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Abstract

We study the design of taxes aimed at limiting externalities in markets

characterized by differentiated products and imperfect competition. In such

settings policy must balance distortions from externalities with those asso-

ciated with the exercise of market power; the optimal tax rate depends on

the nature of external harms, how the degree of market power among exter-

nality generating products compares with non-taxed alternatives, and how

consumers switch across these products. We apply the framework to the top-

ical question of taxes on sugar sweetened beverages. We use detailed data

on the UK market for drinks to estimate a model of consumer demand and

oligopoly pricing for the differentiated products in the market. We show the

welfare maximizing tax rate leads to welfare improvements over 2.5 times as

large as that associated with policy that ignores distortions associated with

the exercise of market power.
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1 Introduction

One-fifth of all consumer spending is undertaken in markets subject to taxes, at least

in part, aimed at altering behavior to limit externalities.1 Many of these markets

are characterized by the presence of large multi-product firms that are likely to

exercise substantial market power. For instance, soft drink markets, the subject

of new taxes in several jurisdictions, are dominated by Coca Cola Enterprises and

PepsiCo. Distortions associated with the exercise of market power have important

implications for corrective tax design. Buchanan (1969) points out that efforts

to fully correct for externalities are only justified in conditions of competition; in

imperfectly competitive environments price is already in excess of marginal cost and

externality correcting policy that fails to take account of this can reduce welfare.

However, the bulk of the long literature on the design of corrective taxes, dating

back to Pigou (1920), assumes a perfectly competitive environment.

Our contribution in this paper is to study the design of taxes levied on ex-

ternality generating products in markets characterized by product differentiation,

strategic firms and imperfect competition, and to undertake a substantive empirical

application to the taxation of sugar sweetened beverages. We write down a simple

optimal tax model that shows how patterns of consumer substitution, positive price-

cost margins and strategic price re-optimization affect the optimal corrective tax

prescription. In our empirical application we estimate a detailed model of consumer

demand and oligopoly price competition in the market for non-alcoholic drinks, and

compute the optimal sugar sweetened beverage tax. We show that despite substan-

tial price-cost margins on these products, there is nonetheless a case for levying a

positive tax rate, in part, because in equilibrium consumers switch to other imper-

fectly competitive products. Nevertheless, the optimal rate lies below the rate a

planner that ignores distortions associated with the exercise of market power and

aims at full internalization of externalities would set, and results in substantially

larger welfare gains.

We consider a setting in which there are many differentiated products available

to consumers. The consumption of one set of products generates an externality (in

proportion to some specific product attribute), while the remaining set generate no

external costs. The products are supplied by a set of (potentially multi-product)

firms that derive market power from the imperfectly substitutable nature of the

products in the market. A social planner sets a linear tax on the externality gen-

1Spending on alcohol, tobacco, soft drinks, fuel, and motoring (all of which are subject to
some kind of excise duty in the UK – Levell et al. (2016)) accounts for 24% of spending recorded
in the UK’s consumer expenditure survey (Living Costs and Food Survey (2017)).
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erating product attribute, with the aim of improving welfare. To focus on the

interaction between externality correction and imperfect competition we assume

the planner sets the tax rate to maximize economic efficiency in the market; the

planner does not have a redistributive motive, nor a revenue raising constraint.2

If the market was perfectly competitive, the optimal rate would be equal to the

marginal external cost (if homogeneous across consumers, as in Pigou (1920)) or,

when there is heterogeneity in marginal externalities, the optimal rate would be

equal to a weighted average of marginal external costs (as in Diamond (1973)).

Under imperfect competition the optimal tax rate equals the traditional correc-

tive component minus an adjustment for the distortion associated with the exercise

of market power. In a market with just one product supplied by a monopolist, the

optimal rate is equal to the marginal externality minus the equilibrium price-cost

margin on the product. In a two product market (where one product is associ-

ated with externalities and one is not), the planner cares both about achieving an

efficient level of total consumption, and achieving allocative efficiency across the

two products. A higher equilibrium price-cost margin on the externality generating

product acts to reduce the optimal rate, while a higher margin on the substitute

(untaxed) product acts to increase it. The extent to which the margin on the non-

externality generating product raises the optimal rate depends on how strongly

the tax shifts consumption towards it from the taxed product; in the limit, if con-

sumption switches one-for-one between the products, the optimal tax rate equals

the marginal externality minus the difference in equilibrium price-cost margins be-

tween the two products. With many differentiated products, switching within the

set of taxed products, as well as the specific alternative products that consumers

switch most strongly towards, also influences the optimal rate.

We use the framework to study the taxation of sugar sweetened beverages. Con-

sumption of these products is strongly linked to diet related disease, which creates

externalities through increased societal costs of funding both public and insurance

based health care.3 In recent years, motivated by public health concerns, a num-

ber of countries and localities have introduced taxes on these products; as of May

2019, 41 countries and 7 US cities had some form of sugar sweetened beverage tax

2Sandmo (1975) shows that in the face of a revenue raising constraint, an efficiency maxi-
mizing planner that can set a linear tax on each product in the economy will set a tax rate on
an externality generating good that entails a Pigovian component plus a distortionary Ramsey
component. Kopczuk (2003) shows this additivity property holds under much more general con-
ditions, including when there are redistributive motives. See Bovenberg and Goulder (2002) for a
thorough review of work on how the interaction between corrective taxes and other distortionary
taxes changes the Pigovian tax prescription and can limit the effectiveness of externality correcting
taxation.

3For a survey of the evidence see Allcott et al. (2019b).
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in place (GFRP (2019)). The market for these products is characterized by large

multi-product firms that offer strongly branded products and are likely to enjoy

significant market power. To implement our optimal tax framework requires esti-

mating own- and cross-price demand elasticities between products in the market,

and the equilibrium price-cost margins on these products (both for products subject

to the tax and for substitutes).

We use longitudinal data on purchases of non-alcoholic drinks that households

bring into the home and that individuals consume while on-the-go. Most empirical

studies of sugar sweetened beverage taxes do not cover purchases made on-the-go,

yet they are an important part of the market.4 We obtain demand elasticities by

estimating a model of consumer choice among the differentiated products in the

drinks market (in the broad spirit of Berry et al. (1995)). We model preferences

over key product attributes as random coefficients, allowing the coefficient distri-

butions to depend on consumer age, income and a measure of total dietary sugar.

The overall preference distribution takes the flexible form of a mixture of normal

distributions, relaxing functional form restrictions otherwise imposed on product

demand curves.5,6

Following a long tradition in the empirical industrial organization literature

we treat price-cost margins as unobservable (see Bresnahan (1989)), using our de-

mand estimates and the equilibrium conditions of an oligopoly pricing game to infer

marginal costs (as, for instance, in Nevo (2001)). Our estimates suggest that, on

average, prices are around double marginal costs, though there is considerable vari-

ation in price-cost margins across products. In particular, small pack sizes typically

have larger price-cost margins (per liter) than bigger sizes. Our demand estimates

suggest consumers switch more strongly away from large sizes in response to a tax,

meaning a higher tax rate drives up the average margin among taxed products,

which plays an important role in determining the optimal rate. The empirical de-

mand and supply model allows us to simulate, in equilibrium, consumer substitution

patterns and product level margins, and serves as an important input into solving

for the optimal tax rate.

4An exception is Dubois et al. (2019), who focus on modeling on-the-go demand for drinks.
5In particular, the flexible preference distribution helps relax curvature restrictions on de-

mands. As highlighted by Weyl and Fabinger (2013), demand curvature is one important deter-
minant of how equilibrium prices respond to tax changes.

6A potential threat to the validity of our demand estimates is the presence of neglected dy-
namics. In particular there is evidence in the US that consumers stockpile soft drinks (Hendel
and Nevo (2013), Wang (2015)). We provide evidence that stockpiling is much less relevant in the
UK context; when consumers purchase on sale they tend to switch brands or pack type, with no
evidence of significant changes in the timing of purchase.
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We find, for reasonable levels of the externality from sugar consumption, that the

optimal tax on the sugar in sweetened beverages is positive . However, the optimal

rate lies below the Pigovian rate that would be optimal under perfect competition.

It also lies below the rate a planner that ignores distortions associated with the

exercise of market power and aims at full internalization of externalities would set.

The optimal tax rate lies below the rate aimed at full internalization of externalities

due to the existence of substantial price-cost margins for sugar sweetened beverages.

The weighted average margin for these products is actually increased with the tax,

as people switch to smaller sizes with higher margins, and firms raise margins by

increasing prices by more than the tax. However, the optimal rate is positive in

part because consumers switch towards alternative drinks products also supplied

non-competitively.

We use an estimate of the public health costs from sugar sweetened beverage

consumption to calibrate the marginal externality, however, there is considerable

uncertainty over the size of this parameter. We show how varying the external-

ity affects the optimal tax rate; at all positive levels of the externality, ignoring

distortions associated with the exercise of market power when setting tax leads

to substantially lower welfare than under optimal policy. If externalities are also

generated by substitute goods that contain sugar, a tax on the sugar in sweetened

beverages will be less effective at combating externalities. We show that the ex-

istence of untaxed externalities leads to a reduction in the optimal rate of around

20%. We also show that the optimal rate increases modestly in the extent to which

externalities are concentrated among those with high overall dietary sugar.

To show how the degree of market power exercised by firms influences the po-

tential welfare gains from levying a tax on externality generating products, we

simulate the optimally set tax under counterfactual firm ownership structures. A

more competitive market structure leads to welfare gains (in the absence of tax), as

increases in consumer surplus swamp reductions in firm profitability and increased

externalities. In addition, a tax on externality generating goods leads to larger

welfare gains under more competitive market structures, suggesting that there is

complementarity between competition and corrective tax policy.

We compare the performance of the optimal tax on sugar to a number of alter-

natives. The welfare gains associated with the optimal rate are 2.5 times as large

as tax policy set by a planner that ignores the distortions associated with the exer-

cise of market power. Almost all jurisdictions that have introduced taxes on sugar

sweetened beverages do so on a volumetric basis, rather than in proportion to sugar

content. We find that an optimally set volumetric tax achieves only 60% of the
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welfare gains achieved by the optimally set sugar tax rate. Some localities, notably

Philadelphia, apply a volumetric tax to both artificially and sugar sweetened bev-

erages as a revenue raising measure; we show that it is much more costly in welfare

terms to raise revenue with this instrument compared to a tax levied only on sugar

sweetened beverages.

We contribute to a small but growing literature that uses empirically rich treat-

ments of markets to evaluate how imperfect competition affects fundamental tax

design questions. Fowlie et al. (2016) use a dynamic oligopoly model of a homoge-

neous goods market (for concrete) and show that carbon abatement policy aimed at

full internalization of social costs is welfare reducing, whereas policy that explicitly

recognizes distortions associated with the exercise of market power has the potential

to improve welfare. A set of recent papers study optimal commodity taxation in

the differentiated product market for liquor. Miravete et al. (2018a, 2018b) show

the peak and shape of the Laffer curve associated with an ad valorem tax rate de-

pends on the strategic pricing behavior of distillers, and quantify welfare gains that

would be realized if government instead set product specific taxes/prices. Conlon

and Rao (2015) show existing “post and hold” price regulations facilitate collusion

and lead to allocative inefficiencies, and substantial consumer welfare gains would

be realized by replacing them with a higher level of taxation. A number of papers

consider optimal subsidy design in health insurance markets in which providers ex-

ercise market power, (see Tebaldi (2017), Polyakova and Ryan (2019) and Einav

et al. (2019)) and show targeted subsidies engender equilibrium pricing responses

and spillovers to non-targeted groups.

Our work also relates to a rapidly growing literature studying sugar sweetened

beverage taxation. One set of papers use data covering the introduction of taxes

to estimate the impact on prices and/or purchases.7 A second set of papers use

estimates of consumer demand to simulate the introduction of taxes similar to

those used in practice.8 Like us, Allcott et al. (2019a) study the optimal design

of a tax on sugar sweetened beverages. They consider a perfectly competitive

environment in which a social planner with a preference for redistribution sets a

tax on sugar sweetened beverages along with a non-linear labor tax. They find

evidence of larger internalities among low income households, which, all else equal,

7See, for instance, Bollinger and Sexton (2018) and Rojas and Wang (2017) who study the
Berkeley tax, Seiler et al. (2019) 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) and Dubois et al. (2019).
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increases the optimal rate set by a planner with preferences for redistribution.9 Our

work complements theirs by focusing on the impact of imperfect competition on tax

design, while abstracting from issues of redistribution.

The dominant paradigm in modern public economics is the use of sufficient

statistics to assess the welfare consequences of policy reforms (Chetty (2009)). This

is the approach taken by Jacobsen et al. (2018) to quantify the welfare loss asso-

ciated with the inability to levy product-specific Pigovian taxes. It is also used by

Ganapati et al. (2019) to measure incidence of input taxes in imperfectly competi-

tive markets. In our setting, the welfare effects of changing the tax rate depend on

the switching between, and price-cost margins for, a large set of differentiated prod-

ucts. To estimate these we specify a model of demand and supply in the market.10

This enables us to estimate elasticities and price-cost margins for disaggregate prod-

ucts, and allows us to simulate the effect of non-local tax changes, and therefore

recover the optimal tax rate. To provide evidence that our empirical model suc-

cessfully captures behavior in the market, we use quasi-experimental variation on

price changes resulting from the recent introduction of the UK’s soft drinks tax to

validate our estimated model.

The rest of this paper is structured as follows. In Section 2 we consider the design

of corrective taxes in markets, such as that for drinks products, in which firms set

prices above marginal costs. Section 3 describes the UK market for drinks and the

micro panel data we use on purchase decisions made for consumption outside as well

as in the home. In Section 4 we present our empirical model of consumer demand

and firm pricing competition. Section 5 presents our empirical tax results. A final

section draws together the implications of our results and concludes.

2 Corrective tax design in imperfect competition

Our aim is to highlight how distortions associated with the exercise of market power

influence the efficiency maximizing rate of tax on externality generating products.

