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Assessing the distributional effects of carbon taxseon food:

Inequalities and nutritional insights in France

Abstract

A carbon tax on food could contribute to emissionisigation and act as a strong signal to econonsiora.
However, tax regressivity is a major disadvantddps study addressed equity issues using seve@hsné&irst, reallocation
proposals in a revenue-neutral approach of sewmigsion-based carbon taxation scenarios at thsuogption level of
food are included. Second, these proposals’ digtdbal incidence was developed, evaluating the odlcarbon pricing in
policy impacts. Using a carbon-based approacheriiffy emission potentials of food groups highlitite relevance of using
proteins as a tax base to redirect animal to [gautces in a diet. Thus, a scenario of taxing fowisin animal proteins and
subsidizing those rich in plant proteins was cardéd. Scanner data of French households in 201® avealyzed. Several
GHG emission indicators and related nutritional&etg, such as diet quality scores and a shift fraimal to plant proteins,
were evaluated. Using individual changes in foodeexiture, distributional effects based on contirsudistribution and
inequality indexes were measured, allowing for scdsion of policy options of a targeted vs. ngeted tax and a
revenue-neutral approach in the food sector.

Highlights
* Animal protein taxes and plant protein subsidieppsut the environment and
nutrition.
* Arevenue-neutral approach does not increase #r@ag® consumer cost.
* Unexpected adverse equity effects originate frobsglies for fruits and vegetables.
» Higher carbon prices increase revenue and nutatibenefits over proportionally.
» Higher carbon prices in food taxation allow for HG emission reduction of 15%.

Keywords: carbon fiscal policy; revenue-neutral; food cangtion; regressivity;
inequalities.Funding: This work was supported by the INRA DIDIT Metapragrme and
IDEX Univ Grenoble Alpes. None of these sourcesenievolved during any stage of this
research.



Assessing the distributional effects of carbon taxeon food:

Inequalities and nutritional insights in France

1. Introduction

The recent IPCC report (2018) emphasizes the naedrfient action to preserve the
planet from further adverse effects of climate g®anAt its current rate of change, the
temperature is expected to increase by 2.7°C bdierend of this century, far exceeding the
temperature specified in the 2015 Paris Agreemidm.Agriculture, Forestry and Other Land
Use (AFOLU) sector is the second-highest greenhgas€ GHG) emitter after energy (FAO,
2017). This sector is estimated to contribute 30% i@l GHG emissions, with the livestock
sector responsible for 14.5% of the total emissiMisllesley et al., 2015). Because world
demand for proteins and meat is expected to steadiiease because of population growth
and a preference for animal protein, the unsudbdityaof this demand is threatening global
environmental resources. If meat and dairy consiommontinue to increase at their current
rates, by 2050, the agricultural sector alone mritiduce 20 GtCOeq of the 23 GtCOeq yearly
limit, leaving only 3 GtCOeq for the remainder @etglobal economy (Wellesley et al.,
2015). Restrictions on meat consumption in devealopeuntries are also supported by
nutritional recommendations that encourage loweel&e of protein and meat consumption
than those currently observed (World Cancer Fumdndéh Nutritional and Health Plan).
Therefore, protein consumption is a key issue fétGGmitigation and human health. For
Europe, the ¥ Environment Action Program provides a strategieation for environmental
and climatic policy planning until 2020 (EEA, 201Among the 29 indicators monitored,
consumption of animal products including animal tpms and the proportion of
environmental taxes to total taxes have been ifilethtiindeed, a carbon tax on food could
provide an incentive for consumers to modify thidets to be more climate-friendly, which
would provide health benefits by reducing caloesasumption from proteins and/or increase

the importance of plant proteins compared to anpnatieins.



Therefore, environmental taxation on food consuamptias been considered in recent
literature; however, it raises several specifiaéss First, considering the substitutions among
all food groups and addressing compatibility betwdbe environment and nutritional
outcomes are important issues. Indeed, the pasgithiat households could respond to the
internalization of environmental costs in food pedhrough virtuous substitutions implying
all foods and changes to consumption patternsviioald reduce GHGs is not guaranteed
(Wirsenius et al., 2011, Briggs et al., 2013; Edjaland Smed, 2013; Caillavet et al., 2016;
Revoredo-Giha et al., 2018; Bonnet et al., 2018r08d, distributional issues are critical. A
major disadvantage to food taxation policies isirtliegressivity because lower-income
households spend a higher proportion of their budgegood. At the same time, differences
in diet compositions and purchasing patterns a@egria socioeconomic status are known to
be of importance. In France, meat products in aer have been shown to be recently
consumed more by lower socioeconomic status papoka{Laisney, 2013; ANSES, 2017).
Addressing the equity impact of the carbon tax anba its social acceptability. From this
perspective, because food taxation can result ibstantial revenue to enable the
implementation of compensation policies, the allimcaof revenue through a combination of
taxes and subsidies is a strategic issue thatdersestudied in the food sector (Garcia-Muros
et al., 2017). Finally, on a methodological basarbon pricing is key for the establishment
of emission-based taxes and is among the policls too meeting distributional challenges
(IPCC 2018), although the evaluation of carbonipgcis very much subject to debate
(Stiglitz and Stern, 2017).

This study contributes to the carbon tax debatedmsidering a revenue-neutral fiscal
policy for food consumption and measuring its efeat a very disaggregated level, thus
highlighting its distributional aspects. Applied fimod consumption, a taxation policy may
have important distributional and nutritional digadtages, which can be addressed through
specific scenario designs. The reallocation of mereecan modify distributional outcomes and
diet quality. Furthermore, the importance of carlpoicing can be questioned to obtain not
only substantial emissions mitigation but also eodfits. This study provides two main
contributions. First, a revenue-neutral scenarioniplemented through subsidies for plant-
protein-rich foods. Second, distributional effeare assessed at the individual level, thus
allowing the derivation of inequality indexes. Tlesser contributions of this study consist of
evaluating the impact of this fiscal policy usingot levels of carbon prices on several
indicators. The revenue-neutral scenario is alsopased to taxes-only scenarios, a carbon

tax on all food products, and a tax on all aninmedda protein products



This study retained aBxact Affine Stone IndgleASI) demand system (Lewbel and
Pendakur, 2009) to simulate the effects of thesaafipolicies on environmental, inequality
and nutritional indexes based on French scanna. ddie environmental effects were
computed based on three different indicators caguwlimate change, air acidification, and
eutrophication. Inequality measures were evalutdtemligh consumer surplus as well as the
change in income because of each fiscal polichetbusehold level. Finally, the nutritional
effects include separate nutrient results and asf@n proteins through total protein intake
and plant protein proportion as well as an ovasfiessment of diet quality through a global
score.

The remainder of the article is organized as folo®ection 2 provides the literature
review. Section 3 describes the empirical methodl @nhe French household food
consumption data. Section 4 presents the outcorhdbeosimulated tax scenarios with

different carbon prices. Section 5 discusses thgltee Section 6 concludes the paper.

