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We study how market power impacts the efficiency and redis-
tributive properties of sin taxation, with an empirical application
to sugar-sweetened beverage taxation. We estimate an equilibrium
model of the UK drinks market, which we embed in a tax design
framework to solve for optimal sugar-sweetened beverage tax pol-
icy. Positive price-cost margins for drinks create inefficiencies
that lower the optimal rate compared with a perfectly competitive
setting. Since profits mainly accrue to the rich, this is partially
mitigated under social preferences for equity. Overall, ignoring
market power when setting tax policy leads to welfare gains 40%
below those at the optimum.
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Almost one-fifth of all consumer spending is undertaken in markets subject to
taxes aimed, at least in part, at discouraging socially costly consumption.1 Many
of these markets are concentrated and likely to be characterized by firms that
exercise market power. For instance, soft drink markets, recently the subject
of new taxes in several jurisdictions (GFRP (2021)), are dominated by a small
number of multi-product firms selling instantly recognizable and long-established
brands viewed by consumers as imperfect substitutes.2 The effective design of sin
taxes requires balancing efficiency improvements and policymakers’ redistributive
goals. How best to do this depends on the competitive conditions in affected
markets. Positive price-cost margins create allocative distortions, in addition to
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1Spending on alcohol, tobacco, soft drinks, fuel, and motoring (all of which are subject to some
kind of excise duty in the UK – Levell, O’Connell and Smith (2016)) accounts for 19% of consumer
spending recorded in the UK’s consumer expenditure survey (Office for National Statistics, Department
for Environment, Food and Rural Affairs (2007-2012)).

2More generally, a large industrial organization literature demonstrates that market power is a typical
feature of many markets (see Einav and Levin (2010)), and there is recent evidence of its growing
importance – for instance, see Syverson (2019) and De Loecker, Eeckhout and Unger (2020).
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those associated with social costs of consumption; firms’ strategic adjustment of
margins affects the mapping between taxes, equilibrium prices and consumption;
and concentration of profit ownership among the rich3 impacts the distributional
consequences of reforms.

In this paper we show how market power affects the optimal design of sin
taxes, and undertake a substantive empirical application to the taxation of sugar-
sweetened beverages. We analyze a tax design framework, which highlights how
market power impacts both the efficiency and redistributive effects of policy, and
motivates our empirical approach. Harnessing detailed consumer level data, we
estimate an equilibrium model of the UK market for drinks, and embed this into
the tax problem to solve for optimal sugar-sweetened beverage tax policy. We
show that allocative distortions associated with positive margins on drinks reduce
the optimal sin tax rate, compared with a perfectly competitive setting, but this
reduction is partially offset by the fact that profits accrue disproportionately to
those with lower social welfare weights (foreign residents and the rich). Overall,
ignoring market power leads to welfare gains that are 40% below those achieved
by optimal policy.

Our tax design framework entails an environment with heterogeneous con-
sumers and strategic firms. We study a government’s choice over a linear com-
modity tax levied in a specific market of interest that comprises “sin” products,
which generate social costs and alternatives, which do not create social costs. The
products are supplied by multi-product firms that exercise market power, strate-
gically reoptimize prices in response to tax policy, and earn positive profits, which
are distributed to individuals in a potentially unequal manner. The government
sets policy anticipating the strategic responses of firms,4 accounts for spillovers
to other tax bases, and may place more weight on the welfare of the poor than
the rich. We show how optimal policy balances: (i) reducing the social costs of
consumption, (ii) exacerbating inefficiencies arising from the exercise of market
power, (iii) fiscal externalities, and (iv) redistributive effects that arises both from
inequality in consumption patterns, and inequality in profit holdings.

We apply our framework to study the taxation of sugar-sweetened beverages,
a policy that is increasingly popular due, in part, to the large externalities that
arise from the healthcare costs associated with treating obesity. The combina-
tion of asymmetrically differentiated products, multi-product firms and hetero-
geneous consumers means that the optimal tax expressions that we derive do
not straightforwardly translate into externally valid elasticities. They depend
instead on product-specific price-cost margins (which are typically unobservable,
see Bresnahan (1989)), firm portfolio effects, and the full set of product level own-
and cross-price elasticities. We therefore estimate a detailed model of consumer
choice and firm pricing competition in the UK drinks market and embed this into

3See, for example, evidence in Cooper et al. (2016).
4This is also the case in Miravete, Seim and Thurk (2018), who show quantitatively how firms’ pricing

responses change the peak and shape of the Laffer curve in the liquor market.
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our tax design framework. We model the discrete choice that consumers make be-
tween the many products in the market (or allocating all of their spending outside
the market), and estimate the model using micro longitudinal data. We incor-
porate rich preference heterogeneity, including by income and a measure of total
dietary sugar, which are important for capturing both redistributive and exter-
nality correcting aspects of tax policy. We exploit price changes that are agreed in
advance by drinks firms and retailers, but that create differential variation across
consumers, as a source of identifying price variation. We identify product level
marginal costs by coupling our demand estimates with a game-theoretic pricing
model.

Our demand and supply estimates show that drinks products are highly differ-
entiated and, due to this and the multi-product nature of their portfolios, drinks
firms exercise a substantial degree of market power. We find that the average
Lerner index at observed prices is around 0.5 for both sugar-sweetened drinks
and alternatives. Our estimates show that, in response to a change in the price
of one sugar-sweetened drink, consumers are most willing to switch to a similar
sugar-sweetened drink. However, in response to a rise in the price of all sugary
drinks, substitution to alternative (non sugar-sweetened) drinks is substantial.
Market power among alternative drinks is therefore relevant for sugar-sweetened
beverage tax policy. Our model allows us to determine how firms adjust prices
(and hence price-cost margins) in response to tax policy. We find that pass-
through of a tax on sugar-sweetened drinks is slightly above 100%, and show that
this is in line with (out-of-sample) observed price changes following the intro-
duction of the UK’s Soft Drinks Industry Levy, as well as with findings in other
jurisdictions.

We use our estimated model to first solve for the optimal sin tax rate set by a
planner concerned only with inefficiencies arising from externalities and market
power, and that is indifferent to the distribution of incidence across individuals.
Consumption of sugar-sweetened beverages is strongly linked to diet-related dis-
ease, which creates externalities through increased societal costs of funding both
public and insurance-based health care (see Allcott, Lockwood and Taubinsky
(2019b)). We use the best available evidence from the epidemiological literature
to quantify these costs. The efficiency-maximizing tax rate balances the reduction
in social costs of consumption – the more effective tax is at combating externality
distortions, all else equal, the higher will be the optimal rate – against exacer-
bating distortions from the exercise of market power. If equilibrium price-cost
margins for the sin products are high relative to untaxed alternative products,
this will act to lower the optimal rate.5 We find that the efficiency-maximizing
tax rate on sugar-sweetened beverages is 4.2 pence per 10 oz, which leads to a

5That the market power correction lowers the optimal rate if, on average, sin products have high
margins relative to alternatives is consistent with the results in Kaplow (2021), who shows that in a
Mirrleesian economy in which goods have fixed positive price-cost margins it is Pareto-improving to
marginally lower/raise the tax rate on any single good that has an above/below average margin whilst
off-setting the distributional effect through a distribution neutral adjustment to the labor tax schedule.
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19% rise in their average price. If the government ignores all distortions from
market power it would set a suboptimally high rate of 12 pence per 10 oz, which
leads to efficiency losses.

We then consider optimal sin tax policy, assuming that the government does
have redistributive concerns. In this case, both the share of profits collected by
the government in corporate and dividend taxes, and the distribution of net-of-
tax profits across individuals, affect optimal policy. We measure the allocation of
corporate profits using information from national accounts and the distribution of
dividend income across households. We find that under our baseline social prefer-
ences, the optimal sin tax rate on sugar-sweetened beverages is 6.0 pence per 10
oz,6 which is over 40% higher than the efficiency-maximizing rate. This increase
reflects the net impact of two offsetting forces. On the one hand, sugar-sweetened
beverage consumption is highest among relatively low income consumers, which
acts to lower the optimal rate. On the other hand, post-tax profits are dispropor-
tionately owned by high income consumers (or flow overseas), which increases the
progressivity of the tax, thus raising the optimal rate. Overall, the second effect
dominates. We show that these results apply under a wide range of social prefer-
ences, including when the government places zero welfare weight on the post-tax
profits flowing to individuals (in which case ignoring market power when setting
policy would lead it to overshoot the optimal rate by 70% – with the resulting
welfare gains 26% below optimal – due to spillovers to the corporate and dividend
tax bases).

We also explore how the nature of social costs, including their overall size,
degree of concentration among a specific group of individuals, and composition
between externalities and internalities impact optimal policy. In addition, we
simulate optimal policy under alternative tax instruments, including a multi-rate
system and a sugar tax. In all cases market power has a first order impact on
the efficiency and redistributive impacts of taxation, and ignoring when setting
policy leads to substantial unrealized welfare gains.

Our paper contributes to a growing literature on quantifying the impacts of
sugar-sweetened beverage taxation. This includes a set of papers that use the
implementation of these taxes to estimate their effect on prices and quantities,7

and a set that use estimates of consumer demand based on periods and loca-
tions with no tax in place to simulate the introduction of taxes similar to those
used in practice.8 Included in the second set of papers is Dubois, Griffith and
O’Connell (2020), who use novel UK panel data to estimate individual-specific
preference parameters for “on-the-go” soft drinks. We extend this work by esti-

6In practice, US and UK sugar-sweetened beverage taxes range from 7 to 15 pence per 10 oz.
7See, for instance, Bollinger and Sexton (2018) and Rojas and Wang (2017) who study the Berkeley

tax, Seiler, Tuchman and Yao (2021) and Roberto et al. (2019) who study the Philadelphian tax, and
Grogger (2017) who study the Mexican tax. For a full survey of the recent literature see Griffith et al.
(2019).

