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Abstract

This paper studies the conditions under which sin taxes affect consumption and
welfare. We organize the paper around a theoretical framework that characterizes
how consumers’ substitution preferences between two goods relate to the elastic-
ity of consumption. The model yields a highly convex pattern in which demand
elasticities are very small in general, but large when the two goods are very close
substitutes. The theoretical framework also presents a welfare analysis of sin taxes,
showing the conditions under which taxes increase welfare the most. These con-
ditions are related to the magnitude of elasticities and externalities. Empirically,
we analyze a Finnish sin tax scheme on sweets, soda, and ice cream that provides
quasi-experimental variation through multiple reforms. We use product- and store-
level data on sales and prices containing hundreds of millions of observations. We
also provide survey evidence on substitution preferences across categories of goods.
Our estimated consumption elasticities align well with the theoretical framework:
consumption elasticity is high only for sugary soft drinks and juices, for which the
non-taxed close substitute is sugar-free soft drinks/juices. Finally, we provide a
meta-analysis of the literature on consumption elasticities and show that the elas-
ticity estimates on average align with our theoretical framework.
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1 Introduction

Sin taxes that target goods containing sugar, alcohol or nicotine are seen as important
tools to reduce socially harmful consumption (Andreyeva et al. (2010), Cawley et al.
(2019) and Allcott et al. (2019b)). Among other taxes that target specific consumption
goods are reduced VAT rates in the European Union, C'O, dependent vehicle taxation and
high excise duties for specific goods. A central question is, under what conditions these
targeted taxes change the consumption of goods they target and hence affect welfare (see
e.g. Allcott et al. (2019a)), a question that is central to the design of effective sin taxes,
and other targeted consumption taxes. The empirical literature on sin taxes is not very
helpful on this as it provides an extremely wide range of consumption elasticities (see e.g.
Andreyeva et al. (2010), Cawley et al. (2019), Allcott et al. (2019a)). In particular, it
does not provide an analytical answer as to why the elasticity range is so wide preventing
policymakers from knowing what to expect when setting new sin taxes or other targeted
consumption taxes. Moreover, as a consequence the conditions under which sin taxes
increase welfare the most are not well understood.

In this paper we revisit these questions by analyzing a sin tax scheme with multiple
reforms in a comprehensive scanner data containing around 500 million observations on
the sales and prices of sin goods and other similar goods. We also provide a meta-analysis
on papers providing reduced form analysis of targeted consumption taxes to see how our
findings are generalizable to the broader literature.

We organize our analysis through a stylized framework that provides analytical pre-
dictions on the conditions when demand elasticity is high and when it is close to zero.
The central idea is to consider a choice situation between a few goods that have varying
levels of substitutability between them. The government then sets consumption taxes
to selected goods and consumers decide to what extent they consume those goods or
other similar and non-taxed goods. The basic framework has two goods and a repre-
sentative consumer, which can be extended to multiple goods. The two goods share
two-dimensional characteristics, which is a structure in an otherwise standard model al-

lowing us to state within the model how similar, or substitutable, the two goods are. We



then investigate how the substitutability of goods relate to the demand elasticity of the
taxed goods.

The model predicts an intriguing pattern between the substitutability of goods and
demand elasticity. This relationship is highly non-convex such that when the two goods
are fairly substitutable the demand elasticity stays close to zero, and only when the two
goods are highly substitutable the demand elasticity is high, increasing exponentially
with the substitutability index. Thus, the framework predicts analytically when, based on
substitutability, targeted consumption taxes, such as sin taxes, strongly shift consumption
and when they do not.

We also extend the theoretical framework to analyze the welfare implications of taxing
goods whose consumption generates externalities.! We focus on the question, under what
conditions taxes on sin goods increase welfare the most. To achieve this we present
the Marginal Value of Public Funds, or MVPF formulas for sin taxes and numerical
illustrations for it. For completeness, we derive also optimal commodity tax result. We
show how the size of externalities, the demand elasticity and existing tax level are related
to the MVPF. Welfare from sin taxes increases when substitutability between goods,
and thus demand elasticity, is high and the substitute good creates less externalities or
internalities, that is, in the case of sin taxes the good is healthier.

We then study empirically a sin tax scheme in Finland that has been reformed several
times. This gives us rich variation in the level of sin taxes, and in how close substitutes
are left outside of the reforms. The sin tax scheme was introduced in the beginning of
January 2011 as a weight based tax on solid products (0.75€/kg) or volume based tax on
drinks (0.075€/1 ). It applied to products in product categories containing sweets, soft
drinks or ice creams and did not apply at all to other products that nevertheless contain
added sugar or chocolate, such as cookies, sweet pastries or yoghurts. Thus, the sin tax
scheme did not apply to products that can be seen as substitutes to the taxed products.
The tax level was increased in 2012, and in 2017 the tax was removed for sweets and

ice creams. In 2014, the tax rates of soft drinks were separated such that the tax rate

!The welfare analysis is in the spirit of that originally presented by Ramsey (1927) and Pigou (1920).



of sugary liquids (0.22€/1) became twice that of sugar-free liquids (0.11€/1). The 2014
reform treats very substitutable products, such as sugary and non-sugary soda from the
same producer, differently. In summary, different reforms in the sin tax scheme leave
potential substitution goods that have varying levels of substitutability with the taxed
goods untaxed.

We have access to extremely large product-level data for the taxed and non-taxed
goods. The unit of observation is a product sold in a store in a week. At this level, we
observe how many products were sold and at what price. In total, we have about 500
million observations for tens of thousands of products. The data originate from S-group,
which is the largest grocery store chain in Finland having close to 50% market share.
Hence, although the data are sampled non-randomly, they describe in a meaningful way
the consumption of goods targeted by the tax scheme in Finland. The data allow us to
provide precise estimates and also investigate the role of potentially confounding factors,
such as, overall trends in grocery consumption or the seasonality of the taxed products.

We also develop a survey that measures substitution preferences between goods al-
lowing us to determine what the closest non-taxed substitute categories for taxed goods
are in each reform. It is an online survey where we ask questions about pairs of products
that are randomly selected from a large pool of product-pairs. The main question of
interest asks how close substitutes a pair of products are on a scale from 0 to 10 with a
higher number indicating closer substitutes.? The survey yields a substitution index be-
tween product groups. This allows us to determine which product groups are the closest
potential substitution groups to the taxed products, and which are more distant goods
that can be used as control products.

To estimate the impact of different reforms on consumer prices and quantities of goods
sold, we provide graphical examination of trends and event-studies for the taxed goods,
their potential substitution goods and control goods. We select the potential substitution
and control groups by taking into account how close substitutes they are to the taxed

products based on our survey results. We study substitution by examining to what extent

2We also build other measures for substitutability that utilize A) EU tariff goods tree or B) product
or store information, e.g. nutrients or distance between products in a typical store.



the sales of the potential substitution groups respond to tax changes of the taxed goods
relative to their control group. We observe high seasonality in the sales of products.

Our results for tax inclusive consumer prices show that for tax increases the sweets
tax was either fully or even slightly over-shifted to prices. In total, the tax increases in
2011 and 2012 increased the prices of sweets by about 10%, and so did the 2014 reform
for sugary drinks. In contrast, abolishing the tax in 2017 for sweets and ice cream led to
a less than full pass-through with about 10% reduction in prices on average resulting in
slight asymmetric tax incidence (see Benzarti et al. (2020)). An important observation
is that prices change on average by roughly similar amounts relative to a control group
in different reforms.

The results for quantities sold show two very distinct results. First, we estimate quite
precise zero change in quantities of sweets, ice cream or soda using tax increases that
treated similar products the same, for example sugary and sugar-free soda. The same
applies to abolishing the tax in 2017 for sweets and ice cream. Second, the tax increase
for sugary drinks in 2014 that left sugar-free drinks unaffected led to a drastic shift in
quantities sold such that sales of sugary drinks fell at the reform while those of sugar-free
drinks increased. When examining soft drinks as a whole, the reform in 2014 does not
seem to have an effect on their total sales. Moreover, the estimate for sales of soft drinks
from the 2011 reform that treated sugary and non-sugary drinks equally is essentially
zZero.

These estimates are then used to derive average price elasticities at the average levels
of prices and demand. The tax changes for sweets, chocolate and ice-cream that left
cookies as the closest substitute not facing tax changes yields elasticities below 0.1 in
absolute value. On the other hand, for sugary soda that had as the closest substitute
non-sugary soda and juices we estimate elasticities of over 0.5 in absolute value.

Our next step is to combine the theory framework and the quasi-experimental esti-
mates. We align our estimated consumption elasticities for different product groups with
the substitution index from our survey. We also predict with our model how large demand

elasticities we would expect based on the same substitution index. We then compare the



model predictions and our estimated elasticities for different product pairs. The model
predicts that, for sweets and ice-cream, which have as the closest non-taxed substitute
cookies, the demand elasticity should be quite low. Instead, for sugary soda that has as
the closest substitute non-sugary soda, the demand elasticity should be at a clearly higher
level in absolute value. In summary, the pattern of predicted elasticities is highly convex,
when ordered in an increasing order based on the substitutability to the non-taxed goods.
This prediction from the model aligns well with the pattern of our empirical elasticity
estimates. Thus, our theory framework seems to perform well in predicting the estimated
demand elasticities based only on information about how substitutable different goods
are.

Our second complimentary approach for studying empirically the link between con-
sumption elasticities and substitutability to non-taxed goods is a meta-analysis to earlier
literature. To align the estimates from earlier literature with the prediction from the
model requires us to develop a substitution index. The substitution index we use is
based on a product category tree from the TARIC (Integrated Tariff of the European
Communities), which is available to virtually all commodities. The index is based on
how many nods in the tree one needs to cross to get from one product to the potential
substitute group, and therefore, how many goods are at a comparable level in the tariff
tree. The less nods the higher is the substitutability. We complement the TARIC infor-
mation with information about geographical proximity (in case of cross-border shopping)
and other assessments of substitutes for fuel and services.

We include into the meta-analysis all articles that provide credible reduced form con-
sumption elasticity estimates and for which we can assess the substitution index. The
included studies have found a large range of consumption elasticities. We then group the
estimates from literature into four categories based on the availability of substitutes that
do not face tax changes; very low (VAT changes for broad goods or services), low (gaso-
line or electricity taxes), intermediate (alcohol taxes with cross-border shopping) and
high (cigarettes vs e-cigarettes, sweetened vs non-sweetened beverages) substitutability.

We use the average substitution index of the category to place them on an ordinal scale.



The result of the meta-analysis is that the average of estimated consumption elas-
ticities in the literature are low when substitution index is low and that consumption
elasticities increase in a highly convex shape with the substitution index. The result
resembles remarkably well the pattern of elasticities from our sweets tax reforms, and
aligns well with the prediction from our theory framework. Note that a selection of in-
dividual estimates, when not grouped into averages might not fit well with the theory
model. Thus, the available of non-taxed substitute may not be the only factor explaining
the wide range of elasticities in the literature.

Other reduced form estimates on consumption seem to align with our theory frame-
work, although we did not include them in the meta-analysis due to the lack of estimated
elasticities. For example, in the high substitutability category would be Harju et al.
(2020) who study taxing new cars with CO2 based taxes. The substitutability in this
case is high as one can substitute a higher CO2 emissions car with lower CO2 emissions
car or a new car with used car, that is, substitute a higher taxed car with lower taxed
car. The evidence points that the reform introducing CO2 emissions based car tax dra-
matically shifted the consumption away from high tax and CO2 emission cars towards
low tax and CO2 emission cars. Johansson et al. (2014) study how a Finnish alcohol tax
cut affected alcohol sales in neighboring Sweden as a function of distance to the Finnish
border. They find large changes in alcohol sales in Sweden close to the Finnish border,
where alcohol on the Finnish side is a close substitute to alcohol on the Swedish side, but
these effects diminish rapidly further off the border.

Sin taxes have also been studied extensively using structural estimates (see e.g. Chan
(2006), Dubois et al. (2020), Miravete et al. (2020)). Some of these structural papers
estimate models that share a feature with our framework in that they include product
characteristics as something consumers care about. For example Dubois et al. (2014)
develop and estimate a theoretical framework, which nests a characteristics model from
the family of Gorman-Lancaster models (Gorman (1980) and Lancaster (1966)). The
advantage of structural models over our approach is that they allow to estimate the

whole demand system, and therefore to also do counterfactual analysis of the effects of



different kinds of policy changes. Our estimates do not produce a demand curve, they are
instead average estimates for the elasticities in the existing environment. We think that
the advantage of our approach is to provide a credibly causal estimate with transparent
event-study evidence supporting the assumptions. Moreover, our study complements the
structural literature in providing analytical results and quasi-experimental support for
the characteristics-based consumption models.

We contribute also to the literature on consumption tax incidence by estimating price
incidences of excise taxes. From earlier studies Berardi et al. (2016) study the soda tax
pass-through in France using a data set similar to ours, with outlet-level super market
prices. They find similarly to us that the pass-through of the tax to prices was not imme-
diate, and instead it took six months to reach the full pass-through. Also similar to our
estimates for soft drinks, Grogger (2017) documents over-shifting into the prices of soda
prices as the response to the introduction of a soda tax in Mexico. Similarly, Bergman
and Hansen (2019) find that excise taxes are over-shifted to sodas when analyzing Danish
micro-data.

One of our price incidence results is the asymmetric pass-through to prices from tax
increases vs tax decreases, similar to Benzarti et al. (2020) for VAT. Bergman and Hansen
(2019) also document that their pass-through rates are asymmetric so that excise tax
increases are overshifted more than tax cuts. Moreover, we find smaller pass-through rates
when the tax was larger relative to the pre-reform price. Agrawal and Hoyt (2019) show
that over-shifting of taxes onto prices may also be a result of the presence of substitute
goods.