2. Literature review

The regressive nature of environmental taxes has heaopic of concern during recent
decades following the introduction of energy taxesseveral countries or in simulation
scenarios targeting reduced GHG emissions fronsémeinal OECD report (1994). Wier et
al. (2005) evaluated the incidence of a tax on ébalsl consumption in Denmark and found
a worsened marginal Gini index of +0.021% on digptes income and +0.007% on
expenditure. Kerkhof et al. (2008) presented 2stenarios (concerning CO2 or more GHG)
and studied the distribution of the tax burden ssrnmcome groups in the Netherlands. The
researchers showed a worsening of the Gini coeffidoy + 0.4 points for a CO2 tax and by
+ 0.11 points for a GHG tax. Feng et al. (2010)l@at®d the incidence of a CO2 tax on UK
households as a tax burden relative to an incon®&Q86 in the lower decile compared to
only 2.4% in the highest decile; 4.3% and 1.7%peesvely, in the case of a GHG tax.
Addressing regressivity, revenue-neutral approaahegey strategies to target distributional
neutrality. In Metcalf (2008), the regressivity thie carbon tax in the US case was offset by
using the revenue to fund a reduction in the incteme

All of these works highlight that any policy ince#ag the cost of energy will
disproportionately impact low-income households kimg equity a major concern when

taxes are discussed. Regarding this latter asfwed, can be directly compared to energy,



although very few studies have addressed the lligimnal issue of a carbon tax on food and
have neglected social issues, welfare and accéiptabihe key issue of introducing
compensating mechanisms with a combination of takessubsidies has been used in certain
carbon scenarios designed for food consumptiong@riet al., 2013; Edjabou and Smed,
2013; Markandya et al., 2016); however, they did tawget distributional neutrality or
frequently measure its effect. Evaluating whethner tax burden disproportionately affects
households in the lower socioeconomic groups, ngakarbon taxes on food regressive can
be primarily completed by comparing the incidenté&agation in different income classes at
the mean point. Kehlbacher et al. (2016), in theeaaf a carbon food tax, reported a higher
tax burden on lower-income households in the UKweler, their finding may depend on
the income classes chosen and some effects magdmntinuous. In the case of the taxation
of animal-based foods, Caillavet et al. (2016) fbanloss in purchasing power related to
food varying by -9.25% to -5.84% (according to age gg)un 2 lower-income classes vs. a
variation of -7.74% to -4.53% in 2 higher-incomasdes in the French case. In particular, the
lowest income class did not bear the highest burogna less-than-average one. This
discontinuity is confirmed by Sall’'s work (2018)mputing the compensating variations for
various income groups after a meat tax in Swedenimplemented. In both cases, the lowest
income group may not expect major change.

However, tofully assess the inequality impact, individual effectstbe observed, and
this is not the case for most works. The incidenotea food carbon tax at the level of
individual distribution was analyzed in a Spanisbrivby Garcia-Muros et al. (2017). Using
several inequality measures, the researchers ags#iss regressive impact of different
scenarios. With a carbon tax on all food (25 ané/0the average tax rate varies from
0.83% to 0.40% between the lowest and highest fpodps and it decreases with income
level. At the individual level, very weak regressiveffects of the carbon tax were found;
however, they were stronger with a higher carbacepr

Carbon pricing is a related issue, both for emissiased taxes and the redistribution of
tax revenue. Guivarch and Rogelj (2017) reviewezhados that limit warming to less than
2°C with a greater than 66% probability. The latestbon price trajectory quantifications
show short-term prices varying from 15 USD to 368DuhodtCO2e in 2030. Compared to
the aforementioned range of estimations, studiea carbon tax on food consumption set
carbon prices at moderate levels. For the worldveRg2015) applied a level of USD
80/tCO2eq/t meat (0.06 €/tCO2eqg/kg meat at 20H¥)yatn the UK case, Briggs et al. (2013)
assumed 2.86 £/tC0O2eq/100 g food (0.32 €/1tCO2efpkd at 2010 rates). Edjabou and
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Smed (2013) tested two prices: 0.26 DKK/kgCO2/kd arv6 DKK/kgCO2/kg food (35 €/t
and 102 €/tCO2eq/kg food at 2010 rates, respegjivéhe range of rates varied greatly;
however, they could be floor values. T8&rn-Stiglitz Commission (2017) suggested that
carbon values computed using older models tencetanalerestimated because they do not

consider the many risks and costs associated Vuitlate change.

3. Materials and methods

3.1. Empirical strategy

To evaluate the effects of a carbon tax, we useexaante framework modeling food-
at-home purchases. THexact Affine Stone Inde(EASI) demand system (Lewbel and
Pendakur, 2009) was retained to model a complaid tiemand system. The demand for
each food group was defined under a weak sepadyahsumption as a function of prices,
food expenditure, and socioeconomic characteridficst, this theoretical demand system is
linear for prices and nonlinear for food expendituproviding a very flexible demand
function. This system enables aggregation over epgetes as well as considers
complementarities and substitutions by defininglioipMarshallian demand functions. The
flexibility is also provided by Engel curves, whidepend on each food group in the entire
food purchase bundle. In this specification, thelioit utility is expressed as the log of the
expenditure on food deflated by the log of the 8tprice index, i.e., an exact deflator instead
of an approximate expenditure. Second, the EASlamhelhrsystem is dual in terms of cost
functions; therefore, cost change can easily bevelkrfrom the demand parameters.
Generally, any price change can be measured gheemiplicit utility level compared to the
baseline situation. Hence, consumer surplus vanatare computed from food cost and its
corresponding implicit utility level at the indiwidl level. This last measure enables
calculation of the total revenue generated by @afipolicy that is used to subsidize selected
goods. The subsidy rate is deduced such that tlkewbvenue is allocated to the households
consuming the foods. Distributional effects are pated first through the consumer surplus
loss concerning food, i.e., the loss in purchagioger induced by a price change. At the
global level, this methodology allows comparisorthed social impact of different scenarios.
However, this measure does not inform on the Oistive pattern of the loss or, in particular,

on whether the tax burden disproportionately a$fdotver-income households. Thus, we
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computed inequality measures based on food expgadind income changes by exploiting
the individual heterogeneity captured by our indidal evaluations. Using the Gini inequality
index, we measured the change between the distmbudf expenditures pre- and

postscenario. We also computed the distributiothefshare of food expenditure to income
pre- and postscenario using an Engel curve. Fumibber, assuming that a fiscal policy is
directly set on consumer prices, we evaluated niygact of this price change on consumer
behavior Using the demand parameters, we computed Hickslasti@ties and food

expenditure elasticities. Then, Marshallian elaste were computed at the individual level
of households’ purchases. Finally, for several mmmental and nutritional indicators, we
deduced the change implied by the fiscal policyriviteg indicator elasticities at the

individual level. Therefore, for each food groufy € N), we letd; represent the emission
level andv represent the extra cost corresponding to theevalluhe carbon tax. We defined
a subset of the taxed food groups proportional to the emissevel. Letr ;) = 9;7; if j is
taxed in subset ¢, and O jifis not taxed. This designation enabled computatbrihe

quantity, denotedy, for each indicator k of the post-taxation situatas follows:

Aiej = (1 + &ijTe())a;/ 100,
wheregy ; is the indicator elasticity (computed in the fisgp);
q; is the initial quantity of food groujp

andt.) = 9 /exp;, Whereexp; is the household expenditure.