We consider a market that comprises a set of differentiated products, a subset of

which have externalities associated with their usage. The products are provided

by firms who set their prices under conditions of imperfect competition. We be-

9Gruber and Koszegi (2004) and O’Donoghue and Rabin (2006) also consider the design of
internality correcting taxes.

10An important difference between our setting and that in Ganapati et al. (2019) is that we
model a market in which asymmetric product differentiation and multi-product firms are cen-
tral. This means tax incidence cannot be expressed as a function of a small number of sufficient
statistics.
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gin by considering a stylized market in which there are just two products, before

generalizing the analysis to a market with many products.

We consider a social planner whose task it is to set a tax rate for the externality

generating goods. The planner’s objective is to maximize efficiency. We abstract

from possible redistributive motives, focusing instead on how imperfect competition

alters the optimal externality correcting tax prescription.11

2.1 A two product market

Set-up. Consider a market that comprises two products, j = {1, 2}. Consumer

i, facing prices, p = (p1, p2), chooses how to allocate her income, yi, between the

two products and a numeraire good (which represents expenditure outside of the

market of interest). We assume consumers have preferences that are quasi-linear

and can be represented by the indirect utility function Vi(p, yi) = yi + vi(p), and

denote consumer level demand for product j by qij(p). The quasi-linear preference

structure means that a price change for either product does not induce any income

effects. This assumption is reasonable when focusing on a market that accounts for

a small share of total consumer spending,12 and it enables us to focus on a planner

that seeks to maximize economic efficiency.

Each unit of product 1 consumed creates an externality. We initially assume the

externality is homogeneous across individuals and denote it by φ. Product 2 is a

substitute for product 1; its consumption does not create any externalities. A social

planner chooses the rate of tax, τ , to set on product 1. Both products are supplied

imperfectly competitively at constant marginal cost; the equilibrium prices are such

that:

p1 − τ − c1 = µ1

p2 − c2 = µ2,

11Under perfect competition and when the planner can set a non-linear labor tax, redistributive
motives do not influence optimal commodity taxes as long as differences in consumption patterns
across the income distribution are driven purely by income differences and consumers are utility
maximizing (Saez (2002)). Jaravel and Olivi (2019) show that this extends to an economy charac-
terized by imperfect competition. Kaplow (2012) shows that accompanying externality correcting
taxes with a distribution-neutral adjustment to the income tax system can offset the redistributive
effects of the corrective taxes across the income distribution.

12In general, the own price effect on demand for good j follows the Slutsky equation εij =
εhij +

pjqij
y eij , where εij and εhij are the Marshallian and Hicksian own-price elasticities of demand,

and eij is the income elasticity. For a small budget share good
pjqij
y ≈ 0, meaning εij ≈ εhij and

preferences are approximately quasi-linear.
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where cj denotes the marginal cost and µj denotes the equilibrium price-cost margin

for product j (per unit, for instance liter, of consumption). The equilibrium prices

and margins depend both on the rate of tax levied on product 1 and the marginal

costs of both products, as well as whether the products are supplied by a monopolist

or duopolists.13 For notational simplicity we suppress this dependence.

We assume that the numeraire is competitively supplied, and its consumption

does not generate any externalities. We relax this assumption when we empirically

implement our results in Section 5.

Optimal policy. We consider a social planner that chooses the rate of tax to

maximize total welfare, which equals the total consumer surplus from participation

in the market, v(p), minus total externalities plus tax inclusive profits. Tax inclusive

profits on product 1 are given by (p1− c1)q1 and are equal to the sum of net profits

(p− τ − c1)q1 and tax revenue, τq1. The planner’s problem is:

max
τ

v(p)− φq1 + (p1 − c1)q1 + (p2 − c2)q2. (2.1)

The optimal tax rate, τ ∗, is implicitly defined by:

τ ∗ = φ−
(
µ1 − µ2 ×

dq2

dτ

/(
−dq1

dτ

))
, (2.2)

where
dqj
dτ

=
∂qj
∂p1

dp1
dτ

+
∂qj
∂p2

dp2
dτ

is the derivative of equilibrium consumption of product

j with respect to the tax. We expect dq1
dτ

< 0 and, as the goods are substitutes,
dq2
dτ

> 0. We refer to the expression dq2
dτ
/
(
−dq1

dτ

)
as the switching ratio; it captures

the extent to which any reduction in consumption of the externality generating

product induced by a marginal increase in the tax rate is redirected towards the

substitute good (taking account of the equilibrium pricing responses).

When the two products are supplied competitively (so µj = 0 for j = {1, 2}
regardless of the level of τ) the optimal policy is a Pigovian tax (τ ∗ = φ). Whenever

the products are supplied under imperfect competition, the optimal tax rate is equal

to the Pigovian rate plus an adjustment for non-competitive pricing.

Under imperfect competition it is instructive to consider two special cases. First,

suppose demands for the two products are independent (i.e. so qj(p1, p2) = qj(pj)

for j = {1, 2}). This implies the switching ratio, dq2
dτ
/
(
−dq1

dτ

)
, is zero, and the

equilibrium prices of the two goods are independent of one another. In this case the

13For instance, if the two products are supplied by separate firms that compete in a Bertrand

game µj = −qj(p)/
∂qj(p)
∂pj

. Solving the two optimal pricing equations yields equilibrium prices

(p1(τ), p2(τ)) (where we suppress the dependence of prices on marginal cost), and associated
margins (µ1(τ), µ2(τ)).
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optimal tax rate is (implicitly defined by) τ ∗ = φ − µ1, product 1 is priced at the

efficient level, p1 = c1 + φ, and the equilibrium price of product 2 is left unaffected

by the tax. Second, suppose instead there is no switching in or out of the market,

so in response to price changes consumers only reallocate their demand between

the two products, which implies dq2
dτ
/
(
−dq1

dτ

)
= 1. In this case the optimal tax rate

is τ ∗ = φ − (µ1 − µ2) and the difference in equilibrium prices of the two products

is p1 − p2 = (c1 − c2) + φ. The tax achieves an efficient allocation (of the fixed

consumption level) between the two products.

In practice, dq2
dτ
/
(
−dq1

dτ

)
is likely to lie somewhere between 0 and 1; the imperfect

competition adjustment to the Pigovian tax rate partly reflects how policy changes

total consumption in the market and partly how it influences the allocation of con-

sumption across the two products. To see this, note that we can re-write equation

(2.2) as τ ∗ = φ− [(1− SR)µ1 +SR (µ1 − µ2)], where SR := dq2
dτ
/
(
−dq1

dτ

)
. The more

strongly the reduction in equilibrium quantity of product 1 from a marginal change

in the tax rate is directed to product 2 (i.e. the closer dq2
dτ
/
(
−dq1

dτ

)
is to 1), the more

weight is placed on the difference in equilibrium margins of the two goods.

2.2 Many differentiated products

In practice, corrective taxes are typically used in markets in which there are many

differentiated products. To the extent that there is variation across the equilibrium

price-cost margins of these products and in whether their consumption generates ex-

ternalities,14 this will influence the optimal tax prescription. In addition, it matters

whether the tax is levied directly on the product characteristic that is associated

with externalities, or whether the tax is levied on a per unit basis. For instance,

a tax on sugar sweetened beverages can either be levied directly on sugar, or on a

volumetric (i.e. per liter) basis.

Suppose there are many products j = {1, . . . , J}. A subset of products, j ∈ S,

contain an attribute that is associated with an externality, where zj denotes the

amount of the attribute in product j, while for the remaining products, j /∈ S
(which we denote by the set j ∈ N ), zj = 0. Consider a tax levied on z. The

products are supplied in an imperfectly competitive environment with equilibrium

prices satisfying:

pj − τzj − cj
pj − cj

= µj

= µj

∀j ∈ S
∀j ∈ N .

14For instance, in the case of sugar sweetened beverages, a given amount of consumption of a
product with 10g of sugar per 100ml, all else equal, is likely to be associated with more externalities
than one with 5g sugar per 100ml.
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In Appendix A we show that in this case the optimal tax rate can be expressed

as follows:

Proposition 1. Define: (i) the derivative of the total equilibrium quantity of the

set of externality generating products with respect to the tax as dQS

dτ
=
∑

j∈S
dqj
dτ

, (ii)

the share that product j ∈ S contributes to this derivative as wSj =
dqj
dτ
/dQ

S

dτ
, (iii)

the analogous expressions for the set of products that do not generate externalities

(i.e. dQN

dτ
=
∑

j∈N
dqj
dτ

and wNj =
dqj
dτ
/dQ

N

dτ
), and (iv) the derivative of the total

equilibrium quantity of the externality generating attribute with respect to the tax

rate as dZ
dτ

=
∑

j∈S zj
dqj
dτ

. The optimal tax rate is then implicitly defined by:

τ ∗ = φ− 1
dZ
dτ

/
dQS

dτ

(∑
j∈S

wSj µj −
∑
j∈N

wNj µj ×
dQN

dτ

/(
−dQ

S

dτ

))
. (2.3)

This expression generalizes the optimal tax formula in the two good case (equa-

tion (2.2)). Now the rate depends on the weighted average price-cost margin among

the sets of externality and non-externality generating products. As the tax rate

varies, the average margin term may vary for two reasons – (i) firms may reopti-

mize their prices, changing product level price-cost margins, and (ii) consumers, in

equilibrium, may switch differentially away from/towards products with different

equilibrium margins. The many product optimal tax expression also depends on

the ratio of the marginal change in equilibrium quantity of the externality gener-

ating attribute and equilibrium quantity of the externality generating goods with

respect to the tax rate (i.e. dZ
dτ

/
dQS

dτ
).15 This term results from the tax being levied

on the externality generating product attribute rather than volumetrically on the

externality generating products (see Appendix A for the expression for a volumet-

ric tax). All else equal, the more effective is the tax at lowering consumption of

attribute z relative to consumption of the z containing products, the higher is the

optimal rate.

2.3 Extensions

Heterogeneity in externalities. Marginal externalities may be heterogeneous,

either because externalities depend non-linearly on an individual’s total intake of

the externality generating attribute, or because, conditional on consumption, some

individuals’ intake is more problematic than others. Let φi denote the marginal ex-

15In the case of a tax on the sugar in sweetened beverages, this captures the ratio of the
marginal change in sugar consumption with respect to a small change in the tax over the marginal
change in liters of sugar sweetened beverage consumption with respect to the tax.
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ternality for individual i.16 Now the planner must trade-off setting a tax rate that is

too high for those that create relatively small marginal externalities, and one that is

too low for those that generate high externalities. In this case, the externality com-

ponent in equation (2.3), φ, is replaced by the weighted average (across consumers)

marginal externality,
∑

i ωiφi, where the weight, ωi, is the contribution of individual

i to the marginal change in the equilibrium quantity of the externality generating

characteristic with respect to a marginal change in the tax rate (see Appendix A

for the full expression). The more strongly those whose marginal consumption is

most socially costly respond to the tax, then the more effective will be the tax in

correcting for externalities and, all else equal, the higher will be the optimal rate.

The expression
∑

i ωiφi takes a similar form as the optimal externality correcting

tax with heterogeneous externalities in a perfectly competitive market, derived in

Diamond (1973). However, in an imperfectly competitive environment, the weights

ωi incorporate the equilibrium pricing response of firms in the market.

Broader externalities. In some circumstances a policymaker may be restricted

to set a tax on a subset of externality generating products, perhaps due to some

political constraint.17 In this case, the corrective component in equation (2.3), φ,

is scaled by the ratio dZA

dτ

/
dZS

dτ
, where dZA

dτ
denotes the marginal reduction in the

externality generating characteristic from taxed and untaxed products associated

with an increase in the tax rate, and dZS

dτ
denotes the marginal reduction in the

externality generating characteristic from taxed products only (the full expression

is provided in Appendix A). If, in equilibrium, a marginal increase in the tax rate

induces switching from the taxed to untaxed goods that create an externality, then
dZA

dτ

/
dZS

dτ
< 1, and, all else equal, the optimal tax rate is lower.

Full externality internalization. A policymaker may choose to ignore the dis-

tortions associated with the exercise of market power, aiming instead at full exter-

nality internalization. One approach to doing this is to set a Pigovian tax, τ = φ.

Doing this fails to recognize that equilibrium quantities in the market are already

below the competitive level, and, as pointed out by Buchanan (1969), can actually

be welfare reducing. Even if the policymaker is willing to ignore this and aims at full

externality internalization (relative to the zero tax market equilibrium), the pricing

16When externalities are a non-linear function of intake of attribute z, the total externality

individual i creates is Φ(Zi), where Zi =
∑
j zjqij . In this φi denotes dΦ(Zi)

dτ .
17A leading example is when a good can be imported tax-free (see Fowlie et al. (2016) who

study greenhouse gas emissions leakage due to imported concrete). In the case of sugar sweetened
beverage taxes, some legislators have argued for a broadening of the base to cover other sources
of dietary sugars (for instance, see House of Commons Health Committee (2018)).
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response of firms can undermine the Pigovian policy. For instance, suppose there

is just one product in the market and that equilibrium pass-through of a Pigovian

tax is 150%; the tax leads to a price increase in excess of the marginal externality

and an exacerbation of market power concerns, as the equilibrium price-cost margin

for the taxed good increases. The policymaker can mitigate this issue by adjusting

the Pigovian tax rate by the inverse of the equilibrium pass-through rate – setting

τ so that τ = φ
ρ
, where ρ is the pass-through rate defined as the change in the

equilibrium consumer price divided by the tax). In Appendix A we formalize the

problem a planner solves when aiming for full externality internalization, relative

to the zero tax equilibrium quantities, and show that tax policy will depend on

the weighted average pass-through rate across all taxed products, as well as the

equilibrium margin adjustment on non-taxed alternatives.

Internalities. Corrective taxes are sometime justified on the basis of the presence

of internalities – costs consumers impose on themselves by making choices that

fail to maximize their underlying utility. Internalities may arise for many reasons

including consumer self-control problems, incorrect beliefs and inattention. Our

framework accommodates internalities that lead to consumer welfare taking the

form vi(p) − ϕi
∑

j zjqij, where ϕi can be interpreted as the marginal internality.