The paper proceeds as follows: Section 2 presents our stylized theoretical model,
Section 3 describes the institutions more precisely, Section 4 describes the data, Section
5 shows the empirical results for the sweets tax scheme and how they fit our theoretical
framework, Section 6 discusses how empirical estimates from previous literature and
the substitution index we develop align with our theoretical framework, while Section 7

concludes.



2 Conceptual framework

2.1 A model with characteristics

In this section, we set up a stylized framework to study the relationship between the
similarity, or substitutability, of goods and the demand elasticity. With the framework
we want to characterize a simple choice situation where consumer chooses from a limited
set of goods to consume, a situation that could occur for example when one considers
buying a sin good or a healthier alternative.

The framework is otherwise a standard model of consumption over a vector of goods,
but to build a structure allowing us to investigate substitutability, we include character-
istics of goods into the framework.?> Consumers value the characteristics of goods in their
consumption choices. The characteristics relate to the substitutability of goods so that
the more similar characteristics the goods have, the more substitutable they are. Intu-
itively, the demand elasticity is a function of the extent to which consumers are willing to
substitute one good for another, which is determined by the characteristics of the goods.

Below, we relate the characteristics-based measure of substitutability to empirical
substitution indices. In Section 5.4 we calibrate the model to our empirical setting using
substitution indices and see how well the empirical results align with the predictions
from the model. The goods in the model are empirically assumed to come from different
product categories, so the goods correspond to goods categories.

A basic version of our model is a two-good model where the goods have two charac-
teristics and there are no income effects. Thus, the thought experiment is to consider
a choice situation between, for example, a sin good and another good. The model pro-
duces a highly convex relationship between the demand elasticity of a good and the
substitutability of the two goods: for low to relatively high levels of substitutability, the
elasticity is small, but for highly substitutable goods, the elasticity is considerably higher.
We use this relationship to organize our empirical work. The treatment of the model in

the main text emphasizes the intuition behind our results, but more formal and detailed

3The characteristics space follows the spirit of Gorman (1980) and Lancaster (1966), but here we
consider characteristics to be composite objects capturing subjective substitution preferences.



derivations together with a model with more than two goods and income effects can be

found in Appendix B.

2.1.1 Setup of the model

The model is set up to consider the consumption choices of a single agent between two
goods containing potentially different sets of characteristics. A utility-maximizing agent
chooses the consumption of two goods x = (1, x2)’ such that the budget constraint is sat-
isfied. The agent has a strictly concave utility function u(c) over bundles of characteristics
¢ = (¢1,c9)’, where characteristics provide a description of the consumption bundle. The
characteristics are subjective composites that the consumer values, so they could include,
for example, brand and packaging in one characteristic and taste in another. Good ¢ has
a characteristics vector ¢! = (cy;, ¢2;)" which describes the characteristics of the good. The
main idea is that a model involving characteristics of goods provides a way to measure
similarity, and hence substitutability, without directly estimating cross-elasticities.

We assume, as is standard in this class of models, that consuming a bundle of goods

x provides characteristics through a linear relationship:

c=Cr,

Ci1 Ci2
where C' = is a matrix of the characteristics of the goods. Put in another

Co1 C22
way, the amount of characteristics ¢ the agent obtains from a given bundle of goods =z, is

given by

¢ = (c11%1 + €129, 2171 + C22T2).

Hence the amount of a given characteristic in a bundle is a weighted sum over goods. This
is natural for additive characteristics: if one characteristic is sugar content, the bundle’s
sugar is a sum over the sugar content of the two consumed goods.

To parameterize substitutability in this strict two-good setup, let good 1 have fixed



characteristics vector ¢!, and let good 2 become more similar to good 1 as « increases:

Ala) = ac' + (1 — a)c??, a € [0,1],

27

where ¢*? is the baseline characteristics vector of good 2. Equivalently, the characteristics

matrix can be written as C(a) = [¢!, ¢?(«)]. Thus, when a = 0, good 2 is at its baseline
and is least similar to good 1 in this parameterization; when o = 1, goods 1 and 2 are
identical in characteristics and become perfect substitutes. Increasing o moves good 2
continuously toward good 1 in characteristics space.

We assume that the government levies a specific excise tax 7 on good 1. The consumer

problem is

max u(C(a)z) s.t. (p1 + 7)x1 + paxe = m, (1)

T

where p; is the producer price of good ¢, 7 is the tax on good 1, and m is the income of
the agent.? We assume that the consumer prices of the two goods are equal initially (i.e.
p1+ T = p2) as this simplifies the analysis somewhat. However, this is not necessary to

derive qualitatively similar results.

2.1.2 Substitutability and demand elasticities

Our main result is that the relationship between substitutability and elasticity is highly

non-linear and convex (see Appendix C for derivation):

e1(a) &~ £1(0), (2)

where e;(a) is the price elasticity of good 1 as a function of « and £;(0) is the price
elasticity of good 1 at o = 0.

Figure 1 provides the intuition in the two-good model. It considers three starting
points for a: low (left panel), medium (middle panel), and high (right panel). In each

case, increasing substitutability by the same amount A« straightens the indifference curve

4This highlights the connection between a Gorman-Lancaster model and the standard model of
consumer choice: if there are as many goods as characteristics and C' is the identity matrix, we have the
standard model.
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(black to red), making the consumer more willing to switch across goods when relative
prices change.

The figure also links this geometry to tax responses. For a given tax change, the
movement from xg to x; is larger when « is higher. If « is increased by Ac«, the new
response is x1(Aa), and the gap between x;(Aa) and x; is much larger when the goods
are already close substitutes. Thus, equal increments in « generate much larger changes
in elasticity at high initial o than at low or medium «. This is the convex pattern

summarized by Equation (2) and illustrated in Figure 2.

2.2 Welfare implications of sin taxes

This section characterizes the welfare effects of increasing a targeted consumption tax
within the characteristics-based framework from Subsection 2.1. We consider a second-
best environment in which sin taxes also raise revenue, so welfare effects combine a
Pigouvian correction channel and a Ramsey revenue channel. In the main text we focus
on the two-good case where only good 1 generates an externality or internality®, and

evaluate marginal tax changes at current tax rates.

2.2.1 Setup

We retain the two-good setting and notation from Section 2.1, but relax the equal-price
normalization to allow for asymmetric taxation of good 1. For consumer j, the problem
is

max u;j(Cz;) st. (p1 + 7T)xyj + pazej = my,
J

where p; and p, denote producer prices and m; is income.
We assume that the consumption of good 1 generates a negative externality. We
model this through a welfare-loss function e;(c1121;), with €5(-) > 0, where ci; scales the

harm-relevant content delivered by good 1 (for example, sugar content).5 Good 2 does

®We provide an n-good model and extensions in Appendix D.
SWe consider more general externalities in Appendix D, but the main intuition stays the same. One
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not generate an externality.

We assume a continuum of consumers of mass one. Let aggregate consumption of
good 1 be 1 = f] x1;, and let £; denote the aggregate own-price elasticity of demand for
good 1, defined as the consumption-weighted average of individual elasticities.

The government values consumer welfare and faces an external revenue requirement

R. Social welfare is given by
W) = ()~ [elennym) + ulrar) + T~ B )
J J
where w;(7) denotes normalized indirect utility” and p is the marginal value of public
funds.

The externality term is separable from private utility, so social harm from good 1 is

treated as an additional social cost. We consider non-separable externalities in Appendix

D.

2.2.2 Ramsey and Pigouvian Components

Differentiating welfare with respect to the tax rate and re-arranging yields the expression:

dW e'cny T
— = — e1ry +—x1+p e+ e1x1| . (4)
dr  bitT p1+T
vV TV
Pigouvian component Ramsey component

where €' denotes the consumption-weighted marginal external damage from good 1.
The derivation follows standard envelope arguments and is provided in Appendix D.
The Pigouvian component captures corrective gains from reducing harmful consumption,
while the Ramsey component captures the revenue-efficiency trade-off under distortionary

taxation.

Pure Ramsey case (¢/ = 0). Without externalities, welfare effects are purely fiscal:

the tax is attractive when demand is inelastic and the base is stable, and costly when

could also interpret e; as an internality if consumers do not fully account for future private costs.
"Dividing by the marginal utility of income: w;(7) = u;(7)/A;(7), where \;(7) is the marginal utility
of income of individual j.
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demand is elastic and behavioral distortions are large. In our framework this corresponds

to low substitutability (low «, low |e;|), where consumers cannot easily avoid the tax.

Pure Pigouvian case (1 = 1, no revenue motive). Without a revenue motive,
welfare gains depend on how strongly the tax reduces harmful consumption, so both
the marginal externality €’c;; and the elasticity €; matter. External harm alone is not
enough: the tax must induce behavior change.

To see this, note that when u = 1, the welfare change in Equation (4) becomes:

dW 7 —¢éen
dr p1+T

So, even at the Pigouvian benchmark 7% = €’cq1, welfare gains are limited when & is close
to zero and are larger when a close substitute exists (high « leading to high elasticity),
because then consumers avoid the tax by consuming more good 2 that does not create
the externality.

Optimal tax. For completeness, setting dW/dr = 0 in Equation (4) and solving for

the optimal tax rate yields the standard result:

*

T 1 éen +1—,u1
pL+7 pup+T* Lo
—_——— —\—

(5)

Pigouvian Ramsey

The optimal ad valorem rate is the sum of a Pigouvian term and a Ramsey inverse-
elasticity term (see e.g. Sandmo (1975)). When p = 1, the Ramsey term vanishes and
7* = €/¢y1. Thus, the optimal tax depends on the elasticity only through the Ramsey
term, although more broadly (non-optimal tax) the welfare considerations have that as

discussed above.

2.2.3 Marginal Value of Public Funds

We summarize the welfare effects of a tax increase with the marginal value of public
funds (MVPF), defined as welfare impact per euro of net fiscal cost for a marginal tax

change (see Hendren (2016); Hendren and Sprung-Keyser (2020)). Note that the MVPF
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calculation does not assume that taxes are at optimal levels.

In our setting, the MVPF takes the form:

6/011

1 + i 81(01)
MVPF = — LT (6)
1+ e1(a)

pL+T

The elasticity £1(a) enters both numerator and denominator, so its magnitude deter-

mines how informative the MVPF is for tax design.

Small elasticity: Ramsey logic dominates. When demand is inelastic (low « in
our setting such that very close substitutes are not available), behavioral responses are
limited, the corrective channel is weak, and the MVPF remains close to one. Taxation
then mostly reflects revenue-raising logic: the tax base is stable, but corrective gains are

small.

Large elasticity: Pigouvian logic can dominate. When demand is elastic (high
a such that very close non-taxed and non-externality creating substitutes are available),
behavioral responses are large and the MVPF becomes sensitive to whether 7 is below
or above the marginal external damage €¢’ci;. If 7 < €’cq1, corrective benefits dominate
and MVPF > 1; if 7 > €'¢1q, tax-base erosion dominates and MVPF < 1. Thus, when
elasticity is large, getting the tax rate right matters much more, because the welfare
consequences of over- or under-taxing are amplified by the strong behavioral response.

Figure 3 summarizes these cases. Panel (a) varies elasticity at fixed externality: higher
elasticity steepens the MVPF response to tax misalignment. Panel (b) varies the external-
ity at fixed elasticity: higher externality shifts the curves rightward, with each crossing
MVPF = 1 at 7 = €’c¢y;. Together, the panels show that externalities determine the
threshold, while elasticities determine the strength of welfare gains or losses around that
threshold.

In summary, the MVPF analysis shows that sin taxes can increase welfare when the

good that creates externalities or internalities have close enough substitute available that

14



consumers react to the tax by shifting consumption to it. Moreover, the substitute good

should not create externalities (or create less of them).

3 Institutional description of the sin tax scheme

We study multiple reforms in a sin tax scheme called the "sweets tax” scheme in Finland.
On 1 January 2011, Finland introduced an excise tax on sweets, ice creams and raised
the existing excise tax on soft drinks.® There were two subsequent excise tax increases
in 2012 and in 2014, while the tax was abolished for sweets and ice cream on 1 January
2017 and continued to be applied to soft drinks.

The sweets tax is based on custom categories. As a result, some products are taxable
while others, quite similar ones, are not. For example, cookies, sweet pastries or snack
bars are not tax liable while chocolates and candy bars are. Within a category the tax
was assigned based on weight or volume of the package. The tax was, thus, not based
on the sugar content of the product. Moreover, since the tax is tied to the weight or the
volume, the tax impact relative to before tax price of a product varies across the products
within a taxed product category.’

Figure 4 illustrates and Table 1 describes the multiple tax rate changes in the sweets
tax scheme. There was an excise tax rate on soft drinks of 0.045 €/1 before the introduc-
tion of the sweets tax. Since 1 January 2011, the sweets tax rates amounted to 0.75 €/kg
for the solid taxable products and 0.075 €/1 for the liquid taxable products including
soft drinks. The rates were subsequently increased so that, from 1 January 2012 onward,
the valid rates were 0.95 € /kg for solid taxable products and 0.11 €/1 for liquid taxable
products.

Importantly, the tax rates were also changed on 1 January 2014 so that the tax rate

for the liquids including soda with a sugar content higher than 0.5 g per 100 g or 100

8The tax applied also to chewing gums, and some other naturally or artificially sweetened products.
These products under sweets tax are also subject to the reduced VAT rate (13% from July 2010 until
December 2012 and 14% since January 2013). The VAT is calculated based on the consumer price that
includes the excise tax.