To evaluate the precise impact of the fiscal po#isydescribed later, we used individual
purchases, i.e., individual prices and quantitiesefich food group, and total expenditures on
food-at-home. These individual values enabled ewmlo of the statistical distributional
effects by comparing the distribution of each iatlic before and after the taxation scenario
effects. Then, the confidence interval was compuié@ elasticities used to predict changes
in consumer behavior were based mainly on the ieilés$ estimated in Caillavet et al.
(2016). The demand parameters were used to congeritend elasticities for 21 food
groups. The model considered the substitutions dmtwiood groups and the household’s
budget constraints. Here, we used the Hicksianfaad expenditure elasticities from that
study to compute Marshallian elasticities based imdividual observations. We then
computed environmental and nutrient elasticitiethatindividual level. Based on these last
estimates, we computed the changes in all enviratehand nutrient indicators as described

in section 3.2. These results were calculated tarhehousehold based on postscenario



purchase levels by income (in Euros/day). The tgspftovided individual effects and
allowed for the derivation of the continuous distition. Furthermore, the decile thresholds

were also provided with 95% confidence intervals.

3.2. Data

The dataset was based on the merging of severatesouFirst, purchases were
computed from scanner data from the 2010 Kantarldganel. This survey registers
households’ food purchases, i.e., quantities angemditure. Households with complete
purchase data were selected resulting in a sam@ld 84 households.

Environmental data were collected using Greenaxtemvironment consultancy that
assessed the environmental impact of 311 food ptedin France based on life-cycle
analysis (Goedkoop et al.,, 2009). The final valuwese represented by three different
indicators: GHG emissions (gC0O2eq/100 g), air &calion (gS0O2eg/100 g), and marine
water eutrophication (gNeg/100 g) denoted as COQ2 &nd N, respectively. These
estimations are the only ones available in Francéobd environmental impact.

The calories and nutrient equivalences of food Ipagses were based on food
composition CIQUAL dataprovided by the French Agency for Food and Enwvimental,
Occupational, and Health and Safety. CIQUAL datavjle information regarding the
number of calories per 100 g of the edible porbbeach food item and a set of 18 nutrients,
which are used to assess diet healthiness usingélam adequacy ratio (MAR) nutritional
score (see Madden et al., 1976). The MAR has bdapted to the French average intakes
and nutritional guidelines (Martin, 2006). It hasebh used in several works evaluating the
French diet (for example, Vieux et al. 2012; Caifiaet al, 2018). Computed on the basis of
a 2,000 kcal per day intake, this score shows th&alslity of a diet to the nutritional
recommendations in France. The nearer this scaceliB0, the better the household diet is.

Finally, foods were allocated to 21 groups thatsider their environmental emissions
and nutritional content, consumer preferences #medwillingness to substitute products

within food categories, as in Caillavet et al. (BDITable 1 summarizes the characteristics of

! Available at http://www.ansespro.fr/tableciqual.



our sample by food groups, in terms of budget pribgm emissions, and nutrients. This table
provides daily emission quantities, food expenditand purchased quantities per household.

[Table 1 near here]

3.3. Simulation set up

Carbon pricing was based on the French estimatibas are compatible with the
European Commission’s commitment (Quinet, 2009).eValuate the comparative benefits
of different tax rates, and particularly in a rewemeutral approach, we chose 2 different
carbon prices. As a floor price, we used the mimmualue set by the Quinet report (56€/t)
and a higher value (140€/t), multiplied from thesibaralue (2.5 times). This ratio allowed for
comparison among our proposed scenarios. All fomidigs have different GHG-emitting
potentials. Table 1 presents the average CO2e@gsabxpressed per 100 g, for each food
group (column A) on which the targeted group chewere completed.

Our redistribution scheme was based on (1) theaetitbn of protein consumption, by
diminishing the share of animal and increasingptla@t-based proteins on environmental and
nutritional grounds, and (2) a revenue-neutral epghn for the state and the consumer; the
revenue from “sin” taxes is allocated to “virtuousibsidies. As steps in the revenue-neutral
approach, we constructed the 3 following scendrased on GHG levels for each food group
(see Table 2).

« TAX_ALL concerns all food. With a purely environmental usc this
scenario measures the incorporation of the enviemah cost to the entire food sector by
applying taxes to all food groups with emissiondzhrates.

* TAX_ANI taxesonly the four highest-emitting food groups that &ch in
animal proteins. Sustainability is linked to nutnital goals by targeting the set of products
most unfavorable to the environment and health, fo®ds rich in animal proteins, and by
highlighting the desired shift to plant-proteinkridoods. The highest-emitting food groups
are primarily animal-based and include “beef,” ‘@timeats,” “cooked meats,” and “cheese.”
Taxing other animal-based products appears todserédevant; “fish and seafood” is near the
emissions average and, according to French nuiatiguidelines, has suitable nutritional
properties. Similarly, “prepared mixed dishes” eanthe emissions average, while “animal-
based fats” have a low protein content.

« TAX_SUB is the revenue-neutracenario. This scenario uses TAX_ANI

revenue to subsidize two food groups rich in pfaeteins, “fresh fruits and vegetables” and
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“starchy foods” (including pulses). This scenaricwbsidizes healthier and more
environmentally friendly foods, including foodshim plant protein. There is a consensus on
the role in diets of fruits, vegetables, and pulgeNNS, 2017; EFSA, 2012). We consider
fresh fruits and vegetables whose protein congehigher (4.10%) than processed fruits and
vegetables (2.56%). In addition, consumption oklir&eompared to processed fruits and
vegetables is socially differentiated. In Frandetaty intake surveys (ANSES, 2017; Plessz
and Gojard, 2013) show that low-income householdsseme fewer fresh fruits and
vegetables. In the case of pulses, for data reasemsonsider the whole “starchy foods”
group. Therefore, two food groups are candidatesdbsidies. The food groups targeted for
subsidies are consumed less by lower-income holdsehad meet explicit nutritional goals
(PNNS, 2017), as improvements are more necessarglisadvantaged households. In
addition, subsidizing a restricted set of foodadsantageous to the finances available in the
revenue-neutral approach and should have a greapact on environmental and nutritional

outcomes.

4. Results

The scenarios implemented represent different shamong household food
consumption. Compared to TAX_ALL, which includesfabd groups (100% of household
food budget) and related emissions, TAX_ANI conse28.2% of the food budget, 52.4% of
the SO2 emissions, 30.7% of the CO2 emissions%3®8flthe N emissions, and 19.7% of the
calories of food-at-home purchases. This scendsio @xes 64.3% of the animal proteins
(Table 2). TAX_SUB focuses on 42.9% of the food detd 48.8% of the CO2 emissions,
60.8% of the SO2 emissions, 53.0% of the N emissiand 34.9% of the calories. This
scenario taxes 64.3% of the animal proteins andidizes 44.2% of the plant proteins.

