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Consumption taxes on meat have recently been under consideration
inseveral European countries as part of their effort to achieve more
sustainable food systems. Yet amajor concern is that these taxes might
burden low-income households disproportionately. Here we compare
different meat tax designs and revenue recycling schemes in terms of their
distributional impactsin alarge sample of European countries. We find
thatacross all selected tax designs, uncompensated meat taxes are slightly
regressive. However, the effect on inequality is mild and can be reversed
through revenue recycling via uniform lump-sum transfers in most cases.
Using meat tax revenues towards lowering value-added taxes on fruit and
vegetable products dampens but does not fully offset the regressive effect.
Variation in the distributional impact can be explained by cross-country
heterogeneity in consumption patterns, design choices between unit-based

and ad valorem taxation and differentiation according to greenhouse

gasintensities.

Stringent environmental regulation of livestock farming and meat prod-
ucts is notably lacking, despite their contribution to climate change,
biodiversity loss, deforestation and nitrogen pollution’. Recent assess-
ments suggest that the 1.5 °C climate target set out in the Paris Agree-
ment cannot be attained without rapid and ambitious changes to global
food systems?. Filling this regulatory gap is increasingly important,
especiallyin high-income regions such as the European Union, where
per capita meat consumptionis currently at unsustainably high levels®.

Against thisbackdrop, the topic of meat taxation has gained grow-
ing political attention in recent years, with the European Commis-
sion’s Farm-to-Fork Strategy detailing a vision of an EU tax system that
adequately reflects the ‘real cost’ of environmental damages associated
with fooditems. Indeed, the dietary transition necessary to align food
systems with environmental objectives will, among other measures,
probably require a price signal*. In the absence of a comprehensive
upstream price on greenhouse gas (GHG) emissions and other agri-
cultural externalities, consumption taxes on meat and other animal
products, which are substantially more carbon intensive than other
foods>®, are asimple second-best policy option’.

However, a recurring argument against taxation of food items is
its potential regressivity. As low-income households spend a larger
share of their income on food, they are disproportionately affected
by food taxes. For precisely this reason, value-added taxes onfood and
otheressentialitems have been set at reduced rates in many European
countries. This begs the question whether an environmental price
signal on high-polluting food items will inevitably come at the expense
of higherinequality. A disproportionate burden on low-income house-
holds threatens the distributional fairness and political feasibility of
introducing meat taxes®’, especially in light of rising food prices and
inflation, and may exacerbate existing income-related food insecuri-
ties, especially in eastern and southern Europe™®.

Here we investigate these distributional effects. When design-
ing consumption taxes on meat, policymakers are faced with three
essential design choices. First, should taxes be ad valorem or based on
product units? Second, to what extent can tax rates be differentiated
accordingto environmentalimpact? Third, what is tobe done with the
revenues from meat taxation? Our analysis simulates how these choices
affect the distributional outcomes from taxing meat consumption
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Fig.1|Relative versus absolute annual meat expenditure by meat type. a, The share of total expenditure spent on meat products across expenditure quintiles (Engel
curve). b, The absolute expenditure on meat (in 2010 €) across quintiles. Each graph represents the country-weighted EU aggregate of country-level EU-HBS data.

using microdata from consumer expenditure surveys in 25 European
countries (European Union and United Kingdom).

Whereas a substantive body of research has demonstrated the
regressivity of carbon-equivalent food taxes, these studies have either
focused on single countries or considered a single tax design' ™. By
contrast, we compare the relative distributional effects of ad valorem
taxes, unit taxes and emissions-based taxes on meat and of differ-
ent revenue recycling mechanisms in a multi-country context, using
household-level expenditure data from the EU Household Budget
Survey (EU-HBS). In each scenario, we compare changes in the Gini
coefficient withand without revenue recycling. In particular, we analyse
recycling via reductions in value-added tax (VAT) rates on fruits and
vegetables and via uniform lump-sum transfers to every consumer,
which hasbeen demonstrated toreverse the regressive impact of atax
in the context of carbon pricing'®".

Results
Meat expenditure patterns across quintiles
Assessing consumption patterns, the share of spending on meat (asa
percentage of total expenditure) provides anintuition for the distribu-
tional effects of meat taxation. For the country-weighted EU average
(Fig.1), per capitaspending on meat conforms with the known dynam-
ics of Engel’s Law’®: relative spending decreases across expenditure
quintiles (Fig.1a). Meanwhile, absolute annual spending increases with
expenditure (Fig.1b). This effect differs by meat type and appears to be
more pronounced for beefthan for sheep and goat, for instance. While
most countries inthe EU-HBS sample follow the described expenditure
patterns, there are some exceptions. For example, the relative expendi-
ture curve for France takes aninverted U shape, with meat expenditure
shares relative to total expenses peaking among the middle class.
Overall, the above spending patterns—consumers in the lowest
quintilespending alarger share of their budget on meat, while absolute
expenditureincreases for higher quintiles—suggest that meat taxation
isregressive and can be turned progressive on average with lump-sum
rebates. However, several factors specific to meat consumption suggest
quantitative (and perhaps also qualitative) differencesin the distribu-
tional impact of different tax design options. First, consumption of
meat and other food items has satiation levels. This suggests that the
spread of consumption in units across quintiles is much lower than
expenditure: the per-kilogram meat consumption of individuals in
the highest quintileis 29% higher than that of individuals in the lowest
quintile, while high-income individuals spend 81% more on meat. Sec-
ond, relatedly, preferences for quality attributes resultin high-income
individuals spending higher unit prices than low-income consum-
ers. Third, as culinary traditions vary, we observe consumers in many

southern European countries spending acomparatively larger share of
their total expenditure on resource- and emissions-intensive beef and
consumersin eastern European countries spending more on pork and
meat productsinthe category ‘dried, salted and smoked’ compared to
the average of the European sample (Supplementary Information).