We show in Appendix A that if demand is generated from a discrete choice random

utility model and internalities arise from consumers over-estimating their underlying

preference for a particular attribute (z) when making consumption decisions, the

expression for consumer welfare will take this form.

2.4 Empirical implementation

We apply our framework to the topical issue of the taxation of sugar sweetened

beverages. We estimate consumer demand and firm competition in the UK market

for non-alcoholic drinks; the model allows us to simulate equilibrium quantities

(allowing for the endogenous response of prices) and price-cost margins for any

given tax policy. We calibrate two key parameters over which there is considerable

uncertainty: the magnitude of externalities from sugar sweetened beverages, and

the degree of market power outside the drinks market.

Our analysis assumes that firms compete in their price setting, but hold fixed

the portfolio of products they offer and non-price features of these products. A

tax that is levied directly on the sugar content of products potentially incentivises

firms to reduce the sugar content of some of their products to reduce tax liability

(though this will depend on how this changes production costs and the strength of
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consumer preference for sugar). We return to this point when discussing our results

in Section 6.

3 The drinks market

We model behavior in the UK market for drinks. Our market definition includes all

chilled or ambient non-alcoholic beverages with the exception of water and unsweet-

ened milk. Figure 3.1 shows a classification of drinks that we use to refer to different

sets of products throughout the rest of the paper. We refer to one subset of the

drinks as soft drinks. These include carbonates, fruit concentrates and sports and

energy drinks. Soft drinks can be further divided into sugar sweetened beverages

and diet (or artificially sweetened) beverages. We refer those drinks that are not

soft drinks as sugary alternatives. These include fruit juice and flavored milk; they

are generally exempt from sugar sweetened beverage or soft drinks taxes.

Figure 3.1: Drinks classification

*drinks refers to all non-alcoholic drinks with the exception of water and unsweetened milk.

3.1 Externalities from sugar sweetened beverages

There is considerable evidence that consumption of sugar sweetened beverages in-

creases the risk of developing a number of diseases.18 Sugar sweetened beverages

are high in sugar and the sugar is in liquid form; this means it is digested quickly,

which leads to spikes in insulin and a higher propensity to develop type II diabetes.

Calories consumed in liquid form are also less likely to sate appetites, which means

people are less likely to compensate for their intake with reduced calories from other

sources and thus consumption of these drinks leads to weight gain. Sugar sweetened

beverage intake is also associated with increased blood pressure and a higher risk

of cardiovascular disease, as well as causing tooth decay.

18Allcott et al. (2019b) provide a useful summary of the evidence. The Scientific Advisory
Committee on Nutrition (2015) provide a thorough review of the medical literature.
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The higher disease burden associated with sugar sweetened beverages leads to

costs borne by people other than the person consuming the products (i.e. exter-

nalities). A central source of externalities are raised public costs of funding heath

care systems. These can result from higher taxpayer costs of publicly funded sys-

tems and from increased premiums in insurance based systems. For instance, in the

UK it is estimated that the costs of treating obesity and related conditions added

£5.8 billion in 2006-07 to the costs of public health care provision (Scarborough

et al. (2011)). Wang et al. (2012) estimate that a 15% reduction in sugar sweet-

ened beverage consumption in US would lead to a $17.1 billion saving in heath care

costs over 10 years; a portion of this saving would be realized by the consumer

themselves; however, this portion is likely to be small (for instance, Cawley and

Meyerhoefer (2012) estimate 88% of the US medical costs of treating obesity are

borne by third parties). These externalities have led many governments, including

the UK (Scientific Advisory Committee on Nutrition (2015)), to specifically target

reductions in the intake of sugar sweetened beverages.

There is also concern about high levels of added sugar (including from foods) in

diet more broadly. The World Health Organization recommends average intake of

added sugars should not exceed 10% of total dietary energy (World Health Organi-

zation (2015)), while the UK has adopted the more stringent target of 5%.19 In our

analysis of a sugar sweetened beverage tax, we allow for the possibility that the na-

ture of externalities from sugar sweetened beverages interact with broader dietary

sugar, and we consider the implications for the optimal tax on these products if

there are externalities created by switching to other markets.

3.2 Purchase data

We use micro data on the grocery purchases of a sample of consumers living in Great

Britain (i.e. the UK excluding Northern Ireland). The data contain information on

household level purchases for home consumption (“at-home”), as well as purchases

made by individuals for consumption outside of the home (i.e. “on-the-go”). On-

the-go consumption is an important part of soft drink intake – accounting for 30% of

total soft drink consumption and 40% of total sugar consumption from soft drinks.20

Our data are collected by the market research firm Kantar and comprise two parts:

19These targets are in fact stated in terms of “free sugars”, which are similar to added sugar
but also include naturally occurring sugars in fruit juices and honey.

20Based on our calculations using the National Diet and Nutrition Survey, an individual level
dietary intake survey representative of the UK population.
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the Kantar Worldpanel covers the at-home segment of the market and the Kantar

On-The-Go Survey covers the on-the-go segment.

The Kantar Worldpanel contains details of all the grocery purchases (including

food, drink, alcohol, toiletries, cleaning produce and pet foods) that are made

and brought into the home by a representative sample of just over 30,000 British

households from January 2008 to December 2012. Participating households use

a hand held scanner to record all grocery purchases at the UPC level (i.e at the

disaggregate level at which items are barcoded). Households participate in the

survey for several months, and the data contain detailed information on the UPCs

they buy (including brand, flavor, size and nutrient composition), the store where

the transaction took place, and transaction level prices.

The Kantar On-The-Go Survey is based on a random sample of just under

3000 individuals drawn from the Worldpanel households. Using a cell phone app,

individuals record purchases of food and drinks at the UPC level made on-the-go

from shops and vending machines (the data do not cover bars and restaurants).

The data contain details of the item they purchased, as well as transaction store

and price, from June 2009 to December 2012. Individuals aged 13 and upwards are

included in the sample.

3.3 Consumers

We use the term consumer to refer to households in the at-home segment, and in-

dividuals in the on-the-go segment. In our empirical demand model we incorporate

observed and unobserved heterogeneity in consumer preferences. We allow observed

heterogeneity across the at-home or on-the-go segments, as well as allowing prefer-

ences to vary depending on consumer age and with a measure of the total sugar in

the consumer’s diet in the preceding year. This allows us to capture any differences

in demand behavior along dimensions over which marginal externalities from sugar

sweetened beverage intake might vary.

Table 3.1 shows the groups into which we place consumers. In the at-home

segment we split households based on whether there are any children (people aged

under 18) in the household or not. In the on-the-go segment we separate individuals

aged 30 and under from those aged above 30. We also differentiate between those

with low, high or very high total dietary sugar. This measure is based on the

household’s (or, for individuals in the on-the-go sample, the household to which

they belong) share of total calories purchased in the form of added sugar across

all grocery shops in the preceding year. We classify those that purchase less than

10% of their calories from added sugar (corresponding to meeting the World Health
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Organization’s guideline) as “low dietary sugar”, those that purchase between 10%

and 15% as “high dietary sugar”, and those that purchase more than 15% of their

calories from added sugar as “very high dietary sugar”.

Table 3.1: Consumer groups

No. of % of
consumers sample

At-home segment (households)

No children, low dietary sugar 7499 17
No children, high dietary sugar 11930 27
No children, very high dietary sugar 7291 17
With children, low dietary sugar 3561 8
With children, high dietary sugar 8382 19
With children, very high dietary sugar 5185 12

On-the-go segment (individuals)

Under 30, low dietary sugar 240 6
Under 30, high dietary sugar 576 15
Under 30, very high dietary sugar 381 10
Over 30, low dietary sugar 601 16
Over 30, high dietary sugar 1319 34
Over 30, very high dietary sugar 757 20

Notes: Columns 2 and 3 show the number and share of consumers (households in the at-home
segment, individuals in the on-the-go segment) in each group, respectively. If consumers move
group over the sample period (2008-12) they are counted twice, hence the sum of the numbers of
consumers in each group is greater than the total number of consumers. Dietary sugar is calculated
based on the share of total calories from added sugar purchased in the preceding year; “low” is less
than 10%, “high” is 10-15% and “very high” is more than 15%. Households with children are
those with at least one household member aged under 18.

3.4 Firms, brands and products

In Table 3.2 we list the main firms that operate in the drinks market and the brands

that they own. We focus on the principal brands in the market; these comprise over

75% of total spending on non-alcoholic drinks in both the at-home and the on-the-

go segments.21 The firms Coca Cola Enterprises and Pepsico/Britvic dominate the

market, having a combined market share exceeding 65% in the at-home segment

and close to 80% in the on-the-go segment. Each of these firms owns several well

recognized and long established brands, including some soft drinks and fruit juice

brands. The most popular single brand is Coke (also known as Coca Cola), which

accounts for over 20% of the at-home and 36% of the on-the-go market segment.

21The brands include all soft drinks brands with more than 1% market share in either segment,
as well as the main fruit juice and flavored milk brands. For some brands, there are only a very
small number of transactions in one of the two segments of the market; we therefore omit these
brands from the choice sets in that segment.
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In addition to the main branded products, we include store brands in our analysis;

these are popular in the at-home segment.

The majority of soft drinks brands are available in sugar sweetened (“regular”)

and artificially sweetened (“diet” and/or “zero”) variants. In Table 3.3 we list the

variants available for each brand. Among the regular variants there is variation in

sugar content across brands – many of the carbonates have around 10g of sugar per

100ml, with some of the fruit flavored soft drinks (such as Oasis and Vimto) having

less sugar per 100ml. This variation in sugar content means a tax levied directly

on sugar will have different implications to one levied volumetrically (i.e. per liter

of product sold).

Brand-variants can be purchased in different sizes for two reasons: (i) the avail-

ability of different pack sizes (or UPCs), and (ii) the purchase of multiple units.

For instance, a consumer may choose to purchase one 2l bottle of Diet Coke, or a

pack of 6×330ml cans, or two 2l bottles, and so on. Purchases of multiple units

of the same brand-variant most commonly involve 2, or sometimes 3, units of the

same pack (or UPC) and are typically a consequence of multi-buy offers. Multi-buy

offers in the UK market are long running, so the set of UPCs for which multiple

units are popular is broadly stable over time.

We incorporate the choice consumers make over size into our model of demand.

Specifically, we define products as brand-variant-size combinations, and we model

the consumer’s choice of product from a discrete set of alternatives. For each brand-

variant, the set of possible sizes includes both the available pack sizes (i.e. UPCs)

and the most common multiple unit purchases of UPCs.22 Table 3.3 shows, for

each brand-variant, the number of sizes available to consumers in the at-home and

on-the-go segments. For instance, Diet Coke is available in 10 sizes in the at-home

segment, and two sizes in the on-the-go segment.23 On-the-go sizes are always

designed as a single serving, while at-home sizes are typically multi-portion.

22Specifically, we include a size option corresponding to multiple units of a single UPC if that
UPC-multiple unit combination accounts for at least 10,000 (around 0.2%) of transactions. This
means that for over 75% of transactions of branded products, we accurately model the choice over
number of units to purchase.

23These are, in the at-home segment, 1.25l and 2l bottles, multi-packs of 330ml cans containing
6, 8, 10 and 12 cans, two- and three- unit purchases of 2l bottles, and two-unit purchases of 6-pack
and 8-packs of cans; and, in the on-the-go segment, a 500ml bottle and 330ml can.
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Table 3.2: Firms and brands

Market share (%) Price (£/l)

Firm Brand Type At-home On-the-go At-home On-the-go

Coca Cola Enterprises 33.0 59.1
Coke Soft 20.4 36.4 0.86 2.09
Capri Sun Soft 3.1 – 1.08 –
Innocent fruit juice Fruit 2.1 1.6 2.03 7.09
Schweppes Lemonade Soft 1.7 – 0.44 –
Fanta Soft 1.7 5.3 0.79 2.10
Dr Pepper Soft 1.2 3.4 0.75 2.08
Schweppes Tonic Soft 1.1 – 1.22 –
Sprite Soft 1.0 2.8 0.77 2.08
Cherry Coke Soft 0.8 4.0 0.96 2.17
Oasis Soft – 5.6 – 2.15

Pepsico/Britvic 33.6 20.0
Robinsons Soft 10.7 – 1.09 –
Pepsi Soft 10.1 11.6 0.64 1.93
Tropicana fruit juice Fruit 6.1 3.8 1.62 3.63
Robinsons Fruit Shoot Soft 2.6 0.8 1.49 2.83
Britvic fruit juice Fruit 1.6 – 2.17 –
7 Up Soft 0.9 1.7 0.70 1.88
Copella fruit juice Fruit 0.8 – 1.74 –
Tango Soft 0.8 2.2 0.66 1.73

GSK 7.6 12.7
Ribena Soft 3.3 3.4 1.69 2.20
Lucozade Soft 3.1 6.4 1.11 2.37
Lucozade Sport Soft 1.1 2.9 1.15 2.22

JN Nichols Vimto Soft 1.6 – 1.06 –

Barrs Irn Bru Soft 0.6 2.6 0.61 1.93

Merrydown Shloer Soft 2.0 – 1.79 –

Red Bull Red Bull Soft 0.2 3.5 3.67 5.27

Muller Frijj flavoured milk Milk – 1.4 – 1.90

Friesland Campina Yazoo flavoured milk Milk – 0.8 – 1.95

Store brand 21.2 0.0
Store brand soft drinks Soft 13.1 – 0.62 –
Store brand fruit juice Fruit 8.1 – 1.05 –

Notes: Type refers to the type of drinks product: “soft” denotes soft drinks, “fruit” denotes fruit
juice, and “milk” denotes flavored milk. The fourth and fifth columns display each firm and brand’s
share of total spending on all listed drinks brands in the at-home and on-the-go segments of the
market; a dash (“–”) denotes that the brand is not available in that segment. The final two columns
display the mean price (£) per liter for each brand.
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Table 3.3: Brands, sugar contents and sizes