[Table 2 near here]

The effects of each scenario are evaluated fotviloecarbon price levels previously
described (56 €/tCO2eq and 140 €/tCO2eq); see TabWhen applied to all food groups
(TAX_ALL), average tax rates vary from 0.37% to 38 (for “coffee and tea” at 56 € and
140 €/t, respectively) to 9.28% to 23.20% (for taml-based foods high in fats”). For the
food groups in TAX_ANI, the tax rates are 7.77%48041% for “beef,” 7.74% to 19.35% for
“other meats,” 3.67% to 9.18% for “cooked meatsitl &4.29% to 10.73% for “cheese.”

10



TAX_SUB rates are the same as TAX_ANI rates, ardstibsidy rates are 4.93% to 14.92%

for “fresh fruits and vegetables” and 1.47% to 4&f@r “starchy foods” including pulses.

In relation toenvironmental changesll the scenarios predict a significant decrease
emissions (Table 3 and Figure 1y the case of TAX_ALL,which taxes all foods, the
variations in the environmental indicators are cedble, with average emission changes of -
6.19% to -15.48% for CO2, -6.97% to -17.43% for S -6.11% to -15.24% for N. In
TAX_ANI, which targets 4 animal protein-based fogebups, a lower emissions reduction
was induced, with changes of -2.20% to -5.50% f&2C-3.92% to -9.80% for SO2, and -
2.76% to -6.88% for N. TAX SUB demonstrates furtrerances to the effects on the
environment with changes of -0.97% to -1.78% for2C€3.41% to -8.24% for SO2, and -
1.92% to -4.31% for N. Figure 1, for 140 €tCO2glapws that some scenarios do not always
differ in trend. Regardless of the income level XTALL provides the strongest decreases
for all indicators; for example, SO2 emissions le& 85% confidence interval overlap for
TAX_ANI and TAX_SUB except for households with tlesvest incomes.

[Table 3 near here]
[Figure 1 near here]

The distribution of individual effects shows highemissions with income up to a
threshold and then decreases. This general pattam illustrate the debate of the
Environmental Kuznets Curve (Chancel, 2014; Cagltat al., 2015). The range of emissions
variation between scenarios increases with incdomaethe confidence intervals suggest that
these results may not be significant. Of intersghat the 3 environmental indicators show

very similar trends.

If we examineequityfirst in terms of average loss of purchasing povedative to the
food budget, incorporating the cost of carbon @mtacomponents of household food has the
strongest impact under the TAX_ALL scenario, aseexed, compared to the scenarios that
involve fewer food groups. TAX_ALL induces a supplkentary daily expenditure on food
per household of 4.49% to 11.22%, while TAX_ANI reases expenditure by 1.59% to
3.98%, respectively, for 56 €tCO2eq and 140 €/te€PAAX_SUB induces no increase in
food expenditure, on average (Table 1). Furtheestigating the impact of taxatiam equity
amonghouseholds, the Gini pre- and postscenarios shalifferent range of variations.

Based on the distribution of food expenditure, tlegrease very slightly under TAX_ALL (-
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0.001/-0.002 points, respectively) and slightly enafter taxing and subsidizing the protein
food groups (-0.004/-0.010 points, respectivelyjlemTAX_SUB. This small effect barely
affects the Gini index of the income distributievhich remains unchanged except in the 4th
decimal. To obtain a more precise measure of toeglence of taxes and subsidies, we
consider the change in the share of food experd#dacording to income. Figure 2 shows an
increase for TAX_ALL and TAX_ANI compared to thedadine. This figure shows a weaker
incidence for scenarios TAX_ANI and TAX_ SUB, anckethonfidence intervals overlap
explaining the Gini results. However, the TAX_SUBn&e shows an interesting pattern
because it rotates around an approximate averabeimizome of 100 €. This curve shows
that post-TAX_SUB, lower-income households haveighdr food burden, while higher-
income households have a decreased food burden.

[Figure 2 near here]

In relation tonutritional effects three indicators are summarized for the different
scenarios (Table 3). First, MAR indicates the dility of food purchases in relation to
French nutritional recommendations (Figure 3). @arage, MARimproves slightly under
TAX_ALL (+0.16 to +0.38 percentage points), moreanthTAX_SUB (+0.12 to +0.33
percentage points), but decreases under TAX_ANIO§Qo -0.21 percentage points).
Second, the proportion of protein in total calon@sasures the impact of protein substitutions
following taxation. Regardless of the carbon pused, all the scenarios show a decrease in
the protein proportion, with the greatest beingamtAX SUB (-0.28 to -0.71 percentage
points), inducing a protein content of less thafolibr 140 €tCO2eq pricing. Third, the
share of plant protein in total proteins measunesdesired substitution from animal to plant
proteins. Under all the scenarios, the plant pnotkiare increases at the highest rate, 27.59%,
under TAX_SUB (+0.92 to +2.54 percentage point®teNhat the reduction in total calories
purchased reaches -14.85% under TAX_ALL and -2.68%er TAX_ANI but is nearly
neutral under TAX_SUB (-0.73%).

[Figure 3 near here]

The distribution of individual effects shows furthdisparities according to income and
differences between scenarios. The higher the iecdine higher is the MAR, confirming the
results of Caillavet et al. (2018). The scenariosdiy the MAR distribution curve, in
particular with subsidies showing an improving MAd&fect with improving income.
Concerning the protein content, beyond the diffeeeim levels between scenarios, taxation

does not modify the distributional profile, with @otein share increasing with income
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(Figure 4). Conversely, the balance between pladtamimal proteins is greatly modified by
the different policies. As the plant protein distriion shows a basic U-curve at the baseline,
Figure 5 shows that taxing animal-based foods (TANXI) introduces a disruptive pattern;
the plant protein share post-taxation at a loweomme is farther from the baseline than at a
higher income. This finding shows more virtuous sitbtions in the purchases of low-
income households; one element of explanation isensensitivity to price increases.
Conversely, the new pattern post-subsidies (TAX_Bblibws a greater distance from the
baseline for the higher-income households, whiclowshthe highest potential for
improvement.

[Figure 4 and Figure 5 near here]

A comparison of the impact of the twmarbon pricesshows a difference in the
magnitude of the effects that does not always spord to the gap between the 56 € and 140
€ values (2.5 times), as listed in Table 3. Untlergure taxation scenarios (TAX_ALL and
TAX_ANI), the tax rates are exactly proportionalafle 2), as are the environmental,
nutritional and consumer loss effects. Under TAXBSUWhe tax rates obtained remain
proportional; however, the subsidy rates, which higher (3.02 times for “fruits and
vegetables” and 3.09 times for “starchy foods"ntlize carbon price gap, do not.