Distributional effects of different meat tax reforms

We assess the distributional impacts of taxing meat by analysing four
main scenarios: (1) a 5% ad valorem tax on all meat types; (2) a shift
from the reduced to the full VAT rate for all meat types; (3) a50€ t™ CO,
equivalent (CO,e) carbontax based onthe average GHG emissions (with
the global warming potential of different GHGs expressed inequivalent
amounts of carbon dioxide) associated with a specific meat type (that
is, type of livestock); (4) a0.35€ kg unit tax on meat (that is, not differ-
entiated by meat type), whichis set such that it is equivalent to the 5%
taxincreaseinscenariolinterms oftotal revenue.Ineachscenario, we
compare three cases regarding the handling of the tax proceeds:inthe
first case, the tax revenues disappear (into the government budget); in
the second case, the tax proceeds are returned to consumers as equal
per capitapayments; andin the third case, the revenueis used to reduce
VAT rates on fruit and vegetables. A fourth case in which the revenue
isused for targeted transfers to the lowest quintile is analysed in Sup-
plementary Section 4 and Supplementary Table 3.

On the basis of the EU-HBS, we conduct a microsimulation to
determine the absolute per capita tax burden in each country and
calculate the corresponding Gini coefficients in expenditure at the
country level before and after the tax reform. We assume a demand
elasticity of zero for the main results reported in Fig. 2 and Table 1 to
determine the upper bound of the distributional effects. We check
for robustness of our results using transferred elasticities from the
literature in Supplementary Information. Average GHG intensities of
different meat types used for this analysis are summarized in Table 2.
For more details, see Methods section at the end of this paper.

Figure 2 and Table 1display the distributional outcome of the four
scenarios as changesin the Gini coefficient. Itis the standard economic
measure of statistical dispersion to depict the distribution ofincome,
or here expenditure, within a country—with O reflecting a state of
perfect equality and 1 representing the most unequal state possible.
Comparedtothe overalllevel of inequality in expenditure (thatis, the
Gini coefficients of total expenditure in the different countries rang-
ing between 0.269 to 0.384 before taxes), the overall effect of meat
taxation on inequality is small. For a more intuitive illustration of the
magnitude of the effects of the reform, Table 1 additionally depicts
the annual per capita burden of the tax reform in euros on the first
and the fifth quintiles. For instance, the 0.0002 increase in the Gini
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Fig.2|Simulated changes in post-reform Gini coefficients for four meat tax
scenarios with revenue recycling via uniform lump-sum transfers and VAT
reduction on fruit and vegetables. a, A 5% ad valorem tax on meat. b, Anincrease
in VAT on meat to standard VAT rate. ¢, GHG-based meat taxes based on average
per kg CO,e intensities of different meat types (beef, sheep and goat, pork, poultry
and composite categories; Table 2) and a tax rate corresponding to S0€ t* CO,e.

0O Tax + VAT reform

d, A0.35€ kg unit tax on meat. Grey bars indicate the effect of the tax only.
Black dots indicate the net effect of the tax plus uniform lump-sumrecycling,
and squaresindicate the net effect of the tax plus VAT reductions on fruit and
vegetables. Country codes used are as indicated in the EU-HBS, which follow ISO
3166 alpha-2 (https://www.iso.org/iso-3166-country-codes.html), except for
Greece, whichislabelled EL, and the United Kingdom, which is labelled UK.

Table 1| Summary of microsimulation results (changes in Gini
population-weighted EU average

coefficient and absolute annual per capita burden) for the

(1) 5% rate (2) standard VAT (3) GHG based (4) Unit tax
Tax only Change in Gini 0.000201(0.000196, 0.000603 (0.000586, 0.000778 (0.000760, 0.000636 (0.000624,
coefficient 0.000206) 0.000619) 0.000796) 0.000649)

Absolute burden (1st

25.4(25.0, 25.8)

731(71.9,74.3)

71.8(68.8, 74.9)

54 (52.0, 56.0)

quintile, €)
Absolute burden (5th 48,6 (47.8,49.4) 137.6 (135.2, 140.0) 92.7(90.3,95.1) 63.1(61.8,64.3)
quintile, €)
Tax + uniform Change in Gini -0.000396 (-0.000402, -0.00111 (-0.001128, -0.00069 (-0.000709, -0.00047 (-0.000482,
lump-sum transfer coefficient -0.000390) -0.001093) -0.000671) -0.000458)
Absolute burden (1st -13 (-13.4, -12.6) -36.2 (-37.4,-35.0) -13.3 (-16.4,-10.3) -6.4(-8.4,-4.4)
quintile, €)
Absolute burden (5th 10.2 (9.4, 11.0) 28.2(25.8, 30.6) 75(5.2,9.9) 2.6(1.4,3.9)
quintile, €)
Tax + VAT reform Change in Gini 0.000002 (-0.000004, 0.00003 (0.000014, 0.000241(0.000220, 0.000238 (0.000224,
coefficient 0.000007) 0.000047) 0.000261) 0.000252)
Absolute burden (Ist 11(0.7,1.5) 3.6(2.4,4.8) 14.9 (11.8,18.0) 13.5(11.4,15.5)
quintile, €)
Absolute burden (5th -3.5(-4.4,-27) -11.1(-13.6,-8.5) -19.5(-22.5, -16.5) -16.6 (-18.5, -14.8)
quintile, €)

Absolute burden refers to the annual per capita burden in 2010 €. Negative values correspond to gains.

coefficient corresponding to the first scenario without revenue recy-
clingwould lead to anannual per capita tax burden of 25.4€ on consum-
ersin the lowest and 48.5€ on consumers in the highest quintile. This
correspondsto 0.24% and 0.11% of total expenditure for the firstand the
fifth quintiles, respectively (Supplementary Section 2). We report 95%
confidenceintervalsin Table 1and find that the results are statistically
significantin both metrics (Gini coefficient and absolute burden), both
atthe aggregate EUlevel and the national level (Supplementary Data).

