 2020.
2015 2020 Change

0-4 150984 145590 0.964

5-9 139381 144512 1.037

10-14 134240 132642 0.988

15-19 166270 130926 0.787

20-24 201515 154360 0.766

25-29 195615 185376 0.948

30-34 178111 187446 1.052

35-39 176352 171793 0.974

40 - 44 197732 174252 0.881

45 - 49 207820 195470 0.941

50 - 54 225192 201308 0.894

55 - 59 213239 217731 1.021

60 - 64 170639 196708 1.153

65 - 69 145259 154540 1.064

70 - 74 131531 126480 0.962

75-79 120539 110410 0.916

80 - 84 85932 90739 1.056

85 - 89 47321 51559 1.090

90 - 94 14902 18624 1.250

95 - 99 1978 3364 1.701

100 + 358 639 1.250

Total 2904910 2793986 0.962
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Table 2
HICP changes from January 2015 to July 2022 by COICOP grouping.

COICOP Expenditure group HICP Jan. 2015 HICP Jul. 2022 HICP change
1 Food 100.17 149.85 1.496
2 Alcoholic beverages, tobacco and narcotics 99.51 144.05 1.448
2.3 Tobacco 98.98 157.28 1.589
3 Clothing and footwear 94.27 100.72 1.068
4.1 Actual rentals for housing 88.76 155.35 1.75
4.4 Water supply and miscellaneous services 99.95 116.54 1.166
relating to the dwelling
4.5.1 Electricity 100.00 188.44 1.884
4.5.3 Liquid fuels 96.73 172.65 1.785
4.5.2 Gas 105.85 180.42 1.705
4.5.4 Solid fuels 105.88 227.71 2.15
4.5.5 Heat energy 110.43 144.44 1.31
5 Furnishings, household equipment and 99.50 126.11 1.267
routine household maintenance

6 Health 98.64 132.10 1.339
7.2 Operation of personal transport equipment 95.49 156.18 1.636
7.2.2.1 Petrol 90.55 164.92 1.821
7.2.2.2 Diesel 94.63 177.22 1.873
7.3 Transport services 96.83 135.68 1.401
8 Communications 99.74 98.93 0.992
9 Recreation and culture 98.60 125.05 1.268
10 Education 98.98 137.45 1.389
11 Restaurants and hotels 97.49 156.57 1.606
13 Miscellaneous goods and services 99.66 138.31 1.388
13.3.1 Child care services 100.00 128.96 1.29

Source: Eurostat (n.d.). Harmonized Index of Consumer Prices (HICP) - Monthly Index [Data set]. Retrieved June 6, 2025, from https://ec.europa.
eu/eurostat/databrowser/view/PRC_HICP_MIDX_ custom_2780946/default/table

Table 3
Mean disposable income (in euro) and income growth by disposable income quantile (2015-2020).
Year/Quantile Quantile 1 (Lowest) Quantile 2 Quantile 3 Quantile 4 Quantile 5 (Highest)
2015 2678.20 5396 8944.20 13,645.40 26,602.90
2020 4508 8891 14,083 20,834 41,595
Change 0.683 0.648 0.575 0.527 0.564

Reference: Eurostat (n.d.). Mean and median economic resources of households by income, consumption and wealth quantiles — experimental statistics [Data set]. Retrieved
October 17, 2024, from https://ec.europa.eu/eurostat/databrowser/view/icw_res_02_custom_13349710/default/table.

Table 4
Overview of existing distributional studies using microsimulation: Scope and modelling choices.

Author Country Scope Distributional Distributional Taxes considered ~ Multi- Revenue recycling Data matching
coverage impact metric regional
10 model
Pearson and United country Regressive Expenditure Carbon tax Country I0 (1) Lump-sum; (2) lower no
Smith Kingdom income tax
(1991) (some results
for EU12)
Symons et al. 5EU country Mixed Income Direct and no no no
(2002) indirect
Dorband etal. 87 low and country Progressive Income Transportation yes no no
(2019) middle- fuel
income
Vogt-Schilb Latin America  cross- Progressive Expenditure Direct and yes (1) Higher cash-transfers,  no
etal. (2019) & Caribbean country indirect (2) Higher coverage
Biichs et al. 27 EU EU-level Regressive across Income Direct and yes (1) fuel rebates; (2) green  no
(2021) EU indirect vouchers +
infrastructure
Feindt et al. 23 EU EU-level, Progressive across Expenditure Direct and yes (1) National/EU lump no
(2021) country country/regressive indirect sum; (2) Targeted to poor
across EU
Callan et al. Ireland country Regressive Net cost Direct and yes (1) Social welfare no
(2009) indirect payments, child benefit,
(2) tax credit, tax rate
decrease
Bourgeois France country Regressive Income Carbon tax no (1) Lump-sum, No, specialized
etal. (2021) (2) Subsidies dataset
Reanos Ireland country Regressive Income Carbon tax no Lump-sum Yes, Stone Index
(2021)

(continued on next page)
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Author Country Scope Distributional Distributional Taxes considered ~ Multi- Revenue recycling Data matching
coverage impact metric regional
10 model
Douenne France country Regressive Income and Domestic and no (1) Lump-sum, Statistical matching
(2020) Expenditure Transport fuels (2) Geographical and
Fuel targeted
Vandycketal. 11 EU Cross- regressive Income Direct and yes (1) Lump-sum, (2) Social ~ EUROMOD-ITT,
(2021) country indirect benefit index, (3) Wage imputation and
index statistical matching
To6bben et al. Germany Country regressive Income Carbon tax no (1) Purchasing power Synthetic dataset
(2023) target, (2) Energy using iterative

poverty target, (3)
renewable energy levy
abolishment

proportional fitting
and random forests

Data availability
The authors do not have permission to share data.
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