Note that our data induce certain limits. Kantaarser data cover only food.
Therefore, we assume that food consumption is abfeifrom other consumer goods, as
with other works encountering such constraints (@nothers, Zhen et al. 2014). However,
the results presented here are related to housémmdhe, assuming relevant substitutions
within food expenditure. Concerning at-home purekathese estimates can be considered to
be lower bound. Considering the whole diet woulttléo higher GHG reductions. However,
in France, food consumed at home represents 80%alofies (ANSES, 2017), a higher
proportion than in other developed countries. Fynanother limit consists of assuming here
that the price increase directly concerns consyriees. Because we do not include in our
analysis firm strategies, consumers are assumedsfmectively pay the whole carbon tax
directly. Indeed, supply-side policies are compksues that could not be developed in this
study because we focused on entire food purchasgsat a specific sector of the agro-
industry. Firms have a role to play, with challemgaich as product reformulation and

uncertainty on pass-through measures (see RéquaitidrSoler, 2014).

13



5. Discussion

The fiscal policies presented here target virtusulsstitutions between food groups on
an environmental basis. Our first issue is meaguhe policies’ expected regressive content.
Our second issue states the potential of a reveaugal approach to control this
regressivity, using the redirection of proteins as allocation tool. Uncertainty remains
because certain meat products may be consumed lyol@ver-income households. The

distribution of individual effects on the equitydanutritional aspects remain unknown.

5.1. Respective benefits of the scenarios implementing only taxes. a generalized tax vs.

a targeted tax

TAX_ALL provide the first ex ante evaluation of timecorporation of carbon costs to
all foods for France, distinguishing the emissiarteptial within animal-based and plant-
based categories. A similar analysis has been abedun several European countries, with
the range of emissions reductions depending oncHreon cost applied. For instance,
estimated reductiongaried in the UK by 7.5% (Briggs et al., 2013) 08% (Kehlbacher et
al. 2016) and, in Denmark, by 7.9% to 19.4% (Edjghod Smed, 2013). While at a similar
rate in Spain (50 €/t, Garcia-Muros et al., 201d &2€/t, Markandya et al., 2016), the
respective emissions reductions of 7.5% and 7-1@4naaccordance with our results at the
mid-range price (56 €/t). In comparison, only anhagrbon price (140 €/t) allows substantial
environmental impacts (15% or more decrease insaoms) based on the resulting tax rates
(0.9% to 19.4% depending on the food group). Theitran tax literature argues that a
minimum 20% tax rate is necessary to achieve dietaange (Mytton et al., 2012). At 140
€/t, TAX_ALL reduces annual emissions by 318 kgC@per household. Note that GHG
emissions expressed in CO2eq do not show the highaations. SO2eq emissions are more

sensitive to food carbon tax policies and showangke of -17.43%.
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TAX_ALL rates induce the highest emissions reduwioamong the three scenarios
considered because it includes all food groupserdstingly, this scenario also provides
nutritional co-benefits, although moderate (the MARd the shift from animal to plant
protein are improved). Therefore, substitution @othplementary patterns have favorable

environmental and nutritional impacts, providingngatibility between these 2 aspects.

However, the real disadvantage of this scenaric@ms equity, because there are both
an important negative effect on food budgets oleskion average and a regressive impact
with an increasing proportion of food relative t@ome for all households, particularly at the
lower end of the income distribution (Figure 2).i'finding confirms the worsening of the
Gini index + 0.001 at 56 € and + 0.002 at 140 €s Tiégressive effect of environmental taxes
on all foods was found for Spain with a worseningi®f +0.004 points at a carbon cost of
50 €/t (Garcia-Muros et al., 2017).

TAX_ANI, targeting foods rich in animal proteinshavs a moderate reduction in
emissions, nutritional degradation, an extra casi] a very slight difference related to
increased food proportion at both ends of the ireahstribution (Figure 2). Among food
groups, meat and cheese are indeed the main agonsbto emissions and vitamin B12 or
iron. This finding may explain the lower MAR, whiahcludes, in particular, the adequacy of
nutrients found in animal foods. The higher constiomp of meat products by lower
socioeconomic households in France, as in Denngred et al., 2007) and Spain (Garcia-
Muros et al., 2017), confirms the small regressfect also found in these countries.
However, the distributional effects are not dirgatbmparable in the Danish case, where
taxes are applied to products other than meat nitation-based scenario targeting foods
with high saturated fat content. A study in Sweftmmd meat taxes to be nearly neutral in
the context of expenditure and regressive in th@esa of income, although lower-income
households spend a lower proportion of their budgaheat (Séll, 2018).

Compared to other French works, the reduction obthiwith the 140 €/t under
TAX_ANI remains slightly lower than the decreas¢hna 20% tax imposed on animal-based
foods (Caillavet et al., 2016), providing a CO2uetibn of 7.5%. Compared to Bonnet et al.
(2018), the maximum emission reduction they founa a6 € rate was 1.90%. This finding is
lower than our results, regardless of the scendageting different sets of products (most
foods, fruits, fats and sugar excluded; only bewefly ruminants). The authors used a
different approach: a random utility framework toahel the demand for animal products and

an outside option (certain plant-based productsl) ardifferent disaggregation of animal-
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based products. Here, we used a complete food akmmendel to analyze the possible
substitutions among all food purchases for a higgénl of aggregation and considering the
entire food purchase.

On a nutritional basis, our approach enables thasorement of the effects on several
nutrients (appendix online) and compiles them ttaimban overall impact on a diet quality
score. Here, we find a deterioration in the MAReffore, such a fiscal policy cannot be
recommended on a nutritional basis. Furthermoreresults show a regressive effect in both
food expenditure and income distributions.

However, these scenarios could provide importargmee for the State. Based on 27.8
million households in France in 2010, TAX_ALL andX_ANI approximately provide a
yearly revenue per household of €2009.87 and €73ivhich respectively corresponds to
€55.87 billion and €20.33 billion. This is in liméith the evaluation of €16 billion/year in
Markandya et al. (2016).

5.2. A revenue-neutral approach: taxes/subsidies using the source of proteins as a tool

Concerningemissionsmitigation, the implementation of subsidies resuih an
additional emissions effect known as the rebourfécef(Greene and Braathen, 2014),
compared to the pure tax scenario. This effect bayelated to a quantity effect because
subsidized products benefit from higher purchasedeed, the decrease in total calories
purchased remains unsubstantial under TAX_SUB. 8 hesults are consistent with findings
highlighting the relationship between emissions ealdric intake (Vieux et al., 2012).

The reallocation of the food budget through sulesids expected to have a favorable
impact on lower-income households. Accordingly, dogity effects are very different from
those of the other scenarios. The revenue-neutexiasio is the only policy that is not
regressive, on average, because the food budgetinemunchanged. However,
disaggregating over household income suggestsrégaéssivity continues to be observed
because the proportion of food expenditure in ineanereases for lower-income households
and decreases for higher-income households. Theselts are explained by socially
differentiated consumption patterns. Although lowsscioeconomic status households
consume more meat products, this regressivity résualot induced by meat taxation because
this crossover effect is not observed under TAX_AlNhe other patterns of consumption
specific to lower income households consist of @najuantities of fruits and vegetables,

particularly those that are fresh. Indeed, theasgvity of the TAX SUB scenario can be
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explained by the impact of subsidies on fresh$raitd vegetables. Comparing the variations
in quantities for households below the poverty IjBerrricand et al., 2012) to those for the
average population shows that the baseline questiie lower in lower-income households
(180 g vs 354 g/capita/day) and that the rate afeimse post-TAX_SUB is lower (17.2% vs
23.2%). As the Marshallian elasticities are vemnikr for the two sample populations
(appendix online), total and households below tneepty line, this finding can be interpreted
as a pure quantity effect.