The impact of meat taxation without recycling (grey bars in Fig.
2) is regressive across all four scenarios, while the degree of regres-
sivity differs across scenarios and countries. This is primarily as the
selected tax designs imply different levels of stringency. Whereas the
5% ad valoremtax (1) implies equal stringency of the tax reform across
countries, a Europe-wide decision toincrease VAT on meat to standard
rates (2) implies different stringencies (equivalent to a 9-21% ad valo-
rem tax increase), while five countries (Bulgaria, Denmark, Estonia,
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Table 2 | Average GHG intensities of different meat types in
Europe

Meat type CO,e (kg per kg meat)
Beef 22.5

Sheep and goat 20

Pork 75

Poultry 5

Other 13.0

Average emissions content in CO,e based on scenario Il in Weiss and Leip®.

Latvia and Lithuania) already have standard VAT on meat products
(Supplementary Table 5). The two unit tax scenarios (3) and (4) are
constrained to a slightly smaller sample of countries due to a lack of
data on corresponding meat quantities.

Recycling of meat tax revenues to consumers changes the distribu-
tional outcomes substantially. Total revenue raised in all 25 countriesin
scenarios (1) and (2) amounts to 6.1 billion € and 17.4 billion €, respec-
tively. Scenarios (3) and (4) use asmaller sample 0of 19 countries. Here
total revenue equals 5.2 billion € and 3.7 billion €, respectively. When
revenues areredistributed to consumers as equal per capita transfers
(indicated by black dots in Fig. 2), the distributional impact of a meat
tax is rendered progressive in all four scenarios and in all countries.
This outcome can be seen as a direct consequence of the Engel’s Law
pattern (that is, decreasing relative meat expenditure and increasing
absolute expenditure with increasing income in the majority of the
analysed countries). Whenrevenueis recycled via VAT rate reductions
for fruitand vegetables (indicated by squares in Fig. 2), a similar logic
applies. However, the regressivity mitigating effect is considerably
lower: on the one hand, relative spending on fruit and vegetables fol-
lows the typical Engel’s law dynamic. Hence, reducing VAT rates on
these goods will generally have a progressive effect. On the other hand,
richerindividuals spend moreinabsolute terms on these goods. Thus,
they will benefit morein absolute terms. This dampens the progressive
effect (as measured by the Gini coefficient). Insum, VAT reductions still
dampen the regressivity of meat taxes in most cases, albeit to amuch
lesser extent than equal per capita transfers.

Moreover, we find that the distributional effect varies with tax
design. The overall regressivity of the reformis reduced as one moves
towards differentiating tax rates according to the average carbon
intensity of meat types. Onaverage, it reduces by around two-thirds as
one moves from unit taxation to ad valorem taxes. However, the mag-
nitude of these effects is only of second-order importance compared
tothe distributional effect of revenue recycling (Table1). Thisis dueto
income-related expenditure patterns, in particular, the slightly higher
carbonintensity and higher per-kilogram price of meat consumption
among high-income individuals (Supplementary Figs. 5 and 6). More
precisely, high-income individuals seem to consume more expensive
meat products (for example, luxury cuts such as fillet or organically
reared meat) and emissions-intensive types of meat (for example,
beef), while low-income individuals consume cheaper meat products
(for example, ground meat), on average.

Although all scenarios are initially regressive when revenue
recycling is not considered, the average annual per capita tax bur-
denin the lowest quintile in absolute terms is still comparatively low
(Fig. 3 for the GHG-differentiated tax scenario for each country and
Supplementary Data for asummary of all scenarios). For instance, inthe
GHG-differentiated tax scenario, the taxburdeninthe lowest quintile
ranges between 21€ and 98€ per year across the European Union with
apopulation-weighted average of 72€.

We find that these results are very robust to assumptions about
behavioural responses of consumers to taxincreases and to the under-
lying dataset used. Regarding behavioural responses, for the main

resultssummarizedin Figs. 2 and 3, we assume that consumers do not
adjust their spending patternsin response to the tax, that s, the price
elasticity is assumed to be zero. This assumption serves to capture
short-run distributional effects, which probably represent an overes-
timation: assuming a uniform price elasticity bigger than zero leads
to qualitatively similar results, albeit with the distributional effects
being of smaller magnitude (Supplementary Information). Regard-
ing the robustness to the underlying data, we additionally perform
the analysis using the 2015 wave of the EU-HBS. Although this dataset
coversasmaller sample of countries for the variables we are interested
in, the results confirm our main findings derived with the 2010 wave
of the EU-HBS. These findings are detailed in Supplementary Table
2.In addition, the results remain qualitatively unchanged also when
using much higher tax rates on meat that reflect the full social costs
associated with meat consumption (Supplementary Fig. 4). Finally, we
also check for robustness withregard to the inequality indicator used.
We find that the results hold for the Theil index of expenditure when
looking at the tax burdens of the different quintiles relative toincome
(Supplementary Table 5).