8These papers include Bonnet and Réquillart (2013), Wang (2015), Harding and Lovenheim (2017),
Chernozhukov, Hausman and Newey (2019).
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mating consumer demand across the whole non-alcoholic drinks sector, including
drinks brought into the home, modeling the supply-side of the market, and study-
ing optimal policy design. Like us, Allcott, Lockwood and Taubinsky (2019a) ask:
what is the optimal sugar-sweetened beverage tax? They develop a novel charac-
terization of the optimal corrective commodity tax rate under general preference
heterogeneity and an optimally set labor tax schedule, and incorporate consumer
misoptimization into the corrective tax motive. Our work complements theirs by
showing how market power impacts optimal sin tax policy.
Our work also adds to the emerging literature that uses empirically rich models

of specific markets to evaluate how imperfect competition impacts public policy
design. This literature includes work showing how the existence, and firms’ strate-
gic adjustment, of mark-ups impacts: revenue- and efficiency-maximizing taxa-
tion in alcohol markets (Conlon and Rao (2015), Miravete, Seim and Thurk (2018,
2020)); the effectiveness and optimal design of carbon abatement policy (Fowlie,
Reguant and Ryan (2016), Preonas (2019)); and the design of demographic-
targeted subsidies in health insurance markets (Tebaldi (2017), Polyakova and
Ryan (2019), Einav, Finkelstein and Tebaldi (2019)). We contribute to this litera-
ture by quantifying how market power alters both the efficiency and redistributive
effects, and hence optimal design, of sugar-sweetened beverage taxation. More
generally, our results illustrate the importance of accounting for market power on
commodity tax design.
The rest of the paper is structured as follows. In Section I we outline a tax

design framework that highlights the key ingredients determining optimal policy.
In Section II we summarize key characteristics of the UK drinks market. In
Sections III and IV we present our empirical model of market demand and supply,
and our estimates. In Section V we present our optimal tax results. In an Online
Appendix we provide further details of the optimal tax problem, data, estimates
and simulations.

I. Sin tax design

We begin by outlining a tax design framework, which serves to highlight the
key determinants of optimal sin tax policy with market power, and which we
use when solving for optimal sugar-sweetened beverage taxation. We consider a
setting in which a government chooses tax policy in a market (for instance, the
drinks market) with multiple products, including a set associated with social costs
(e.g., sugar-sweetened beverages). We allow for the possibility that these products
are sold by firms that exercise market power. The government sets the tax rates
while accounting for interactions with other parts of the tax system, and balances
distortions from social costs and market power with equity considerations.

A. Set-up
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Individuals. — There is a continuum of individuals (or consumers) indexed
i. Individuals supply labor in a competitive labor market to generate pre-tax
earnings, zi, which are subject to a non-linear earnings tax, T (zi). Each individual
also potentially receives income arising from their holding of profits, which are
generated by the sale of consumption goods. We denote total profits by Π and
i’s share of profits by δi ≥ 0, where

∫
i δ

idi = 1. Individual profit holdings are
subject to a (potentially non-linear) tax, TΠ(δiΠ).

9

Net income is spent on consumption goods: xi
S = {xij}j∈S is a quantity vector of

“sin” products, belonging to the set S, consumption of which potentially creates
social costs; xi

N = {xij}j∈N is a quantity vector of products belonging to the
set N , which are in the same market as those in S, but do not give rise to
social costs; let M = S

⋃
N and n(M) = J . xiO denotes the quantity of a

composite consumption good that represents all goods outside of those in market
M. Consumers face the tax-inclusive price vector p = (pS ,pN , 1), which embeds
the normalization that the price of the composite good, xiO, is 1. The individual’s
budget constraint is

∑
j∈M pjx

i
j + xi0 = zi − T (zi) + δiΠ− TΠ(δ

iΠ). We assume

that the earnings tax is piece-wise linear, denote dT
dzi

≡ τ iz, and define virtual labor

income by G ≡ τ izz
i −T (zi). We denote the sum of virtual and unearned (profit)

income by Y i ≡ Gi + δiΠ− TΠ(δ
iΠ).

Each individual chooses a bundle, (xi
S ,x

i
N , x

i
O, z

i), to maximize utility, U i(xi
S ,x

i
N ,

xiO, z
i), subject to their budget constraint. Consumer i’s product demands are

denoted by xij = xij(p, (1 − τ iz), Y
i), earnings supply by zi = zi(p, (1 − τ iz), Y

i),

and indirect utility by V i = V i(p, (1 − τ iz), Y
i). We denote the marginal utility

of income by αi ≡ ∂V i/∂Y i.

Firms. — Each product j ∈ M is produced by a single firm (firms can produce
multiple products). We denote the market demand for product j by Xj(pM) =∫
i x

i
jdi, and we denote the product’s marginal cost by cj . We consider a system

of linear excise taxes that apply to the products in market M, τM. Note that
constant marginal costs means that if marketM were perfectly competitive, prices
would shift mechanically with commodity taxes.
We allow for the possibility that firms exercise market power, meaning they can

set price above marginal cost and face positive demand. In equilibrium (where
all firms choose their strategies to maximize their profits), the tax-exclusive
price for any product j (p̃j ≡ pj − τj), can be written p̃j(cM,ΥM; τM) =
cj + µj(cM,ΥM; τM), where µj denotes the equilibrium price-cost margin of
product j.10

9TΠ(δiΠ) captures both corporate taxes and individual (e.g., dividend) taxation. For simplicity we
write the earning and profit taxes as additively separable. This is unimportant for our analysis, which
would not be materially affected by non-separabilities in T (.) and TΠ(.).

10In this section we remain agnostic about the precise nature of the imperfect competition (e.g.,
whether products are offered by monopolist, competing oligopolists or colluding oligopolists). In Section
III we assume the firms in the UK drinks market compete in a Nash-Bertrand pricing game.
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For the composite good, which has aggregate demand XO =
∫
i x

i
Odi, we assume

that its price remains fixed in response to the introduction of an excise tax system
in market M, but we allow for the possibility of a non-zero price-cost margin,
µO. Total variable profits in the economy are given by Π ≡

∑
j∈M

⋃
0 µjXj .

11

Government. — We consider a government that chooses a system of linear
commodity taxes in market M. The most general system entails a set of product
specific taxes, τM = {τj}j∈M. In practice, tax rates tend not to vary across
disaggregate products, due to prohibitive implementation issues. We therefore
focus on more constrained systems closer to those used in practice. We assume
that when introducing the excise tax system the government does not change
other parts of the tax system (in particular, the earnings and profit taxes).
Such tax reforms are often motivated by the existence of social costs associated

with consumption. We allow for a budgetary externality associated with consumer
i’s consumption of products in set S ⊂ M that takes the form Φi ≡ Φi(xi

S), where
Φi(.) is weakly increasing in each of its arguments. We denote the marginal

externality of consumer i’s consumption of good j ∈ S by dΦi

dxi
j
≡ ϕij . Below

we discuss the implications for tax policy of other forms of social costs, such as
internalities.
The optimal choice of excise taxes requires the government to balance reduc-

ing inefficiencies associated with consumption externalities with the inefficiencies
arising from the exercise of market power. It must also account for any spillovers
to existing tax bases, and, depending on its preferences for equity, it may factor
in distributional consequences of tax reform. We consider a government with the
social welfare function:

(1) W =

∫
i
ωiV i + λ(T i

D + TΠ(δ
iΠ)− Φi)di,

where ωi is the Pareto weight on consumer i, λ is the marginal value of government
revenue, and where tax revenue raised from individual i is given by revenue from
distortionary taxes:

T i
D =

∑
j∈M

τjx
i
j + T (zi)

and from the tax on their profit holdings, TΠ(δ
iΠ).

Market power has important implications for tax design. First, the existence of
positive margins distorts resource allocations. Second, the existence of positive

11We hold fixed firms’ entry and product design decisions. In the case of a sugar-sweetened beverage
tax we believe this assumption is mild. In what follows we model demand and supply over the major
brands that comprise 90% of the UK beverage market. These are long established and all available in
both sugar-sweetened and diet varieties, meaning removing all sugar from a sugar-sweetened product
to avoid the tax is equivalent to removing the product completely from the market – which our model
suggests would lead to significant reductions in variable profits. In Section V.C we consider a tax levied
directly on sugar content and allow for product redesign.
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profits, depending on how they are distributed across individuals, may impact
the distributional consequences of taxation. Third, as firms re-optimize their
strategies in response to a tax change, the tax-exclusive prices of all products in
the market may change in response to a change in the tax rate levied on any one
product (with one implication of this being tax changes are not necessary shifted
one-for-one to the products subject to the tax change).12

B. Optimal policy

We focus on the case where the government sets a single tax rate, τS , applied
to the set of sin goods. This serves to clarify the key forces that determine
optimal tax policy, facilitates comparison with existing sin tax results derived
under perfect competition and is an interesting case as, in practice, governments
often implement market specific excise tax systems that set a single rate.
The optimal sin tax rate, τ∗S , satisfies the implicit function:

τ∗S = ϕ̄+
cov(ϕij , dx

i
j/dτS)

(1/n(S))× dXS/dτS︸ ︷︷ ︸
externality correction

− (µ̄S − µ̄NΘN − µOΘO)︸ ︷︷ ︸
market power correction

(2)

+
1

dXS/dτS

cov
gi, ∑

j∈M
xijρj − δi(1− τ iΠ)

dΠ

dτS


︸ ︷︷ ︸

distributional concerns

−
d(
∫
i T (zi)di)/dτS

dXS/dτS︸ ︷︷ ︸
tax base erosion

.

(see Appendix A). ϕ̄ ≡
∫
i

1
n(S)

∑
j∈S ϕ

i
jdi denotes the average marginal consump-

tion externality in the population and dXS/dτS =
∑

j∈S dXj/dτS is the im-
pact of a marginal tax change on total consumption of the set of sin products.

µ̄X ≡
∑

j∈X µk
dXj/dτS∑

j′∈X dXj′/dτS
is the weighted average margin for products in set

X = {S,N , O}, where the weights are each product’s contribution to the marginal
impact of the sin tax on equilibrium consumption of all products in that set.

ΘX ≡ dXX /dτS
dXS/dτS

is the fraction of reduced consumption of products in set S di-

verted to those in X = {N , O} due to a marginal tax rise, and ρj ≡ dpj
dτS

is the
impact of a marginal tax change on the equilibrium consumer price of product j.

gi ≡ ωiαi

λ are social marginal welfare weights. Variation in gi across individuals
reflects the government’s preferences for equity: a government with a preference
for reducing inequality will assign low weights to the rich and high weights to the

12Related is previous work on optimal taxation and imperfect competition by Auerbach and Hines
(2002), who study a setting with a representative consumer, homogeneous products and Cournot com-
petition. Our set-up differs as we allow for heterogeneous consumers, differentiated products and social
preferences for equity.
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poor.
Equation (2) expresses the optimal tax rate as a function of wedges from non-

government (externality and market power) distortions, tax derivatives (for quan-
tities, prices and profits) and government distributional preferences. It comprises
four components, three reflecting efficiency and one equity considerations. Al-
though these components are written additively, it should be noted that the terms
on the right hand side of the expression (including product-level margins) depend
on the tax rate, and that market power influences each component of the formula,
because the strategic responses of firms are key in driving the quantity, price and
profit tax derivatives. We describe each component of the formula in turn.