Therefore, subsidizing healthier foods will provigieater benefits for those consumers
who currently consume more of these foods, i.ghdri-income households, at the level of
improvement of diet healthiness (Figure 3) or inreamic terms (Figure 2). This finding may
not always be the case, as Garcia-Muros et al dfitligt in Spain, a combination of taxes and
exemptions yields better results in terms of dstion regressivity, as the exempted goods
(cereals, milk, fruits and vegetables) are consumegreater proportions by lower-income
households. They show that households with child@re increased impacts of the tax and
advocate for exempting dairy products from a take Tchoice of targeted foods for
redistribution purposes may be very different orritianal or social bases. To maintain
consistency in the reallocation principle, we assdnthat the full costs of food should
incorporate its environmental externalities as eowoic signaling. In this framework, the
subsequent loss in welfare due in particular tocifipe nutritional needs should be
compensated for more vulnerable households, icegrding to their income level, rather
than to household composition.

TAX_SUB shows the efficiency of a reallocation daxtrevenue to combine
environmental and nutritional benefits, by allowiageduction of GHGE and an increase in
the balance of consumption with more plant-basedlso As shown by Briggs et al. (2013)
for Britain, a revenue-neutral approach cannotdoail reallocation rule based on a pure
emissions criterion. The authors showed that takweghighest emitting food groups (above
the average level of emission) to subsidize theekivemission food groups would have
adverse health effect®ur results confirm this finding. Indeed, the ager@&missions are 360
kgCO2eq per kg of food for French households. Usiregapproach in Briggs et al. (2013),
seven food groups would exceed this threshold amadvbe candidates for taxation (Table
1). At the same time, in a revenue-neutral apprdachsed on a pure environmental basis,
subsidies would be allocated to the food groupswveehis threshold. This allocation would
favor nutritionally undesirable products such agdhol,” “soft drinks,” and “foods high in

sugar’ In contrast, promoting a shift from animal- toapt-based protein on an
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environmental basis improves the nutritional inthes. In this case, the MAR degradation of
TAX_ANI is overtaken by the beneficial effect oftmidies under TAX_SUB, which target
the main contributors of fiber and vitamin C intak®ainly fruits and vegetables. The highest
carbon price allows a 14% reduction in caloriesnfrprotein and an increase in fresh fruit
and vegetable purchases consistent with nutritignalelines (400 g/capita/day for fruits and
vegetables in PNNS). Averaging household per capitatities, we obtain an average of 404
g at 56 €versus502 g at 140 €. However, because fruit and vegeetansumption is known
to be heterogeneous, and because increasing tssiroption for disadvantaged populations
is a national priority, it is necessary to asselssther the TAX_SUB impact holds for lower-
income households. For households below the povergshold, quantities purchased were
found to remain well under the nutritional recomuh@iions (232 g/capita/day including at a
carbon price of 140 €/t). From this perspectivdiigh carbon price is more than adequate.
Then, using the source of protein as a reallocatigle is much better than a pure
environmental criterion based on emissions.

Finally, the revenue-neutral scenario shows strategrbenefits compared to the two
other scenarios and that a high carbon price i®a@ssary condition for its impact. The
resulting nutritional indicators of TAX_SUB are &ivorable, with an improving diet quality
score, a decreasing total protein content, anceneasing proportion of plant proteins. As in
other works that do not impose an isocaloric camsty our scenarios based on taxation alone
induce caloric reductions, raising doubts regardhmg feasibility of the consumer behavior
change. In contrast, TAX_SUB is more reasonablshmywing caloric stability (less than a
1% decrease). Compared to other studies, the sognacluding subsidies induce caloric
changes, increases in Edjabou and Smed (2013),aanécrease in Garcia-Muros et al.
(2017).

A high carbon price logically induces a larger @ase in emissions (in TAX_SUB: 20
kgCO2eq per household) than the intermediate pHoaever, the high carbon price is also
crucial in achieving better compliance with nutiital guidelines. Indeed, the higher the
carbon price, the higher is the revenue availabteptiblic action at a nonproportional rate
(here, a factor of 2.7). Because the revenue amaoumtevenue-neutral scenario determines
subsidies, the gap between the subsidy rates faratit carbon prices is observed to be
higher than the carbon price gap. Although regvégss also stronger when the carbon price
is higher (as also noted in Garcia-Muros et dig,decision over the use of revenue results in
the difference. The social acceptability of thebcar tax relies on the political choices of

redistribution. While a distributionally neutralestario for a carbon tax appears to be difficult
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to develop, considering nutritional constraintsother perspective is to study income
compensation in another field, in the manner of ddit(2008), combining energy carbon
taxes with labor taxes. To match the nutritionabnties, the use of food stamps for lower-
income populations appears to be more adequategtbbal subsidies.

6. Conclusions and perspectives

This study analyzed the impacts of several taxatsmenarios targeting GHG
mitigation. Carbon taxation represents an efficieodl for discouraging carbon-intensive
patterns of food consumption but can be regres3iverefore, a revenue-neutral scenario has
been implemented for France. Proportional emisbased tax rates allowing discrimination
among foods according to their environmental impaatre designed. The investigation was
based on two carbon prices in middle and high raufg§é €/tCO2eq to 140 €/tCO2eq). The
key environmental food tax issues were discussda avspecific focus on the distributional
impacts and nutritional co-benefits.

The results show that carbon pricing needs to bk to obtain substantial impacts. A
carbon tax policy could reduce GHGs by more tha¥b 15all food groups are targeted. We
show that the reallocation scenario improves the&itmnal quality of food purchases,
particularly related to the desired substitution asfimal with plant proteins. However,
although neutral on average, this scenario indosesall unfavorable distributional effects
between households and subsidies. The literatwesBriggs et al., 2013; Caillavet et al.,
2016) that compatibility among environmental ohjexst, health, and social equity is difficult
and leads to trade-offs.

Regarding the direction set by thB Environment Action Program, our results show
that it is possible to reduce consumption of anipratein and increase the proportion of
environmental taxes in total tax revenues in Fral¢e also show that the magnitude of the
carbon price matters. Indeed, a high carbon priae lbave several benefits for food
environmental taxation. This price provides a gj@mnsignal to consumers, is more efficient
at changing consumption patterns, and induces higiméssion reductions. Interestingly, the
induced impacts are nonproportional to the price gad are higher for tax revenues,
accelerating nutritional improvements and providingre means to improve equity. Further
research could, at the least, consider a policjtaaojeted subsidies on fresh fruits and

vegetables, perhaps via stamps issued to loweradwuseholds, to address the regressivity
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effects, although nonfood compensation could beenefficient as other literature on energy
taxes suggests (Metcalf 2008). In all cases, higlaébon pricing would provide large co-
benefits, which should encourage policy-makersrioripize this option to achieve European

and world environmental goals.