Sugar Number of sizes

Firm Brand Variant (g/100ml) At-home On-the-go

Coca Cola Enterprises Coke Diet 0.0 10 2
Regular 10.6 9 2
Zero 0.0 7 2

Capri Sun Regular 10.9 3 –
Innocent fruit juice Regular 10.7 4 1
Schweppes Lemonade Diet 0.0 2 –

Regular 4.2 2 –
Fanta Diet 0.0 2 1

Regular 7.9 2 2
Dr Pepper Diet 0.0 2 1

Regular 10.3 2 2
Schweppes Tonic Diet 0.0 2 –

Regular 5.1 2 –
Sprite Diet 0.0 2 –

Regular 10.6 2 2
Cherry Coke Diet 0.0 2 1

Regular 11.2 2 2
Oasis Diet 0.0 – 1

Regular 4.2 – 1
Pepsico/Britvic Robinsons Diet 0.0 6 –

Regular 3.2 6 –
Pepsi Diet 0.0 5 2

Max 0.0 6 2
Regular 11.0 5 2

Tropicana fruit juice Regular 9.6 4 1
Robinsons Fruit Shoot Diet 0.0 2 1

Regular 10.3 2 –
Britvic fruit juice Regular 9.9 2 –
7 Up Diet 0.0 2 1

Regular 10.8 2 2
Copella fruit juice Diet 0.0 1 –

Regular 10.1 2 –
Tango Regular 3.5 3 2

GSK Ribena Diet 0.0 2 1
Regular 10.8 4 2

Lucozade Regular 11.3 3 2
Lucozade Sport Diet 0.0 1 1

Regular 3.6 1 1
JN Nichols Vimto Diet 0.0 3 –

Regular 5.9 4 –
Barrs Irn Bru Diet 0.0 1 2

Regular 8.7 1 2
Merrydown Shloer Regular 9.1 3 –
Red Bull Red Bull Diet 0.0 – 1

Regular 10.8 1 1
Muller Frijj flavoured milk Regular 10.8 – 1
Friesland Campina Yazoo flavoured milk Regular 9.5 – 1
Store brand Store brand soft drinks Diet 0.0 4 –

Regular 10.3 2 –
Store brand fruit juice Regular 10.4 2 –

Notes: The final two columns displays the number of sizes of each brand-variant in the at-home
and on-the-go segments of the market; a dash (“–”) denotes that the brand-variant is not available
in that segment.
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3.5 Choice sets and price measurement

Table 3.3 summarizes the full set of products available to consumers in each market

segment. However, the set of products available to a consumer on a particular day,

as well as the price vector they face, will depend on the retailer that they visit.

At-home segment

The median household undertakes a grocery shop once a week. We define a “choice

occasion” as any week in which a household purchases groceries, and model what,

if any, drink a household purchases on a choice occasion.24 We observe households

for an average of 36 choice occasions each year, and in total, we have data on 3.3

million at-home choice occasions. On around 42% of choice occasions, a household

purchases a drink, with the average time between drink purchases being 12 days.

Households select one brand-variant (as defined by columns 2 and 3 of Table 3.3)

on 60% of choice occasions on which drinks are purchased. On choice occasions in

which a household chooses multiple (typically 2 or 3), we assume that (conditional

on household specific preferences) these purchases are independent (for instance,

because they are bought for different household members).

For each choice occasion we observe the retailer in which the purchase was

made and the exact price paid. Table 3.4 lists retailers and the share of drinks

spending that they account for in each segment. In the at-home segment, four

large national supermarket chains account for almost 90% of spending, with the

remaining expenditure mostly being made in smaller national retailers. Each of

these retailers offers all brands, with some variation in the specific sizes available in

each retailer.

We model the decision consumers take over what to purchase from the available

set of products in the retailer they visit, taking their choice over which retailer

to shop with as given. This assumption is common in models of consumer good

choice.25 In our context this assumption is reasonable. On the median choice

occasion a consumer visits one retailer, and expenditure on non-alcoholic drinks

comprises a small share (4%) of total grocery expenditure. Retailer choice is likely

to be driven by proximity of nearby stores and overall preferences for grocery outlet

24We focus on households that record making regular purchases; this excludes transactions
(accounting for less than 2% of the total number) made by households who record making fewer
than 10 shopping trips a year. We also focus on households who record making at least one
non-alcoholic drink purchase.

25An exception is Thomassen et al. (2017), who show that switching across supermarkets can
influence pricing incentives for aggregated grocery goods (e.g. meat, dairy etc.).
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(which we control for in demand). In practice, the majority of consumers’ drinks

expenditure (over 70%) is made in the retailer they more frequently visit.

The four main retailers in the UK implement national pricing policies.26,27 This

means that if we observe a transaction price for a particular UPC in a store belong-

ing to one of the retailers, Tesco say, we know the price that consumers shopping in

other Tesco stores at the same time faced for that UPC. Using the large number of

transactions in our data we can construct the price vector households faced in each

retailer in each week. For the smaller retailers we construct a mean transaction

price for a product as a measure of the price faced by consumers.

Table 3.4: Retailers

Expenditure share (%)

at-home on-the-go

Large national chains 87.0 19.9
of which:

Tesco 34.7 –
Sainsbury’s 16.8 –
Asda 19.8 –
Morrisons 15.7 –

Small national chains 10.7 16.4

Vending machines 0.0 9.2

Convenience stores 2.3 54.6
in region:

South – 13.6
Central – 15.5
North – 25.5

Notes: Numbers show the share of total non-alcoholic drink expenditure, in the at-home and on-
the-go segment, made in each retailer.

On-the-go segment

The natural periodicity for on-the-go purchases is at the daily level.28 In this

segment we define a choice occasion as any day on which the individual buys a

cold beverages (including bottled water). We observe individuals for an average

26The supermarkets agreed to implement national pricing policies following a Competition
Commission investigation into supermarket behavior (Competition Commission (2000)).

27Close to uniform pricing within retail chains has been documented in the US, see, for instance,
DellaVigna and Gentzkow (2019) and Hitsch et al. (2017).

28As in the at-home segment, we focus on individuals who record regularly, dropping less than
3% of total transactions that are made by those who record fewer than 5 purchases each year.
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of 44 choice occasions each year, and in total, we have data on 286,576 on-the-go

choice occasions. On 60% of choice occasions individuals choose to buy one of the

products listed in Table 3.3, and on 90% of these choice occasions they buy only

one product.29

The large four supermarkets are less prominent in the on-the-go segment, col-

lectively accounting for less than 20% of on-the-go spending on drinks (see Table

3.4). This, coupled with the fact that the single portion cans and bottles are sim-

ilarly priced across the large four supermarkets, motivates their aggregation into

one composite retailer. The majority of transactions in the on-the-go segment are

in local convenience stores. This means that for these choice occasions, unlike in

the at-home segment, we do not observe the price of non-selected products in con-

sumers’ choice sets. Therefore, in the case of convenience stores, for all options in

consumer choice sets we use a mean monthly price, where the price is constructed

using all convenience store transactions in each of three regions (the south, central,

and north regions of the UK).

Dependence across the at-home and on-the-go segments

We model consumer choice for at-home consumption and for on-the-go consump-

tion separately.30 A concern with this is that recent at-home household purchases

influence decisions that individuals make on-the-go (for instance, a recent at-home

purchase may make an individual less likely to buy while on-the-go). We check

for evidence of such non-separabilities across the at-home and on-the-go segments.

Specifically, for individuals in the on-the-go sample we test whether recent pur-

chases of drinks by their household in the at-home segment influences either their

propensity to purchase drinks or the quantity they buy, finding no evidence of such

dependence. Full details are provided in Appendix B.

3.6 Price variation

The vector of prices that a consumer faces when making a purchase varies across

time and retailers. Here we describe this variation and in Section 4.2 we discuss

how it allows us to identify the key parameters driving consumer demand behavior.

29On the rare case when they buy multiple products (usually 2 or 3) we treat these as inde-
pendent purchases.

30When constructing market level demand we weight each segment such that their share of
total sugar from sugar sweetened beverage matches that in the National Diet and Nutrient Survey
(an individual level dietary intake survey, representative of the UK population).
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The at-home segment is characterized by products that are sold in multi-portion

sizes, and it is dominated by retailers that have national pricing policies. An im-

portant source of price variation is promotions (i.e. price reductions), which differ

in their timing, duration and depth, both across UPCs and retailers. In the drinks

market promotions are either multi-buy offers (for instance, a discount for purchas-

ing 2 of the same UPC), or ticket price reductions (when a UPC has a temporarily

low price). 30% of the transaction in our data are a multi-buy offer, 20% a ticket

price reduction.

We provide a graphical example of each promotion type in Figure 3.2, which

shows the price for two specific UPCs over the most recent year of our data for

two different retailers (Tesco and Sainsbury’s). Panel (a) shows price series for a

2l bottle of Coke. In both retailers, (with the exception of one week in Tesco) 1

unit of a 2l bottle is priced at £2. However, over most of the year each retailer

runs a multi-buy offer, where 2 bottles can be purchased at a discounted per bottle

price, though the depth of discount varies both over time and between retailers.31

Panel (b) shows price series for a pack of 12×330ml cans of Coke. This UPC does

not have a multi-buy offer, but is reasonably frequently subject to a ticket price

reduction.

Figure 3.2: Examples of price variation for Coke options
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Notes: Panel (a) shows the weekly price series for a 2l bottles of Coke in Tesco and Sainsbury’s
when either one unit or two units are purchased. Prices are expressed per unit. Panel (b) shows
the weekly price series for a pack of 12x330ml cans of Coke in Tesco and Sainsbury’s when one
unit is purchased.

In the examples in Figure 3.2 average prices are similar across the two retailers,

but the time path of price changes is different. This is true more generally. To

illustrate this we compute measures of price stability suggested by DellaVigna and

31In our demand model we treat one 2l bottle and two 2l bottles of Coke as different options.
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Gentzkow (2019). First, we calculate the yearly absolute log price difference.32 This

entails, for each product, retailer and year, computing average log price (where the

average is taken across weeks), and then computing the deviation in this for each

retailer pair. The median of these deviations is 8 log points, indicating a relatively

low level of cross-sectional differences in average prices across retailers. Second, we

calculate the weekly correlation of log prices. To do this we obtain the residuals from

regressing log prices on product-year fixed effects for each retailer. For each product

we compute the correlation in residuals between each retailer pair. The median of

these correlations is 0.13, indicating that the degree of co-movement in prices over

time across retailers is low. In addition, no retailer sets systematically low or high

prices – among the big four retailers, across product-weeks (for products that are

branded and available in multiple retailers), Asda is the cheapest retailer most (for

27% of product-weeks) and the most expensive the least (for 17%) amount of time,

and Sainsbury’s is cheapest the least (for 22%) and most expensive the most (for

31%) amount of time.

A concern with relying on price variation from promotions to estimate demand

is that households respond to them by intertemporally switching their purchases

(i.e stocking up during sales) and hence failing to model this behavior will result in

an overestimate of own-price elasticities (Hendel and Nevo (2006a)). A number of

papers have documented evidence of stockpiling in the US market for soft drinks

(see Hendel and Nevo (2006b), Hendel and Nevo (2013), Wang (2015)).

Although we cannot rule out that there may be some stockpiling underlying

transactions in our data, the evidence for it is much less clear than in the US. Specif-

ically, UK households purchase drinks, on average, more than twice as frequently

(every 12 days on average) as those in the US (see Hendel and Nevo (2006b)), and

when a household does purchase on sale there is no meaningful change in the tim-

ing of purchases.33 Instead, we find that sales are associated with switching across

pack types (e.g. cans to bottles), brands and sizes. One reason why stockpiling is

less prevalent in the UK, compared with the US, is that the relatively long running

nature of UK price promotions create less incentives to stockpile. For instance, for

each of the soft drinks products summarized in Table 3.3, the average time between

a price change of 25% or more is 10 weeks, whereas in the US prices can fluctuate

by large amounts from week to week (see an archetypical example in Figure 1 of

32DellaVigna and Gentzkow (2019) instead compute the quarterly absolute log price difference.
Given the relatively long running nature of promotions in the UK we choose instead to do this at
the yearly level.

33Hendel and Nevo (2006b) find, in the US, buying soft drinks on sale is associated with an
average reduction in the time from previous purchase of 3 days, and an increase to the next
purchase of 2.5 days. We find changes of 0.23 and 0.14 respectively. See Appendix B.
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Hendel and Nevo (2013)). A second reason is that transport and storage costs in

the UK are likely to be much higher, with the average size of UK homes around

half of those in US, and vehicle ownership rates 25% lower.34

In the on-the-go segment only 20% of spending is done in the big four super-

markets, with around 55% of expenditure occurring in conveniences stores. Price

promotions are less common in this segment, with price variation driven by regional

differences in price in convenience stores, and differences in convenience store prices

with national retailers and vending machines.

4 Estimating demand and supply

To implement our optimal corrective tax framework, we need to know how con-

sumers switch across disaggregate products in response to price changes and the

level of and how firms, in response to tax, adjust the price-cost margins on these

products. We estimate a model of consumer demand in the drinks market using a

discrete choice framework in which consumer preferences are defined over product

characteristics (Gorman (1980), Lancaster (1971), Berry et al. (1995)). This ap-

proach enables us to model demand and substitution patterns over the many differ-

entiated products in the market, while incorporating rich preference heterogeneity

crucial to capturing realistic substitution patterns. We identify firms’ unobserved

marginal costs by coupling our demand estimates with the equilibrium conditions

from an oligopoly pricing game (Berry (1994), Nevo (2001)).

4.1 Consumer demand

We model which, if any, drink product a consumer (indexed i) chooses on a choice

occasion. We treat the decisions that households make in the at-home segment and

individuals make in the on-the-go segment separately, allowing for the possibility

that preferences vary on each type of choice situation, but for notational parsimony

we suppress a market segment index.