Externality correcting component. — This equals the average marginal ex-
ternality across consumers and sin products, plus an adjustment that reflects the
covariance between the consumer-product specific marginal externality and the
sensitivity of the individual’s consumption of the product to a change in the sin
tax rate. This covariance captures how effective the tax is at reducing the most
socially costly consumption. The more a tax rise reduces consumption by con-
sumers and/or of products associated with high marginal externalities, the better
targeted it will be at the most externality generating consumption and the higher
will be the optimal tax rate.13 This mirrors the logic in the optimal externality
correcting tax rate with heterogeneous externalities derived in Diamond (1973).
However, an important difference is that the sensitivity of consumption to changes
in the sin tax rate also depends on the equilibrium pricing response of firms; i.e.,
dxi

j

dτS
=

∑
j′∈M

∂xi
j

∂pj′

dpj′
dτS

.

Market power correcting component. — All else equal, higher equilibrium
margins on the products in set S act to lower the optimal tax rate. This reflects
the argument made by Buchanan (1969), who pointed out the appropriate tax
rate on an externality-generating monopolist lies below the full Pigouvian rate.
However, if taxing products in set S induces an increase in consumption of other
products also supplied non-competitively, then distortions arising from the exer-
cise of market power on these alternatives, all else equal, act to raise the optimal
tax rate. The strength of this effect depends on the weighted average equilibrium
margin on these non-taxed alternatives and the extent to which a marginal tax
rise diverts equilibrium consumption towards them. For products in the set N ,
these two forces are captured by the terms µ̄N and ΘN (analogous expressions
capture the influence of any market power distortions from the numeraire good).

13Note, dXS/dτS will generally be negative; an increase in the sin tax rate will lower equilibrium
consumption of those products. If cov(ϕi

j , dx
i
j/dτS) is negative, so a tax rise tends to achieve relatively

large consumption reductions among products/consumers with large marginal externalities, the external-
ity correction will exceed ϕ̄. Hence, all else equal, the more the total reduction in sin good consumption
is concentrated among the most socially costly consumption, the higher will the externality correction
component of the optimal tax rate.
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Distributional concerns. — These enter equation (2) through the covariance
of consumers’ social marginal welfare weights with the reduction in their utility
resulting from a marginal increase in the tax rate. The more a marginal tax
rise results in relatively large utility falls among those with high social marginal
welfare weights (low income consumers when the planner has a preference for
equity), the lower will be the optimal tax rate. This covariance term is scaled by
the marginal effect of the tax on total consumption of the sin products. Hence,
the strength of the distributional channel depends on how responsive equilibrium
consumption of the set of sin products is to a marginal sin tax rise: the more sen-
sitive is equilibrium consumption, the smaller the impact of equity considerations
on the optimal tax rate.
To highlight how market power distortions interact with distributional con-

cerns, it is informative to consider this term under perfect competition: 1
dXS/dτS

Cov
(
gi,

∑
j∈S x

i
j

)
. The reduction in a consumer’s utility due to a marginal tax

rise equals their total consumption on the taxed sin goods. All else equal, the
more that those with high social marginal welfare weights consume a large quan-
tity of the set of sin goods, the lower is the optimal tax rate on them.14 Imperfect
competition has two consequences for the utility impact of a marginal tax rate
increase, and hence on the distributional component of equation (2). First, con-
sumption of the sin products is replaced by consumption of all products in market
M, weighted by the marginal impact of tax on each product’s equilibrium price.
If firms hold their tax-exclusive prices fixed in response to tax changes, then this
term collapses back to total consumption of the sin goods. Second, the impact of
the tax on the size of individuals’ net-of-tax profit holdings also matters. If the
tax leads to a reduction in profits, and profit holdings are disproportionately held
by those with low social marginal welfare weights (the wealthy), this will act to
make the tax more progressive and will increase the optimal rate.

Tax base erosion. — This term arises because we assume that the government
holds fixed the earnings tax schedule. All else equal, the more that a marginal
increase in the sin tax leads to a reduction in labor tax revenue, the lower will be
the optimal rate. Whether this term (and hence the loss from not re-optimizing
the earnings tax alongside introducing the sin tax) is large or small is context
dependent. To highlight what drives this term we assume that income effects on
labor supply are negligible (see Saez, Slemrod and Giertz (2012) for empirical
support of this), which allows us to re-write d(

∫
i T (zi)di)/dτS as

d(
∫
i T (zi)di)

dτS
=

∫
i

τ iz
1− τ iz

ζiz
∑
j∈M

ξijx
i
jρjdi,

14Allcott, Lockwood and Taubinsky (2019a) show that if the government also optimizes the earn-
ings tax schedule, what matters is the cross-sectional correlation in social marginal welfare weights and
consumption of the taxed goods net of income effects.
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where ζiz is the individual (compensated) elasticity of taxable earnings and ξij is
the individual elasticity of demand for product j with respect to earnings (see
Appendix A). This expression highlights that a key determinant of the tax base
erosion component of equation (2) is the strength of income effects for products
in market M. In Appendix B we provide empirical evidence that these are very
small in the context of the UK drinks market, nonetheless, they may be significant
in other settings.

Other forms of social costs. — Sin taxes are often partially motivated by
internalities – costs that individuals impose on themselves that they ignore when
making choices. Internalities affect social welfare through individual utilities, in
contrast to a budgetary externality, which affects welfare through its impact on
the government’s budget. Suppose individual i’s consumption of sin products
gives rise to an internality, Ii = I(xi

S), which impacts their normative but not

decision utility, and let ψi
j ≡

∂V i/∂Ii

αi
∂Ii

∂xi
j
denote the monetary cost the individual

imposes on themselves per additional unit of consumption of sin good j due to this
bias. In this case, there are two modifications to the optimal policy condition (2) –
see Appendix A. First, the externality correcting term will now reflect externality
and internality correction; ϕij is replaced with ϕij + ψi

j . Second, the distribu-
tional concerns component contains an additional term capturing the covariance
of internality changes and social marginal welfare weights; all else equal, for a
government with preferences for equity, the more internality reductions resulting
from a tax rise are concentrated among the relatively poor, the more valuable is a
given fall in the average internality and hence the higher is the optimal tax rate.
The impact of these considerations are studied in detail in Allcott, Lockwood and
Taubinsky (2019a).

C. Discussion of empirical implementation

A common approach to empirical tax analysis is to write the expression of
interest in terms of a set of externally valid elasticities, or sufficient statistics.
An advantage of this approach is that the elasticities can be estimated using
quasi-experimental variation, with transparent identification arguments (Chetty
(2009)). However, an important restriction of the application of sufficient statis-
tics to optimal tax formulae (as opposed to marginal tax reforms) is that they
require implicitly assuming an iso-elastic preference model – see Kleven (2021).
There are two challenges with implementing a sufficient statistics approach in

our context. First, the tax derivatives do not straightforwardly map into price
elasticities. For a number of the derivatives this could potentially be overcome
by making simplifying assumptions about tax pass-through.15 Alternatively, one
could use data covering the introduction of a new (or change in an existing)

15For instance, in general, the impact of a marginal tax rise on consumption of the set of sin products
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tax to directly estimate the tax derivatives (policy elasticities in the language of
Hendren (2016)). The second challenge is that the optimal tax formula depends on
equilibrium product-level price-cost margins. Marginal costs, and hence margins,
are typically not straightforwardly observable in economic data. However, they
can be inferred based on a profit-maximizing model of the firms operating in the
market, coupled with estimates of the own- and cross-price elasticities of all the
products in the market.
Our approach is therefore to specify and estimate an equilibrium model of the

market of interest (the UK drinks market). This enables us to simulate the im-
pact of an arbitrary tax policy on equilibrium margins, consumption and profits.
To validate the model, we compare, where possible, its predictions to existing
estimates of relevant elasticities, as well as to evidence from the introduction
of the UK’s sugary drinks tax. We embed the equilibrium model into the tax
problem and consider optimal policy under different government preferences for
redistribution.

II. The drinks market

Sugar-sweetened beverage taxation is a natural setting in which to study how
taxes designed to reduce social costs interact with market power. In many juris-
dictions, taxes on drinks are explicitly motivated as a tool for improving public
health, in part due to substantial social costs associated with their consumption.
We discuss the nature and measurement of these costs in Section V. It is also the
case that the market is concentrated and comprises a set of highly recognizable
branded products. It is likely therefore that firms exercise considerable market
power.

A. Data

We model behavior in the UK market for non-alcoholic drinks. This market
includes carbonated drinks (often referred to as sodas), fruit concentrates, and
sports and energy drinks. We refer collectively to these as soft drinks. Soft drinks
brands usually come in sugar-sweetened and artificially sweetened (i.e., diet) vari-
eties. Sugar-sweetened beverage taxes typically apply to sugar-sweetened varieties
of soft drinks. The market also includes pure fruit juices and flavored milk. We
use micro data on the drinks purchases of a sample of consumers living in Great
Britain collected by the market research firm Kantar. The data contain informa-
tion on household level purchases for “at-home” consumption from the Kantar
Worldpanel, as well as purchases made by individuals for “on-the-go” consump-
tion from Kantar On-The-Go Survey (Kantar (2008-2012)). Together “at-home”

takes the form dXS
dτS

=
∑

j∈S
∑

j′∈M
∂Xj

∂pj′

dpj′
dτS

. However, under the assumption of fixed tax pass-through

(denoted ρ) across products in S and fixed tax-exclusive prices for other goods, this collapses to ρ×▽XS
where we use ▽XS to denote the marginal impact of consumption goods in S with respect to a marginal
price rise for all these products.
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and “on-the-go” consumption account for over 90% of drinks consumption by
volume.16

There are 30,405 households in the at-home sample who record, by means of
a barcode scanner, all grocery purchases made and brought into the home. The
data are broadly representative of British households (in Appendix B we compare
them with the nationally representative Living Cost and Food Survey) and cover
2008 to 2012. Individuals in the on-the-go data record all purchases they make
from shops and vending machines for out-of-home consumption using a cell phone
app. The data cover 2010 to 2012 and comprise 2,862 individuals (aged 13 and
upwards) randomly drawn from the Worldpanel households. In both datasets,
we observe households/individuals over many months. The data contain detailed
information – including brand, flavor, size and nutrient composition – on the
UPCs (barcodes) purchased, the store in which the purchase took place, and
transaction level prices.