Disclosure statementNo potential conflict of interest is reported by thuthors.

References

1. ANSES. (2017). INCAS3: Evolution des habitudes etde®de consommation. https://www.anses.fr/fr/cdfitera-3-
evolution-des-habitudes-et-modes-de-consommatiemedgeaux-enjeux-en-mati%C3%A8re-de.

2. Briggs, A.D., Kehlbacher, A., Tiffin, R., Garneff,, Rayner, M., Scarborough, P. (2013). Assesdirgitpact on
chronic disease of incorporating the societal afsgreenhouse gases into the price of food: an aroetric and
comparative risk assessment modelling st&dytJ open3: e003543.

3. Bonnet, C., Bouamra-Mechemache, Z., Corre, T. (R0A8 Environmental Tax Towards More Sustainabledzo
Empirical Evidence of the Consumption of Animal érots in FranceEcological Economicsl47, 48-61.

Burricand, C., Houdré, C., Seguin, E. (2012). Leeaux de vie en 201Msee Premierel412.
Caillavet, F., Fadhuile, A.,Nichéle, V. (2016). Trax animal-based foods for sustainability: enviremtal, nutritional
and social perspectives in FranEeropean Review of Agricultural Economid8(4), 537-560.

6. Caillavet F., Darmon N., Létoile F., Nichéle V. B1s nutritional quality of food purchases impmy? 1969-2010: 40
years of household consumption surveys in Franaeofean Journal of Clinical Nutrition, doi.org/103B/s41430-
017-0041-6.

7. Calillavet, F. ; Darmon, N. ; Fadhuile, A. ; Nichelé (2015).- "Income and food purchases-related3G#hissions: the
French case".- Annals of Nutrition and Metaboliswl, 67, pp. 527-528.

8. Chancel L. (2014). Are younger generations higlagban emitters than their elders? Inequalitiesegetions and CO2
emissions in France and in the USA. Ecological Beoains 100: 195-207.

9. Edjabou, L.D., Smed, S. (2013). The effect of usingsumption taxes on foods to promote climatendtiie diets: the
case of Denmarkcood Policy,39:84-96.

10. EFSA, Panel on Dietetic Products, Nutrition andeAdies (2012). Scientific Opinion on Dietary Refeze Values for
Protein.EFSA Journal10(2), 2557.

11. European Environment Agency (EEA). (201Ehvironmental indicator report 2017 in support feetmonitoring of the
7th Environment Action Programmublications Office of the European Union, Luxemiy.

12. FAO. (2017).The future of food and agriculture — Trends andliegmges.Rome.

13. Feng, K., Hubacek, K., Guan, D., Contestabile , Minx, J., Barrett, J. (2010). Effects of Climatbabge Taxation:
The Case of the UKEnvironmental Science and Technology, 3670-3676.

14. Garcia-Muros, X., Markandya, A., Romero-Jordan, Ggnzalez-Eguino, M. (2017). The distributionaleets of
carbon-based food taxe®urnal of Cleaner Productigri40, 996-1006.

15. Goedkoop, M., Heijungs, R., Huijbregts, M., De Sefer, A., Struijs, J., Zelm, R. (2009). Recipe 2088life cycle
impact assessment method which comprises harmocegedory indicators at the midpoint and the emgeivel 1.

16. Greene, J., Braathen, N.A. (2014). Tax prefereficegnvironmental goals: use, limitations and pmefé practices.
OECD Environment Working Papers n°71.

17. Grossman G., Krueger A. (1995). Economic growth taedenvironment. Quarterly Journal of Economic8(2) 353-
377.

18. Guivarch, C., Rogelj, J. (2017). Carbon price uaies in 2°C scenarios explored. Commission Stiglitern.

20



19.

20.

21.

22.

23.

24,
25.

26.

27.

28.

29.

30.

31.

32.
33.

34.

35.

36.

37.
38.

39.

40.

41.
42.

Intergovernmental Panel on Climate Change IPCC1&R0Global warming of 1.5°C. First Joint SessidriAprking
Groups |, Il and lll of the IPCC and accepted by #8th Session of the IPCC, Incheon, Republic aeEp6 October
2018. http://www.ipcc.ch/report/sr15/

Kehlbacher, A., Tiffin, R., Briggs, A., Berners-LeBl., Scarborough, P. (2016). The distributionatl arutritional
impacts and mitigation potential of emission-bafeml taxes in the UKClimatic ChangeDOI 10.1007/s10584-016-
1673-6.

Kerkhof, A.C., Moll, H.C., Drissen, E., Wilting, B. 2008. Taxation of multiple greenhouse gasesthadffects on
income distribution — A case study of the Nethatta&cological Economic§7 : 318-326.

Laisney, C. (2013). Les différences sociales enareat’alimentation. Centre d’Etudes et de ProspecAnalysen°64,
octobre, Ministére de I'Agriculture, de I’Agroalimtaire et de la Forét.

Lewbel, A., Pendakur, K. (2009). Tricks with HickEhe EASI demand systerihe American Economic Review9:
827-863.

Martin A (ed). Apports Nutritionnels Conseillés pda Population Francgaise, 3rd ed. Tec et Doc &l Paris, 2006.
Metcalf, G.E. (2008). Designing a carbon tax toues U.S. Greenhouse Gas Emissions. Working Pap&r514
http://www.nber.org/papers/wl4375

Madden JP, Goodman SJ, Guthrie HA. Validity of #dehr. recall. Analysis of data obtained from elgeubjects.J
Am Diet Assod976; 68:143-7.

Markandya, A., Galarraga, I., Abadie, L.M., Lucds,Spadaro J.V. (2016). What role can taxes abdidies play in
changing diets FinanzArchiv72: 175-210.

Mytton, O.T., Clarke, D., Rayner, M. (2012). Taxinghealthy food and drinks to improve heaBritish Medical
Journal 344: e2931.

OECD. 1994.The Distributive Effects of Economictinsnents for Environmental Policy. OECD Publicatioand
Information Center, Washington, DC. 139 pages. IS&N64-04026-9.

Plessz, M., Gojard S. (2013). Do processed vegegabtiuce the socio-economic differences in vetgefabichases? A
study in FranceEuropean Journal of Public HealtR3(5): 747-752.

PNNS. (2017). Plan National Nutrition Santé 201220https:/quoidansmonassiette.fr/pnns-2017-2@%2ision-des-
reperes-nutritionnels-pour-les-adultes/

Quinet, A. (2009). La valeur tutélaire du carbdRapports et Documents n°16. La documentation fiaaca

Revell, B. (2015). Meat and milk consumption 20%fe potential for demand-side solutions to GHGEuo#dn.
Eurochoices]14(3) DOI: 10.1111/1746-692X.12103

Revoredo-Giha, C., Chalmers, N., Akaichi, F. (2018)mulating the Impact of Carbon Taxes on GreesboBas
Emission and Nutrition in the UkSustainabilityl0(1), 13.