We index the drink products by j = {1, . . . , J}. The products vary by brand,

which we index by b = {1, . . . , B}, size, indexed by s = {1, . . . , S}, and whether

or not they contain sugar (for instance, the brand Coke comes in Regular, Diet

and Zero variants). The consumer chooses between the available drinks products,

and choosing not to buy a drink, which we denote by j = 0. The set of products

34The mean floor space of UK homes in 2008 was 85m2, while in 2009 in the US it was 152m2

(UK Government (2018)). In 2014 the US had 816 vehicles per capita (U.S. Department of Energy
(2019)), in 2017 the UK had 616 (ACEA (2019)).
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available to the consumer, as well as the prices they face, depends on which retailer

they visit – we index retailers by r and denote the set of available drink options in

retailer r by Ωr.

Consumer i in period t, with total period income or budget yit, solves the utility

maximization problem:

V (yit,prt,xt, εit;θi) = max
j∈{Ωr∪0}

ν(yit − pjrt,xjt;θi) + εijt. (4.1)

where prt = (p1rt, . . . ,pJrt) is the price vector faced by the consumer, xjt are (non-

price) characteristics of product j and xt = (x1t, . . . ,xJt) (note p0 = 0 and x0 = 0);

θi 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

outside the drinks market. We assume that preferences are quasi-linear, so yit−pjrt
enters ν(.) linearly. This means that yit differences out when the consumer compares

different options; we therefore suppress the dependency of ν(.) on yit.

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:

σj(prt,xt;θi) =
exp(ν(pjrt,xjt;θi))

1 +
∑

j′∈Ωr
exp(ν(pj′rt,xj′t;θi))

, (4.2)

and the consumer’s expected utility is given by:

v(prt,xt;θi) = ln
∑
j∈Ωr

exp{ν(pjrt,xjt;θi)}+ C, (4.3)

where C is a constant of integration.

Specification details

Let d = (1, . . . , D) index the consumer groups shown in Table 3.1. We assume that

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(.) = −αipjrt + βix̃
(1)
j + γd(i)x̃

(2)
jt + ζd(i)b(j)s(j)rt,

where

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

(2)
d(i)b(j)r + ξ

(3)
d(i)b(j)t + ξ

(4)
d(i)s(j)r + ξ

(5)
d(i)s(j)t.
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We allow for consumer specific preferences for price (i.e. the marginal utility of

income) and a subset of product characteristics denoted by x̃
(1)
j ; x̃

(1)
j includes a

constant, which captures a preference for drinks versus not buying them, dummy

variables indicating whether the product has positive sugar content that is less

than 10g or equal to or more than 10g per 100ml, dummy variables indicating if the

product is a cola, lemonade, store brand soft drink or fruit juice, and an indicator

for whether the size is large.35 These individual level preferences play a key role in

allowing the model to capture realistic substitution patters across products. x̃
(2)
jt is

a measure of the stock of advertising for the product in the current period;36 we

allow the effect of advertising to vary across consumer groups.

ζd(i)b(j)s(j)rt denotes a set of consumer group specific shocks to utility. These

include: brand-size effects, which control for unobserved consumer preferences that

are time-invariant; brand- and size-retailer effects, which capture the possibility

that, on average, consumer preferences over brand and size differ across retailers;

and brand- and size-time effects, that control for shocks to demands through time.

We model the consumer specific preferences, (αi,βi) as random coefficients. We

specify the distribution for αi as log-normal and βi as normal, both conditional

on consumer group d. The overall random coefficient distribution is a mixture

of normal distributions.37 As well as enabling us to capture realistic patterns of

substitution across products, inclusion of rich unobserved heterogeneity also adds

flexibility to the curvature of market demand (see Griffith et al. (2018)), which

is important for recovering realistic patterns of pass-through (Weyl and Fabinger

(2013)).

4.2 Identification

Our key identification assumption is that, conditional on our demand controls (in-

cluding those for unobserved product attributes), the residual price variation is

exogenous (and, in particular, the shocks to consumer’s payoff functions, εijt, are

i.i.d.). The main form of price variation we exploit is differential time series varia-

tion across retailers.

35Defined as larger than 2l in the at-home segment or 500ml in the on-the-go segment.
36We measure monthly TV advertising expenditure in the AC Nielsen Advertising Digest. We

compute product specific stocks based on a monthly depreciation rate of 0.8. This is similar to
the rate used in Dubois et al. (2018) on similar data in the potato chips market.

37The means (conditional on d) of the constant, cola, lemonade, store brand, fruit juice and

large random coefficients are collinear with ξ
(1)
d(i)b(j)s(j). We normalize them to zero. We allow for

correlation (conditional on d) between the preferences for non-alcoholic drinks and sugar.
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Our demand controls include brand-size effects, ξ
(1)
d(i)b(j)s(j); these control for time-

invariant unobserved characteristics that vary across brands and sizes. For instance,

consumers may value one brand over a second for reasons not fully controlled for

by observed product characteristics; failure to control for this would likely result in

correlation between εijt and prices. By interacting brand with size effects we allow

for the possibility that strength of unobserved brand effects vary across product

sizes (and pack types). Numerous brand-sizes are available in both sugar sweetened

and diet variants. We control for the amount of sugar per 100ml in a product in

the option characteristic vector, x̃
(1)
j . We are therefore able to identify the mean

(as well as standard deviation) of the consumer group specific preferences for sugar

(based on the restriction that the impact of sugar on utility does not vary across

brands).

The time (quarterly) varying brand effects, ξ
(3)
d(i)b(j)t, control for shocks to national

level demands for each brand. We additionally control for time varying size effects

ξ
(5)
d(i)s(j)t, which capture any tendency through time for demands for larger versus

small sizes to fluctuate. As discussed in Section 3.2, the large four retailers that

dominate the market have national pricing policies; the time varying effects help

control for national level shocks to demand that could be correlated with these

prices. In addition, we control (through x̃
(2)
jt ) for product level advertising, which

will capture the effect on demand of the (overwhelmingly national) advertising in

the UK drinks market.38 For convenience stores we use mean regional prices. We

include region-quarter varying drinks effects in demand to control for the possibility

of regional shocks to demand for drinks.

We also control for brand-retailer effects, ξ
(2)
d(i)b(j)r, and size-retailer effects, ξ

(2)
d(i)s(j)r.

These capture the possibility that either the prominence of products belonging to

different brands, or of large versus small sizes, may vary across retailers. They also

capture average differences in consumer brand and size preferences across retailers.

An important restriction we make is the absence of retailer-time shocks to prod-

uct demands that correlate with price setting.39 As outlined in Section 3.6 average

prices across retailers are similar, but co-movement in prices is low, with, for in-

stance, the use of price promotions not synced across retailers. We assume that

this create randomness in the prices faced by consumers that is not a consequence

of retailers anticipating time varying demand shocks that differ for their consumers

compared to those in other retailers. Given the national nature of much retailing,

38Note targeted price discounts through use of coupons – common in the US (see Nevo and
Wolfram (2002)) – is not a feature of the UK market.

39The (ξ
(2)
d(i)b(j)r, ξ

(3)
d(i)b(j)t, ξ

(4)
d(i)s(j)r, ξ

(5)
d(i)s(j)t) effects control for all pairwise interactions between

(b, s, r, t) but not higher order interactions.
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pricing and advertising in the UK drinks market, and the absence of targeted price

offers and coupons, we believe that this assumption is reasonable.

4.3 Supply model

We model price competition among the firms operating in the UK drinks market.

We assume that they simultaneously set prices to maximize profits in a Nash-

Bertrand game, abstracting from modeling retailer-manufacturer interactions. This

outcome can be achieved by use of non-linear vertical contracts (see Villas-Boas

(2007), Bonnet and Dubois (2010)).40 In Section 5.4 we show how our optimal tax

results are influenced by different supply-side models.

Let pm = (p1m, . . . , pJm) denote the prices that drinks firms set in market m,

where markets are temporal (and defined as quarters).41 Market demand for prod-

uct j is given by:

qjm(pm) =

∫
σj(pm,xm;θi)dF (θ)Mm,

where Mm denotes the potential size of the market.42 We denote the marginal cost

of product j in market m as cjm.43

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

Πfm(pm) =
∑
j∈Jf

(pjm − cjm)qjm(pm). (4.4)

We assume firms engage in Bertrand competition and that the prices we observe in

the data are the Nash equilibrium outcome of this game, and thus they satisfy the

40Non-linear contracts with side transfers between manufacturers and retailers allow them to
reallocate profits and avoid the double marginalization problem. Bonnet and Dubois (2010) show
evidence of price equilibria in the French bottled water market consistent with use of non-linear
contracts.

41In the supply model we average over price variation within a quarter, as this is likely to reflect
random price promotions strategies rather than fundamentals of demand or supply. Specifically,
letM denote the set of (r, t) pairs observed in market m, the market price for product j is defined
as pjm = (|M|)−1

∑
(r,t)∈M pjrt.

42Mm is the potential number of non-alcoholic drinks transactions in market m, it differs from
the true market size due to inclusion in the demand model of the option to purchase no drinks.

43Note, in Section 2 we express quantity in terms of units (i.e. liters) and prices and marginal
costs per liter. Here we express quantity as number of transactions and price and marginal cost per
transaction. The difference is one of convenience rather than substance, multiplying qjm by the
size of the product and dividing pjm and cjm by the size of the product transforms the variables
into their analogues in Section 2 without changing the nature of the firms’ problem.
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set of first order conditions: ∀f and ∀j ∈ Jf

qjm(pm) +
∑
j′∈Jf

(pj′m − cj′m)
∂qj′m(pm)

∂pjm
= 0. (4.5)

From this system of equations we can solve for the implied marginal cost, cjm, for

each product in each market.

Counterfactual market equilibrium. When solving for the optimal tax rate

we need to solve for the associated counterfactual market equilibrium. Denote the

set of sugar sweetened beverages by S and the total sugar content of option j ∈ S
by zj (noting that for j /∈ S zj = 0). If some tax rate τ , levied on the sugar in

sweetened beverages, is in place the set of first order conditions are: ∀f and ∀j ∈ Jf

qjm(p′m) +
∑
j′∈Jf

(p′j′m − τzj′ − cj′m)
∂qj′m(p′m)

∂pjm
= 0.

For any τ , we can solve the system of equations to obtain the vector of counterfactual

equilibrium prices, p′m = (p′1m, . . . , p
′
Jm).44

Solving for the optimal tax rate also requires us to compute the derivative of

the equilibrium price vector with respect to the tax rate, dp′m
dτ

. To obtain this we

differentiate the first order conditions with respect to the tax rate and solve the

resulting system of equations. For details see Appendix E.

4.4 Demand estimates

We estimate the demand model outlined in Section 4.1 using simulated maximum

likelihood.45 The estimated coefficients exhibit some intuitive patterns; those with

more added sugar in their diets (based on their purchases in the preceding year)

have stronger preferences for high sugar drinks products, and those with below

median income are more sensitive to price, have stronger preferences for soft drinks

and weaker preferences for fruit juice. The variance parameters of the random

coefficients are all significant both statistically and in size, indicating an important

44Note that for the set of store brand products, we do not model price re-optimization – for
store brand sugar sweetened beverages we assume pass-through of any tax is 100%, and for store
brand diet beverages we assume consumer prices remain unchanged.

45We allow all parameters to vary by consumer group and estimate the choice model separately
by groups. In the at-home segment, for each group, we use a random sample of 1,500 households
and 10 choice occasions per household; in the on-the-go sample we use data on all individuals
in each group and randomly sample 50 choice occasions per individual, weighting the likelihood
function to account for differences in the frequency of choice occasion across consumers. We
conduct all post demand estimation analysis on the full sample.
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role for unobserved preference heterogeneity. We report the coefficient estimates in

Appendix C.

The estimated preference parameters jointly determine our demand model pre-

dictions of how consumers switch across products as prices change. The model

generates a large matrix of market level own- and cross-price demand elasticities;

in Table 4.1 we summarize the market level own- and cross-price elasticities. The

mean own-price elasticity is around -2.5, though with significant variation around

this: 25% of products have own-price elasticities with magnitude greater than 2.8,

a further 25% of products have own-price elasticities with magnitude less than 1.8.

The distribution of the cross-price elasticities exhibits a high degree of skewness,

with the mean being equal to the 75th percentile. This reflects consumers being

significantly more willing to switch between products close together in product

characteristic space.

Table 4.1: Summary of own- and cross-price elasticities

No. elasticities Percentile

per market Mean 25th 50th 75th

Own-price 175 -2.431 -2.795 -2.434 -1.765
Cross-price 18757 0.013 0.003 0.007 0.014

Notes: In each market there are 175 own-price elasticities (one for each product) and 18757 cross-
price elasticities (between product pairs available either in the at-home or on-the-go segment).
Numbers summarize the distribution of market elasticities based on the most recent year covered
by our data (2012).

Table 4.2 illustrates consumers’ tendency to switch between similar products

by showing product level elasticities associated with a price change for the single

portion sizes of Coke Regular and Coke Diet. It shows the impact on demand

for each of the single portion sizes of Coke and Pepsi, and the mean elasticities for

other sugar sweetened and diet beverages, and for fruit juice and flavored milk. The

table illustrates a number of intuitive patterns: (i) consumers are more willing to

switch across cola products of the same variety (sugar vs. non-sugar) than they are

to alternative drinks; (ii) consumers are more willing to switch between products

of the same size than they are to different sizes; (iii) consumer substitution from

sugary varieties of Coke to sugary non-cola drinks (both sugar sweetened beverages,

fruit juice and flavored milk) is stronger than it is from Diet Coke. Similar patterns

are present for multi-portion products. In Appendix C we report product level

own and cross-price elasticities for popular products in the at-home and on-the-go

segments.
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Table 4.2: Select elasticities for Coke

Coke Pepsi Other drinks

Regular Diet Zero Regular Diet Max SSBs Diet Fruit Flav.
330 500 330 500 330 500 330 500 330 500 330 500 juice milk

Regular
330 -1.66 0.14 0.12 0.04 0.14 0.04 0.44 0.13 0.11 0.04 0.13 0.04 0.07 0.01 0.05 0.07
500 0.46 -2.24 0.10 0.25 0.10 0.25 0.39 0.86 0.11 0.25 0.11 0.26 0.19 0.06 0.13 0.20
Diet
330 0.10 0.02 -1.60 0.10 0.37 0.10 0.09 0.02 0.33 0.10 0.31 0.10 0.02 0.05 0.02 0.01
500 0.08 0.16 0.28 -2.63 0.24 0.56 0.07 0.15 0.30 0.53 0.26 0.53 0.05 0.18 0.04 0.04

Notes: Numbers show the mean price elasticities of market demand (for products listed in top
row) in the most recent year covered by our data (2012) with respect to price changes for the single
portion sizes of Coke Regular and Coke Diet (shown in first column). “Other drinks” exclude Coke
and Pepsi and are means over products belonging to each set.