B. Consumers and purchasing patterns

We use the term consumer to refer to households in the at-home segment,
and individuals in the on-the-go segment. Figure 1 highlights variation in soft
drinks purchases across two key dimensions. Panel (a) shows that consumers that
get a high fraction of their total dietary calories from added sugar purchase sig-
nificantly more sugar-sweetened beverages than other consumers. Policymakers
have typically focused on changing the behavior of consumers with dietary sugar
above a particular threshold, due to elevated health risks (e.g., the World Health
Organization (2015) advice focuses primarily on those with dietary sugar above
10%). The more that a sugar-sweetened beverage tax is able to achieve large con-
sumption reductions among those consumers that create relatively high marginal
externalities through their sugar-sweetened beverage intake, the more effective it
will be at reducing externality distortions.
Panel (b) shows that there is a negative cross-sectional correlation between

sugar-sweetened beverage consumption and equivalized household income – richer
households consume less sugar-sweetened beverages, and therefore have consump-
tion baskets less exposed to a sugar-sweetened beverage tax, than lower income
consumers. The extent to which this is driven by preference heterogeneity (cor-
related with income) versus causal income effects determines how much sugar-
sweetened beverage taxation induces labor supply distortions (captured by the
tax base erosion term in equation (2)), and hence impacts optimal policy. In
Appendix B we show that after removing consumer fixed effects (and hence rely-
ing on within household income transitions to estimate any income effects), the
consumption gradient in equivalized income flattens completely. In our demand
model we control flexibly for equivalized income, and in our optimal tax analysis,

16The remainder occurs in restaurants and bars, which are not covered by our data. Numbers are
computed using the Living Cost and Food Survey.



14 AMERICAN ECONOMIC JOURNAL MONTH YEAR

we treat variation in drinks demand across the income distribution as preference
heterogeneity.
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(a) Dietary sugar intake
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Figure 1. Variation in volume of sugar-sweetened beverages consumed at-home

Note: The left hand panel shows mean volume of sugar-sweetened beverages purchased per person per
week and consumed at home by deciles of the share of dietary calories from added sugar (from food
consumed at home). The right hand panel shows mean volume of sugar-sweetened beverages purchased
per person per week and consumed at home by deciles of equivalized (using the OECD-equivalence scale)
household income. Analogous figures for the sugar from soft drinks consumed on-the-go are shown in
Appendix B.

C. Firm and brands

The drinks market is highly concentrated. In Figure 2 we show the cumulative
market share of the ten largest UK producers. The two largest firms (Coca Cola
Enterprises and Britvic have a combined market share of almost 60%).17

Firms each typically own several separate brands. For instance, Coca Cola
Enterprises most popular brand is Coca Cola, but it also owns 9 other brands
with market share of at least 1%. Each soft drinks brand is typically available
in sugar-sweetened (“regular”) and artificially sweetened (“diet” and/or “zero”)
variants. Each brand-variant is available in multiple pack-sizes. In our equilibrium
model of the market we focus on the set of brands with more than a 1% market
share in either the at-home or on-the-go segment, as well as the main fruit juice
and flavored milk brands, which together comprise over 75% of total spending
on non-alcoholic drinks. Table B.3 in Appendix B lists brand-variants and the
number of sizes they are available in.

17Drinks producers are known in the industry as bottlers. They buy concentrate from upstream firms
(e.g., Coca Cola Enterprises obtains concentrate from The Coca Cola Company) and use this as an input
to produce soft drinks products (see Luco and Marshall (2020)). For modeling firm behaviour in the
UK drinks market, it is the bottlers – all of which are national – who are the relevant agents: as well
as producing the products, they are responsible for negotiating product shelf prices and placement with
retailers, and for promotional activity (see Competition Commission (2013)).
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Figure 2. Market share of the largest firms in the drinks market

Note: The line shows the cumulative market share for the X largest firms in the market, where X is
shown on the horizontal axes. Market shares are shown for 2012.

D. Drinks firm-retailer relations

Drinks firms do not sell directly to consumers, rather retailers act as inter-
mediaries between drinks firms and consumers. The majority of expenditure is
undertaken in national grocery chains (see Table B.4 in Appendix B). In the
UK the main grocery chains set prices nationally (see Competition Commission
(2000)), which means that if we observe a product’s price in one store, we know
the price faced by consumers in other stores belonging to the same retailer chain.
Retailers typically offer all brand-varieties, though the available pack sizes can
vary.

We do not directly observe the contracting relationship between the drinks
firms and retailers. However, a 2013 report into the soft drinks market by the
UK competition authority provides evidence on the nature of these relations (see
Competition Commission (2013)). They cite evidence that annual bilateral “Joint
Business Plans” are agreed between a drinks firm and retailer setting out whole-
sale prices, payments related to product visibility, recommended retail prices,
and agreements on the number, type and timings of promotions. This evidence of
non-linear contracting suggests drinks firms and retailers avoid double marginal-
ization. We therefore treat drinks firms as (effectively) setting final consumer
prices, an outcome consistent with optimal non-linear contracting – see Villas-
Boas (2007) and Bonnet and Dubois (2010). We also exploit the fact that the
promotions are agreed on in advance (and are not coordinated across retailers)
as a useful identifying source of price variation (see Section III.C).
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III. Equilibrium model of the drinks market

We estimate a model of consumer demand in the drinks market using a discrete
choice framework in which consumer preferences are defined over product charac-
teristics (Gorman (1980), Lancaster (1971), Berry, Levinsohn and Pakes (1995)).
This enables us to model demand for the many differentiated products in the
market, while incorporating rich preference heterogeneity, including by total di-
etary sugar and income. We identify product level marginal costs by combining
the demand estimates with the equilibrium conditions from an oligopoly pricing
game (Berry (1994), Nevo (2001)). The estimates of the primitives of demand
and supply enable us to simulate the impact of tax policy on equilibrium quan-
tities and prices, and hence consumer utilities and profits. Appendix C provides
additional details on the demand specification.

A. Consumer demand

Choice problem. — We model which, if any, drink product a consumer (indexed
i) chooses on a “choice occasion”, where choice occasion refers to a week in which
a household purchases groceries in the at-home segment, or a day on which an
individual buys a cold beverage (including bottled water) in the on-the-go seg-
ment. We treat the decisions that households make in the at-home segment and
individuals make in the on-the-go segment separately, allowing for all preferences
to vary freely with each type of choice situation. In Appendix C we provide evi-
dence that recent purchases of drinks by a household in the at-home segment do
not influence either the propensity to buy or quantity purchased by household
members in the on-the-go segment. Choice in the on-the-go segment is between
single portion size of products (e.g., 330ml cans and 500ml bottles); choice in the
at-home segment is between multi-portion sizes. For notational parsimony we
suppress a market segment index.
We index the drinks products by j = {1, . . . , J}. Products vary by brand,

indexed by b = {1, . . . , B}, whether or not they contain sugar (for instance,
the brand Coke is available in Regular, Diet and Zero variants), and their size,
indexed by s = {1, . . . , S}. Brand-variants can be purchased in different sizes
for two reasons: (i) the availability of different pack sizes (or UPCs), and (ii)
the purchase of multiple packs. For each brand-variant we define sizes as the set
of available pack sizes and the most common multiple pack purchases of UPCs.
The consumer chooses between the available drinks products and choosing not
to buy a drink, which we denote by j = 0. On around 42% of at-home and
60% of on-the-go choice occasions, a household purchases a drink (i.e., j > 0).18

18Consumers are sometimes observed purchasing multiple (typically) two brand-variants on a single
choice occasion. On 40% (10%) of occasions in which a consumer chooses a drink in the at-home (on-
the-go) segment, multiple are chosen. In this case, we randomly sample one, assuming that, conditional
on consumer specific preferences, these purchases are independent, e.g., because they are bought for
different household members.
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We take as given the consumer’s decision over which retailer (indexed r) to shop
with. Choice sets are retailer specific (and denoted Ωr) due to some variation in
available pack-sizes by retailer.
Consumer i in period t, with total period budget yit, solves the utility maxi-

mization problem:

(3) V (yit,prt,xt, ϵit;υi) = max
j∈{Ωr∪0}

ν(yit − pjrt,xjt;υi) + ϵijt.

where prt = (p1rt, . . . ,pJrt) is the price vector faced by the consumer, xjt are
other characteristics of product j, and xt = (x1t, . . . ,xJt) (note p0 = 0 and
x0t = 0); υi is a vector of consumer level preference parameters; and ϵit =
(ϵi0t, ϵi1t, . . . , ϵiJt) is a vector of idiosyncratic shocks.
The function ν(.) captures the payoff the consumer gets from selecting option j.

Its first argument, yit−pjrt, is spending on the numeraire good, i.e., spending out-
side the drinks market. We assume that preferences are quasi-linear, so yit − pjrt
enters ν(.) linearly and yit differences out when the consumer compares different
options; we therefore suppress the dependency of ν(.) on yit. An implication of
quasi-linearity is that a change in the price of any drinks product does not induce
an income effect. Given the small share of total consumer expenditure allocated
to drinks products, this is a mild assumption. However, we do allow equivalized
household income to shift consumer preferences, υi. This enables our model to
capture how demands vary across consumers with different incomes.
We assume that ϵijt is distributed i.i.d. type I extreme value. Under this as-

sumption the probability that consumer i selects product j in period t, conditional
on prices, product characteristics and preferences, is given by:

(4) σj(prt,xt;υi) =
exp(ν(pjrt,xjt;υi))

1 +
∑

j′∈Ωr
exp(ν(pj′rt,xj′t;υi))

,

and the consumer’s expected utility is given by:

(5) v(prt,xt;υi) = ln
∑
j∈Ωr

exp{ν(pjrt,xjt;υi)}+ C,

where C is a constant of integration.

Utility specification. — We allow for rich preference heterogeneity, with both
observed and unobserved consumer characteristics. This is important for two
reasons. First, it is well established that the inclusion of rich, and, in partic-
ular, unobserved preference heterogeneity is crucial in enabling models of this
type to recover realistic patterns of consumer substitution across products (see
Berry, Levinsohn and Pakes (1995), Nevo (2001)). Second, in our application it
is important that we capture variation in preferences across different consumers
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that is relevant for tax policy. This includes variation across consumers whose
consumption is likely to create different externalities at the margin, and across
consumers to which a government may assign different social marginal welfare
weights.

We therefore partition consumers into groups (indexed d) based on two vari-
ables. First, whether their total share of dietary calories (measured in the pre-
ceding year) is below 10%, between 10 and 15% and in excess of 15%. Second,
we allow for at-home preferences to vary by whether the household contains chil-
dren and on-the-go preferences to vary by whether the individual is younger or
older than 30. We allow all preference parameters to vary by these groups; see
Table C.1 in Appendix C for details. We also allow preferences over key product
attributes, including price, to vary with equivalized household income (which we
denote ỹi).