Discussion

Simulating changesin consumer expenditure in response to different
meat tax scenarios across asample of 25 European countries (European
Union and United Kingdom), we show that the regressive burden of
meat taxes is mild for reasonably moderate tax levels. Moreover, the
regressivity can be reversed in most cases even by non-targeted rev-
enue recycling via uniform per capita transfers. Transfers targeted to
thelowest quintile are, unsurprisingly, highly progressive and reduce
inequality far beyondits pre-tax level. Revenuerecycling viareductions
inthe VAT rate on fruitand vegetables dampens but in many countries
does not fully offset the regressive effect of the tax. This leads to a
roughly neutral distributional outcome in the ad valorem tax scenarios
((1) and (2)) and to a regressive outcome in the unit tax scenarios ((3)
and (4)). Sensitivity analyses show that this mitigating effect of VAT
reductionsis further reduced with increasing demand elasticities and
whentaxratesincrease (Supplementary Information). Our resultsimply
that aside from varying stringency, revenue recyclingis the strongest
lever to reduce inequality impacts from meat taxation. The favourable
distributional dynamic of moving towards ad valorem taxation is of
second-order magnitude.

The results are very robust to assumptions regarding the behav-
ioural response to the tax and the year of the underlying dataset. Nev-
ertheless, our methods and data are subject to several caveats. First,
due to alack of robust meta studies on cross-price elasticities, we did
not include substitution effects across meat types. While cross-price
elasticities are usually estimated to be notably lower than own-price
elasticities, substitution towards other meat types and cheaper cuts
may nevertheless hamper the overall reduction in meat demand in
response to a meat tax. Second, while a 100% tax incidence on con-
sumers is a reasonably conservative assumption for assessing dis-
tributional effects, it will probably not hold up to reality. Imperfect
market structures and complex pricing schemes—resulting, among
other factors, from market power and price psychology—introduce
some unpredictability as to how prices will adjust. Relatedly, regard-
ing demand shifts between different cuts of the same meat type, it
must be taken into account that all cuts have to be producedjointlyin
roughly fixed proportions. Itis not obvious how producers, who need
to maintain carcass balance, would respond to the introduction of a
tax. Finally, horizontal inequalities and general equilibrium effects of
meat taxation constitute promising areas for future research. Exploring
consumer heterogeneity withinincome brackets®?° can help identify
more clearly which socioeconomic characteristics apart fromincome
predictemissions-intensive dietary habits and adisproportionate bur-
den from meat taxation. With respect to general equilibrium effects,
for example, a tax-induced shift towards less GHG-intensive meat
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Fig. 3| Simulated change in post-reform Gini coefficient for a GHG-based
meat tax equivalent without redistribution of revenues, withrevenue
recycling via uniform lump-sum transfers and VAT reduction on fruit and
vegetables. a, Results without redistribution of tax proceeds. b, The total effect

%

Difference in Gini coefficient . ‘ .
-0.002 0 0.002

when tax proceeds are redistributed through uniform lump-sum transfers. ¢, The
total effect when tax proceeds are redistributed through lower VAT on fruits and
vegetables.

production such as lab-grown meat* or a decreasing labour intensity
could bothinfluence the overall distributional outcome.

Moreover, the distributional implications are only one aspect for
policy choice and the meat tax schemes discussed here may fare very
differently in terms of their environmental effectiveness. Following
Pigouvian principles, taxing pollutants directly instead of levying
taxeson final product consumption, hasamuch higher steering effect,
especially given the large variation in emissions across farms®. When
opting for consumption taxes on meat, levying taxes based on total
units instead of ad valorem and differentiating tax rates according to
average GHGintensities can be presumed to be more effective inreduc-
ing emissions”. While ad valorem taxation of meat combines the appeal
of simplicity with comparatively favourable distributional dynamics,
it will probably incentivize quality substitution from high-value to
low-value meat products. Aside from limiting emissions savings, this
may result in increased consumption of comparatively unhealthier,
highly processed products and meats from lower animal welfare stand-
ards.Inaddition, ad valorem taxation disadvantages high-value organic
products, which fare better on at least some environmental indicators.
In practice, these complexities might call for a more nuanced policy
package with either tax exemptions or complementary subsidies for
meats farmed under improved environmental and animal welfare
standards. Such policy packaging has been shown to enhance the
publicsupportand thus the likelihood of adopting market-based food
policies®. Furthermore, where policy packages are being implemented,
distributional analyses should account for the inequality impacts of
the package as a whole, rather than focusing on specific measures.
This also applies to interactions with policies that are not exclusively
focused on meat consumption but have some regulatory overlap, such
as carbon taxes.

The policy choice between different design options for meat taxes
is constrained by existing regulatory landscapes and questions of
administrativeimplementability and political feasibility*>. For example,
duetolarge variation in existing VAT regulations across the European
Union, levying the standard VAT rate on meat would resultin price hikes
as different as 0% for the Baltic countries and Bulgaria, which already
tax meat at standard VAT rate, and 21% in Ireland, which currently levies
no VAT on meat and other foodstuffs. Theimplementation of uniform
lump-sum recycling of meat tax revenues is also likely to face several
challenges: for one, policymakers might regard the modest amount of
tax proceeds to be unworthy of the administrative effort of uniform
redistribution, unless the reform can be implemented on the back
of existing reforms, such as climate dividends or energy allowances.

Inaddition, there may be political pressure for more targeted transfers
to alleviate the burden on livestock farmers and producers along the
supply chain. The fact that those onlow incomes are expected toreact
more strongly to meat price increases® might further strengthen the
perception that the burden of the dietary shift is unfairly distributed.
Therefore, more targeted transfers to low-income groups might be
required to ensure feasibility. Unsurprisingly, targeted transfers to the
lowest expenditure quintile (Supplementary Table 3) render the total
reform even more progressive than uniform lump-sum redistribution.