In Table 4.3 we summarize the effects of increasing the price of all sugar sweet-

ened beverages by 1%. The resulting reduction in demand (in liters) for sugar

sweetened beverages is 1.48% (i.e. our estimates correspond to an own-price elas-

ticity for sugar sweetened beverages of 1.48%). The diversion ratio (defined as the

percentage of the reduced sugar sweetened beverage demand that is diverted to

each group of substitute products) is 27.3% for diet drinks and 6.7% for alterna-

tive sugary drinks. The percent change in expenditure on non-alcoholic drinks is

0.05% – the price increase leads to a modest increase in drinks expenditure. 95%

confidence intervals are given in brackets.46

Table 4.3: Switching from sugar sweetened beverages

Own-price elasticity of Diversion ratio Elasticity of

sugar sweetened beverages Diet beverages Sugary alternatives drinks expenditure

-1.48 27.3% 6.7% 0.05
[-1.52, -1.43] [26.8%, 28.1%] [6.4%, 7.0%] [0.04, 0.07]

Notes: We simulate the effect of a 1% price increase for all sugar sweetened beverage products.
Column 1 shows the % reduction in volume demanded of sugar sweetened beverages, columns 2 and
3 shows how much of the volume reduction is diverted to diet beverages and sugary alternatives
and column 4 shows the percent changes in total non-alcoholic drinks expenditure. Numbers are
for the more recent year covered by our data (2012). 95% confidence intervals are given in square
brackets.

The optimal tax formula, given by equation (2.3), partly depends on how much

any reduction in the equilibrium quantity of taxed drinks induced by a marginal

46To calculate the confidence intervals, we obtain the variance-covariance matrix for the param-
eter vector estimates using standard asymptotic results. We then take 100 draws of the parameter
vector from the joint normal asymptotic distribution of the parameters and, for each draw, com-
pute the statistic of interest, using the resulting distribution across draws to compute Monte Carlo
confidence intervals (which need not be symmetric).
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tax increase is shifted to non-taxed substitutes. The diversion ratios suggest a

significant amount of demand for sugar sweetened beverages will be diverted to non-

taxed drinks, while the elasticity of total non-alcoholic drinks expenditure indicates

only a modest degree of switching from the numeraire. However, these diversion

ratios and elasticities summarize the demand effects at observed prices. The optimal

tax formula depends on changes in equilibrium quantities (which depend on supply

responses) and are evaluated at the optimal tax rate. We fully incorporate this

when we solve for the optimal tax rate in Section 5.

4.5 Supply estimates

We use the first order conditions of the firms’ profit maximization problem (equation

(4.5)) to solve for the marginal cost of each product. This enables us to compute the

equilibrium price-cost margins (which we express per liter) and price-cost mark-ups

(margin over price) at the observed market equilibrium (where no sugar sweetened

beverage tax is in place). In Table 4.4 we summarize the distribution of (observed)

prices, costs, margins and mark-ups across products. The average mark-up is 0.55

(price is around double marginal cost), though there is considerable variation around

this.47 In Appendix C we show mean marginal costs, margins and mark-ups by

brand.

Equilibrium price-cost margins play an important role in determining the opti-

mal tax policy. All else equal, the higher (lower) are margins on externality (non-

externality) generating options, the lower (higher) will be the optimal tax rate on

the externality product attribute. At observed prices, the (unweighted) average

margin across sugar sweetened beverages is 0.78, while it is 0.76 across alternative

drinks. How these margins adjust in equilibrium with the tax, and how consumers

switch within the two sets of options and between them is important in determining

the optimal tax rate.

47This broadly accords with evidence from accounting data, with gross margins in this market
being reported to be around 50-70% (see Competition Commission (2013)).
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Table 4.4: Summary of costs and margins

Percentile

Mean 25th 50th 75th

Price (£/l) 1.44 0.83 1.16 1.96
Marginal cost (£/l) 0.67 0.31 0.61 0.83
Price-cost margin (£/l) 0.77 0.43 0.56 0.98
Price-cost mark-up (Margin/Price) 0.55 0.41 0.50 0.67

Notes: We recover marginal costs for each product in each market. We report summary statistics
for the most recent year covered by our data (2012). Margins are defined as price minus cost and
expressed in £ per liter; mark-ups are margins over price.

In Figure 4.1 we show how observed prices, marginal costs, and equilibrium

price-cost margins vary with product size. There is strong non-linear pricing; in

per liter terms smaller products are, on average, more expensive. Average marginal

costs are broadly constant across the size distribution, with the exception of small

single portion sizes (i.e. with sizes no larger than 500ml), which, on average, have

higher costs. Price-cost margins are declining in size – the average margin (per liter)

is more than twice as large for the smallest options compared with the largest. This

turns out to be important in driving the optimal tax rate, as one way consumers

respond to the tax is by shifting their basket of taxed products towards small, high

margin sizes.

Figure 4.1: Price-cost margins, by product size
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Notes: We group products by size. The figure shows the mean price, cost, and margin (all expressed
in £/l) across products within each size range. Numbers are for the more recent year covered by
our data (2012).
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4.6 Model validation

We use data on the price changes of non-alcoholic drinks following the introduction

of the UK’s Soft Drinks Industry Levy (SDIL) in 2018 to validate our empirical

model of the market. We use a weekly database of UPC level prices and sugar con-

tents for drinks products, collected from the websites of 6 major UK supermarkets,

that cover the period 12 weeks before and 18 weeks after the introduction of the

tax.48

The UK’s tax is levied per liter of product, with there being a lower rate of

18p/liter for products with sugar contents of 5-8g/100ml and a higher rate of

24p/liter for products with sugar content > 8g/100ml. We use an event study

approach to estimate the price changes for the sets of products subject to each rate

and for the set of drinks products not subject to the tax – full details are provided

in Appendix D. We find evidence that the tax was slightly overshifted, with price

increases of 26p/liter for products subject to the higher rate and 19p/liter for prod-

ucts subject to the lower rate (implying average pass-through rates of 105-108%),

with no change in the price of untaxed products. We simulate the effect of the tax

using our estimated model of supply and demand. Figure 4.2 shows the estimated

price changes in the data (grey markers) for the high and low tax groups (the figure

for untaxed products is shown in the Appendix D), and the predicted price changes

using our model. The predicted price changes from the model are very close to the

observed price changes.

48The supermarkets are the big four – Tesco, Asda, Sainsbury’s and Morrisons – as well as
smaller national chains Iceland and Ocado. We are grateful to the University of Oxford for
providing us with access to these data, which were collected as part of the foodDB project.
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Figure 4.2: Comparison of model predictions with event study

(a) Higher rate treatment group
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(b) Lower rate treatment group
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Mean effect (model): 0.20
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Notes: Grey markers show the estimated price changes (relative to the week preceding the intro-
duction of the tax) for the set of products subject to the higher and lower rates. Full details are
given in Appendix D. 95% confidence intervals shown. The blue line shows the value of the tax,
and the red line shows the predicted price changes from our estimated model of the UK drinks
market.

These patterns are broadly consistent with the literature that uses ex post eval-

uation methods to estimate the effects of sugar sweetened beverage taxes on prices;

for example, the Philadelphian tax was found to be fully passed through to prices

(Seiler et al. (2019), Cawley et al. (2018)), 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 statisti-

cally insignificant or low (e.g. Bollinger and Sexton (2018)). A likely reason for low

tax pass-through in Berkeley is, given the small geographical area in which the tax

is operation, consumers can readily avoid the tax through cross-border shopping.

5 Corrective tax results

In this section, we embed our estimated empirical model of supply and demand in

the drinks market into the tax design framework set out in Section 2 to solve for

the optimal tax rate on sugar sweetened beverages and its effect on prices, pur-

chases, and welfare. We also consider the tax’s performance relative to alternative

tax instruments, and how its performance is affected by the structure of the market.

We repeat, for reference, the implicit formula for the optimal rate of tax levied on

the externality generating product attribute (the sugar in sweetened beverages),

equation (2.3), with the exception that we split out the effect of switching to the
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set of untaxed drinks products from the effect of switching to the numeraire good:

τ ∗ = φ̃︸︷︷︸
Externalities

− 1
dZ
dτ

/
dQS

dτ

(∑
j∈S

wSj µj −
∑
j∈N

wNj µj ×
dQN

dτ

/(
−dQ

S

dτ

)
︸ ︷︷ ︸

Market power in drinks market

−

µ̃× dX

dτ

/(
−dQ

S

dτ

))
︸ ︷︷ ︸
Numeraire good market power

. (5.1)

Here we denote the externality term by φ̃; the precise form this takes will depend on

whether there is heterogeneity in marginal externalities and whether externalities

arise from consumption of untaxed goods. We use µ̃ to denote the mark-up on the

numeraire good, and dX
dτ

to denote the marginal effect of the tax on equilibrium

consumption of the numeraire good.49

Our demand and supply model allows us to simulate, for any tax rate, the degree

of switching between drinks products and from drinks to the numeraire, and the

equilibrium price-cost margins on products in the drinks market. However, it does

not provide us with information on the marginal externalities nor on the mark-up

on the numeraire good. We use existing evidence to calibrate these parameters,

and first describe how the patterns of consumer switching and firms’ endogenous

margin adjustment affect the optimal tax rate. We then show how the optimal rate

and associated components of welfare vary with the calibrated parameters.

Baseline calibration

In Section 3.1 we summarize the well-established evidence that relates consumption

of sugar sweetened beverages to non-trivial externalities. However, placing a numer-

ical value on the marginal externality associated with an extra gram of sugar from

these products is challenging. We begin by considering a marginal externality of

£4.00 per kg of sugar that is associated with sweetened beverages (which translates

to approximately 1.3 pence per ounce of sugar sweetened beverage). This value is

similar to what is implied by epidemiological estimates of the impact on health care

costs (e.g. Wang et al. (2012)).50 In this case φ̃ = φ = 4. Below we show how the

49Consumption of the numeraire good is given by X =
∑
i

(
yi −

∑
j pijqij

)
. See Appendix E

for how the planner’s problem is modified to accommodate the numeraire good.
50Wang et al. (2012) estimate that a 15% reduction in consumption of sugar sweetened bever-

ages among US adults aged 24-65 would result in health care costs savings of $17.1 billion over 10
years. Converting this to savings per person, per kg of sugar and adjusting for differences in the
cost of providing health care in the UK implies an externality of roughly £4 per kg of sugar.
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optimal rate varies with the magnitude, degree of heterogeneity, and source of the

externalities from sugar consumption.

The optimal rate also depends on the degree to which there is market power

associated with the numeraire good (which represents what consumers switch to-

wards when lowering their drinks expenditure),51 and the direction and strength

of consumer switching towards the numeraire good. We calibrate the mark-up on

the numeraire good using an estimate for the UK economy wide mark-up from

De Loecker and Eeckhout (2018). Their estimate implies µ̃ = 0.4; the average

mark-up on drinks products, based on our estimates, is around 30% higher than

this.52 Below we show how the optimal rate depends on the value of the numeraire

mark-up.

5.1 Optimal tax rate

Under our baseline calibration of the marginal externality function and the price-

cost mark-up on the numeraire good, the optimal rate of tax on the sugar in sweet-

ened beverages is £1.74 per kg of sugar.53 This results in non-trivial price increases

for the taxed products (of 14% on average). However, the optimal tax rate lies well

below the rate that would be optimal under perfect competition (a Pigovian tax

of £4 per kg of sugar). It also lies below the rate that would be set by a planner

that ignores distortions associated with the exercise of market power would set: a

planner that takes the allocation in the absence of tax as a benchmark and aims

for full externality internalization relative to this baseline, would set a tax rate of

£3.64 per kg of sugar.54

The reason why the optimal rate lies below the rate aiming at full internalization

of externalities is the existence of positive price-cost margins for sugar sweetened

beverage products. This is reflected in the optimal tax formula by the weighted

average margin term,
∑

j∈S w
S
j µj. This expression reflects both the equilibrium

product level price-cost margins set by drinks firms on the taxed products (i.e. µj)

and, through the weights, switching within the set of taxed products. In particular,

51Note that as we are free to normalize the price of the numeraire to 1, µ̃ can equivalently be
interpreted as the numeraire price-cost margin or mark-up.

52De Loecker and Eeckhout (2018) adopt the convention of measuring mark-ups as price over
marginal cost, and estimate that this is 1.68 in the UK economy. This corresponds to a mark-
up defined as margin over price on the numeraire of around 0.4. The average of our estimated
mark-ups on drinks is 0.55.

53We run the optimal tax analysis using the most recent year covered by our data (2012).
54A planner aiming to achieve full internalization of externalities sets a tax rate below the value

of the marginal externality because firms’ pricing responses act to amplify the effect of the tax on
prices. For a formal statement of the problem this planner solves see Appendix A.
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the weights capture how much each product contributes to the derivative of total

equilibrium quantity of the set of taxed products with respect to the tax rate. Both

the product level margins and weights may vary with the tax rate.

Figure 5.1(a) shows that the weighted average margin on the taxed products

increases with the tax. In other words, for sugar sweetened beverages, the tax

acts to exacerbate distortions associated with the exercise of market power. This

happens for two reasons. First, firms choose to raise the price-cost margins they

set (meaning tax is slightly overshifted, with average pass-through of 109%) – this

is shown by the grey line, which holds fixed the product weights. This is driven by

relatively elastic consumers switching away as prices increase, leaving firms pricing

for the remaining set of slightly less elastic consumers. Second, consumers adjust

their basket of taxed goods towards products with relative high margins. This effect,

shown by the fact that the black line is more steeply sloped than the grey line, is

primarily driven by consumers switching more strongly away from large (relatively

low margin) products than smaller products.