The payoff function ν(.) for consumer i belonging to consumer group d(i) and
for product j belonging to brand b(j) and of size s(j) takes the form:

ν(.) = −αi0pjrt +
K∑
k>0

αikxjk + ζd(i)b(j)s(j)rt,

where, for product attribute, k = 0, . . . ,K:

αik = ᾱd(i)k + αỹ
d(i)kỹi + σαd(i)kηik,

ζd(i)b(j)s(j)rt denotes an unobserved brand-size attribute (which may vary by con-

sumer group, retailer and time) and ηik is a standard normal random variable.19

ᾱd(i)k denotes the baseline preference for product attribute k among consumer

group d, αỹ
d(i)k captures how preferences for the attribute vary across consumers

with different equivalized household incomes, and σαd(i)k captures the dispersion in

unobserved preferences for the attribute. In addition to price, product attributes
include sugar content, drink types (cola, lemonade, pure fruit juice etc.) size
and advertising.20 We allow preferences over price, sugar, branded soft drinks,
non-branded drinks and pure fruit juice to vary with equivalized income, and
for unobserved heterogeneity in preferences for drinks (relative to the outside
option), price, sugar, size, cola, lemonade, non-branded drinks and fruit juice. We
allow for correlation between preferences for sugar and for soft drinks (relative
to the outside option). We allow both the baseline and dispersion parameters to
vary across consumer groups d, so the overall random coefficient distribution is a

19For price we assume the coefficient is log-normally distributed.
20We measure monthly advertising expenditure across TV, radio and online in the AC Nielsen Ad-

vertising Digest (AC Nielsen (2007-2012)). We compute product specific stocks based on a monthly
depreciation rate of 0.8. This is similar to the rate used in Dubois, Griffith and O’Connell (2018) on
similar data in the potato chips market.
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flexible mixture of normal distributions.
We decompose the unobserved product attribute, ζd(i)b(j)s(j)rt, into a set of

detailed fixed effects:

ζd(i)b(j)s(j)rt = ξ
(1)
d(i)b(j)s(j) + ξ

(2)
d(i)b(j)t + ξ

(3)
d(i)s(j)t + ξ

(4)
d(i)s(j)r + ξ

(5)
d(i)b(j)r

All the fixed effects are consumer group specific. They include brand-size, brand-
time (year-quarter), size-time (year-quarter), brand-retailer and size-retailer ef-
fects. These control for shocks to demand that may be correlated with price
setting.

B. Supply model

We model drinks firms as setting prices in a simultaneous move Nash-Bertrand
game.21 We do not explicitly model drinks firms-retailer relationships, but, based
on the evidence of non-linear contracting in these relations, we assume manu-
facturers set consumer prices, which is consistent with efficient contracting. Let
pm = (p1m, . . . , pJm) denote the prices that drinks firms set in market (year) m.22

Market demand for product j is given by:

qjm(pm) =

∫
i
σj(pm,xm;υi)dF (υ)Mm,

where Mm denotes the potential size of the market. We denote the marginal cost
of product j in market m as cjm.
We index the drinks firms by f = (1, . . . , F ) and denote the set of products

owned by firm f by Jf . Firm f ’s total variable profits in market m are

(6) Πfm(pm) =
∑
j∈Jf

(pjm − cjm)qjm(pm).

Under Nash-Bertrand competition, the equilibrium prices satisfy the set of first
order conditions: ∀f and ∀j ∈ Jf ,

(7) qjm(pm) +
∑
j′∈Jf

(pj′m − cj′m)
∂qj′m(pm)

∂pjm
= 0.

21Around one-fifth of the market consists of “store brands”. These are no-frills, low priced alternatives
to the branded products. We treat these as a competitive fringe, with (tax-exclusive) prices that remain
fixed.

22In practice, for a given product-year a drinks firm and retailer agree on a base price p̄ and a sale
price pS , with the former applying ρ proportion of weeks (see Section II.D). Instead of modeling choice
over (p̄, pS , ρ), we model choice over p = (1 − ρ)p̄ + ρpS . This average price exhibits little variation
across retailers. Cross-retailer variation in the price of a given product at a point in time is driven by
non-synchronization of sales. Hence, we specify the relationship between prices in the supply game, pjm,
and those faced by consumers in retailer r week t ∈ m as pjrt = pjm + ejrt, where E[ejrt|(j,m)] = 0.
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From this system of equations we can solve for the implied marginal cost, cjm,
and hence the equilibrium price-cost margin, µjm = pjm − cjm, for each product
in each market. For any set of product taxes we can use the system of equations
(7), replacing cjm with cjm+τj , to solve for counterfactual equilibrium prices p′jm
and margins µ′jm = p′jm − τj − cjm.

C. Identification

We begin by discussing identification of the baseline price parameters (ᾱd(i)0),
before discussing the other preference parameters.
We assume that the detailed fixed effects that we include in the model (in

addition to the advertising controls) absorb taste variation that is relevant for

price-setting. The brand-size effects, ξ
(1)
d(i)b(j)s(j), absorb the influence of unob-

served product attributes that are not captured by the included observable prod-
uct attributes. Variation in taste for brands or particular sizes over time, due,

for instance, to seasonal patterns, are captured by the brand-time, ξ
(2)
d(i)b(j)t, and

size-time, ξ
(3)
d(i)s(j)t, effects. In addition, we control separately for product level

advertising, which will capture the effect on demand of the (overwhelmingly na-
tional) advertising in the UK drinks market. Finally, tastes for brands or sizes

may vary across retailers, which is captured by the brand-retailer, ξ
(4)
d(i)b(j)r, and

size-retailer, ξ
(5)
d(i)s(j)r, effects.

The price variation that we exploit is product-level time-series variation that is
differential across retailers. In particular, while differences in the average price
(over time) that different retailers set for a given product are small, the degree of
co-movement in prices for the same product in different retail chains over time is
low. The differential price movements are generally driven by time-limited price
reductions, which vary in timing and depth across retailers; see Appendix C.
These price reduction strategies, which are agreed in advance at bilateral meetings
between drinks firms and retailers (see Section II.D), creates, from consumers’
perspective, randomness in the prices they face.
A threat to our identification strategy is that consumers respond to promotions

by intertemporally switching their purchases, i.e., stocking up when the price is
low and consuming from this stock when the price is high. This would lead to
over-estimates of own price elasticities and likely to under-estimates of cross price
elasticities (Hendel and Nevo (2006)). In Appendix C we show that, when pur-
chasing on sale, consumers are more likely to choose a different brand, container
type and size relative to their previous purchase, but they do not systematically
change the timing of their purchases. In other words, sales in the UK drinks
market primarily lead to intra-temporal substitution rather than intertemporally
switching.
We do not model the decision that consumers make over which retailer to shop

with, though we do allow brand and pack-size preferences to vary flexibly by
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retailer. We therefore assume that the choice of retailer is not driven by time-
varying, drink product specific factors. Drinks expenditure comprises only a small
share of total grocery expenditure (4%), so we think this is a reasonable assump-
tion. In addition, we find that when purchasing on sale, there is no economically
meaningful increase in the likelihood that the consumers shopped with a different
retailer compared with their previous purchase, which supports our assumption
(see Appendix C).
For the non-price product attributes the baseline preference is identified as long

as the attribute exhibits within brand-size variation (otherwise it is absorbed by
the brand-size fixed effects). For instance, a given consumer group will have a
stronger preference for sugar if, conditional on brand-size and other variables in
the model, they more regularly choose sugary rather than diet products.
We observe in our micro data many consumers of different total dietary calories,

household composition and income making repeated choice while facing different
price vectors. We use this variation to incorporate rich preference heterogeneity
into the model across these observable consumer attributes. We also include rich
unobserved preference heterogeneity. The panel structure of our data is helpful
in pinning down the spread parameters governing the unobserved preference dis-
tributions. For instance, conditional on the average price paid for chosen options
across all choice occasion, the higher is the average within-consumer covariation
in the price of chosen options across choice occasions, the higher is the dispersion
in price preferences, which is captured by the spread parameter, σαd(i)0.

IV. Demand and supply estimates

A. Consumer substitution patterns

We estimate the demand model outlined in Section III.A using simulated max-
imum likelihood, and report the coefficient estimates in Appendix D. The es-
timated coefficients exhibit some intuitive patterns: those with relatively high
overall added sugar in their diets have stronger preferences for sugary drinks
products, and those with lower incomes are more sensitive to price, have stronger
preferences for soft drinks and weaker preferences for pure fruit juice. The vari-
ance parameters of the random coefficients are significant both statistically and
in size, indicating an important role for unobserved preference heterogeneity. We
allow for correlation in preferences (within consumer group) between tastes for
drinks (relative to the outside option) and preferences for sugar, and find a neg-
ative relationship.
The estimated preference parameters determine our demand model predictions

of how consumers switch across products as prices change. The mean own-price
elasticity is around -2.1 (in both the at-home and on-the-go segments), though
with significant variation around this: 25% of products have own-price elasticities
with magnitude greater than 2.5, a further 25% of products have own-price elastic-
ities with magnitude less than 1.6. The distribution of the cross-price elasticities
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exhibits a high degree of skewness, with the mean close to the 75th percentile.
This reflects consumers’ willingness to switch between products close together in
product characteristic space.
To illustrate this, Table 1 shows product level elasticities associated with a

price change for two popular sizes – a 2l bottle and a 8 pack of 330ml cans – of
Coke Regular and Diet Coke. It shows the impact on demand for each of the 2l
bottle and 8×330ml packs of Coke and Pepsi, and the mean elasticities for other
(non-cola) sugar-sweetened and diet beverages, and for pure fruit juice. The table
highlights a number of intuitive patterns: (i) consumers are more willing to switch
across cola products of the same variety (e.g., within Regular) than they are to
other varieties (e.g., Diet or Zero) or to non-cola drinks; (ii) consumers are more
willing to switch between products of the same size/pack type than they are to
different sizes; (iii) consumer substitution from sugary varieties of Coke to sugary
non-cola drinks (both sugar-sweetened beverages and fruit juice) is stronger than
it is from Diet Coke. In Appendix D we report further details of product level
elasticities.
In Table 2 we summarize the effects of increasing the price of all sugar-sweetened

beverages by 1%. This leads to a 1.41% fall in liters demanded of sugar-sweetened
beverages. Around 33% of the reduction in demand for sugar-sweetened bever-
ages is diverted to alternative drinks. As we discuss in Section I, if alternative
products are supplied non-competitively the degree of switching to them in re-
sponse to a marginal tax rise is an important determinant of the optimal policy.
The diversion ratio in Table 2 does not directly tell us this since (i) it reflects
only demand responses to a price change, but not supply side pricing responses
to a tax change and (ii) it is evaluated at observed prices and not at the optimal
tax rate. Nonetheless, as we show in Section V, the relatively high degree of sub-
stitution between the two product sets indicated by the diversion ratio plays an
important role in determining optimal sugar-sweetened beverage taxation. The
1% increase in the price of sugar-sweetened beverages (at observed prices) leads
to essentially no change in overall drinks expenditure.