9 Additionally, products used as intermediate inputs in production and small scale production remained
untaxed.
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Table 1: Tax changes in 2010-2017

| Solid | Liquid
Old excise tax Before 2011 | 0 €/kg 0.045 €/1
Sweets tax introduced 1 Jan 2011 | 0.75 €/kg 0.075 €/1
Rate increase 1 Jan 2012 | 0.95 €/kg 0.11 €/1

Sugar free  Sugared
Rate differentiation 1 Jan 2014 | unchanged | unchanged 0.22 €/1
Sweets tax scrapped; 1 Jan 2017 0 €/kg | unchanged unchanged
old excise tax remains

As of 1 January 2014, the liquids with a sugar content higher than 0.5 g per 100 g or 100 ml were defined
as sugared. The definition of the sugar-free liquids was based on the regulation (EC) No 1924/2006 of
the European Parliament and of the Council of 20 December 2006 on nutrition and health claims made

on foods.

ml was raised to 0.22 €/1. The tax rate for liquids having lower sugar content than the
threshold remained at 0.11 € /1. The 2014 change resulted in very similar products having
a different excise tax rate. The purpose of this differentiated tax change was to channel
consumption into sugar-free products.

The definition of the sugar-free liquids was based on an existing legal definition
for sugar-free products.!® The use of an existing regulation and a very clear limit for
sugar content (below the limit there are only waters and artificially sweetened products)
decreased the administrative burden for firms and the tax authorities monitoring the
scheme.

The sweets tax is carried out whenever products are provided for the consumption
purposes from a tax-free warehouse or imported to Finland. Manufacturers, wholesale
sellers and importers are the parties liable to tax. However, it is possible to export
products from a tax-free warehouse without incurring tax liabilities. The Finnish Cus-
toms Office is responsible for carrying out the sweets tax collection and overseeing the

producers.

Regulation (EC) No 1924/2006 of the European Parliament and of the Council of 20 December 2006
on nutrition and health claims made on foods.
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4 Data

4.1 Scanner data

Our data source is a large Finnish retail-chain called the S-group, and the data consist
of their product-specific sales figures of all relevant food products at the outlet level
aggregated to a weekly level from the last week of 2009 to the end of 2018. These
outlets are evenly located all across the country and there are 1,077 of them. The total
data consists of ca. 500 million observations. The market share of the S-group in the
Finnish grocery market is roughly 45%, making the sales data quite representative of
the consumption behavior, although it is not a random sample of stores in Finland.
The S-group has various types of stores: they include small corner shops, larger market
stores as well as big mall-type stores located in bigger cities and also throughout the
country including in smaller municipalities. Thus, S-group sales data represent purchases
in various types of stores and demographies.

The data consists of taxed and non-taxed product groups. In the taxed group we have:
sweets (chocolates, candy bars and assorted candies, chewing gums), ice creams, drinks
(soft drinks, juices, juice concentrates, waters). In the non-taxed group we have: cookies,
cakes, sweet and salty snack bars or pastries, sugars, honeys, syrups, and yogurts.

The data include the product name (e.g. Angry Birds Red Bird), its custom category
(e.g. 2106), its detailed product category (e.g. fruit xylitol chewing gums with a package
size larger than 60 g), its net consumer package size'! in kilograms or liters (e.g. 0.07 g)
and whether this refers to liters or kilograms. The data also include the total number
of the items sold and the monetary value of the items sold as well as information on the
number of the discounted items and the total monetary values of these discounts. All
the product-specific information is summed up for each outlet for each week. Finally, we
have data on the type of store and which region it is located in.

All the monetary data is in euros. There are no data on the wholesale prices or

the identity of the producers or consumers. Based on the product names, the product

HThe definition refers to the package size net of packaging and non-edible ingredients, making it
equivalent to the legal definition of the excise tax base.
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categories and the custom categories, we identify which products are taxable and which
are not.

Table 1 describes the data. The first three columns give mean standard deviation
and number of observations for the taxed products, and the following three columns the
same for the non-taxed products. For these prodicts we describe prices (tax inclusice)
and quantities in units sold. Panel A describes the whole sample, panel B describes the
values in 2010, before the 2011 reform, panel C the values for soft drinks in 2013 before
the 2014 reform for them and panel D the values for ice creams and sweets in 2016 before
the tax was abolished for them in the 2017 reform.

The table shows that on average the price of the taxable products is below 2 euros per
unit and they are sold sold on average around 12 times per week in a store. Especially the
latter has a large standard deviation indicating heterogeneity in the store size. The non-

taxed products have roughly similar prices and quantities sold than the taxed products.

4.2 Survey and additional product data

In addition to the sales data, we conducted a survey eliciting preferences over substi-
tutability across products. We also explain below the use of additional product-level
data in order to construct measures of substitutability between product groups.

The survey was administered both as a class assignment (voluntary or compulsory,
depending on the course) on several economics courses in Finnish universities and through
an open online link on the home pages of Finnish Centre of Excellence in Tax Systems
Research and the Labour Institute for Economic Research. The main body of the survey
consists of questions about products presented in pairs. This part of the survey operates
by showing a sequence of pairs of products in random order, and asking each time the
same three questions about these pairs of products. Thus, one respondent answers the
same questions from multiple pairs of products giving us greater statistical power. An
example of a product pair in the survey with the related questions is presented in Figure
A.1 in Appendix A. The product pairs are randomly chosen from a large pool of pairs of

products.
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An important part of the survey is a photo for each product, because these give
essential information about the products. In addition to photos, the survey describes
the names and prices of products. In order to get photos for all products we in some
instances got a permission to use the official marketing photo for each product. Because
we did not get the official photos for all products, we also set up a photography studio
with studio lights to take photos that are of similar quality than the marketing photos.

The main question in the survey is Question 2 we use to construct a substitution
index. The question asks how substitutable product A is with product B on a scale
between 0 to 10. Respondents could use a slider bar to provide an answer or type in the
number to a box next to the slider bar. The higher the number the more substitutable the
products are with each other, which was also each time explained in the survey next to
the question. We then average the answers for each product pair to derive a substitution
index across product pairs.

In addition, Question 3 is a money metric question on the substitutability across
products. It states that product A costs certain amount of euros, and what would the
price of product B need to be in order you to substitute that product with product A.
The answers to this question are averaged for a product pair to receive a money metric
substitution index. A small complication with Question 3 is that the absolute differences
in the value of products are not equivalent to relative differences as the products have
different base values.

In total, there were 3346 respondents to the survey, with more than 35,000 product
pairs viewed in total.

We also gathered additional information on products for a subgroup of our sales data.
These data were scraped from the Foodie.fi webpage of the S-group with their permission
using the EAN codes of the products. These data include information on the ingredients,
nutritional content, and store-floor locations. We have data on ingredients for 6,546
products, nutrient data for 6,052 products, and store-floor locations (in a single typical
hyper market) for 2,091 products. We derive substitution indices based on these metrics

such that products that have similar ingredients are more substitutable.
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4.3 Results for substitution preferences and substitutability

For the survey, Figure 5 shows the distributions of answers to Question 2 asking on a
scale between 0 to 10 how substitutable products are with higher number indicating more
substitutable. In the figure, we group the answers from this questions for five product
categories facing tax increases in the reforms versus their closest category not facing tax
changes at the same reform, that is, substitution product category. The closest substi-
tution categories are cookies for sweets, ice-cream and chocolate, and sugar-free soda for
sugary soda. The figure shows the distribution of how substitutable respondents think
the products in the tax-change category are with their closest substitution category. The
figure shows that the distribution has concentration of mass close to low substitutability
values for sweets, and the values start to increase for ice-cream and chocolate and reach
a concentration of high substitutability numbers for sugary soda and juice. This indi-
cates, for example, that according to our survey chocolate and cookies are clearly less
substitutable with one another than sugary and sugar-free soda or juice, because only
the latter ones have a large mass close to one in the distribution of answers to Question
2.

Figure 6 shows a substitution index for the different product-group pairs considered
above. The index is constructed by simply taking the mean of the answers to Question 2
for which Figure 5 provides the distributions, as well as the 95% confidence intervals of the
means. An interesting observation is that the substitution index seems to increase roughly
linearly across the product-group pairs considered. The substitution index constructed
from the survey is the main information we use in the analysis below and when fitting
the theory model with the empirical setting.

Figure A.2 presents the alternative substitution indices along with the main substitu-
tion index as discussed above. The alternative substitution indices develop in the same

manner as the survey-based measure we use in the main analysis.
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5 Empirical results and empirical strategy

In this section we first provide our empirical results both on the effects of the reforms in
the sin tax scheme on prices and quantities sold. We then describe how our empirical
results align with a prediction from our theory framework when using the substitution

index to link them.

5.1 Estimation methods

In terms of the estimation method, the main interests are to estimate price incidence as
well as to what extent tax changes affect consumption of goods that face a tax change,
and to what extent there is substitution to products that do not face a tax change. To
achieve that, we examine in the event-study framework changes in the consumption of
different product groups: those that face tax changes and those that are potentially close
substitutes using more distant groups as the control group. We also quantify the effects
by estimating differences-in-differences estimates, and provide elasticity of consumption
with respect to prices estimates.

Relative to a simple quasi-experimental setting, where one would have a treated and
control group, we have a more challenging problem of determining which are the potential
substitution groups and which are the product groups that can be used as a control.
Choosing the product groups affects also whether they are comparable over time and
thus whether the control group establishes a credible counterfactual. Thus, we need to
be careful in how we choose the groups. In choosing them, we relied on our results
from Section 4.3 on the substitutability of different product groups and implemented the
following procedure.

We first compared product groups facing tax reforms with various product groups
that did not face tax changes. Out of these, we selected all products that seemed like
close substitutes based on the survey described above to form a potential substitution
group.

We then selected a control group for both the tax group and the substitution group
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from products that are fairly similar to them, for example all products that can be used
as snacks, to credibly represent a counterfactual, but that were not very close substitutes
to the taxed or substitute group in the survey. In the latter case we selected only product
groups for which we managed to establish parallel pre-trends with the taxed or substitute
groups. Fortunately, our data included suitable products that both had parallel pre-trends
and that were not very close substitutes, such as, snacks, yogurts and pastries.

This procedure was sufficient to provide an estimate for all products facing a tax
change in one of the reforms in our setting.

We present the event-study graphs both such that different groups described above
are shown separately or that their difference in each time period is shown as a normal
event-study graph, to provide a transparent description of the results. We estimate the

following equation:

T

yr = Y Belt="lgi+ %+ i+ e (7)
T==T,17#—-1

where i refers to a product sold in particular outlet and 7 refers to time periods (either
week or month, depending on the setup) and g; to the group identifier, either one facing
tax change, potential substitute group or control group. The event-study specification is
such that the g; is interacted with event time 7, and when we estimate just the time-series
for the groups separately we do not include this interaction. u; refers to product-outlet ¢
fixed effects and 7, refers to a set of time fixed effects. ¢; is the residual error term. The
outcome variables y;; consist of volume of each product sold or their log price (euros).
The standard errors are clustered at the product-outlet level.

We impute the mechanical full tax pass-through to graphs examining price-incidence.
A factor here is that the data consists of retail prices that include the excise tax and
VAT. We impute the base price for each product as its mean price in November and
the two first weeks of Decembers of 2010, 2013 and 2016 before each reform. Based on

this product-specific base price, we impute the full pass-through as follows and take the
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logarithm over it:

base price;,

1I1 (pfull,z‘t> = hl ((1 —f— VAT t) < 1 + VAT
t

+ new ex. tax j;-old ex. taxit)> (8)

The logarithms of the product-specific pass-through rates are then averaged over for
the relevant product group (i.e. all the products, solids only etc.). The full pass-through
of the tax is calculated by adding this mechanical price effect due to taxes to the non-taxed
group prices.

When analyzing quantities sold, one additional methodological concern is that the
sales of the products in our sample exhibit strong seasonal fluctuation as exemplified
in Figure 7. The figure compares the development of the amount of taxable products
(excluding soft drinks) around the 2011 and 2012 reforms (mainly sweets, chocolate and
ice cream) with a set of non-taxable products (mainly cookies, sweet and savoury pastry,
pudding and yogurt). The extent of seasonality is high in that sales vary 20% around
the annual average sales. We consider seasonality as something naturally arising from
consumption varying with season, for example, influenced by seasonal temperature. One
example is that ice cream is consumed much less in the winter than in the summer
in Finland. A concern is that not taking seasonality into account would cause a bias in
estimations. In order to adjust for the seasonality, we use the residuals from an estimation
that regresses the respective quantity variable on the product category-calendar month
effect.!?

We quantify the impact of the sweets tax reforms with a DiD framework. We estimate

the following equation:

Yit = Ve + i + Bopar X gi + €, (9)

where a, is an indicator taking value one for after the reform period, g; is the same group

indicator as above, a; * g; is the interaction of the two indicator terms and thus Spp is the

12The seasonality highlights the value of having observations for each month over many years over hav-
ing only few isolated points in time, for example, from a survey, because then producing de-seasonalizing
the data would be impossible.
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main coefficient of interest. y;; is the outcome variable, either unit price or the volumes
or items sold. We include in the estimation also product-outlet level fixed effects p;. €y
is the error term, which is clustered at the product-outlet level.

We also provide an estimate for the consumption elasticities. We do this in two-stage
least squares, where we first estimate the impact of a reform on log prices and use this

variation to explain the change in log quantities.

log pit = v + pi + Bppay X gi + €4,
(10)

log gir = ¢ + i +log pit + €t
Where we first estimate the impact of the reform on log prices log p;; and in the second
equation explain the change in log quantities logg;; with the estimated change in log

prices logg“: pit- Both equations include the product by store fixed effects p; as well as time

fixed effects v; .

5.2 Graphical evidence on the effects of the sin tax scheme on

prices and quantities

Here we provide graphical evidence on how reforms impacted prices and quantities sold of
products by estimating equation (7) and following the procedure explained in the previous
subsection.

We first document the evidence on the impact of the reforms in the sin tax scheme on
prices. Figure 9 presents the development of prices at weekly level around the 2011 and
2012 reforms for all taxed and non-taxed products pooled. The imputed full pass-through
is marked as the dashed black line. The figure shows that the prices of taxed, potential
substitution group (Cookies) and non-taxed products follow on average the same trend
in the year before the reform. Then at the time of the 2011 reform the taxed group
prices exhibit a clear increase. The prices do not jump immediately to the new level in
2011, but rather the increase is gradual over the period of three months ending up to a

level of full pass-through on average. In the 2012 reform prices jump more rapidly to an
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increased level. The prices end up at a higher level after 2012 than what the mechanical
full-pass through would indicate. The price of Cookies do not show such marked increases
but ends up at a slightly higher level than the non-taxed group prices, which could be
just natural price development and not affected by taxes to the taxed group that are not
applied to Cookies.