Overall, our analysisindicates that policymakersinthe European
Union may introduce a consumption tax on meat without fearing
adverse distributional outcomes between consumers in different
expenditure quintiles as long as revenues are returned to citizens
as uniform lump-sum payments. In addition, we show that the fre-
quently debated option of using the revenues fromameat tax tofinance
reductionsin the VAT rate on fruit and vegetables is generally not suf-
ficient to reverse the regressive effect of the tax and leads to roughly
distribution-neutral outcomes in the ad valorem tax scenarios ((1) and
(2)) and to regressive outcomes in the unit tax scenarios ((3) and (4)).

Methods

Data on household expenditure, population and VAT rates
Our main source of information on household expenditure and con-
sumption patternsis the EU-HBS. The EU-HBS’s primary purpose is to
provide data for the construction of consumption baskets of goods
to be used for consumer price indices. In an anonymized form, the
microdatafromthe survey can be requested from Eurostat for research
purposes. Our main analysis relies on the 2010 wave, which contains
more data on the relevant consumption categories than the recently
released 2015 wave (Supplementary Information). In terms of geo-
graphical coverage, our dataset spans the 27 Member States of the
European Union as of 2020 (EU27) and the United Kingdom with the
exception of Austria, Germany and the Netherlands, which do not
provide sufficiently detailed data for our analysis. The 2015 sample
additionally lacks sufficient data on Malta, Portugal, Slovenia and the
United Kingdom.

For every sample household, the EU-HBS reports spending on
different categories of goods and services over a specified period
of time (typically two weeks) along with a variety of socioeconomic
characteristics. Expenditures are categorized according to the Clas-
sification of Individual Consumption by Purpose. The Classification of
Individual Consumption by Purpose headings relevant to our analysis
are: Meat (01.1.2); Beef and veal (01.1.2.1); Pork (01.1.2.2); Sheep and
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goat (01.1.2.3); Poultry (01.1.2.4); Dried, salted or smoked meat and
edible meat offal (01.1.2.5); Other preserved or processed meat and
meat preparations (01.1.2.6); Other fresh, chilled or frozen edible
meat (01.1.2.7); Fruit (01.1.6) and Vegetables (01.1.7). Spending in res-
taurants and canteensis not disaggregated into meat categoriesin the
EU-HBS and therefore not included in the analysis. From the sample
data, population-level estimates are calculated using the appropriate
sampling weights as recommended by Eurostat, and the modified
equivalence scales of the Organisation for Economic Co-operationand
Development (OECD) accounting for economies of scale as the number
of household members increases. As such, the unit of analysis is the
individual, sometimes also referred to as the equivalized household.
Quintiles are computed at the national level by ranking equivalized
households (individuals) by their equivalent expenditure, thatis, their
total expenditure divided by the household size according to the modi-
fied OECD equivalence scale. EU-level results are computed based on
population-weighted averages of national data.

In addition, while most member states collect information on
consumer purchasesinboth monetary and physical terms, some only
provideinformation on prices (Cyprus, Denmark, Italy, Malta, Sweden
and the United Kingdom). These countries are thus excluded from
scenarios (3) and (4), where quantities are needed to calculate the
tax burden. The 2015 sample provides insufficient data on Bulgaria,
Cyprus, France, Ireland, Italy, the Netherlands and Sweden.

We use official Eurostat databases for 2010/2015 population num-
bers and the European Commission’s overview for VAT rates (Supple-
mentary Table 5).

Dataonthe price elasticity of meat

There are several meta-analytical studies on the own-price elasticity of
meat: Gallet* predicts the own-price elasticity of composite meat to
be around -0.850 based on a large sample of published studies. Price
responsiveness is found to vary across species categories, with beef
(-0.986) and lamb (-1.062) characterized by larger elasticities than
both pork (-0.914) and poultry (-0.779), which exhibits the lowest elas-
ticity. Andreyeva et al.” do not report an elasticity for composite meat
and find slightly lower elasticities for the individual meat categories
(beef:-0.75, pork: -0.72 and poultry: —0.68). Slightly lower meat price
elasticities are also found in ref. 26, which argues that the degree of
productaggregation can play animportantrole in the analysis: studies
that focus on narrowly defined meat product categories tend to find
higher own-price elasticities (0.66 on average) than those that consider
ageneral meat aggregate (0.5). Indeed, the broader the definition of
a product, the greater is the scope for substitution within product
category, rather than away fromiit.

Meta-analyses also suggest that meat demand becomes less
responsive to price at higher income levels, both at country and con-
sumer levels®. Further, the own-price elasticity of meat demand varies
hugely from one study to another, reflecting differences in the nature
of input data, econometric model specification and the estimation
method?. Itis thus not surprising that when comparable meta-analyses
were attempted on cross-price elasticities—which generally have much
smaller magnitudes than own-price elasticities—identifying any robust
patterns proved difficult®.

In the analysis of GHG-equivalent food taxes, demand response
models are often parameterized using estimates retrieved from the
above-discussed meta-analyses**°. Notable exceptions are studies of
Spain® and Germany”, which estimate elasticities ad hoc from house-
hold budget survey data, and France™, where panel data are used. In
general, however, the results are close to the values identified by Gallet*.

Duetotheincomplete sample for meat quantities in the EU-HBS,
which is a prerequisite for estimating a demand system ad hoc, we
rely on the elasticity estimates from Gallet*. They are based on alarge
sample and lie somewhere in the middle between higher estimates
reportedinref.31andref.13 and lower estimates as used, for instance,

inref. 14. We check for robustness with the higher elasticities reported
in (ref.31) (2018; beef = -1.336; pork = -1.124; poultry (chicken) = -1.452;
lamb/veal = -1.585; meat (aggregate) = -1.374.). The case of lower elas-
ticities is covered by the simulation in the main part, which assumes
completely inelastic demand.