However, the effect that distortions associated with the exercise of market power

among the taxed products plays in suppressing the optimal rate is, to some ex-

tent, offset by consumers switching to other products that are also supplied non-

competitively. The effect of market power among non-taxed drinks on the optimal

tax rate is captured in the tax formula through the term
∑

j∈N w
N
j µj. Figure

5.1(b) shows that the weighted average price-cost margin on non-taxed substitute

drinks increases with tax, and this is driven by the equilibrium impact of consumer

switching (the grey line is roughly flat, while the black is upwards sloping). This

is because consumers switch most strongly towards natural fruit juices, and these

products have relatively high price-cost margins.
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Figure 5.1: Weighted average margins
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(b) Untaxed products
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Notes: The black lines show the weighted average margin on taxed products,
∑
j∈S w

S
j µj (left hand

panel), and on untaxed products,
∑
j∈N w

N
j µj (right hand panel), at the tax rate shown on the

horizontal axes. The grey lines show weighted average margins constructed using weights held fixed
at their values at τ∗. The dashed vertical line indicates the optimal tax rate, τ∗, when φ = 4 and
µ̃ = 0.4.

The influence of market power among the non-taxed drinks on the optimal tax

rate is determined by the term dQN

dτ

/(
−dQS

dτ

)
; the fraction of the reduction in the

equilibrium quantity of the taxed products, induced by a marginal tax change, that

is diverted to untaxed alternative drinks. In Figure 5.2 we show how this switching

ratio varies with the tax rate. When the tax rate is close to zero a marginal increase

in the rate results in just over 30% of the resulting reduction in the equilibrium

quantity of taxed beverages being offset by an increase in equilibrium quantity

of untaxed drinks (diet products and alternative sugary drinks). This switching

ratio rises with the tax rate to just under 40% at the optimal rate. The figure

also shows that the impact of a marginal change in the tax rate on numeraire good

consumption is rising in the rate; at the optimal rate just under 10% of the reduction

in the equilibrium quantity of taxed products is offset with higher numeraire good

consumption. At the optimal rate the numeraire good is therefore a substitute to

sugar sweetened beverages, which means that the positive numeraire good margin

acts to raise the optimal tax rate.55

55The optimal tax rate also depends on the ratio dZ
dτ

/
dQS

dτ i.e. the responsiveness of total sugar
from taxed products to a marginal change in the tax rate over the responsiveness of total quantity
of the taxed products. The ratio is around 0.1 for all values of the tax, reflecting that average
sugar per liter of sugar sweetened beverage is around 100g. This term has the role of “converting”
the margin components of the optimal tax formula from per liter to per kg of sugar.
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Figure 5.2: Switching ratios from taxed products
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Notes: The black line shows the switching ratio between taxed and untaxed drink products at the

tax rate shown on the horizontal axis (i.e. dQN

dτ /
(
−dQ

S

dτ

)
). The grey line shows the switching

ratio for the numeraire good (i.e. dX
dτ /

(
−dQ

S

dτ

)
). The dashed vertical line indicates the optimal

tax rate, τ∗, when φ = 4 and µ̃ = 0.4.

5.2 Impact of purchases, sugar and welfare

In Table 5.1 we summarize the impact on purchases and prices, of the tax rate

that is optimal under our baseline calibration. We describe the effects separately

for sugar sweetened beverages, zero sugar soft drinks and alternative sugary drinks

(i.e. fruit juice and flavored milks, which are not subject to the tax).

The tax results in a 14.2% increase in the average price of sugar sweetened

beverages. The median pass-through rate across products is 109% (the 25th and

75th percentiles are 105% and 113%). On average, the price of zero sugar soft drinks

falls by 0.6%. These price changes lead to a 13.7% fall in the average probability

of consumers selecting a sugar sweetened beverage on a shopping trip. Conditional

on buying a sugar sweetened beverage, there is an average reduction in volume

(liters) purchased of 13.5% and a reduction in the sugar intensity (gram/liters) of

purchases of 2.4% (reflecting consumer substitution towards brands that are less

sugar intense). Consumers increase the probability that they buy zero sugar soft

drinks by 7.3%, and also buy slightly higher volumes of these types of drinks,

conditional on choosing to buy. Together, this implies a 28.4% decline in the sugar

from soft drinks. However, consumers also switch towards alternative, untaxed
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sugary drinks, increasing the sugar from these products by 7.3%. This means that

the overall fall in sugar from non-alcoholic drinks is 22.1%.

Table 5.1: Impact on purchases

Sugar sweetened Zero sugar Alternative
beverages soft drinks (sugary) drinks

%∆ price change 14.2 -0.6 -0.1

%∆ purchase probability -13.7 6.9 7.3
conditional on purchase:
%∆ volume -13.5 1.6 -0.1
%∆ sugar intensity -2.4 0.0

%∆ sugar -28.4 7.3

Notes: Prices changes refer to average change across products, weighted using pre-tax market
share. Numbers in the second panel are averages across consumers. Numbers are reported for
optimal rate, τ∗, at φ = 4 and µ̃ = 0.4.

In Table 5.2 we report the impact of the optimal tax rate on the components of,

and total, welfare. It leads to an increase in welfare of £129 million per year. This

is comprised of a fall in consumer surplus of £691 million and in soft drinks firms’

profits of £259 million, which is more than offset by tax revenue of £558 million, and

a reduction in the external costs of sugar sweetened beverage consumption of £509

million (there is also a small increase in the profits associated with the numeraire

good).

Table 5.2: Welfare changes under alternative objectives

Change in:

Welfare components

Tax Cons. Tax Drinks Num. Ext. Total
rate surplus rev. profits profits costs welfare

Optimal sugar tax 1.74 -691 558 -259 13 -509 129

Pigovian tax 4.00 -1345 904 -489 61 -890 21
Rate aiming at full internalization 3.64 -1254 865 -457 52 -842 49

Notes: Description of the different tax rates is provided in the text. Num. profits refers to profits
outside the drinks market (i.e. from the numeraire good), Ext. costs refers to externality costs.
Numbers are in £million per year and are reported for φ = 4 and µ̃ = 0.4.

We also report the impact on welfare of setting the Pigovian tax rate, and the

rate that aims at full internalization of externalities. The Pigovian rate leads to a

welfare gain of £21 million per year, and the tax rate set by a planner that aims

at full internalization of externalities improves welfare by £49 million. The optimal

sugar tax leads to welfare gains that are over 6 and 2.5 times as large, respectively.
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Ignoring the presence of distortions associated with the exercise of market power

when setting the tax rate leads to significantly smaller welfare gains.

5.3 Impact of externalities and numeraire good margin

Size of externalities

In Figure 5.3(a) we plot how the optimal tax rate, as well as the Pigovian rate,

and the tax rate set by a planner aiming at full internalization of externalities,

varies with the size of marginal externalities, φ. If the marginal externality from

the sugar in sweetened beverages is less than £2.15 per kg of sugar, a positive

tax rate will not improve welfare. Assuming that the planner faces a non-negativity

constraint on tax revenue, the optimal tax for marginal externalities below this level

is zero. For a marginal externality above £2.15, the optimal tax rate is increasing

approximately linearly in the marginal externality. At all positive values of φ the

Pigovian tax rate and the rate that aims at full internalization of externalities lie

above the optimal rate. Figure 5.3(b) plots how the welfare changes achieved by

the three tax policies vary with the size of marginal externalities. For all values of

φ, ignoring the distortions associated with the exercise of market power leads to

smaller welfare gains (and reduces welfare if φ <3.70).

Figure 5.3: Externality size
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Notes: The left panel shows how the optimal tax rate levied on the sugar in sweetened beverages, the
Pigovian tax rate optimal under perfect competition and the tax rate aimed at full internalization
of externalities varies with the calibrated value of the marginal externality, φ. The right panel
shows the resulting change in welfare. The dashed vertical line shows the baseline calibration,
φ = 4. Numbers are based on µ̃ = 0.4.
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Heterogeneity in externalities

Although there is evidence that sugar obtained through consumption of sweetened

beverages is particularly harmful, there is also concern about high levels of dietary

sugar more broadly. The World Health Organization has a target that no more than

10% of dietary calories should be obtained from added sugar, which acknowledges

that sugar intake for those with high levels of dietary sugar is likely to be more

harmful than for those with modest levels.

We consider how heterogeneity in marginal externalities across total added sugar

in consumers’ diets impacts on the optimal tax prescription. Denoting by ai our

measure of total dietary sugar (given by the share of total calories purchased as

added sugar by the consumer’s household in the previous calendar year), we specify

the marginal externality from the sugar in sweetened beverages for consumer i as

φi = A exp(b× ai)− 1. b controls for the curvature of the function and, conditional

on b, A determines the level of externalities. We vary b, and calibrate A so that

the (unweighted) marginal externality across consumers is fixed and equal to its

value in the baseline calibration; increasing b translates into increasing marginal

externalities for those with high levels of dietary sugar relative to those with low

levels.56

In our baseline calibration, marginal externalities are constant across the total

dietary sugar distribution, and the optimal tax rate is τ ∗ = 1.74, with an associated

increase in welfare of £129 million per annum. When those at the 95th percentile

of the added sugar distribution have marginal externalities 2.5 times the size of

those at the 5th percentile, the optimal rate is 1.80 and the welfare gain is £140

million; when the multiple is 6 times, the optimal rate is 1.89 and the welfare

gain £150 million. The optimal tax rate rises with the degree of heterogeneity in

marginal externalities because there is a positive correlation across consumers in

total dietary sugar and the equilibrium level reduction in sugar from sweetened

beverages associated with a marginal tax rise. However, as the strength of this

correlation is not large, the optimal tax rate increases only modestly in the degree

of heterogeneity.

Externalities leakage

Under our baseline externality calibration, we assume that externalities arise from

the sugar in sweetened beverages. However, as shown in Table 5.1, consumers

56We vary b from 0 to 10. When b = 0, A = 5 and φi = 4 ∀ i. When b = 10, A = 1.2, and at the
5th percentile of the distribution of ai (ai=6%), φi = 1.2, while at the 95th percentile (ai=19%),
φi = 7.2.
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switch to other sources of sugar. If the marginal externality from sugar intake is

given by φ = 4, and this is associated both with sugar sweetened beverages and

(untaxed) fruit juices and flavored milks, the optimal tax rate would be 1.55 and

welfare would rise by £103 million. Both the tax rate and welfare gain lie below the

case when externalities arise only through intake of sugar in sweetened beverages.

This is because the tax on sugar sweetened beverages is now relatively less effective

at reducing externalities as some consumers switch from taxed to untaxed sources.

The optimal rate falls further, to 1.41 (and the associated welfare gain to £98

million), when consumption of the numeraire good also creates externalities.57

Numeraire good margin

Figure 5.2, shows that (when the tax rate is above 0.2) a marginal increase in

the rate, in equilibrium, causes consumers to switch towards the numeraire good.

Therefore, in equilibrium, the numeraire good is a substitute for sugar sweetened

beverages, and its mark-up (in the same way as those on alternative drinks products)

acts the raise the optimal rate. However, the effect of the numeraire good mark-up

on the optimal rate is modest; when it is 0, the optimal rate is 1.51, when it 0.55,

equal to the average mark-up in the drinks market, the optimal tax rate is 1.84. The

reason for this is that a marginal increase in the tax rate induces relatively modest

switching to the numeraire good; the fraction of the reduction in equilibrium sugar

sweetened beverage consumption caused by a marginal rate increase that switches

to the numeraire is 0 when τ = 0.2, rising to just 0.08 when τ = 1.74.

5.4 Tax policy and competition

The potential for an optimally set tax on externality generating products to improve

welfare depends on the structure of, and degree of competition in, the market.

To highlight how the degree of competition in the market and tax policy interact,

we simulate the effects of changing the market structure through varying the degree

to which firms internalize portfolio effects when setting their prices. A multi-brand

firm derives market power from the fact that if it raises the prices of products

belonging to one of its brands, some of the consumers that switch away from those

brands will switch to alternative products that it owns. This results in the firm

setting higher prices than would be optimal in the absence of these portfolio effects.

57We simulate the case when the numeraire good has a sugar content of 54.5g per £1 of
expenditure, which is the sugar intensity of a commonly purchased chocolate bar, and this sugar
creates externalities that are the same as for sugar sweetened beverages in the baseline case, i.e.
φ = 4.
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It is useful to re-express the firms’ first order conditions (equation 4.5) for a

given market, m, in vector notation:

pm = cm −

[
Ω⊗

(
∂qm(pm)

∂pm

)T]−1

qm(pm).

Ω is a J × J matrix encoding the ownership structure of products in the market.

Under the true (i.e. observed) market structure element (j, k) = 1 if products

(j, k) are owned by the same firm, otherwise (j, k) = 0. We consider the following

counterfactual market structure given by the ownership matrix Ω̃, where element:

(j, k) =

{ 1

θw ∈ [0, 1]

θb ∈ [0, 1]

if products (j, k) belong to the same brand

if products (j, k) belong to the same firm but not the same brand

if products (j, k) belong to different firms

(θw = 1, θb = 0), means Ω̃ = Ω yielding the true market structure. When

(θw = 0, θb = 0) the market structure is given by a set of single brand firms (equiva-

lent to divesting the multi-brand firms into separate single brand firms), and when

(θw = 1, θb = 1) firms owning the branded drink products behave as joint profit

maximizers. More generally, when θb = 0, lowering θw from 1 increases the compet-

itiveness in the market compared with the true market structure, and when θw = 1

raising θb from 0 decreases the degree of competition in the market relative to the

true market structure.58

In Figure 5.4 we plot the welfare consequences of varying the degree of within

firm internalization of portfolio effects (θw), holding fixed the between firm effect (θb)

at zero.59 Lowering the within-firm effect from 1 leads to equilibrium margins falling

– we plot the average equilibrium margin on the horizontal axis of the graph. On

the vertical axis we show the change in welfare relative to the true market structure

(when θw = 1) when no tax is in place. As the market becomes more competitive

welfare increases (shown by the grey line); the increase in consumer surplus from

lower prices more than offsets a reduction in profits and higher externalities from

sugar consumption. The black line shows the welfare consequences of levying the

optimal tax rate. The more competitive is the market, both the higher is the

optimal tax rate and the larger are the welfare gains associated with it. Under the

58Weyl and Fabinger (2013) and Mahoney and Weyl (2017) take a related approach by using
a “conduct” parameter to capture the degree of competition in a model of symmetric product
differentiation, while in their study of pricing in the beer market Miller and Weinberg (2017)
estimate the degree to which two major firms internalize between firm portfolio effects (i.e. a
parameter similar to θw).