After the two reforms in 2011 and 2012 the taxed group is at around 10% higher level
than the control group, indicating the effect of the two reforms combined on prices on
average.

To provide some evidence for different subcategories, Figure ?? presents the develop-
ment of prices separately for ice creams, soft drinks, sweets and chocolates (as a special
category of sweets) in the 2011 reform. Relative to the average price effect of the two
reforms, ice cream prices are different because they increase by less than the amount of
the mechanical full pass-through. This arises possibly due to the larger product weight-
based excise taxes for this group relative to pre-reform prices. Instead, for soft drinks
the pass-through was less than full, and for this group the tax increase due to the reform
was smaller. Thus, there is some evidence of an inverse relationship between the relative
size of taxes and the degree of pass-through.

Figure 10 presents the price incidence for abolishing the sweets tax for sweets and
ice cream from the beginning of 2017. The figure indicates an immediate and large price
response to the reform. However, on average the prices declined by less than what the
full pass-through would have been. This suggests some modest asymmetric pass-through
by comparison to the tax introduction, which is somewhat consistent with the findings of
Benzarti et al. (2020) for VAT. The sub-group analysis in Figure 7?7 show that for sweets
the pass-through seems to be full for this reform, but for the other categories slightly less.

For the 2014 reform differentiating the tax for sugary and non-sugary soft drinks,
Figure 11 shows that the consumer prices responded immediately by increasing to a
level of mechanical full pass-through after the reform. The figure also shows the prices of
sugar-free liquids and the prices of a control group. The sugar-free drinks exhibit initially

some price increase after the reform, but this subsides and their prices soon return to the
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same leven with the control group. Importantly, the effect of the 2014 reform on prices of
sugary drinks is about 10%, which is very similar to the average price effect in absolute
terms of the other reforms.

In summary, the reforms had a clear bite on prices, such that each reform we analyze
had an average effect of changing consumer prices by about 10% in absolute value. Thus,
it is conceivable that if consumption elasticity is sizable, we should detect a change in
the consumption of the targeted products proxied by the sales quantity response. Also,
when comparing below the effects of the different reforms on quantities sold, any potential
differences across reforms is not likely to be attributable to differential price effects of the
reforms.

Turning to analyze the impact of sin taxes on quantities sold, Figure 13 presents
the over time development of the amount of products sold for the 2011/2012 reforms.
The series is de-seasonalized. The figure presents again three groups (g;), those facing
the tax change, which are sweets and ice cream here, cookies as the closest substitute
group and a control group consisting of similar but more distant products, mainly sweet
and savory pastries, puddings and yoghurt, in panel (a). In panel (b) the figure present
event-study graph that compares the monthly level difference of taxable group relative
to the control group. The figure shows that the three groups develop on the same trend
before the 2011 reform. However, the groups develop similarly also after the two reforms
in 2011 and 2012. Thus, the figure shows quite convincingly that the two reforms had no
large impact on the sales of the taxable group, and no substitution effect to the closest
substitution group.

Figure 13 presents the development of soft drinks, cookies as a potential substitution
group and a control group comprising puddings in the 2011/2012 reform. The emerging
picture is very similar to above, there does not seem to be a discernible effect on the sales
of soft drinks in the 2011/2012 reform.

Figure 14 presents the development of sales for the three groups over the 2017 reform
that abolished the tax for sweets and ice cream, but left the tax for soft drinks in place.

The sales of the three groups presented in panel (a) develop again quite smoothly over
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the 2017 reform without any clear and systematic differences between the groups after
the reform. As for the introduction of the tax in 2011, this figure does not depict any
clear and detectable changes in the sales of the taxed or potential substitution group for
abolishing the tax in 2017.

For the 2014 reform, Figure 15 shows the development of sales of sugary and sugar-
free drinks including all drinks that faced the tax reform in the taxable group, as well
as a control group (comprising honey and salty licorice).!® Figure 16 presents the same
comparison focusing on sodas and Figure 17 for focusing on juices as subgroups of all
soft drinks. The figures show that the three groups are on a parallel trend prior to the
2014 reform and that there is now a clear separation between the sales of the taxable and
potential substitution groups precisely at the time of the reform. Relative to the control
group the consumption of sugary soft drinks declined and the consumption of sugar-free
soft drinks increased. Thus, the graphs point to markedly different impact from the 2014
reform than the impact of 2011 and 2017 reforms discussed above, including the result in
Figure 13 for the same product group when the sugary and non-sugary drinks experienced
the same tax impact in the 2011/2012 reforms.

Furthermore, to examine the role of substitution separated from an overall impact on
soft drink sales, Figure 18 depicts the total soft drink sales (adding sugary and sugar-free
soft drinks together) relative to the control group in the 2014 reform. Here we do not
observe any decline in total soft drink sales, which suggests that the behavioral response

was mainly substituting from sugary to sugar-free drinks.

5.3 The effects of different reforms on quantities, prices and

the implied consumption tax elasticities

In this subsection, we provide differences-in-differences estimates of the impacts of the
sweets tax on quantities sold, prices and the estimated consumption elasticities with

respect to prices. In addition to standard direct effects of sin taxes on taxed goods, we

13The 2014 reform doubled the tax rate for sugared liquids from 0.11 €/1 to 0.22 €/1, while it left the
tax on sugar-free drinks unchanged at 0.11 €/1.
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want to identify substitution effects on goods that are not directly taxed but are potential
substitutes based on our survey, as the methods section above explained.

Table 2 collects our differences-in-differences (DiD) estimates (equation (9)) for log
sales and prices for the 2011 and 2012 reforms combined, 2017 reform and 2014 reform.
For these reforms the table shows the DiD estimates for the taxed group and the closest
substitution group relative to the relevant control groups. For the 2011 reform the pre-
period is 2010 and after-period 2011 to 2013. For the 2014 and 2017 reforms we include
one year before and one year after the reforms in the estimates. The outcome variable is
log price or log volume of a product sold within a month in a store. We include product
by store fixed effects in the estimation.

The DiD estimate quantifies as the price impacts on the taxed groups 15% increase in
prices in the 2011/2012 reforms, -9% decline in prices in the 2017 reform and 9% increase
in the 2014 reform. The price effects on the potential substitution groups are otherwise
very close to zero, but cookies prices are estimated to increase by 2.6% in the 2011/2012
reforms. For quantities the DiD estimates are very close to zero for the 2011/2012 and
2017 reforms for the taxed and potential substitute groups being between -0.2% and
0.6%. Instead, for the 2014 reform the DiD estimate for the tax change group (sugary
soft drinks) is -4.1% and for the substitute group (non sugary soft-drinks) 6.5%.

Table 3 collects our preferred quantity, price and elasticity estimates for different
product categories facing tax changes, that also have varying products as the closest
substitutes not facing tax changes. Here we use a combined effect from the 2011/2012 and
2017 reforms for sweets, ice-cream and chocolate. The table shows a pattern where the
elasticity estimates are close to zero for sweets (0.022), ice-cream (-0.031) and chocolate
(-0.08), while the estimate is markedly higher for sugary soda (-0.53) and sugary juice (-
0.58). The main difference across these product groups is how close substitute the closest
potential substitution group is. We investigate how these observation support the results

from our theory framework in the next subsection.
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5.4 Fitting the empirical estimates with our theory framework

We have presented above in Section 2 a theoretical framework according to which we or-
ganize the discussion of empirical estimates. Here we present how the empirical elasticity
estimates align with the theory framework matched with the substitution index from our
survey. The substitution index and how it is constructed based on survey answers is de-
scribed in subsection 4.3. We use the substitution index to order the elasticity estimates
according to their distance to closest substitution group that does not face a tax change.
We also use the substitution index to draw a prediction from our model indicating what
kind of pattern of consumption elasticities the theory predicts with the given substitution
index. We then examine whether the pattern of quasi-experimental estimates organized
in the same way as the prediction from the theory model align with each other.

In Figure 19, we present both the prediction from the theory framework and our quasi-
experimental estimates in a two-dimensional graph, together with the substitution indices
based on the EU tariff tree. On the horizontal axis of this graph is our Substitution index
from the survey between the tax change group and the product group that is the closest
substitute to it. On the vertical axis of the graph is the consumption elasticity.

We fit a version of Equation 2 to the data on elasticity estimates and substitution

indices using non-linear regression with the functional form

1

= mﬁly (11)

&

where ¢; is the estimated elasticity of a reformed product category (e.g. chocolate, or
sugary soda), and S1; the survey based substitution index between the reformed product
category and it’s closest substitute category. Here we assume that a; = 5,51;. Moreover,
p1 estimates the baseline elasticity e(a = 0).

Figure 19 presents the resulting relationship between the substitution index both from
our theory model shown by the shaded gray area and our quasi-experimental elasticity
estimates for different product groups marked by the blue dots. The solid gray line shows

the main estimated prediction from the theory model and the shaded area corresponds
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to varying the parameter values of the model. As the gray line in the figure shows, the
theory predicts that the demand elasticity of the taxed products increases in a highly
non-linear fashion with the substitution index. The blue dots in the figure showing the
quasi-experimental estimates align well with the model prediction. We estimate a demand
elasticity of close to zero for the other pairs than soft drinks and juices. The effect is
dramatically different for sub-groups of soft drinks and juices for which we estimate high

demand elasticities and which also lie on the high end of our substitution index.

6 A meta-analysis on previous literature and substi-

tutability

To further describe the relationship between substitutability to non-taxed goods and
consumption elasticities, we conducted a meta-analysis of the elasticity estimates in the
literature and related these to an empirical measure of substitution possibilities based on
EU tariff-categories.

We included in our meta-analysis papers that provide quasi-experimental consumption
elasticity estimates with respect to prices utilizing changes in excise taxes and sales tax
or VAT on various products. We collected 29 different estimates from 22 studies. The

studies are reported in Table 4.

6.1 Assigning substitutability measures to previous literature

To understand the relationship between price elasticity estimates from previous litera-
ture and the substitutability possibilities underlying those elasticities, we build a simple
index measuring substitution possibilities in each case. The index is based on the EU
tariff goods-tree, which assigns categories to product groups in an descending order of
aggregation and thus produces a tree branch type categorization. With the goods-tree,
we measure substitution possibilities as a function of the shortest distance to a product

group for which tax treatment does not change, and hence forms a potential substitution

group.
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We use the goods-tree with 3-levels of categories with the finest level being 6 digits
categories.'* The main rule we use to construct the index is as follows: for a given good
in a given setting, we obtain a tariff category code at the 6-digit level (for example,
sugary soda in 042202). Next, using the goods-tree, we find a closest good available
which taxes do not change (e.g. artificially sweetened soda, which is in the same category
042202). This translates to four possible cases: 1) the closest substitute may be in the
same category, 2) the closest substitute may be in a neighboring category, so that the four
leading figures of the code are the same (e.g. for sweetened soda in 042202, non-sweetened
soda is in category 042201), 3) the closest substitute shares only the first two digits (e.g.
for sweetened soda in category 042202, this is a candy in category 041704 in the absence
of other sodas), or 4) the closest substitute does not share any digits, because non exist
within the same branch of the product tree. Finally, for each of these cases, we assign
an index number between 0 and 1 as follows: we compute the shortest distance from a
taxed good to a non-taxed good in the tariff tree (e.g. when soda sweetened with sugar or
artificially in 042202 is taxed, one has to go through two intersections connecting different
branches to get to non-sweetened soda in 042201) this distance is then normalized to be
between 0 and 1 by dividing by the longest possible route (with three levels, this means
six intersections, so 2/6 for sweetened soda). Next, we turn this normalized distance (d)
into a measure of substitution possibilities s = 1 — d2. The idea here is that the number
of goods increases approximately to the power of two with distance!® An example of this
is illustrated in Figure 7.

However, not all goods and no services are covered by the EU tariff goods-tree, as
they are not accounted for by the tariff authorities. Within our reviewed elasticity
estimates, such goods are electricity, restaurant meals, hair-cuts at hairdressers, and

miles/kilometers travelled by a car. We assign all these to the category with the least

14For example, for sugary soda, the code is 042202, where 04 stands for ” Prepared foodstuffs; beverages,
spirits, and vinegar; tobacco and manufactured tobacco substitutes”, 22 stands for ”Beverages, spirits
and vinegar”, and 02 stands for ”Waters, including mineral waters and aerated waters, containing added
sugar or other sweetening matter or flavored, and other non-alcoholic beverages, not including fruit, nut
or vegetable juices of heading 2009”.

15Using two is only an approximation and could in practice be a higher number as there tend to be
more than two sub categories within each higher level category.
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substitution possibilities (index of 1/6) based on the following reasoning: Electricity us-
age at the household-level could be substituted mostly in the case of heating by other
heating sources (e.g. natural gas), but this requires a renovation at the energy system
of the house and takes time. Other household electricity consumption may be harder to
find a substitute for. Restaurant meals could perhaps be substituted by home-prepared
meals, but restaurants tend to be used for different types of occasions (e.g. parties or
work lunches), and restaurant meals may ask for expert skills and equipment that one
might not have available for home-prepared meals. Similar reasoning applies to hair-cuts,
which might be substituted for by home production, but which may demand expert skill
and equipment not available at home. Miles/kilometers of travel by car might be sub-
stituted with other forms of travel, but in many cases such other forms of travel may be

nonexistent.