Data on GHG intensities and other environmental impacts of
meat

GHGintensities used in earlier analyses of meat taxes in Europe display
anon-negligibleamount of variation. In the case of beef, for example,
they range from13.9 (ref. 32) to 25.1 (ref. 13) kg of CO,e per kg of meat.
Similarly, values range between 5.3 (ref. 31) and 10.3 (ref. 13) kg of CO,e
per kg of meat for pork and between 4 (ref. 33) and about 7 (ref. 31) kg
of CO,e per kg of meat for poultry. While this variation may reflect
genuine differences between the countries on which the different
analyses focus, it seems likely that methodological differences among
the underlying life-cycle assessments, for example, concerning system
boundaries or reference units, also play arole.

This Article uses GHG intensities computed for the European
Union by Weiss and Leip** under their scenario ll-the intermediate
scenario interms of GHG emissions from land use. GHG intensities are
givenfor beef, poultry, sheep and goat and pork. For the categories for
whichwe donothave GHG intensities (dried, salted and smoked, other
preserved and processed, other meat), we estimate the GHG intensity as
the average of the GHG intensities of the other meat types weighted by
their consumptionshareat the EU level. The GHG intensities reported
inTable 2 refer to acradle-to-farm-gate life-cycle analysis and use kg of
carcass meat as the reference unit.

Microsimulations

We conduct amicrosimulation to analyse the four meat tax scenarios
outlined above by determining the absolute per capita tax burden on
each quintile in each country and calculating the corresponding Gini
coefficients in expenditure at the country level before and after the
tax reform. Specifically, the Gini coefficient after tax is calculated on
the consumption expenditure after tax minus the cost of the tax plus
eventual lump-sum transfers or gains viareduced VAT rates on fruit and
vegetables, assuming that consumption expenditure proxies living
standards. The Gini coefficient allows us to depict the heterogeneity
indistributional outcomes between countries with a single indicator.
However, any type of nonlinear indicator of inequality loses some
information in the aggregation process. It generally provides a less
intuitive measure, which is why we also calculate the per capita tax
burdenin absolute and relative terms.

Itis assumed that the tax is entirely passed on to consumers. In
terms of demand responses, we assume a demand elasticity of zero
for the main results reported in Fig. 2 and Table 1 to approximate
the short-term effects of the meat tax. In terms of distributional
impacts, assuming a demand elasticity of zero represents an upper
bound, as elasticities have been shown to be non-zero and higher for
lower-income groups. Thisisacommon approachintheliterature that
assesses the distributional effect of carbon and energy taxation® .
Duetoseveralunderlyingissues with the EU-HBS data that do not allow
for estimating a demand system, for the long-term effects, we rely on
transferred elasticities from other studies, as is done in similar studies.
The results with a demand response are reported in Supplementary
Table1and are qualitatively the same but of lower magnitude.

Forscenarios (1) and (2), only expenditure dataare required. This
allows for analysing a sample of 25 EU countries and a corresponding
sample size of 220,885. For scenarios (3) and (4), additional data and
the quantities of meat consumed are needed. This removes further
six countries from the sample, which implies a smaller sample size of
136,998. Aggregation of quintiles and all outcomes are calculated at
the country level. Whenever results are given at the EU level, they are
calculated as population-weighted averages.
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For the microsimulation results at the EU level, 95% confidence
intervalsarereportedin Table 1. For readability, they are omitted from
the figures. The calculations were carried out following Penne and
Goedemé™. For each combination of country, scenario and revenue
recycling scheme, we use the ‘digini’ function from the DASP mod-
ule*® in Stata to compute the change in the Gini coefficient relative
to the baseline and the associated standard error. Mean per capita
burden estimates are obtained using built-in Stata functions for survey
analysis.

Disclaimer

The views expressed are purely those of the authors and may not in
any circumstances be regarded as stating an official position of the
European Commission.

Reporting summary
Furtherinformation onresearchdesignisavailablein the Nature Port-
folio Reporting Summary linked to this article.

Data availability

Our mainsource of datais Eurostat’s Household Budget Survey (https://
ec.europa.eu/eurostat/web/microdata/household-budget-survey).
Researchers can request access to these data under specific condi-
tions laid out in this document (https://ec.europa.eu/eurostat/docu-
ments/203647/771732/How_to_apply_for_microdata_access.pdf).
Additional data on population are available through Eurostat’s Popu-
lation and Democracy database (https://ec.europa.eu/eurostat/web/
population-demography/demography-population-stock-balance/
database). Data on VAT rates in the European Union are reprinted in
Supplementary Table 5. Source data are provided with this paper.

Code availability
The R and Stata code used for conducting the analysis is available at
https://doi.org/10.5281/zenodo.8308085.

References

1. Godfray, H. C. J. et al. Meat consumption, health, and the
environment. Science 361, eaam5324 (2018).

2. Clark, M. A. et al. Global food system emissions could preclude
achieving the 1.5° and 2°C climate change targets. Science 370,
705-708 (2020).

3. Willett, W. et al. Food in the Anthropocene: the EAT-Lancet
Commission on healthy diets from sustainable food systems.
Lancet 393, 447-492 (2019).

4. Moran, D. Meat market failure. Nat. Food 2, 67 (2021).

5. Scarborough, P. et al. Vegans, vegetarians, fish-eaters and
meat-eaters in the UK show discrepant environmental impacts.
Nat. Food 4, 565-574 (2023).

6. Poore, J. & Nemecek, T. Reducing food’s environmental impacts
through producers and consumers. Science 360, 987-992
(2018).