B. Estimated costs and margins

We use the first order conditions of the firms’ profit-maximization problem
(equation (7)) to solve for product marginal costs, and hence the price-cost mar-
gins and Lerner indexes (margin over price) at observed prices. In Table 3 we show
the averages of these for sugar-sweetened beverages and alternative products.
The average Lerner index is 0.57 for sugar-sweetened beverages and 0.55 for

alternative products. This indicates that firms exercise a significant degree of
market power when setting the prices both of sugar-sweetened beverages and
alternative drinks. As we illustrate in Section V, failing to account for distortions
from the exercise of this market power leads to substantial unrealized welfare gains
when setting tax policy. In Appendix D we show that there is substantial variation
in equilibrium margins across brand and that average margins are declining in
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Table 2—Switching due to an increase in the price of sugar-sweetened beverages

Own price elasticity for sugar sweetened beverages -1.41
[-1.46, -1.37]

% lost demand diverted to substitute drinks 32.8
[32.3, 33.6]

% change in overall drinks expenditure 0.047
[0.033, 0.060]

Note: We simulate the effect of a 1% price increase for all sugar-sweetened beverage products. The first
row shows the % reduction in volume demanded of sugar-sweetened beverages, the second row shows
how much of the volume reduction is diverted to substitute drinks products, and the third row shows the
percent change in total drinks expenditure. Numbers are for the most recent year covered by our data
(2012). 95% confidence intervals are given in square brackets.

product size (since, on average, price per liter is strongly declining in size, while
marginal cost per liter is flatter across the size distribution).
It is important to emphasize that distortions from the exercise of market power

are endogenous to tax policy. For instance, a tax levied on sugar-sweetened bev-
erages may exacerbate distortions from market power on these products if firms
respond by raising their tax-exclusive prices (and hence product level margins)
and/or consumers respond by downsizing to smaller high margin products.

Table 3—Summary of costs and margins

Sugar-sweetened Alternative
beverages products

Price (£/l) 1.09 1.07
Marginal cost (£/l) 0.42 0.44
Price-cost margin (£/l) 0.67 0.63
Lerner index (margin/price) 0.57 0.55

Note: We recover marginal costs for each product in each market. The table shows the average price,
marginal cost, price-cost margin (all expressed in per liter terms) and Lerner index among sugar-
sweetened beverages and substitute products, constructed using quantity weights. We report the values
for the most recent year covered by our data (2012).

C. Discussion of demand and supply estimates

Our demand and supply estimates enable us to capture rich consumer level
substitution patterns across products, as well as product level price-cost margins.
These are key inputs into our empirical study of optimal taxation with market
power. However, this necessarily entails making identifying and functional form
assumptions about the nature of demand and firm competition. Here we compare
our estimates with those in the existing literature, and to alternative information
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on price-cost margins. We also provide validation of our model using data on
price changes following the introduction of the UK’s soft drinks tax.
We estimate an own-price elasticity for sugar-sweetened beverages of 1.41. We

calculate this by simulating an increase in the prices of all sugar-sweetened bever-
ages by 1% and recovering the change in demand for those products, allowing for
substitution between sugary beverages, to alternative drinks and to not buying
drinks. Allcott, Lockwood and Taubinsky (2019a) employ an alternative ap-
proach, using US scanner data and an instrumental variable methodology applied
to quarterly purchases of sugar-sweetened beverages. They estimate an own-price
elasticity for sugar-sweetened drinks in line with ours (between -1.37 and -1.48,
depending on the specification). The margins we recover imply the average Lerner
index in the market is 0.56, which is broadly consistent with the gross margins
reported in accounting data, which are between 35-70% (see Competition Com-
mission (2013)).

Pass-through. — We use our demand and supply estimates to simulate how firms
choose to adjust their margins when a tax is introduced. A potential concern
with simulated pass-through of a hypothetical tax is that it can be influenced
by functional form assumptions. In particular, the curvature of market level
demand is an important determinant of tax pass-through (see Weyl and Fabinger
(2013)). A feature of logit demand models with no heterogeneity in preference
parameters is that they heavily restrict demand curvature. However, the addition
of preference heterogeneity breaks the link between the curvature of individual-
and market-level demand curves, allowing for more flexibility in the latter, as
curvature now also depends on how the composition of individuals along the
market demand curve changes (Griffith, Nesheim and O’Connell (2018)).
We provide direct evidence that our model succeeds in generating realistic tax

pass-through predictions by simulating the introduction of the UK’s Soft Drinks
Industry Levy (SDIL) in 2018 and comparing this with what happened in practice
– see Appendix D for full details. This tax was introduced more recently than
the period covered by our data, so we use a weekly database of UPC level prices,
collected from the websites of six major UK supermarkets, that cover the period
12 weeks before and 18 weeks after the introduction of the tax. We estimate
the average within-product price changes before and after the introduction of the
tax. Figure 3 shows the results for those products with sugar content above 8g
per 100ml, which were subject to the higher rate (results for the low tax band
and tax-exempt products are shown in Appendix D). We find evidence that the
tax was slightly overshifted, with average pass-through rates of 105-108% and
no change in the price of untaxed products. The price changes predicted by our
model are very close to the observed price changes.
To illustrate the extent to which our pass-through predictions are driven by

the logit shocks in our demand model we also simulate pass-through shutting
down all preference heterogeneity in the model. Doing this results in simulated
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tax pass-through that is around 50% on average. This illustrates that modeling
preference heterogeneity is key in enabling us to capture realistic pass-through
patterns.
Modest over-shifting of a drinks tax is broadly consistent with evidence from ex-

post evaluations of these policies. For example, the Philadelphian tax was found
to be fully passed through to prices (Seiler, Tuchman and Yao (2021), Cawley et al.
(2020)), and in Mexico the tax was fully to slightly more than fully passed through
to prices (Grogger (2017), Colchero et al. (2015)). An exception is Berkeley, where
pass-through of the tax is estimated to be statistically insignificant or low (e.g.
Rojas and Wang (2017), Bollinger and Sexton (2018)).

Mean effect (data): 0.26
Mean effect (model): 0.28
Tax: 0.24
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Figure 3. Out-of-sample model validation: UK Soft Drinks Industry Levy

Note: The red circles show the estimated price changes (relative to the week preceding the introduction
of the tax). Appendix D contains full details of the specification. 95% confidence intervals shown. The
blue line shows the value of the tax, and the red solid line shows the predicted price changes from our
estimated demand and supply model.

V. Optimal tax results

In this section we combine our empirical model of the UK drinks market with
the tax design framework that we outline in Section I to quantitatively solve for
optimal tax policy; see Appendix E for the solution algorithm. We begin by
considering the efficiency-maximizing sin tax rate, where the government seeks to
minimize allocative distortions, but is indifferent to the incidence of the tax across
individuals. Next we consider the optimal sin tax rate when the government has
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distributional concerns, highlighting the importance of inequality in consumption
and profit holdings across individuals in determining optimal policy. Finally,
we consider the potential welfare gains from multi-rate taxation and levying tax
directly on product sugar content rather than volumetrically.

External costs of sugar-sweetened beverage consumption. — The wel-
fare effect of tax policy depends on the magnitude of externalities from sugar-
sweetened beverages. Consumption of these products can increase health care
costs, the bulk of which are not borne by the individual (see Scientific Advi-
sory Committee on Nutrition (2015)). As in Allcott, Lockwood and Taubinsky
(2019a), we measure the monetary value of the average externality using epi-
demiological evidence from Wang et al. (2012). They estimate the impact of a
reduction in sugar-sweetened beverage consumption on US healthcare costs;23 we
translate this into a UK-equivalent figure. Provision of healthcare in the UK is
almost entirely public, meaning that increased healthcare costs directly impact
the government’s budget. We also use evidence from the UK based on an epi-
demiological study (Briggs et al. (2013)) and information on the NHS costs of
treating obesity. Both approaches provide a similar picture and lead to an esti-
mate of the average externality of approximately 4 pence per 10g of sugar – see
Appendix E for details of these calculations. Based on a review of the medical
consequences of added sugar intake, the World Health Organization (2003) rec-
ommends that added sugar should make up less than 10% of dietary calories. We
therefore assume that externalities from sugar-sweetened beverage consumption
are due to those people with more than 10% of their dietary calories from sugar;
this implies the externality per 10g of sugar consumption is 5 pence for the 80%
of consumers with dietary sugar above 10% of their calorie intake. The marginal
externality from sugar-sweetened beverage consumption therefore varies across
products based on their sugar content, and varies across consumers based on the
total amount of added sugar in their diet. The average marginal externality due
to 10 oz of sugar-sweetened beverage consumption, for those with dietary sugar
exceeding 10% of total calories, is 14 pence. Below we show how our results vary
with the nature of the mapping between sugar consumption and externalities.

If a marginal change in drinks tax policy causes consumption changes outside
the drinks market, distortions from the exercise of market power in the supply of
non-drinks products will impact optimal policy. In our baseline results we assume
that the numeraire good is competitively supplied. However we show below that,
since the impact of a marginal tax change on total drinks spending (and hence
numeraire good consumption) is small, our results are numerically insensitive to
this assumption.

23The majority of these savings come from the reduced costs of treating diabetes and cardiovascular
disease. They do not account for the potential impact on, for example, social security from people living
longer.
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A. Efficiency-maximizing policy

Efficiency-maximizing tax policy minimizes the allocative distortions resulting
from governmental (distortionary tax) and non-governmental (externality and
market power) distortions. It is indifferent to the distribution of welfare gains
across individuals. The efficiency-maximizing policy corresponds to the maxi-
mum of the social welfare function (equation (1)) when all individuals have social
marginal welfare weights equal to one.