6.2 Elasticity estimates as a function of substitution possibili-

ties in the previous literature

Using the procedure described above we categorize the studies in the meta-analysis into
four substitution groups. The substitution index allocated to each group is the average
of the substitution indices allocated to each study in the group. The blue dots in Figure
21 show the average elasticities organized by the average substitution indices in the
horizontal axis. The capped bars show the average confidence intervals using the standard
errors from the studies in the meta-analysis. The figure shows that the relationship
between the average consumption elasticities and the substitution index has a convex
shape. Thus, the result aligns well with the prediction from our theory framework, which
is presented with a stylized grey curve behind the average elasticities from the literature.

Table 4 gives the details of the studies used. Different columns in the table give the
product-group that is taxed in the study, the closest substitute product-group, which one
of the four substitution groups the estimate falls to, the substitution index we derived
for the substitution group on average, and the consumption elasticity estimated in the

study.
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As the table describes, in the highest substitution group are studies on taxing sugar-
sweetened beverages with artificially flavored products as the closest substitution group
and where the reform occurs in a narrow geographical area. Also in the highest substi-
tution group are studies on taxing cigarettes or e-cigarettes with other tobacco products
as the closest substitution group. In the second highest substitution group are studies
where the taxed group is various alcohol products with possibility to import alcohol from
neighboring countries, or studies on sweetened beverages where the tax is applied to a
wide geographical area. In the third group are studies on taxing gasoline, electricity or
mile of travel by car, the we deem have as the closest substitution group other forms of
transport. In the lowest substitution group are studies on value added taxes or a broad
tax on all sweets and beverages in Norway that has as the closest substitution products
other groceries.

We performed robustness checks and varied some of the choices we made in the analysis
discussed above. These are reported in the Appendix in Figures A.3 through A.5. The
result is that the convex pattern of elasticities still emerge even if we exclude the studies
where we had to make some assumptions about the substitution index or make alternative

assumptions about how to calculate standard errors.

7 Conclusions

We study under what conditions sin taxes and other targeted consumption taxes increase
welfare. The idea is that much of responses to such consumption taxes might be driven
by substitution towards goods that are taxed at lower rates. To more formally describe
this mechanism, we present a theory framework that allows us to derive analytical results
for how demand elasticity depends on how similar, or substitutable, taxed and non-
taxed goods are. The model provides as a prediction that the relationship with the
subsitutitability and demand elasticity is a highly convex shape, such that the demand
elasticity is high only for goods that have very close non-taxed substitutes available.

The size of the elasticity is connected with the welfare implications. The welfare
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increases more when taxing goods that have very close substitutes available, because
then the consumer response to taxes is greater. Another aspect affecting welfare is the
externalities (or internalities) the consumption of goods create in relation to each other.
Welfare increases the most for goods that create larger externalities and that have as
close substitutes goods that create no or much less externalities.

We study these aspects empirically by utilizing a sin tax scheme in Finland with
multiple reforms. Although there is a substantial impact to the consumer prices, we did
not find a sizeable impact on the sales of goods from tax reforms that treated very close
substitute groups similarly. In contrast, we find that the 2014 tax increase for sugary
soft drinks that left the tax of a very close substitute group of non-sugary soft drinks
unchanged did have a large impact on the sales of sugary drinks explained by substitution.

For price-incidence we see that all reforms led to a roughly 10% change in prices on
average. Thus, differential price impact across different reforms cannot explain the very
differential impacts on consumption. One interesting finding is that the price-incidence is
modestly asymmetric; abolishing the tax was under shifted to prices while tax increases
were fully or even over shifted to prices. For example, Benzarti et al. (2020) find more
significant asymmetry for VAT, and the modest asymmetry here could be related to the
different nature of the excise tax levied on producers relative to the VAT on consumption
goods.

In order to link the theory model with the empirical results we provide a substitution
index describing how close substitutes the products facing tax changes are with products
not facing tax changes. Our main index is based on a survey that we designed for this
purpose. The survey indicates that sugary and non-sugary soft drinks are the most
substitutable with each other from different taxed groups, while for other taxed product
groups the substitution index is slightly lower.

We find that the prediction from our theory model aligns well with our empirical
estimates, when ordering them based on the substitution index. Thus, we have empirical
support for the theory model that predicts the size of the demand elasticity for sin taxes

and other targeted consumption taxes based on the availability of close substitutes.
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We also provide a meta-analysis to the literature providing consumption elasticities
estimated in quasi-experimental settings. We develop a substitution index for these stud-
ies based on EU tariff-goods tree and augmented with geographical proximity and other
considerations of proximity for services not found in the tree. We organize the earlier
studies into four categories based on the substitution index and take the average of the
estimated elasticities within group. We find again a convex relationship such that the
large demand elasticities are found only in the highest substitution category while other
average elasticity estimates are much closer to zero. Thus, the earlier literature on average
aligns with our substitution based theory prediction.

The substitution indices developed in this study are useful for ex ante policy consid-
erations of what would happen following a particular targeted consumption tax reform,
when combined with our theory framework. The framework also allows to perform ex
ante welfare calculations based on the assumed size of externalities, elasticities based on

the substitution possibilities and the existing level of taxes.
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Figures

Figure 1: Impact of increased substitutability («) on indifference curves in a stylized
Gorman—Lancaster model
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Note: The figure illustrates how increasing substitutability (labeled «) between goods in a stylized two-
good Gorman—Lancaster (Gorman 1980, Lancaster 1966) model impacts the indifference curves between
the two goods. This is measured by how similar the characteristics vectors of the goods are as outlined
in section 2, so that when a = 0, the goods are not substitutable at all, and when a = 1, the goods
are perfect substitutes. The impact of a small increase in substitutability (Ac«) on the curvature of the
indifference curve is dependent on the original level of substitutability between the goods. The left panel
depicts a situation with low original substitutability between the two goods (low «), whereas the middle
panel depicts a situation with medium initial substitutability, and the right panel a situation with high
initial substitutability. Increasing substitutability by A« in all panels moves the indifference curves from
the black indifference curves to the red ones. If we consider a tax change and the resulting change in
the consumption bundle either from z to x; (without A«) or from zg to z1(A«) (with the increase in
a by Aa), we can see, that when the goods are close substitutes to begin with (right panel), the impact
is of the slight increase in substitutability (A«) induces a much larger change in the response to the tax
change than when the goods are either not close (left panel) or intermediately close substitutes (middle
panel). This implies a nonlinear, convex relationship between demand elasticities and substitutability
between the two goods, as outlined in figure 2.
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Figure 2: Demand elasticity as a function of substitutability to the other good in a
stylized two-good Gorman — Lancaster model
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Note: The figure shows the (compensated) own-price demand elasticity of a good in a two-good, two-
characteristics Gorman-Lancaster model as a function of how substitutable the goods are with each
other. This is measured by how similar the characteristics vectors of the goods are as outlined in
section 2, so that when o = 0, the goods are not substitutable at all, and when o = 1, the goods are
perfect substitutes. Based on this stylized model, we would expect to find a convex relationship between
substitutability and demand elasticities. This could potentially explain some of the large variation in
elasticity estimates in different studies examining seemingly similar situations and goods.
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Figure 3: MVPF as a function of the tax rate
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Note: The figure illustrates how the MVPF (from Equation (6)) of a tax change depends on the tax
rate for different values of consumption elasticities and marginal externalities. Panel (a) shows three
cases: elasticities of 0, 1 and 3. The marginal externality is held constant at 0.3. If the elasticity is 0,
the MVPF is 1 at all times and the Ramsey logic dominates: one dollar of additional revenue from this
tax reduces tax-payer welfare by one dollar, regardless of there being an externality. In contrast, if the
elasticity is high, the Pigou logic dominates: the MVPF can be larger or smaller than one depending on
whether the tax rate is larger or smaller than the marginal externality. This illustrates that the demand
elasticity provides important information for welfare assessments of sin taxes. Panel (b) shows three
cases: marginal externalities of 0, 0.15 and 0.3. The elasticity is held constant at 1. The curves have
the same shape, but are shifted to the right witldincreasing marginal externality, with each crossing
MVPF=1 at the level of the marginal externality.



Figure 4: Excise tax reforms for treated groups
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(b) Sugary and sugar-free soft drinks and control groups
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Note: Panel (a) shows how the excise tax changed for treated solids such as sweets, chocolate and
ice-cream. Before 2011, the excise tax rate for these was 0 €/kg, but was raised to 0.075 €/kg in 2011
and to 0.095 € /kg in 2012. The tax for solids was abolished in 2017, so that the excise tax became 0 € /kg.

Panel (b) shows how the excise tax changed for treated soft drinks such as sodas and juices. Before 2011,
the excise tax rate for these was 0.045 €/1, but was raised to 0.075 €/1 in 2011 and to 0.11 €/1 in 2012.
In 2014 the tax for sugary soft drinks (more than 0.5 g of sugar per 100 g or 100 ml) was raised to 0.22
€ /1, but the tax rate for sugar-free soft drinks stayed at 0.11 €/1.
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Figure 5: Distributions of substitution preferences
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Note: The panels shows distributions of the answers to the survey question “On a scale from 0 to 10,
how substitutable are these products for you?” for taxed product categories compared to their closest
non-tax category. (Panel (a) Sweets vs. cookies, Panel (b) Chocolate vs. cookies, Panel (c) Ice-cream
vs. soda, Panel (d) Sugary soda vs. sugar-free soda, Panel (e) Sugary juice vs. sugar-free juice.) Red
vertical lines show the corresponding means. The closest non-tax category is chosen by the same index.
The more the distribution is located to the right, the more substitutable the respondents have viewed

the categories to be.
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Figure 6: Means of substitution preferences
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Note: The figure shows mean values of the answers to the survey question “On a scale from 0 to 10,
how substitutable are these products for you?” for taxed product categories compared to their closest
low-tax category. The closest low-tax category is chosen by the same index. The higher the value of the
index, the more substitutable the respondents have viewed the categories to be. 95% confidence intervals
are also included.
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Figure 7: Development of quantities, solid products in the 2011 and 2012 reforms, not
de-seasonalized
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Note: The figure shows regression coefficients for month dummies from regressions of log number of
products sold with product-outlet fixed effects (estimates of equation (7)). The graph displays strong
within year seasonality, such that the difference between the peak in summer months to the lowest point
in winter is close to 0.4 log points. Taxable products include all solid taxable products in the 2011 and
2012 reforms: mainly sweets, chocolate and ice cream. Non-taxable products include solid products that
were not included in the 2011 and 2012 reforms: mainly cookies, sweet and savoury pastry, pudding and
yogurt. The figure includes 95% confidence intervals surrounding the coefficients based on standard errors
that are clustered at the product-outlet level. Vertical lines indicate the 2011 sweets tax introduction
and the 2012 tax increase. The series are normalized to zero at the last week prior to the 2011 reform.
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Figure 8: Development of log unit prices of solid products in the 2011 and 2012 reforms
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Note: The figure shows regression coefficients for week dummies from regressions of log unit prices with
product-outlet fixed effects (estimates of equation (7)) for three groups: taxed solids, non-taxed solids
without cookies, and cookies. Taxed solids include all taxed solid products in the 2011 and 2012 reforms:
mainly sweets, chocolate, and ice cream. Non-taxed solids include all solid products in our data that
were not included in the 2011 and 2012 reforms: mainly sweet and savory pastry, sweeteners, yogurt, and
pudding. The figure shows that prices of taxed solids increase after the reform, and that there is a general
increase in the prices of non-taxed solids as well. The prices of taxed solids end up at about 0.1 log points
higher level than the prices of non-taxed solids after the 2012 reform. Mechanical full pass-through in
dashed black line shows how prices of taxed solids would have developed with full pass-through of tax
to prices, had they otherwise followed the prices of non-taxed products (wihout cookies) post-reform.
Vertical lines indicate the 2011 and 2012 reforms. The series are normalized to zero at two weeks prior
to the 2011 reform.
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Figure 9: Development of log unit prices of drinks in the 2011 and 2012 reforms
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Note: The figure shows regression coefficients for week dummies from regressions of log unit prices with
product-outlet fixed effects (estimates of equation (7)) for three groups: taxed drinks, a control group
of puddings, and cookies. Taxed drinks include all taxed drinks in the 2011 and 2012 reforms: mainly
soda and juice. The figure shows that prices of taxed drinks increase after the reform, and that there
is a general increase in the prices of the other groups as well. The prices of taxed drinks end up at
about 0.1 log points higher level than the prices of the control group after the 2012 reform. Mechanical
full pass-through in dashed black line shows how prices of taxed drinks would have developed with full
pass-through of tax to prices, had they otherwise followed the prices of the control group post-reform.
Vertical lines indicate the 2011 and 2012 reforms. The series are normalized to zero at two weeks prior
to the 2011 reform.
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Figure 10: Development of log unit prices in the 2017 reform
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Note: The figure shows regression coefficients for week dummies from regressions of log unit prices with
product-outlet fixed effects (estimates of equation (7)) for three groups: taxed solids, non-taxed solids
without cookies, and cookies. Taxed solids include all taxed solid products in the 2017 reform: mainly
sweets, chocolate, and ice cream. Non-taxed solids include all solid products in our data that were not
included in the 2017 reform: mainly sweet and savory pastry, sweeteners, yogurt, and pudding. The
figure shows that prices of taxed solids decrease after the reform, and that there is otherwise no trend in
the prices of non-taxed solids. The prices of taxed solids end up at about 0.1 log points lower level than
the prices of non-taxed solids after the 2017 reform. Mechanical full pass-through in dashed black line
shows how prices of taxed solids would have developed with full pass-through of tax to prices, had they
otherwise followed the prices of non-taxed products (wihout cookies) post-reform. Vertical line indicates
the 2017 reform. The series are normalized to zero at two weeks prior to the 2017 reform.
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Figure 11: Development of log drink prices by sugar content and comparison prices in
the 2014 reform
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Note: The figure shows regression coefficients for week dummies from regressions of log volume-based
prices with product-outlet fixed effects (estimates of equation (7)) for sugary (subject to reform) and
sugar-free drinks (not subject to reform) and a comparison group consisting of salty licorice, fruit candy,
and savory pastry (not subject to the reform). The figure shows that log prices of sugary soda products
jump to a higher level of about 0.1 log points right at the reform and relative to sugar-free soda or the
control group. Mechanical full pass-through in dashed black line shows how sugary soda prices would
have developed with full pass-through of tax to prices, had they otherwise followed the prices of the
comparison group post-reform. Vertical line is at the 2014 tax reform. The series are normalized to zero
at three weeks prior to the 2014 reform.
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Figure 12: Development of quantities, solid products in the 2011 and 2012 reforms
(a) Trends: taxed solids, versus control group and cookies

Y93
S A

Log_ %oénts
1

-1

1

-.15

5 0 5 10 15 20
4-week periods from Jan 2011

Taxed solids Non-taxed solids w/o cookies—— Cookies‘

(b) Event-study: taxed solids vs control, and cookies vs control
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Note: Panel (a) shows regression coefficients for month dummies from regressions of de-seasonalized log
number of products sold with product-outlet fixed effects (estimates of equation (7)) for three groups:
taxed solids, a control group, and cookies which constitute a substitution group. The three series move
similarly around the 2011 and 2012 reforms. Taxable solids include all solid taxable products in the 2011
and 2012 reforms: mainly sweets, chocolate and ice cream. The control group include solid products
that were not included in the 2011 and 2012 reforms excluding cookies: mainly sweet and savoury
pastry, pudding and yogurt. The series’ are normalized to zero three months before the 2011 reform.