7. Funke, F. et al. Towards optimal meat pricing: is it time for
consumption taxes on meat? Rev. Environ. Econ. Policy 16,
219-240 (2022).

8. Fesenfeld, L. P., Wicki, M., Sun, Y. & Bernauer, T. Policy packaging
can make food system transformation feasible. Nat. Food 1,
173-182 (2020).

9. Klenert, D. et al. Making carbon pricing work for citizens. Nat.
Clim. Change 8, 669-677 (2018).

10. Penne, T. & Goedemé, T. Can low-income households afford a
healthy diet? Insufficient income as a driver of food insecurity in
Europe. Food Policy 99, 101978 (2020).

11. Caillavet, F., Fadhuile, A. & Nichéle, V. Taxing animal-based
foods for sustainability: environmental, nutritional and social
perspectives in France. Eur. Rev. Agric. Econ. 43, 537-560 (2016).

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Kehlbacher, A., Tiffin, R., Briggs, A., Berners-Lee, M. &
Scarborough, P. The distributional and nutritional impacts and
mitigation potential of emission-based food taxes in the UK.
Climatic Change 137, 121-141 (2016).

Garcia-Muros, X., Markandya, A., Romero-Jordan, D. &
Gonzalez-Eguino, M. The distributional effects of carbon-based
food taxes. J. Clean. Prod. 140, 996-1006 (2017).

Sall, S. Environmental food taxes and inequalities: simulation of a
meat tax in Sweden. Food Policy 74, 147-153 (2018).

Roosen, J., Staudigel, M. & Rahbauer, S. Demand elasticities for
fresh meat and welfare effects of meat taxes in Germany. Food
Policy 106, 102194 (2022).

Budolfson, M. et al. Climate action with revenue recycling has
benefits for poverty, inequality and well-being. Nat. Clim. Change
1, 1111-1116 (2021).

Klenert, D. & Mattauch, L. How to make a carbon tax reform
progressive: the role of subsistence consumption. Econ. Lett. 138,
100-103 (2016).

Engel, E. Die productions-und consumtionsverhaltnisse des
konigreichs sachsen. Z. Sachsischen Stat. Bureaus Innern 8,1-54
(1857).

Fischer, C. & Pizer, W. A. Horizontal equity effects in energy
regulation. J. Assoc. Environ. Resour. Econ. 6, S209-5237
(2019).

Vandyck, T., Temursho, U., Landis, F., Klenert, D. & Weitzel, M.
Prices and standards for vertical and horizontal equity in climate
policy. Preprint at SSRN https://doi.org/10.2139/ssrn.4144282
(2022).

Post, M. J. et al. Scientific, sustainability and regulatory
challenges of cultured meat. Nat. Food 1, 403-415 (2020).
Fesenfeld, L. The political economy of taxing meat. Nat. Food 4,
209-210 (2023).

Green, R. et al. The effect of rising food prices on food
consumption: systematic review with meta-regression. BMJ 346,
f3703 (2013).

Gallet, C. A. Meat meets meta: a quantitative review of the price
elasticity of meat. Am. J. Agric. Econ. 92, 258-272 (2010).
Andreyeva, T., Long, M. W. & Brownell, K. D. The impact of food
prices on consumption: a systematic review of research on the
price elasticity of demand for food. Am. J. Public Health 100,
216-222 (2010).

Femenia, F. A meta-analysis of the price and income elasticities of
food demand. Ger. J. Agric. Econ. 68, 77-98 (2019).

Cornelsen, L., Mazzocchi, M., Green, R., Dangour, A. D. & Smith,
R. D. Estimating the relationship between food prices and food
consumption—methods matter. Appl. Econ. Perspect. Policy 38,
546-561(2016).

Cornelsen, L. et al. What happens to patterns of food
consumption when food prices change? Evidence from a
systematic review and meta-analysis of food price elasticities
globally. Health Econ. 24, 1548-1559 (2015).

Springmann, M. et al. Mitigation potential and global health
impacts from emissions pricing of food commodities. Nat. Clim.
Change 7, 69-74 (2017).

Cline, W. Carbon-Equivalent Taxes on US Meat (SSRN, 2020).
Bonnet, C., Bouamra-Mechemache, Z. & Corre, T. An
environmental tax towards more sustainable food: empirical
evidence of the consumption of animal products in France. Ecol.
Econ. 147, 48-61(2018).

Caillavet, F., Fadhuile, A. & Nichéle, V. Assessing the distributional
effects of carbon taxes on food: inequalities and nutritional
insights in France. Ecol. Econ. 163, 20-31(2019).

Forero-Cantor, G., Ribal, J. & Sanjuan, N. Levying carbon footprint
taxes on animal-sourced foods: a case study in Spain. J. Clean.
Prod. 243, 118668 (2020).

Nature Food | Volume 4 | October 2023 | 894-901

900


http://www.nature.com/natfood
https://ec.europa.eu/eurostat/web/microdata/household-budget-survey
https://ec.europa.eu/eurostat/web/microdata/household-budget-survey
https://ec.europa.eu/eurostat/documents/203647/771732/How_to_apply_for_microdata_access.pdf
https://ec.europa.eu/eurostat/documents/203647/771732/How_to_apply_for_microdata_access.pdf
https://ec.europa.eu/eurostat/web/population-demography/demography-population-stock-balance/database
https://ec.europa.eu/eurostat/web/population-demography/demography-population-stock-balance/database
https://ec.europa.eu/eurostat/web/population-demography/demography-population-stock-balance/database
https://doi.org/10.5281/zenodo.8308085
https://doi.org/10.2139/ssrn.4144282

Article

https://doi.org/10.1038/s43016-023-00849-z

34. Weiss, F. & Leip, A. Greenhouse gas emissions from the EU
livestock sector: a life cycle assessment carried out with
the CAPRI model. Agric. Ecosyst. Environ. 149, 124-134
(2012).