To illustrate the impact of market power on the efficiency properties of sin
taxation, we consider a single tax rate applied to the set of sugar-sweetened
beverages (i.e., the sin products, which comprise product set S). We summarize
the impact of the tax in the first row of Table 4. The efficiency-maximizing
tax rate is 4.19 pence per 10 oz; at the time of writing, US and UK sugar-
sweetened beverage taxes range from 7 to 15 pence per 10 oz. The tax leads to
an average increase in the price of sugar-sweetened drinks of 19.0%, and little
change, on average, in the price of alternative drinks. This results in a 28.7%
reduction in consumption of sugar-sweetened beverages, and a 7.0% increase in
the consumption of alternative drinks.24 The tax leads to substantial losses in
consumer surplus (£510m, compared to total expenditure in the overall drinks
market of approximately £9b) and moderate profit losses (£190m, or around
3.5% fall in market variable profits). However, this is more than made up for by a
£386m (25%) fall in externality costs and £409m in excise tax revenue. Overall,
economic efficiency increases by £94m.

The efficiency-maximizing tax rate consists of two components – one reflecting
distortions from externalities, the other distortions from the exercise of market
power for sin and alternative (substitute) products. To illustrate the role that
each plays in determining efficiency-maximizing tax policy, it is instructive to
consider two naive policies, one that ignores distortions from market power for
all goods, and one that ignores them for alternative products.25

A government that completely ignores distortions from market power would
set a tax rate equal to 11.97 pence per 10 oz. This policy ignores the fact that
equilibrium prices are set in excess of marginal costs and results in a sub-optimally
high rate. The second row in Table 4 shows that this leads to a fall in consumer
surplus and profits that is over twice as large as under efficiency-maximizing
policy, with the combined loss outweighing the fall in externality costs plus tax
revenue, meaning that overall economic efficiency falls by £71m. A government
that takes account of market power distortions but only among the taxed sin
products, would choose to set a tax rate that is approximately zero; the positive

24This fall in sugar-sweetened beverage consumption is due to an 14.3% reduction in the probability,
on average, a consumer purchases from this product set and, conditional on buying, a reduction in volume
of 11.9%.

25In the first case the government sets τ that satisfies τ = ϕ̄+
n(S)

dXS/dτS
cov(ϕi

j , dx
i
j/dτS), in the second

case it sets the rate that satisfies τ = ϕ̄+
n(S)

dXS/dτS
cov(ϕi

j , dx
i
j/dτS)− µ̄S .
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equilibrium margins for the sin goods offset the externality associated with their
consumption. However, this policy results in a sub-optimally low tax rate. It
ignores the fact that other products (substitutes to sin products) are supplied non-
competitively. As we show in Tables 2 and 3, substitution to alternative drinks
products is substantial, and these products (like sin products) have substantial
mark-ups. Efficiency-maximizing policy depends on the average margins for sin
goods relative to those on alternatives.

B. Optimal policy with distributional concerns

When the government has distributional concerns, it must balance efficiency
with equity considerations. In this case, the distribution of the effects of tax
policy across individuals, which depends both on the distribution of consumption
and profit holdings, matters for optimal policy.
Profits flow to the government (via corporate and dividend taxes), and to do-

mestic and overseas residents. Measuring stock ownership across the income dis-
tribution is challenging and remains a topic of considerable debate. Recent pa-
pers, including Saez and Zucman (2016) and Smith, Zidar and Zwick (2020), use
a combination of dividend income and realized capital gains to estimate wealth
in publicly traded stocks. In this spirit, we use information from the UK national
accounts and the distribution of dividend income to allocate profits to different
groups. The corporate (see Bilicka and Devereux (2012)) and effective average
dividend tax rates leads to the government collecting 29% of profits. Using data
from the national accounts, we set the fraction flowing overseas to 30%. We
assume that the remaining 41% is distributed to UK residents in proportion to
the share of (net-of-tax) dividend income received by households in equivalized
income bands. The net-of-tax profit holdings of domestic residents is concen-
trated among the relatively wealthy; households with equivalized income below
£10k make up around 25% of the population, but receive less than 3% of post-
tax domestic dividend income; households with equivalized income above £45k
comprise 5% of the population, but receive more than 21%. Sugar-sweetened
beverage taxation will mainly affect the profits of drinks firms. We assume that
profit holdings in these firms are approximated by profit holdings in the economy
more generally (which is reasonable based on diversified investment portfolios).
However, as a robustness exercise we also show results in the case when post-tax
profits flow to individuals with zero marginal social welfare weights. In Appendix
E, we provide full details of these calculations.
We parameterize the social marginal welfare weights as gi = (ỹi)

−ϑ, where ỹi
is equivalized household income and ϑ captures the degree of inequality aversion
in government preferences. As our baseline we set ϑ = 1. In all calculations,
we assume the government places a social marginal welfare weight of zero on the
portion of profits that flows to overseas individuals.

We first illustrate how the distribution of consumption and profit holdings affect
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policy for a fixed set of government preferences for equity, before showing how
the strength of these preferences affect the optimal rate. In the final part of
this section, we show how the market structure and nature of externalities affects
optimal policy.

How the distribution of consumption and profits affects policy. — In
Table 5 we summarize the impact of distributional concerns on the optimal sin
tax rate. The first row of the table shows the optimal rate, and its impact on
welfare, under our measure of the true distribution of profit holdings (as described
above). The optimal tax rate in this case is 5.97 pence per 10 oz – over 40% higher
than the efficiency-maximizing rate (4.19p/10oz) – and it achieves an increase in
social welfare of £167m. There are three channels through which distributional
concerns affect the optimal rate. We conduct two thought experiments, based
on counterfactual distributions of profits, to highlight the relative importance of
these different channels.
First, we consider what the optimal rate would be if the government were to

collect all profits as tax revenue (row two of the table). This isolates the impact
of distributional concerns arising purely from consumption patterns. Since sugar-
sweetened beverages are more popular with low income households, the optimal
tax in this case lies below the efficiency-maximizing rate (it is 3.23 pence per 10
oz). A similar effect is highlighted by Allcott, Lockwood and Taubinsky (2019a).
Second, we consider optimal policy if the share of profits flowing to overseas indi-
viduals equals the true share, but the government collects all domestically owned
profits as tax revenue (row three). This introduces a second channel through
which distributional concerns impact optimal policy; since a share of profits are
owned by foreigners, who, under our social preference specification, are assigned
social marginal welfare weights of zero, the government places less weight on the
fall in profits resulting from tax policy. This leads the optimal tax rate to increase
from 3.23 (when government is assumed to tax fully foreign as well as domestic
profits) to 4.71 pence per 10 oz.
Comparing the final row with the first illustrates the importance of the third

channel – the impact of the unequal distribution of domestic profits in combi-
nation with the government’s preference for equity. This leads the optimal tax
rate to increase further (from 4.71 to 5.97 pence per 10 oz). Domestic profits are
disproportionately in the hands of high income households, meaning the incidence
of profit losses associated with the sin tax is mainly on those with relatively low
social marginal welfare weights. All else equal, this increases the progressivity of
the tax, raising the optimal rate and the size of associated welfare gains.
In summary, relative to an efficiency-maximizing government, distributional

concerns lead to an increase in the optimal tax rate. This is because post-tax
profits are mainly in the hands of foreign and relatively wealthy domestic resi-
dents, who have relatively low or zero social marginal welfare weights. This effect
more than offsets the influence of distributional concerns over consumption pat-
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terns, which, all else equal, act to lower the optimal rate since sugar-sweetened
beverages are disproportionately consumed by relatively low income (high social
marginal welfare weight) consumers.

How the strength of preferences for equity affects policy. — In Figure
4 we summarize how differences in the strength of social preferences for equity
impact the optimal tax rate (panel (a)), the associated welfare gain (panel (b)),
and the fraction of possible welfare gains forgone if the government ignores dis-
tortions from the exercise of market power when setting policy26 (panel (c)). On
the horizontal axis we plot efficiency-maximizing policy, and policy when the so-
cial marginal welfare weight on foreign profits is 0 and the weights on domestic
consumers are (ỹi)

−ϑ for ϑ = {0, 1, 2, 3, 4}.
Relative to the efficiency-maximizing policy, when ϑ = 0, the government places

a social marginal welfare weight of zero on foreign profits, which acts to raise
the optimal tax rate. When ϑ > 0, the government is no longer indifferent
to the incidence of the tax across domestic individuals. Thus, the fact that
consumption is concentrated among those with low incomes, all else equal, acts
to lower the optimal rate. However, this is offset by the concentration of post-tax
domestic profit holdings among those with high incomes (meaning they bear a
disproportionately large share of profit reductions from sin taxation), which acts
to raise the optimal rate. ϑ controls the strength these effects exert on optimal
policy. The optimal rate (and associated welfare gain) peaks at ϑ = 1. When
ϑ > 1 the impact of consumption inequality on the optimal rate dominates the
effect of inequality in domestic profits holding. Overall, the optimal tax rate
and associated welfare gain are relatively insensitive to the inequality aversion
parameter, and for all values of ϑ, the optimal tax rate and associated welfare
gain are larger than under efficiency-maximizing policy.
Panel (c) shows that the welfare losses from ignoring distortions due to the

exercise of market power are mitigated under social preferences for equity, but
they remain substantial. Policy set by an efficiency-maximizing planner that ig-
nores market power distortions leads to forgone welfare gains of more than 150%.
The forgone welfare gains from this form of naive policy when there are distri-
butional concerns are between 64% (when ϑ = 0) and 35% (when ϑ ≥ 2). With
stronger preferences for equity, since post-tax profits are disproportionately in
the hands of those with relatively low or zero social marginal welfare weights, the
government’s welfare function places less weight on profits (than under efficiency-
maximization), and therefore ignoring market power is less costly. However, even
with strongly inequality averse preferences there remains a substantial loss from
ignoring market power – this is because some profits are collected by the gov-
ernment as tax revenue, and because low and moderate income consumers have
small, but non-zero, profit holdings.

26Solving for the τ that satisfies τ = ϕ̄+
n(S)

dXS/dτS
cov(ϕi

j , dx
i
j/dτS) +

1
dXS/dτ

Cov
(
gi,

∑
j∈S xi

j

)
.
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Another possibility is that, while the government has inequality averse pref-
erences with respect to consumption, it places a social marginal welfare weight
of zero on all post-tax profits, perhaps due to uncertainty in measuring the dis-
tribution of post-tax profits across individuals. Even in this case, market power
and the realization of profits has an important bearing on optimal sin tax policy,
because sin taxation leads to spillovers to the profit (i.e., corporate and dividend)
tax bases. The optimal sin tax rate in this case is 6.90 pence per 10 oz. If the gov-
ernment ignores market power when setting the tax rate (and hence the spillovers
to the corporate and dividend tax bases) it would set a rate of 11.26, which would
result in unrealized welfare gains of 26% (see row (2) in Table 6). This illustrates
that, even if post-tax profits holdings are more concentrated in the hands of the
rich than our measure of the profit distribution suggests (which is based on post-
tax dividend income), market power continues to have an important bearing on
optimal tax policy.