Panel (b) shows the corresponding event-studies comparing taxed solids and cookies to the control group.

The figure includes 95% confidence intervals surrounding the coefficients based on standard errors that
are clustered at the product-outlet level.
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Figure 13: Development of quantities, soft drinks in the 2011 and 2012 reforms

(a) Trends: taxed drinks, versus control group and cookies
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Note: Panel (a) shows regression coefficients for month dummies from regressions of de-seasonalized log
number of products sold with product-outlet fixed effects (estimates of equation (7)) for three groups:
taxed drinks, a control group, and cookies which constitute a substitution group. The three series move
similarly around the 2011 and 2012 reforms. Taxable drinks include all taxable drinks in the 2011 and
2012 reforms: mainly sugary and sugar-free soda and juices. The control group include puddings which
were not included in the 2011 and 2012 reforms. The series’ are normalized to zero three months before
the 2011 reform.

Panel (b) shows the corresponding event-studies comparing taxed drinks and cookies to control groups.
The control group for taxed drinks are puddings, while the control group for cookies is all non-taxed solids
(excluding cookies). The figure includes 95% confidence intervals surrounding the coefficients based on
standard errors that are clustered at the product-outlet level.
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Figure 14: Development of quantities, solid products in the 2017 reform

(a) Trends: taxed solids, versus control group and cookies
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(b) Event-study: taxed solids vs control, and cookies vs control
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Vertical line: tax abolition at Jan 1st, 2017

Note: Panel (a) shows regression coefficients for month dummies from regressions of de-seasonalized log
number of products sold with product-outlet fixed effects (estimates of equation (7)) for three groups:
taxed solids, a control group, and cookies which constitute a substitution group. The three series move
similarly around the 2017 reform with some idiosyncratic variation across months. Taxable solids include
all solid taxable products in the 2017 reform: mainly sweets, chocolate and ice cream. The control group
include solid products that were not included in the 2017 reforms excluding cookies: mainly sweet and
savoury pastry, pudding and yogurt. The series’ are normalized to zero one month before the 2017 reform.

Panel (b) shows the corresponding event-studies comparing taxed solids and cookies to the control group.

The figure includes 95% confidence intervals surrounding the coefficients based on standard errors that
are clustered at the product-outlet level.
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Figure 15: Development of quantities, all sugary and sugar-free drinks in the 2014 reform

(a) Trends: sugary drinks, control group, and sugar-free drinks
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Note: Panel (a) shows regression coefficients for month dummies from regressions of de-seasonalized log
volume of products sold with product-outlet fixed effects (estimates of equation (7)) for sugary (subject
to reform) and sugar-free drinks (not subject to reform) and a control group of honey and salty licorice
(not subject to reform). The figure shows that the three series develop in parallel prior to the reform
and deviate from each other at the time of the reform such that the sales of sugary drinks decline and
sugar-free drinks increase relative to the control group. Vertical line is at the 2014 reform. The series
are normalized to zero at four months prior to 2014 reform. The control group consists of honey and
salty-licorice, which did not face a tax change in 2014.

Panel (b) shows the corresponding event-studies comparing sugary drinks and sugar-free drinks to the
control group. The figure includes 95% confidence intervals surrounding the coefficients based on standard
errors that are clustered at the product-outlet level.



Figure 16: Development of quantities, sugary and sugar-free sodas in the 2014 reform
(a) Trends: sugary soda, control group, and sugar-free soda
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Note: Panel (a) shows regression coefficients for month dummies from regressions of de-seasonalized log
volume of products sold with product-outlet fixed effects (estimates of equation (7)) for sugary (subject
to reform) and sugar-free soda (not subject to reform) and a control group of ice-cream (not subject
to reform). The figure shows that the three series develop in parallel prior to the reform and deviate
from each other at the time of the reform such that the sales of sugary soda decline and sugar-free soda
increase relative to the control group. Vertical line is at the 2014 reform. The series are normalized to
zero at two months prior to 2014 reform. The control group consists of ice-creams, which did not face a
tax change in 2014.

Panel (b) shows the corresponding event-studies comparing sugary sodas and sugar-free sodas to the

control group. The figure includes 95% confidence intervals surrounding the coefficients based on standard
errors that are clustered at the product-outlet level.
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Figure 17: Development of quantities, sugary and sugar-free juices in the 2014 reform
(a) Trends: sugary juice, control group, and sugar-free juice
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Note: Panel (a) shows regression coefficients for month dummies from regressions of de-seasonalized log
volume of products sold with product-outlet fixed effects (estimates of equation (7)) for sugary (subject
to reform) and sugar-free juices and juice concentrates (not subject to reform) and a control group
of honey and salty licorice (not subject to reform). The figure shows that the three series develop in
parallel prior to the reform and deviate from each other at the time of the reform such that the sales
of sugary juice decline and sugar-free juice increase relative to the control group. Vertical line is at the
2014 reform. The series are normalized to zero at two months prior to 2014 reform. The control group
consists of ice-creams, which did not face a tax change in 2014.

Panel (b) shows the corresponding event-studies comparing sugary juices and sugar-free juices to the
control group. The figure includes 95% confidence intervals surrounding the coefficients based on standard
errors that are clustered at the product-outlet level.



Figure 18: Development of total soda sales in the 2014 reform
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Note: The figure shows regression coefficients for month dummies from regressions of log volume of
products sold with product-outlet fixed effects (estimates of equation (7)). The figure shows that the
two groups develop in parallel both before and after the reform such that the sales of soda sales in total
do not decline after the reform relative to the control group. The observations have been weighted by
total volumes sold of each product at each outlet in 2013, so that the estimates approximately correspond
to the development of log total volumes. The figure includes 95% confidence intervals surrounding the
coeflicients based on standard errors that are clustered at the product-outlet level. Vertical line is at the
2014 reform. The series are normalized to zero at five months prior to 2014 reform. The control group
consists of ice-creams, which did not face a tax change in 2014.
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Figure 19: Fitted values of the model
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Note: The figure shows estimates of consumption elasticities for different subgroups of taxed products
from Table 3 as well as estimates for sugary and sugar-free drinks in the 2011 and 2012 reforms (pooled).
The figure also shows fitted values from an empirically applicable version of our model (see Equation 11
and related discussion) organized by the substitution index of the product group facing tax changes and
the closest product-group not facing tax changes in the horizontal axis. Substitution indices based on
the EU tariff tree are also shown (right axis). The figure shows that the consumption elasticity grows
non-linearly and becomes meaningfully higher than zero only when the substitution index reaches a level
of about 0.6 with the highest level being 1. This convex pattern holds for both the estimated elasticities
and the prediction from the theory model.
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Figure 20: Hlustration of a substitution index based on the EU-tariff tree

Notes: This graph visualizes how we construct a substitution index from the
EU-tariff goods tree. Each level in the tree here represents a two-digit category
level, with the highest node corresponding to a category encompassing all goods
in the tree. Here, we note taxed categories by red and non-taxed categories by
green. As an example, when we construct the substitution index for goods in the
category A, then B is a closest non-taxed category. The shortest route from A to
B goes through two levels of categories. The longest possible route goes through
three levels, the length of which we normalize to 1. Hence, the normalized
distance (d) from A to B is 2/3. We define the substitution index as 1 — d?,
where the square comes from the idea that the number of plausible substitution
categories at a similar distance increases approximately to the power of two.
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Figure 21: Elasticities from the literature versus the substitution index from the EU tariff
goods tree
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Note: This figure plots meta-analysis estimates of elasticities from previous literature in four categories
using a DerSimonian-Laird random-effects model. The figure shows a highly convex pattern similar to
our estimates from the sweets tax scheme and aligns well witht the prediction from our theory model
presented in a shaded grey curve underneath the estimated elasticities from the literature. The categories
are based on the distance to a closest substitute with no price changes based on the EU tariff goods tree.
This distance is then formed into a substitution index with values between 0 (not substitutable at all)
and 1 (complete substitute, i.e. same good) (see section 6 for details on how the substitution index is
formed).
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Tables

Table 1: Descriptive Statistics

Taxed Non-taxed

Mean SD N Mean SD N

Panel A: Full sample, all tazed vs. non-taxed products

Price (€) 1.92  1.33 330,493,591 221 201 213,915,121
Quantity (units) 11.84 28.92 330,493,591 15.17 73.02 213,915,121

Panel B: Pre-2011/2012 reforms (2010), all tazed vs. non-taxed products

Price (€) 1.56  1.09 33,104,327 2.19 2.03 21,075,956
Quantity (units) 13.28 33.64 33,104,327 14.63 36.66 21,075,956

Panel C: Pre-2014 differentiation (2013), tazed vs. non-taxed drinks

Price (€) 1.84 1.12 11,828,885 1.80 1.11 4,281,982
Quantity (units) 12.15 27.03 11,828,885 12.68 32.54 4,281,982

Panel D: Pre-2017 abolition (2016), tazed vs. non-taxed solids

Price (€) 1.92 134 20,189,664 2.10 1.77 25,689,193
Quantity (units) 11.45 30.97 20,189,664 16.54 99.82 25,689,193

Notes: This table reports descriptive statistics for scanner data from S-group stores. Prices are in euros
per unit. Quantity refers to weekly units sold per product-store observation. All taxed products include
e.g. sweets, chocolate, ice cream, and soft drinks. All non-taxed products include e.g. cookies, pastries,
pudding, and yogurt. Panel A shows descriptive statistics for the full sample from the beginning of 2010
to the end of September 2018. Panel B shows descriptive statistics for all taxed products (both solid
and drinks) and non-taxed products before the 2011/2012 reforms in 2010. Panel C shows descriptive
statistics for taxed and non-taxed drinks before the 2014 reform that separated the taxation of sugary
and sugar-free drinks. Panel D shows descriptive statistics for taxed and non-taxed solids before the

2017 abolition of the tax on solid products.
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Table 2: Price and quantity changes of reformed and control groups in different reforms

2011 & 2012 reforms 2017 reform 2014 reform
Treatment: Substitution: Treatment: Substitution: Treatment: Substitution:
Taxed solids Cookies Taxed solids Cookies Sugary liquids Sugar-free liquids
(1) (2) (3) (4) () (6)
Price change 0.150 0.026 -0.093 0.003 0.088 -0.016
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Quantity change -0.002 0.002 -0.002 0.006 -0.041 0.065
(0.001) (0.001) (0.001) (0.001) (0.002) (0.002)
Control group Non-taxed solids Non-taxed solids Non-taxed solids Non-taxed solids Honey & Honey &
w /o cookies w /o cookies w /o cookies w /o cookies salty licorice salty licorice
N 23,186,261 7,496,341 21,418,727 13,318,485 7,852,502 3,440,104
4-week FE’s X X X X X X
Product-outlet FE’s X X X X X X

Notes: This table provides difference-in-differences estimates of the quantity and price responses and associated elasticities of taxed solids in
the 2011-2012 reforms. Estimate for quantities is -0.004, estimate for prices is 0.143, and estimate for elasticity is -0.028. The control group
is non-taxed solids without cookies. The estimates compare seasonalized log outcomes pre-reform (2010) to post-reform (2012). There are two
specifications: (1) controls for 4-week fixed effects, while (2) adds product-outlet fixed effects. Outcomes are seasonalized, and standard errors

are clustered at the product—outlet level.