35. Feindt, S., Kornek, U., Labeaga, J. M., Sterner, T. & Ward, H.
Understanding regressivity: challenges and opportunities
of European carbon pricing. Energy Econ. 103, 105550
(2021).

36. Flues, F. & Thomas, A. The Distributional Effects of Energy Taxes
(OECD Publishing, 2015).

37. Grainger, C. A. & Kolstad, C. D. Who pays a price on carbon?
Environ. Resour. Econ. 46, 359-376 (2010).

38. Abdelkrim, A. & Duclos, J.-Y. DASP: Distributive Analysis
Stata Package (PEP, World Bank, UNDP & Université Laval,
2007).

Acknowledgements
We are grateful for helpful comments from A. Blanz, B. Bodirsky,

R. Espinosa, C. Godfray, D. Kyriakou, N. Lee, L. Mattauch, L. Missbach,

J. Niemann, C. Plinke and A. Wiese. F.F. acknowledges funding from
the Wellcome Trust, Our Planet Our Health (Livestock, Environment
and People (LEAP), award number 205212/2/16/Z), the Robert Bosch
Foundation and the German Academic Scholarship Foundation
(Studienstiftung).

Author contributions

D.K. conceptualized the study and conducted the microsimulation,
with F.F. and M.C. providing methodological and research inputs and
regular feedback. D.K. and F.F. wrote the original manuscript and
edited and revised subsequent versions.

Competinginterests
The authors declare no competing interests.

Additional information

Supplementary information The online version contains
supplementary material available at
https://doi.org/10.1038/s43016-023-00849-z.

Correspondence and requests for materials should be addressed to
D. Klenert.

Peer review information Nature Food thanks Yixian Sun and the
other, anonymous, reviewer(s) for their contribution to the peer
review of this work.

Reprints and permissions information is available at
www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons license and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

© The Author(s) 2023

Nature Food | Volume 4 | October 2023 | 894-901

901


http://www.nature.com/natfood
https://doi.org/10.1038/s43016-023-00849-z
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

nature portfolio

Corresponding author(s): David Klenert, Franziska Funke, Mattia Cai

Last updated by author(s): Sep 1, 2023

Reporting Summary

Nature Portfolio wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency
in reporting. For further information on Nature Portfolio policies, see our Editorial Policies and the Editorial Policy Checklist.

>
Q
=
C
=
™
o
©)
=
&5
>
—
D
°
©)
=
=2
Q
(%]
(-
3
3
Q
s

Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

n/a | Confirmed

The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested
A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
Give P values as exact values whenever suitable.

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

XXX X [XKX X XIKX
OO0 O X OO oot

Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  We use the EU Household Budget Survey (EU HBS) so no software was necessary for data collection.

Data analysis We use R (mostly version 3.6.0.) to clean and aggregate the data and to do the microsimulations. We use Stata (release 17) to calculate the
95% confidence intervals. The code is publicly available under the following DOI: 10.5281/zenod0.8308085

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.

Data

Policy information about availability of data

All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

Lcoc Yy21opy

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

Data availability statement: Our main source of data is Eurostat’s Household Budget Survey (https://ec.europa.eu/eurostat/web/microdata/household-budget-
survey). Researchers can request access to these data under specific conditions laid out in this document (https://ec.europa.eu/eurostat/
documents/203647/771732/How_to_apply_for_microdata_access.pdf). Additional data on population are




available through Eurostat’s Population and Democracy database (https://ec.europa.eu/eurostat/web/population-demography/demography-population-stock-
balance/database). Data on VAT rates in the EU are reprinted in Supplementary Table 5.

Human research participants

Policy information about studies involving human research participants and Sex and Gender in Research.

Reporting on sex and gender This information is not contained in the European Household Budget Survey as data is collected on the household level

Population characteristics See above.

Recruitment See the EU HBS manual available at: https://ec.europa.eu/eurostat/web/microdata/household-budget-survey
Most of the participating countries draw a sample of households in a way that the probability of a household being selected
is known (technically known as a probability design). In this way, the results can be reliably projected from the sample to the
household reference population with known levels of precision, i.e. standard errors and confidence intervals for survey

estimates can be constructed.

Ethics oversight The analysis is based on existing household consumption data (EU HBS). When requesting access to these data, our research
proposal was approved by Eurostat.

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

D Life sciences E Behavioural & social sciences D Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Behavioural & social sciences study design

All studies must disclose on these points even when the disclosure is negative.

Study description In the study we use (quantitative) micro-economic data on household expenditure and consumption patterns from the European
Household Budget Survey (EU HBS) to analyse the distributional effects of different meat tax designs using microsimulations.

Research sample The EU HBS is an existing dataset that provides expenditure data on households in the EU27+UK with the exception of households in
Austria, Germany and the Netherlands, which do not provide sufficiently detailed data for our analysis. Source: https://ec.europa.eu/
eurostat/web/microdata/household-budget-survey
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sample, to Censuses or list of addresses. Sampling design varies from two stage stratified random samples to
simple random samples; CZ & DE uses quota sampling.
Details regarding the sampling characteristics, individual countries' sample sizes and weights adopted by the MSs are available in the
HBS 2010/2015 Wave EU Quality report http://ec.europa.eu/eurostat/web/household-budget-surveys/publications
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The researcher collecting the data was not aware of our research question, as we use an existing dataset.
Timing See "Data Collection", above.
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in the HBS. ).
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