Séll, S. (2018). Environmental food taxes and irditias: Simulation of a meat tax in Swedé&mwod Policy74:147-
153.

Smed, S., Jensen, J.D., Denver, S. (2007). Socioeadic characteristics and the effect of taxatisragealth policy
instrumentfFood Policy32: 624-639.

Stiglitz, J.E., Stern, N. (2017). Report of the iigevel Commission on Carbon Prices, CPLC/WorldiBan

Vieux, F., Darmon, N., Touazi, D., Soler, L.G. (201Greenhouse gas emissions of self-selectediéhdil diets in
France: changing the diet structure or consumissflecological Economicg]5: 91-101.

Wier M., Birr-Pedersen K., Jacobsen H.K., Klok 0§02. Are CO2 taxes regressive ? Evidence from thaidh
experienceEcological Economic§2: 239-251.

Wirsenius, S., Hedenus, F., Mohlin, K. (2011). Glemuse gas taxes on animal food products: ratiptealescheme and
climate mitigation effectlimatic Change108: 159-184.

Wellesley, L., Happer, C., Froggatt, A. (2015). 6fiag climate, changing diets. Chatham House Report

Zhen, C., Finkelstein, E. A., Nonnemaker, J. M.yi6a S. A., & Todd, J. E. (2013). Predicting théeets of sugar-
sweetened beverage taxes on food and beverage demariarge demand systeAmerican Journal of Agricultural
Economics96(1), 1-25.

21



(44

020 6.0 LE€lC 619 IS'TT A €6'8 €L0T 8L Suassap paledald
170 90 €C'06€ G229 68°G 09'v vev 1% 179 Slesw paxiw pasedaid
s10npo.d paseq-uib1io PaxXIA
.G0 690 GG'6GT 8T ET €6'L 700 800 600 Gv'9 s1npoJd AireQ
G000 190 /¢’ 08€ ocv 80°T 980 eVt Gl°¢ vZ's poojeas pue ysid
vT0 /80 121774514 L0°/.T cv'6 ST'T S6°C T.°¢ 718 9S93yD
100 920 €.°029 TN 62'L €6’V YT 1T 6T, o'z  SYej ul ybiy ‘spooj paseq-fewiuy
80°0 190 26299 '8 XA STET 88'TT AW T€9 sjeawl pax00)d
ST0 G6°0 80°/LT8 S6'v1T €6’V ¥0°GT 6G°CT YA G9'8 Sleaw IsYyl1O
G000 090 0T /8ET 19°L 80°¢ 186 €6°¢¢C 6CET 0TS jood
s10npo.d paseq-few iuy
sdnoib pooj paseq-jewiuy
/T0 S0 19°€cc 9G°¢ 8¢V 999 €1'¢ 98'v GT'S So|gelaban pue Sl Passad0id
020 LE0 T8'G6T 65/ 0€'6 €L'E 60°¢C 98¢ 9g'¢ spooj Ayoreis
AN T9°0 2C 6T G8'¢ 90°0T 8¢ 68T 16°¢ /9'G rebns ul ybly ‘'spooj paseq-ue|d
¢00 1T0 VL TVT 9€0 880 .90 0g0 GL°0 OT'T SaysIp paseqg-iue|d
00 ¢T0 EV'I8T 900 699 LTS Lv0 ST'T 9T'T syej U1 ybly ‘spooj paseq-lue|d
200 S0°0 92'Gi¢ 9€0 6€0 9’0 (0)740) T.0 90 s901dS
G0 12T A YA oT'v 06'S 80°0T 6E£9 2cvT 9T'TT sa|qelsban pue sunJj ysai4
spnpoJd paseg-jueld YO
700 920 ¥T1'9¢ IG'T €0 720 ST0 G20 €9°¢C 9] pue 884400
6.0 6T0 60°9¢ 000 000 0S'T LTT ot'e cLT 181em pajog
120 120 .29 c00 €L°¢ 98'T OT'T 8g'¢ 86T SHULIp Jos
920 ¥8°0 ¢8'G/lT vv0 ov'v GV 76°€ 689 yASA |0yOod|v
020 120 650 2.0 TL'T 6E°E 18T v'e 66T saolng
sobejoneg
sdnoib pooj paseg-iue|d

() ) (000y B 00T/bozoop) SUISI0Md Seuord N ¢0S  zO0O  19bpng

Apuend  aunppuadxe SuoISSIWZ uwonnmnN_ JUSWILOIIAUT Pood <dno.B boo

) poo4 (g) (v) (% un) sareys bood

€T/=N ‘(pjoyasnoy msiseq Ajrep) Ainuenb pue ainjpuadxa pjoyasnoguolissiwa ‘sateys :dnoib pooj Ag sonsnels Arewwns T ajqel



Table 2: Average price variation (%) per food groupby scenario and carbon price (tax and

subsidy rates)

Scenario TAX_ALL TAX_ANI TAX_SUB
Carbon price in €/tCO2eq 56 140 56 140 56 140
Plant-based food groups

Beverages

Juices 3.95 9.87

Alcohol 3.21 8.03

Soft drinks 4.18 1.44

Bottled water 6.2015.50

Coffee and tea 0.37 0.93

Other plant-based products

Fresh fruits and vegetables 4.681.57 -4.93 -14.92
Spices 7.4118.54

Plant foods, high in fats 3.699.23

Plant dishes 1.87 4.67

Plant foods, high in sugar 2.436.07

Starchy foods 6.3615.91 -1.47 -4.53
Processed fruits and vegetables 4.00.18

Animal-based food groups

Animal-based products

Beef 7.77 19.41 7.77 19.41 7.77 19.41
Other meats 7.7419.35 7.74 19.35 7.74 19.35
Cooked meats 3.67 9.18 3.67 9.18 3.67 9.18
Animal-based foods, high in fats 9.283.20

Cheese 4.2910.73 4.29 10.73 429 10.73
Fish and Seafood 1.924.80

Dairy products 7.7119.27

Mixed origin-based products

Prepared mixed meals 3.899.72

Prepared desserts 3.89.73
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Figure 1: Distribution of environmental values for CO2, SO2 and N at the baseline and for

each scenario at 140 €/tCO2eq (with 95% confidenastervals at each decile threshold) according to

income.
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Figure 2: Income share of food expenditure at the dseline and for each scenario at 140

€/1CO2eq (with 95% confidence intervals at each dde threshold) according to income.
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Figure 3: MAR value (2000-kcal basis) for the basile and each scenario at 140 €/tCO2eq

(with 95% confidence intervals at each decile thréwld) according to income.
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Figure 4: Protein share (% calories) for the basefie and each scenario at 140 €tCO2eq (with

95% confidence intervals at each decile thresholdccording to income
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Figure 5: Plant protein share (% proteins) for thebaseline and each scenario at 140 €/tCO2eq

(with 95% confidence intervals at each decile thrésld) according to income
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