Table 3: Quantity and price changes and elasticities by sub-groups, preferred estimates

Sweets Chocolate Ice-cream Sugary soda  Sugary juice
Quantity change 0.002 -0.007 -0.005 -0.040 -0.079

(0.000) (0.000) (0.000) (0.002) (0.002)
Price change 0.089 0.088 0.159 0.075 0.135

(0.000) (0.000) (0.000) (0.001) (0.000)
Elasticity 0.022 -0.080 -0.031 -0.533 -0.584

(0.004) (0.005) (0.002) (0.036) (0.013)
Substitution index 0.295 0.514 0.515 0.643 0.692
(survey) (0.006) (0.006) (0.018) (0.006) (0.008)
Substitution index 0.578 0.578 0.578 0.998 0.998
(tariff tree)
N (quantity, price, 24,346,341 19,833,349 21,221,339 3,449,246 2,724,312
and elasticity)
N (Survey) 2,245 2,241 528 2,830 1,525
Control group Non-taxed solids Non-taxed solids Non-taxed solids  Ice-cream Honey &

w/o cookies w/o cookies w/o cookies salty licorice

Tax reform 2011, 2012 2011, 2012 2011, 2012 2014 2014

& 2017 & 2017 & 2017

Notes: This table provides our preferred difference-in-differences estimates of the quantity and price

responses and associated elasticities of taxed product categories. The sub-groups are: sweets, ice-cream,

chocolate, sugary soda, and sugary juice. Elasticity estimates are 0.022, -0.031, -0.080, -0.533, and -0.584

respectively. The estimates compare de-seasonalized log outcomes one year before a given reform to one

year post-reform. Pooled estimates for the solids (sweets, ice-cream and chocolate) compare all reforms

such that the 2011 reform is normalized to be 0.75 €/kg / 0.95 € /kg = 0.789 of the full reform. Standard

errors are clustered at the product—outlet level.
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Table 4: Studies included in the meta-analysis

Study Good Closest substitute Cat. SI Elasticity
Allcott and Rafkin (2022) Cigarettes Other tobacco prod. 0 09975 1.908
Allcott and Rafkin (2022) E-cigarettes Other nicotine prod. 0  0.9975 1.318
Cawley et al. (2020) Sweetened beverages Non-sweetened beverages — 0*  0.9975 1.300
Chiou and Muehlegger (2014) Cigarettes Other tobacco prod. 0 0.9975 0.355
Colantuoni and Rojas (2015) Sweetened beverages Non-sweetened beverages 0% 0.9975 0.250
Colantuoni and Rojas (2015) Sweetened beverages Non-sweetened beverages  0*  0.9975 0.154
Cotti et al. (2016) Chewing tobacco Other tobacco prod. 0  0.9975 0.206
Cotti et al. (2016) Snuff Other tobacco prod. 0 0.9975 0.849
Cotti et al. (2016) Cigarettes Other tobacco prod. 0  0.9975 2.200
Cotti et al. (2016) E-cigarettes Other nicotine prod. 0  0.9975 0.440
Evans et al. (1999) Cigarettes Other tobacco prod. 0  0.9975 0.294
Gruber et al. (2003) Cigarettes Other tobacco prod. 0 0.9975 0.450
Harding et al. (2012) Cigarettes Other tobacco prod. 0 0.9975 0.369
Lovenheim (2008) Cigarettes Other tobacco prod. 0  0.9975 0.457
Powell et al. (2020) Sweetened beverages Non-sweetened beverages 0%  0.9975 1.100
Roberto et al. (2019) Sweetened beverages Non-sweetened beverages 0% 0.9975 1.700
Rojas and Wang (2021) Carbonated drinks Non-carbonated drinks 0*  0.9975 0.970
Seiler et al. (2021) Sweetened beverages Non-sweetened beverages 0%  0.9975 0.650
Asplund et al. (2007) Beer Non-alcoholic drinks 1*  0.8775 0.467
Asplund et al. (2007) Spirits Non-alcoholic drinks 1*  0.8775 0.321
Asplund et al. (2007) Wine Non-alcoholic drinks 1*  0.8775 1.720
Gongalves and dos Santos (2020)  Sweetened beverages Non-sweetened beverages 1 0.8775 0.570
Gillingham et al. (2015) Gasoline Other forms of energy 2 0.5775 0.099
Hindriks and Serse (2022) Electricity Other forms of energy 2 0.5775 0.017
Langer et al. (2017) Mile of travel by car ~ Other forms of transport 2 0.5775 0.150
Levin et al. (2017) Gasoline Other forms of energy 2 0.5775 0.301
Harju and Kosonen (2010) Restaurant meals Home-made meals 3 0.0975 -0.045
Kosonen (2015) Haircuts Home haircuts 3 0.0975 0.082
Merker (2023) Sweets and beverages Other food 3 0.0975 0.083

Note: Cat. refers to number of categories between taxed good and closest substitute good in the EU
tariff tree. Category values with an asterisk (*) are reduced by one due to substantial possibilities for

cross-border shopping. SI refers to a EU tariff goods tree based substitution index.
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A APPENDIX - Example of the substitution survey

Figure A.1: Example of the substitution survey

Product Survey

A: Festival Soda, Sugar-Free (1.5 1) B: Festival Soda (1.5 1)
Question 1: On a scale of 0 to 10, how much do you like product A? Click on the draw bar to answer.
Support question: How much do you like product A, regardiess of its price and without comparing it to other products?
Question 2: On a scale of O to 10, how substitutable are these products for you? Click on the draw bar to answer.
Support question: You are In a situation where you are comparing products A and B, but the product you prefer Is out of stock.

How much of a subslitule do you consider the other product to be, regardiess of the monetary value of the products?

Question 3: Product A costs 1.41 € How much should B cost in order for you to choose B instead of A?

Enter the amount in the box and use a dot as a decimal separator.
Support question: You are in a situalion where you are comparing products A and B. What should be the price of product B in order for you ta
marginally prefer B to A?

Answer for question 1. Click on the draw bar.

0 = you don't like the product at all 10 = you like the praduct very much

C ! )

Click the box if you can't answer question 1:

[J 1 don't know.

Answer for question 2. Click on the draw bar

0 = products are completely
0 = products are not substitutes at all substitute

C [ ] )

Click the box if you can't answer guestion 2:

[] 1don't know.

Answer for question 3. Put the number in the box and use a dot as a decimal separator. Box accepts only
numbers and dot as the decimal separator

[

Click the box if you can't answer question 3:

[] 1 don't know.
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B APPENDIX - Additional figures and tables

Figure A.2: Alternative measures of substitutability between taxed and their closest non-

taxed goods category

Closeness Measure
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| |
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Sweets vs. Ice—cream vs. Chocolate vs. Sugary vs.
cookies cookies cookies sugar-free soda
—e—— |[ngredients ——e—— Nutrients
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———-+ 95% Confidence Interval

Note: The figure shows mean values of four similarity measures: the survey based substitution index and
measures related to the ingredients, nutrient content and store floor location of products. The similarity
measures are relative to the closest low-tax category for each product group. The closest low-tax category
is chosen by the substitution index and is cookies for sweets, ice-cream and chocolate, and sugar-free
soda for sugary soda. The higher the value of a measure, the more closer the categories are to their

low-tax counterpart. 95% confidence intervals are also included for the substitution index.
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Figure A.3: Elasticities from the literature versus the substitution index from the EU

tariff goods tree. Robustness: Excluding estimates for services and unpublished research.
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Note: This figure plots meta-analysis results for elasticities from previous literature as in Figure 21,
but excluding estimates for services and unpublished work. Only three out of the four categories have
studies with this exclusion. The category-level estimates are from the DerSimonian-Laird random-effects
model. The categories are based on the distance to a closest substitute with no price changes based on
the EU tariff goods tree. This distance is then formed into a substitution index with values between 0
(not substitutable at all) and 1 (complete substitute, i.e. same good) (see section 6 for details on how

the substitution index is formed).
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Figure A.4: Elasticities from the literature versus the substitution index from the EU

tariff goods tree. Robustness: Excluding estimates with adjustment for cross-border
shopping.
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Note: This figure plots meta-analysis results for elasticities from previous literature as in Figure 21,
but excluding estimates for which the substitution index was adjusted for cross-border shopping. The
category-level estimates are from the DerSimonian-Laird random-effects model. The categories are based
on the distance to a closest substitute with no price changes based on the EU tariff goods tree. This
distance is then formed into a substitution index with values between 0 (not substitutable at all) and 1

(complete substitute, i.e. same good) (see section 6 for details on how the substitution index is formed).

71



Figure A.5: Elasticities from the literature versus the substitution index from the EU

tariff goods tree. Robustness: SE imputation for missing SE’s
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Note: This figure plots meta-analysis results for elasticities from previous literature in four categories
using a DerSimonian-Laird random-effects model. The categories are based on the distance to a closest
substitute with no price changes based on the EU tariff goods tree. This distance is then formed into
a substitution index with values between 0 (not substitutable at all) and 1 (complete substitute, i.e.
same good) (see section 6 for details on how the substitution index is formed). Different series represent
different meta-analysis estimates of elasticities for the groups based on different assumptions made on
missing standard error values. These are either imputed to match the minimum, mean or maximum

standardized standard errors of the sample of estimates that report standard errors.
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C APPENDIX - Derivations for the general model

Consider a Gorman-Lancaster model (Gorman 1980, Lancaster 1966) where an agent
derives utility from the characteristics of the goods she consumes, not from the goods
themselves. Assume that there are n goods and m < n characteristics. If there are more
characteristics then goods, the characteristics representation is not feasible (Lancaster
1966). Moreover, note that the consumer will consume only m goods in equilibrium, so
that we will proceed as if there were only m goods.

The utility function of the agent is then given by wu(cy,ca, ..., ¢n) = u(c), where ¢
is a vector of characteristics consumption. The vector is formed by consuming goods

x = (21,29, ...,xy)" so that:

c=Cu,
‘i G2 - Cim
Co1 C2 -+ Com ) . . ..
where C' = is a m x m matrix, and ¢;; is the characteristics
Cm1 Cm2 " C;mm

coefficient of é;ood J to characteristic i. Assuming that C' is invertible!®, we have:
r=C"le (12)

As there is an equal number of goods and characteristics, there exists a one-to-one map-
ping between the characteristics space and the goods space. Hence, the problem of the
consumer can be written as:

maxu(c) s.t.p'x = w,
C

where p = (p1, pa, ..., Pm)’ 18 & vector of product prices, and w is the level of income.

16This is equivalent to assuming that none of the characteristics vectors of the goods is a linear
combination of the others, so that none of the goods are redundant.
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Role of closeness

Consider a situation where good 2 moves closer to good 1 by moving on the budget
surface in the characteristics space. This is achieved if the characteristics vector of good
2 becomes (arcy; + (1 — a)eia, .oy arcpy + (1 — @)epe) for some « € [0, 1], and where
r= i—f is the price ratio of goods 2 and 1 before any price changes. We denote the new
characteristics matrix in this situation by C'(«). Note that C' = C'(a|a = 0) is the original

characteristics matrix.

oz ()

Expression for =~

Notice also that the gradient of the budget surface in the characteristics space does not
change when o changes. Hence, assuming the change does not result in a corner solution,

we have 2¢ = 0. As ¢ = C(a)z(a), we have that:

C(a)x(a) O0C(«) Oz(«a)
= C = 0.
oo Oa (@) + Cla) Oa

Re-arranging and pre-multiplying by C'(a)™!, we have:

Oz(a) ,0C ()
1) () Y0 (13)

[ 0 rci1 — C12 0 0 |

0 rCo1 — Co2 0 - 0
Note here that %&OL) = 0 rcg;—c3a 0 - 0 = r[olea C(l)(a)a Om><17 cey Omxl]_

0
_0 TCp1 — Cma 0 -+ 0

(051, C(2)5 Omx1s -, Omx1] where Cqy(v) is the first column of C(a) and C(y) is the second

column of C' = C(aja = 0). Hence, we have that:

C(a)” = r[C'(a) 01, C(a)’lC(l)(a), C(a)  0pxty ey C () 0pt]

- [O(a)_IOth C(Oé>_10(2), C<a)_10m><17 sy C<Oé)_10m><1]‘
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So that, as C'(a) ' 0x1 = Omx1 and C(a) 'Cy(a) = (1,0, ...,0)’, we have:

0 r - 0

0C (a 00 -0
C(Oé)_l aéé ) = . . ) 0 - [Ole7 C(O{>_1C(2), 0m><17 ceey Omxl}- (14)

0 0 0

Hence, we are left with the problem of finding a closed form expression for C'(a)'Cy).

Notice that the second column of C'(«) is Cia)(r) = arCy(a) + (1 — a)C(ay, so that:

C(a) 'Co(a) = arC(a)'Cry(a) + (1 — a)C(a) ' C).

Re-arranging, we have that:

0 —1%r 0
4 0 = 0
[OmXbC(a) C’(2)70m><17---70m><1] = ) )
0 0 0
Inserting this to 14, we have that:
0 1%7" 0
aC 0 —i 0
C(oy 2 1
@ 0
0 0 0
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So that inserting this expression to 13 we have:

: : [ —Lr(a) |
0 —Lr - 0 o
0 0o ! 0 e @)
el B wla)=| 0 (15)
@ 0
0 0 0
i | 0

Note that, by 12, x5(a) = C(a);'c where C(a);' is the second row of C(a)~!. Using

Cramer’s rule, we have that:

1

ma(@) = Cla)y'c = detC(a)

[D12(a), Dag(c), ..., Dia(a)]c, (16)

where D;;(«) is the (4, j)-th entry of the cofactor matrix of C'(«v). As a cofactor D;;(«)
depends only on the entries outside the i-th row and j-th column of C'(a), none of the
cofactors in 16 depend on the second column of C'(«). As only the second column of
C(«) depends on «, none of the cofactors in 16 depend on «a. le. Dj(a) = Dp(a|a =
0) = D;s. Moreover, note that C'(a) can be constructed from C' by two elementary
column operations: 1) multiplying the second column of C' by (1 — «), and 2) adding the
first column multiplied by ar to the second column. As the first operation leads to the
multiplication of the determinant by (1 — «) and the second operation does not change

the determinant, detC'(«) = (1 — a)detC. Therefore, we have from 16 that:

ra(a) = Cla)y e

1

= Zaciay P12(@): Dea(@) -, Dia(o)le

1 1
1 QM[DH,DQQ, eoey Dol

_1 —

T aC(O“O‘ =0);'c
= —yfala=0
= = a{EQ ol = )

1
= 1_@132. (17)
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(2]

Combining 17 with 15, we arrive at an expression for 3= based solely on «, the original

price ratio r, and the demand for good 2 when a = 0:

_(17104)2Tx2
1
—1_a2x2
or(a) | Y
oo 0
- 0 =

Expression for z(«a)

(18)

Note that, by 18, the demands for all the other goods apart from 1 and 2 are constant

with respect to a. Hence, when a changes, the budget share of those goods remains the

same. This implies that the total budget share of goods 1 and 2 stays the same, so that:

@ &El(h)

P17 + Py = pi(T1 +/ Wdh) + pa(w2 +/
0 0

Simplifying and using information from 18, we have:

o 81’1(h) /a 1
dh = pox ——dh
p1/0 h P22 ; (1 — h)2

so that, by integration, we have:

Re-arranging it gives us:
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Combining this information with 17 and, as the demand for other goods is not affected

by «a, we have:

Expression for ¢ (o) =

From 19 we have that:

Ory(a) Oy a  Oxg

— r
om Opp 1—a Ip
as r here is the original price ratio (and thus does not change). Multiplying with p; and

dividing by z1(«) from equation 19, we have:

Oz .« Oxo
3P1p1 1—a dp1 p2
e1(a) =
1 a_p2
L1 — 1 p L2

Then, dividing both the numerator and the denominator by (1 — «)x; on the RHS and

re—arranging, we have:
bo
(1 — 05)81 — Cka&gl

e1(a) = a—
l—a—ag

where b; is the budget share of good 7. Decomposing £, and €9; by the Slutsky equation,

we then have:

er(a) = e} — O‘(z_fggl +¢t) B (1 —a)eP’by — aeyby
! 1 —a—aZ—f 1 —a—a% '

Noting that, by the budget constraint Z—jsgl +ebh = -=->", %5?1 and that by Slutsky

symmetry g—;’&t?l = el we have that:

efa) = ———-e/+ ———- ) e, — —b_2((1 —a)ePby — agyby).
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by

5> ~ 0, this simplifies to:

Choosing the reference point so that

1 R
h h
e1(a) = el + - E ey —evby,
i=3

1—

where the first two terms provide the compensated elasticity of good 1 as a function of

« and the third term provides the income effect.