How market structure affects policy. — Our baseline results assume that the
numeraire good is competitively supplied. However, it is possible that when con-
sumers switch away from drinks they switch to other non-competitively supplied
goods. This acts to raise the optimal tax rate through an efficiency channel, as it
dampens the market power correction element of the optimal tax (which equals
the average margin of sin goods relative to alternatives). Yet it acts to lower the
optimal rate through an equity channel, as switching to a non-competitively sup-
plied numeraire good leads to off-setting profit gains mainly for the rich. Row (3)
in Table 6 shows results when the numeraire good is supplied non-competitively,
with a margin equal to that implied by the estimate of the UK economy-wide
mark-up in De Loecker and Eeckhout (2018). It shows that the optimal tax
rate is 6% higher and the associated welfare gain marginally higher, than in our
baseline with a competitively supplied numeraire. The modest impact of adding
market power for the numeraire on optimal policy is due to the relatively small
fall in overall drinks expenditure (and hence rise in numeraire good consumption)
induced by a marginal tax rise.
In row (4) of Table 6 we consider optimal tax policy under the counterfactual

market structure of a perfectly competitive drinks market. Without any tax
in place, moving from the true market structure to perfect competition raises
welfare by £622m; the gains from eliminating market power distortions dwarf
the resulting increase in externality costs. The optimal tax rate under perfect
competition is 10.18 pence per 10 oz and the resulting welfare gain is £515 million,
which is around 3 times as large as under the true market structure (row (1)).
Competition and optimal tax policy therefore exhibit a form of complementarity.

How the nature of externalities affects policy. — Rows (5)-(10) of Table 6
show how changes in the shape of the function mapping sugar-sweetened beverage
consumption to externalities impact tax policy. Rows (5) and (6) vary the overall
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magnitude of external costs, setting them at 25% above and 25% below the base-
line value, implied by Wang et al. (2012). Higher consumption externalities lead
to an increase in the optimal tax rate and the associated welfare gains. However,
even with larger externality costs, the losses from ignoring distortions from the
exercise of market power remain substantial (at 23%).

Row (7) and (8) show results when we vary the convexity of the externality
function (holding fixed the average marginal externality across consumers). Row
(7) assumes marginal externalities are equal for all consumers; row (8) assumes
that only those with total dietary sugar above 15% (compared with 10% in the
baseline) generate externalities through their consumption. The consumption
of people with higher overall dietary sugar is moderately more responsive to tax
changes. Therefore, the more concentrated externality generation is among overall
high sugar consumers, the more effective the sin tax is at reducing externality
distortions. Hence, more convexity in the externality function leads to a higher
optimal rate and larger resulting welfare gains.

We also consider the consequence of externality spillovers. In particular, con-
sumers respond to the sugar-sweetened beverage tax by, in part, switching to
pure fruit juices and flavored milk. These are typically exempt from drinks taxes
partly because these products contain other (positive) nutrients that may offset
negative consequences of sugar intake. However, this is subject to debate. In row
(9) we show the consequences for optimal policy when externalities are associated
with the untaxed alternative sources of sugar. This type of externality leakage
diminishes the effectiveness of tax in reducing externality distortions, leading to a
lower optimal rate and smaller welfare gains (relative to the baseline, where con-
sumption of these alternative products is assumed not to generate externalities).
Row (10) quantifies the gains of including pure fruit juices and flavored milk in
the tax base, in the case where consumption of these products is associated with
externalities. This results in a higher optimal rate and welfare gains that are
£43m larger that when these products generate externalities but are not part of
the tax base (row (9)).

In the final row of Table 6 we illustrate how optimal policy changes if social costs
also include internalities. We assume externalities are the same as in the baseline
case, but that there are also internalities, such that the average social cost of 10g of
additional sugar consumption is 25% larger than in the baseline (and the same as
in row (5)). We assume that the internality associated with an additional unit of
sugar consumption (in monetary terms) for someone at the bottom of the income
distribution is 30% larger than for someone at the top (based on the evidence
from Allcott, Lockwood and Taubinsky (2019a)). In this case, the optimal tax
rate is 8.85 pence per 10 oz. This is marginally higher than the optimal rate
when the additional 25% of social costs are due to externalities (row (5)). This
is because the presence of internalities (negatively related to income in severity)
act to make the tax more progressive, raising the optimal rate. It remains the
case that ignoring market power results in substantial forgone welfare gains.
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C. Optimal policy with alternative tax instruments

Our focus to this point is on a volumetric single tax rate levied on sugar-
sweetened beverages. This form of taxation is very common among the taxes
that have actually been implemented.27 In this section we consider alternative
tax instruments. In particular, we consider a system of multiple volumetric tax
rates applied in the drinks market, and a tax that is levied directly on product
sugar content.

Multi-rate system. — Alcohol taxation typically involves separate rates for dif-
ferent alcohol types. We consider a similar system applied in the (non-alcoholic)
drinks market, in which the government can set rates that vary across broad drink
types (for instance colas, lemonades etc.); see Appendix E for details. Under the
constraint that policy cannot lead to a deterioration in the government’s budget,
inclusive of the budgetary externality, optimal policy involves subsidizing non-
sugar sweetened drinks paid for by a combination of taxes on sugar-sweetened
drinks and reductions in externalities. Overall it raises welfare by 80% more than
than under the optimal single rate system. When subsidies are prohibited, opti-
mal policy entails varying the tax rate across different sugar sweetened beverage
types. Relative to under the optimal single sugar sweetened beverage tax rate,
the average price rise for sin products and fall in externalities is similar. However,
rate differentiation enables the multi-rate system to better target inefficiencies,
resulting in a smaller loss in private welfare than under the single rate system
and a welfare rise that is 17% higher.

A sugar tax. — An alternative to the volumetric sugar-sweetened beverage
taxes typically used is to levy a tax directly on the sugar in drinks. This has
the advantage that the tax is proportional to the total quantity of the externality
generating attribute that a product contains. We compute the optimal tax on
the sugar in sweetened beverages, assuming firms do not change their products’
sugar contents. Compared with the optimal single rate volumetric tax, it leads
to slightly higher prices, larger falls in consumer welfare and lower tax revenue,
however this is more than offset by larger reductions in externalities. Overall,
the sugar tax raises welfare by 23% more than the single rate volumetric tax (see
Table E.4 in Appendix E). The forgone welfare gains from ignoring market power
are similar under the sugar and volumetric taxes.
Another possible advantage of a sugar tax is that it would incentivize input sub-

stitution, as a firm can lower its exposure to the tax by reducing the sugar content
of its products. The impact of input substitution on welfare will depend on how

27As of mid 2021, of the 44 countries and 9 US cities that have implemented sugar-sweetened beverage
taxes, only Mauritius, South Africa and Sri Lanka have taxes levied directly on sugar content. In the
large majority of cases, sugar-sweetened beverage taxes entail a single rate. Exceptions are the UK and
Portugal, which have banded systems with two rates.
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the change impacts production costs and consumers’ valuation of the products.
To illustrate this we follow Barahona et al. (2020) by assuming firms can lower
sugar content in their products at the expense of raising production costs, but
without altering product taste (full details are in Appendix E). Our simulations
suggest that the smaller is the increase in production costs from removing sugar,
the larger are the welfare gains associated with a sugar tax over a volumetric tax
rise. While firms choose to reformulate products to maximize profits, the associ-
ated externality reductions are sufficiently high that social welfare increases. An
important avenue for future research is to estimate the consumer welfare impact
of firms altering their products to avoid taxes.28

VI. Conclusion

In this paper we show how market power affects the efficiency and redistributive
properties of sin taxation. Allocative distortions from the exercise of market power
lead optimal policy to depend on the magnitude of equilibrium price-cost margins
on sin products, relative to alternatives. The relative concentration of profit
holdings in the hands of the wealthy, leads policy to be more progressive than if
no profits were realized, counteracting the regressive incidence of the tax based
on consumption patterns alone. We show, in an application to sugar sweetened
beverage taxation, that market power exerts a quantitatively significant impact
on optimal policy and ignoring it leads to substantial unrealized welfare gains. We
believe our results are both of direct relevance for the design and implementation
of sugar-sweetened beverage taxation and yield important lessons for the design
of sin taxes levied in other specific markets. We conclude by suggesting two
promising avenues for future research.
One rationale for sin taxation is to correct for consumer misoptimization. When

firms have market power they may seek to exploit consumer mistakes, for instance,
through persuasive advertising, exploiting consumer self-control problems or ob-
fuscating the unhealthy nature of products (e.g., see Spiegler (2010)). An inter-
esting avenue for future research is to explore the interaction between consumer
misoptimization and firms’ strategies, and the implications for sin tax design.
We focus in this paper on illustrating how the non-competitive structure of a

market can have an important bearing on the welfare effects of taxes levied in that
market. We show how optimal policy varies with competitive conditions, as well
as for different levels of profit taxes, under the assumption that the government
optimizes sin taxation while treating competition policy fixed. When considering
tax policy in a single, relatively small, market this assumption is both reason-
able and realistic. However, in other contexts, when tax policy directly affects a
large swath of the economy, such as that targeted at climate change, the case for

28A hand full of countries have adopted hybrid taxes, which are volumetric, but with rates that
vary across a small number of bands defined on the basis of product sugar content. Another interesting
avenue for future research is to study whether these hybrid systems outperform a sugar tax. The recently
introduced Soft Drink Industry Levy in the UK is one possible setting in which to study this question.
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(and gains from) also adjusting competition policy are likely to be larger. Sev-
eral papers highlight the importance of market power in markets associated with
greenhouse gas emissions (e.g, see Bushnell, Mansur and Saravia (2008) for elec-
tricity and Hastings (2004) for gasoline). A second promising avenue for future
work is to consider the joint determination of commodity taxation with other as-
pects of policy, including competition policy and corporate taxation, in tackling
systemic externalities, such as climate change.
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(a) Optimal tax rate (b) Welfare gain

(c) Loss from ignoring market power

Figure 4. Impact of different preferences for equity on optimal sin tax policy

Note: The horizontal axis plots social preferences. Eff. max. corresponds to an efficiency-maximizing
government. Under distributional concerns the social marginal welfare weights on overseas individuals
are 0 and the weights on domestic individuals are (ỹi)

−ϑ. Panel (a) shows how the optimal tax rate
(p/10oz) varies, panel (b) shows how the gain in welfare (per annum) relative to no drinks tax varies and
panel (c) shows how the % welfare loss from policymaking that ignores market power varies.