Non-linear similarity

The inclusion of non-linear similarity is complicated by the additional goods, as this
requires that the characteristics space is also m-dimensional, so that we need m measures
to span the whole space that lies between B; and B;. As an example, consider the case
with 3 goods and 3 characteristics. Then good 2 can become more similar to good 1 by
reducing the difference between the goods for any of the three characteristics. Hence,
there is a cuboid for which each point is closer to B; than the original By. As this is a
three-dimensional object, we cannot cover all its points with o and A alone but need a
third measure that is not a linear combination of the two. As it happens, it is convenient
to add a second non-linear similarity measure (or multiple measures if m > 3) by allowing
good 2 to move closer to good 3 (good ¢ ¢ {1,2}) through /3 (/3;) in a similar fashion as
to good 1 through a. This is possible as C' is invertible by assumption and thus By, Bs
and B3 cannot lie on the same plane. Moreover, similarly to o that does not affect the
price-elasticity of the third (i-th) good, B3 (5;) does not affect the price-elasticity of good
1. Hence, the own-price elasticity of good 1 is simply a function of o and A also in this

more general case, and we have:
11—«

1 o
e1(p,a,\) = ———(p, A) + F— > elilp A) =& (p, Aby
=3

Hence, as long as there is little substitution between good 1 and other goods than
good 2 (ie. Y " et (p,A) = 0) and either the budget share of good 1 is small (b; ~ 0)

or the income elasticity of good 1 is small (i.e. €¥(p,\) ~ 0), the own-price elasticity
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e1(p, a, A) is well approximated by:

1
l—«

51(]7,0[,)\) = g}ll(pv )‘)
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D APPENDIX - Welfare derivations

This appendix provides the formal derivations underlying the welfare analysis in Section
2.2. We first derive the marginal welfare effect of a tax change and the MVPF in the
baseline two-good model with a separable externality from good 1 only. We then derive
the optimal tax formula. Finally, we extend the analysis to n goods, to non-separable

externalities, and to the case where both goods may generate externalities.

D.1 Derivation of the marginal welfare effect

We retain the setup of Section 2.2. There are two goods, x = (z1,z3)’, a continuum of
consumers of mass one indexed by j, and the government levies a specific tax 7 on good
1. Consumer j solves

max u/ (Cz;) st. (p1+ 7)Ty; + pawe; = my,
2

yielding demand functions x1;(7) and x4;(7), and indirect utility v;(7). The normalized
indirect utility is w;(7) = v;(7)/A;(7), where \;(7) is the marginal utility of income.
Consumption of good 1 generates a separable externality e;(ciiz1;) with € > 0.

Social welfare is

Wi(r) = /wj(f) dj — /ej(cuxlj(f)) dj+ ey (1) + T — R, (D.1)

where z1(7) = fj x1;(7) dj is aggregate consumption of good 1, T' is revenue from other
sources, and p is the shadow value of the government’s revenue constraint.

Differentiating with respect to 7:

9 . . 6vj . 810]' _ 1 avj o
Consumer welfare term. By Roy’s identity, 72 = —\;xy;, so that 7+ = N o =

—x1;. Integrating over consumers:
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Externality term. By the chain rule:

d , , 0xy; .
E jej(cllxlj(T))d] = /jej(cnatlj) . Clla—;] dj (D3)

81’1]‘ o €15
ot pi+T

Writing the individual demand response in elasticity form, x1, where g;; =

Oz15 pi4r
A(p1+7) z15

is the own-price elasticity of consumer j, we obtain

d / . c11 / / . e
— [ ei(crixy;) dj = €.e1,x1;dj = €121,
de]( ]) pl+TjJJJ DL+
where we define the consumption-weighted marginal externality as
) 6’61 114 dj
o= g (D.4)
11
and the aggregate elasticity as €; = f] 15t dj.
Revenue term. Differentiating 72, (7):
L () = o =y (D.5)
— ()] =1+ 17— =1 £171. :
dr 't ! or ! P+ T r
Combining. Substituting (D.2)—(D.5) into the derivative of (D.1):
aw 6/011
— =11+ + £ - €171, D.6
= T u{m Pt T 1$1} T 121 ( )

which is Equation (4) in the main text.

D.2 MVPF and optimal tax

MVPF. Rearranging Equation (D.6) as the ratio of the willingness to pay for the tax

increase to the net cost to government, we define the MVPF as

. eleyy
WTP per € of mechanical revenue S W el E

MVPF =

T

p1+7'€1x1

Net cost per € of mechanical revenue 1 +
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Dividing numerator and denominator by x; yields

e'c11

9
MVPF — H”—f” (D.7)
€1

p1+T7

which is Equation (6) in the main text.

The numerator includes one (the mechanical cost to consumers of paying one euro
more in tax) plus the corrective benefit from reduced externalities. The denominator
includes one (the mechanical revenue) plus the fiscal externality: the revenue change
due to the behavioral response. When &; < 0 (demand slopes downward), the fiscal
externality is negative (raising the tax shrinks the base), so the denominator is less than
one and the MVPF is pushed above one, all else equal. Meanwhile, when ¢’ > 0, the

corrective benefit adds to the numerator.

Optimal tax. At the optimum, dW/dr = 0, which from (D.6) requires

*

-
€1T1 = [ |:x1 + *51301] .
p1+T

6/611
p1+71*

T+

Dividing both sides by x; and rearranging;:

6/011 *

1+ o +T*51 = ,u—i—upl _H_*sl.
Isolating the terms with 7*:
I T eg=1—p+ ¢en 1.
p+T p1+T
Dividing by pe; (with g1 < 0):
* _l e'ciy +p—1 1 ’ (D.8)

p+TY up T T

which is Equation (5) in the main text. The first term is the Pigouvian component and

the second is the Ramsey (inverse elasticity) component.
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Note that when p = 1 (first-best, lump-sum taxes available), the Ramsey term van-
ishes and we have 7* = €’¢1;: the tax equals the marginal social damage, independent of

the demand elasticity.

D.3 Extension to n goods

We now extend the welfare framework to a setting with n goods = = (x1, ..., z,)’, where

the government levies specific taxes 7 on goods k = 1,...,n. Consumer j solves

n

max v’ (Cz;) s.t. Z(pk + Tp) TRy = M.
o k=1

Good k generates a separable externality ey;(cprzr;) with e;j > 0, where ¢y, is the harm-
relevant characteristic coefficient of good k. Some goods may have e ; = 0 for all j (no
externality).

Social welfare is

ZTkxk(T)+T—R

k=1

W(r) = /jwj(T) dj — igekj(ckkxkj(r))dj +

Differentiating with respect to 7; for a particular good ¢, and following the same steps

as in Section D.1:

8W - Tk - e;cckk
=—T;+p |+ ERiTh | — EkiTk, D.9
o : ;pri‘ﬂ;k k] ;pri‘ﬁk ‘ (D)
where e; = 8(12?%) L i;;” is the elasticity of the aggregate demand for good k with respect

to the consumer price of good i, and e}, is the consumption-weighted marginal externality
from good k (defined analogously to Equation D.4).

The cross-price elasticities g; for k # ¢ capture the fact that changing the tax on good
1 also affects the consumption of all other goods, including other externality-generating
goods. This has two consequences. First, the fiscal externality now includes the effect on
the tax base of all goods, not just good i. Second, the corrective benefit (or cost) includes

the change in all externalities, not just the one associated with good 1.
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Setting (D.9) to zero and solving yields the n-good analog of the optimal tax formula.
In the special case of our two-good framework where only good 1 is taxed (15 = 0)
and only good 1 generates an externality (e, = 0), cross-price effects on revenue and
externalities vanish, and Equation (D.9) reduces to Equation (D.6).
The MVPF of increasing 7; in the n-good setting is
14 Yoy i cums

pit+Ti x4
. D.10
1+ Zzzl _ Tk Eki%k ( )

PitTi T

MVPF,, =

The additional cross-price terms in the numerator and denominator mean that the wel-
fare evaluation of a tax change on good ¢ must account for spillovers to other taxed goods
and other externality-generating goods. In practice, when the cross-price elasticities be-
tween distant goods are small (which is the maintained assumption in our characteristics
framework for goods that are not close substitutes), these additional terms are negligible

and the two-good MVPF in Equation (D.7) provides a good approximation.

D.4 Non-separable externalities

In the main text, the externality is additively separable from individual utility in the
social welfare function. Here we consider a case where the externality is non-separable:
the social harm depends not only on consumption of good 1 but also on consumption of
good 2. Specifically, let the externality be e;(ci1215, c12%2;), so that both the level of the
harmful characteristic in good 1 and the level of some (possibly related) characteristic
in good 2 jointly determine the social cost. For example, total sugar consumption may
depend on both the sugary drink (good 1) and the alternative drink (good 2) if the
alternative also contains some sugar.

Social welfare becomes

W(r) = / w;(1) dj — / e;(c1121;(T), C1attaj (7)) dj + [t (1) + T — R].

J J
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Differentiating with respect to 7:

dw n + T / ’ ailflj i ’ 8:62]- di
—=—x x e1xy| — €1 Cl1— F €5 Cla—| dj,
dr 1T M [T T 111 j 4,1 " C11 or g2 " C12 Or ]
where €, = a(c?ffclj) and €}, = a(c?:;2j) denote the partial derivatives of the externality
function.

Writing the demand responses in elasticity form and defining aggregate cross-price

0z _pPItT this hecomes

elasticity €91 = Bnar) o

aw

/ /
e, c €5C
1¢11 2012

€219, (Dll)

dr pL+T

e1xr1| —
] p1+T m+T

where €] and €}, are the appropriately weighted aggregate marginal externalities.

The additional term captures the externality effect of the tax through good 2. If
taxing good 1 causes consumers to substitute toward good 2 (91 > 0), and good 2 also
contributes to the externality (e, > 0), then part of the corrective benefit of the tax
is offset by increased harm through good 2. This “leakage” of the externality to the
substitute good reduces the net corrective benefit and lowers the MVPF relative to the

separable case.

The MVPF becomes

el c11 €hC12 eo1 1
+4a 1+ & 21T2

MVPF = — 27 L ikt o (D.12)

p
1+ PH—TSl

The main intuition from the separable case carries over: the demand elasticity ¢;
remains central to the welfare evaluation, as it governs both the fiscal cost and the
corrective benefit of the tax on good 1. The non-separability adds a cross-externality
channel, but as long as the substitute good generates a smaller externality per unit
consumed than the taxed good (i.e., €5¢12 < €]¢11, as when sugar-free soda is less harmful

than sugary soda), the tax retains a net corrective benefit.
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D.5 General externalities: both goods taxed and harmful

Finally, we consider the most general two-good case where both goods may be taxed and
both may generate externalities. The government levies taxes 7 on good 1 and 7 on
good 2, and the externality depends on consumption of both goods through a separable
structure: ej(ci121;) + €3 (caayy), where e}/, e > 0.

Consumer j solves

max uj(Ca:j) st (p1+ 7))z + (P2 + 2) 125 = My

Zj

Social welfare is

W(ri, 7o) = /wj dj — / [6}(0115613') + 6?(02251523‘)} dj + p|mwy + mrs +T — R].
J

J

Differentiating with respect to 7i:

aw

dry

T2 61011 62622

E11x1 +

:—$1+M|:33'1+
p1+7n p1+ 71 p1+7 p1+7

where €17 and e9; are the own- and cross-price elasticities with respect to the consumer
price of good 1, and €/ and €/, are the aggregate marginal externalities.

The MVPF of increasing 7 is

1 ejc11 o+ ehC22 o170

_ P1+T1 p1+711 21
MVPF,, = —Pr— P f (D.14)

p1+T71 11 p1+71 X1

When good 2 is not taxed (72 = 0) and does not generate an externality (e}, = 0), this
reduces to the baseline MVPF in Equation (D.7). When good 2 is also taxed and harmful,
the cross-price effects matter: substitution toward good 2 (when e9; > 0) increases
revenue from the tax on good 2 (raising the MVPF through the denominator) but also
increases externalities from good 2 (lowering the MVPF through the numerator). The

net effect depends on the relative magnitudes of 75 and efcqy for good 2.
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This general formulation nests all the special cases considered in the main text and
the preceding subsections. Regardless of which extension is considered, the demand
elasticities, both own-price and cross-price, remain central to the welfare evaluation:
they determine the magnitude of the behavioral responses that drive both the fiscal and

corrective channels of the tax.
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