59In Appendix F we show the graphically the effects of varying θb.
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true market structure, τ ∗ = 1.74 and the gain in welfare is £129m, whereas, under

single brand firms τ ∗ = 1.86 and the associated gain in welfare is £152m. In the

case of joint profit maximization τ ∗ = 1.35 and welfare rises by £65m (see Table

5.3).

Figure 5.4: Impact of market competitiveness on welfare
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Notes: We simulate the market equilibrium under counterfactual ownership structures, Ω̃. The
figure shows the effect of varying θw, holding fixed θb = 0, between 0 (single brand firms) and 1
(the true market structure). The horizontal shows the average equilibrium price-cost margin (when
there is no tax in place). The grey line shows the change in welfare as θw is varied when the tax
is zero, relative to the true market structure (and no tax), and the black line shows the change in
welfare as θw under the optimal tax, relative to the true market structure (and no tax). We mark
the point representing the true market structure (and no tax) by the red cross.

This points towards a complementarity in competition and tax policy; a more

competitive market raises welfare, and also raises the welfare gains associated with

optimal tax policy. This contrasts with externality correcting tax with a single

product monopolist, where competition and tax policy are perfect substitutes.60

60In particular, suppose a monopolist sets a fixed margin on its product given by µ ≤ φ, where
φ is the marginal externality. When µ = φ we have the first best. A more competitive seller (given
by a lower µ) leads to lower welfare. However, the optimal tax, τ = φ−µ will exactly off-set this,
bringing the market back to the first best.
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Table 5.3: Welfare effect of optimal tax under different market structures

Change in:

Welfare components

Optimal Cons. Tax Drinks Num. Ext. Total
tax rate surplus rev. profits profits costs welfare

True ownership structure (θw = 1, θb = 0)
No tax – – – – – –
Tax 1.74 -691 558 -259 13 -509 129

(-691) (558) (-259) (13) (-509) (129)

Single brand firms (θw = 0, θb = 0)
No tax 1024 0 -570 141 130 465
Tax 1.86 222 634 -796 124 -434 617

(-803) (634) (-226) (-17) (-564) (152)

Joint profit maximisation (θw = 1, θb = 1)
No tax -4560 0 1572 -31 -449 -2570
Tax 1.35 -4927 345 1282 24 -772 -2504

(-367) (345) (-290) (56) (-322) (65)

Notes: Column (3) shows the optimal tax rate on the sugar in sweetened beverages under different
firm ownership structures, columns (4)-(9) show changes in welfare and its components relative
to the true ownership structure when no tax is in place. For single brand firms and joint profit
maximization, numbers in parenthesis show difference between tax and no tax equilibrium values.
Num. profits refers to profits outside the drinks market (i.e. from the numeraire good), Ext. costs
refers to externality costs. Numbers are in £million per year and are reported for φ = 4 and
µ̃ = 0.4.

5.5 Alternative tax bases

Jurisdictions that have implemented taxes on soft drinks have chosen not to levy the

tax in proportion to sugar content. Instead the majority of jurisdictions have set the

tax base as the volume of sugar sweetened beverages sold, which has the implication

that soft drinks with higher sugar contents do not attract proportionately more tax.

We solve for the optimal rate if the planner chooses to levy the tax volumetrically

on sugar sweetened beverages. We also solve for the optimal rate for a tax that

is levied on an ad valorem basis on sugar sweetened beverages (a structure that

is used in the Chilean sugar sweetened beverage tax). In some jurisdictions (for

instance, Philadelphia) a volumetric tax is levied on all soft drinks (including zero

sugar variants). This form of tax has typically been motivated as a revenue raising

measure. We therefore solve for the tax rate that generates equivalent tax revenue

to the optimally set volumetric tax applied only to sugar sweetened beverages. All

rates, and their impact on welfare, are detailed in Table 5.4.

Setting a tax either volumetrically or on an ad valorem basis leads to welfare

gains that are smaller than a tax levied directly on the sugar in sweetened beverages.

These taxes are not directly levied on the source of externalities and this leads
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them to be less efficient at lowering the most socially costly consumption. For

instance, unlike a tax on sugar they do not incentivise substitution between high to

moderately sugary brands.61 A volumetric tax on all soft drinks (revenue equivalent

to one only on sugar sweetened soft drinks) leads to a fall in welfare; compared

with the volumetric sugar sweetened beverage tax, it leads to a moderately smaller

reduction in consumer surplus that is more than offset by larger declines in profits

and a much smaller reduction in externalities. Even if policy is motivated by raising

revenue, a tax on sugar sweetened beverages is a more efficient means of raising

revenue than the broader based alternative.

Table 5.4: Welfare changes under alternative tax bases

Change in:

Welfare components

Optimal Cons. Tax Drinks Num. Ext. Total
tax rate surplus rev. profits profits costs welfare

Optimal sugar tax 1.74 per kg -691 558 -259 13 -509 129

Optimal volumetric tax on SSBs 0.13 per l -585 497 -229 -1 -394 76
Optimal ad valorem tax on SSBs 19 % -539 879 -595 7 -308 60

Rev. equiv. volumetric tax on soft drinks 0.06 per l -536 497 -213 -3 -152 -102

Notes: Description of the different tax rates is provided in the text. Num. profits refers to profits
outside the drinks market (i.e. from the numeraire good), Ext. costs refers to externality costs.
Numbers are in £million per year and are reported for φ = 4 and µ̃ = 0.4.

6 Summary and conclusions

A number of consumer goods, such as alcohol and tobacco, have long attracted

excise duties; the most compelling justification for these duties is to correct for

the external costs associated with their consumption. Increasingly food products,

particularly those high in sugars, are attracting similar tax treatment. These mar-

kets typically consist of many differentiated products offered by large multi-product

firms, and therefore they are likely to be characterized by market power.

We consider the design of tax levied on externality generating products in im-

perfectly competitive markets. In these markets, prices are already likely to be in

excess of marginal costs, both for products targeted by the tax and for substitute

products. The existence of positive price-cost margins alters the optimal tax policy

from the standard Pigovian prescription of a tax equal to the marginal externality.

Positive margins among the taxed products act to lower the optimal rate, while

61Grummon et al. (2019) argue the health benefits of a sweetened beverage tax levied on sugar
would be 30% larger than one levied volumetrically.
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positive margins on substitute goods acts to raise it, with the strength of this effect

depending on how readily consumers switch from taxed products to alternatives.

We apply our framework to the topical question of the design of taxes on sugar

sweetened beverages. We estimate a model of demand and supply in the UK drinks

market, which allows us to capture realistic substitution patterns as prices change,

and to estimate firms’ marginal costs, and hence, price-cost margins. We use an

event study approach to evaluate the effects of the UK’s Soft Drink Industry Levy on

prices; the (out-of-sample) predictions from our model of demand and supply closely

match those observed in the data. We embed the empirical model of the market into

our tax design framework to consider the optimal sugar sweetened beverage tax,

and find that although there are substantial price-cost margins for drink products,

the optimal tax rate on the sugar in sweetened beverages is nonetheless positive for

plausible values of the marginal externality of sugar from these products. However,

consumers’ tendency to shift their basket of taxed products towards small sizes with

high margins, and firms tendency to raise margins in response to the tax acts to

suppress the optimal tax rate.

The welfare improvements induced by the optimal rate are around 2.5 times

larger than if the planner ignored the presence of distortions associated with the

exercise of market power. Directly taxing the sugar content of drinks leads to

considerably larger welfare gains, compared with volumetric (i.e. levied per liter of

product sold) or ad valorem taxes, which are much more commonly used in practice.

In this paper, we focus on firms’ strategic pricing response; however, firms may

respond to the tax by also changing their product portfolios and changing the

sugar content of existing products. The recently adopted UK Soft Drink Industry

Levy entails a tax schedule with notches in product sugar content that strongly

incentivizes product reformulation. The nature of such responses will depend on

the structure of the tax, as well as production costs and the shape of demand. An

important direction for future work will be to consider the implications for corrective

tax policy design of these other margins of firm response.
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A Optimal tax formulae

A.1 Many differentiated goods

Here we derive the many product optimal tax expression given by equation (2.3)

in Proposition 1 in the main body of the paper. Suppose there are J goods; one

subset, denoted j ∈ S, contain an attribute associated with an externality, zj; the

remaining subset of products, denoted j ∈ N , have zj = 0.

The planner sets a single tax rate, τf , directly on a particular feature of the

externality generating goods, which we denote by fj. The products are supplied

imperfectly competitively and at constant marginal costs, so we can write:

pj − τf × fj − cj
pj − cj

= µj

= µj

∀j ∈ S
∀j ∈ N .

where µj denotes the equilibrium price-cost margin for product j.

The efficiency maximizing social planner chooses the tax rate to:

max
τf

v(p)−
∑
j∈S

φzjqj +
∑
j

(pj − cj)qj. (A.1)

The first order condition of the planner’s problem is:∑
j

(pj − cj − φzj)
dqj
dτf

= 0.

A tax on the externality generating attribute. Suppose the planner levies

the tax on the externality generating attribute (i.e. f = z). In this case we can
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re-express the planner’s first condition as:

τ ∗z =φ−
∑

j µj
dqj
dτz∑

j∈S zj
dqj
dτz

=φ− 1∑
j∈S zj

dqj
dτz

(∑
j∈S

µj
dqj
dτz

+
∑
j∈N

µj
dqj
dτz

)
.

Defining dQX

dτz
=
∑

j∈X
dqj
dτz

, wXj =
dqj
dτz
/dQ

X

dτz
for X = {S,N} and dZ

dτz
=
∑

j∈S zj
dqj
dτz

,

we can re-write this as:

τ ∗z = φ− 1
dZ
dτz

/
dQS

dτz

(∑
j∈S

wSj µj −
∑
j∈N

wNj µj ×
dQN

dτz

/(
−dQ

S

dτz

))
, (A.2)

which is the expression given by equation (2.3) in Proposition 1.

A volumetric tax. Suppose instead the tax is applied volumetrically to products

in the set S i.e. fj = 1zj>0. In this case the optimal tax rate can be written:

τ ∗v =φ

∑
j∈S zj

dqj
dτv∑

j∈S
dqj
dτv

−
∑

j µj
dqj
dτv∑

j∈S
dqj
dτv

=
dZ

dτv

/
dQS

dτv
× φ−

(∑
j∈S

wSj µj −
∑
j∈N

wNj µj ×
dQN

dτv

/(
−dQ

S

dτv

))
.

For the optimal volumetric tax dZ
dτ
/dQ

S

dτ
(which is the effect of a marginal change in

the tax rate on intake of the externality generating attribute divided by its effect

on consumption of the set of products that contain the attribute) pre-multiplies the

externality; for the optimal tax on the externality generating attribute, z, the in-

verse of the expression pre-multiplies the equilibrium margin terms. This difference

reflects the different bases of the two taxes (and that externalities are per unit of

z and margins are pre volume of product). Note that the equilibrium margins µj,

margin weights, wj, and switching derivatives, dQN

dτ
/
(
−dQS

dτ

)
and dZ

dτ
/dQ

S

dτ
are all

implicit functions of the tax and therefore are all likely vary between the two forms

of tax.

A.2 Extensions

Consider the case of a planner levying a tax on attribute z.

2



Heterogeneous externalities. Suppose that the marginal externalities are con-

sumer specific and denoted by φi. It may be, for instance, that marginal externalities

are constant in individual consumption of attribute z, Zi =
∑

j zjqij, but hetero-

geneous across individuals. Alternatively, it may be that marginal externalities are

a non-linear function of individual consumption, Φ(Zi), in which case, in the opti-

mal tax formula φi should be interpreted as the marginal consumption externality

of individual i at their equilibrium consumption level. The planner’s first order

condition is then: ∑
j

(pj − cj − φizj)
dqj
dτ

= 0.

Defining dZi

dτ
=
∑

j∈S zj
dqij
dτ

(the impact of a marginal change in the tax rate on

the equilibrium usage of the externality generating attribute by individual i), then

optimal tax rate (levied on the externality generating product attribute) can be

written:

τ ∗ =
∑
i

φi
dZi
dτ

/
dZ

dτ
− 1

dZ
dτ

/
dQS

dτ

(∑
j∈S

wSj µj −
∑
j∈N

wNj µj ×
dQN

dτ

/(
−dQ

S

dτ

))
.

(A.3)

In the discussion in the main body of the paper we use ωi to denote dZi

dτ
/dZ
dτ

.

Comparison of the expressions for the optimal tax formulation under homo-

geneous and heterogeneous externalities (equations (A.2) and (A.3)) suggest it is

only the first term that differs between the two. This, however, is misleading, as

equilibrium price-cost margins and all derivatives of equilibrium quantities depend

implicitly on the tax rate. Therefore the numerical value of all parts of the ex-

pression are likely to vary depending on whether or not there is heterogeneity in

externalities.

Broader externalities. Suppose there are three sets of products; (i) set S contain

attribute z and are subject to tax; (ii) set L contain attribute z but are outside the

scope of the tax; (iii) the remaining set of products contain none of attribute z (and

therefore are also untaxed). It is useful to denote the products in set (ii) and (iii)

by N . Define dZS

dτ
=
∑

j∈S zj
dqj
dτ

and dZA

dτ
=
∑

j∈{S
⋃
L} zj

dqj
dτ

to be the impact of a

marginal change in the tax rate on equilibrium intake of the externality generating

attribute from the set of taxed products and the set of all products containing the

attribute respectively. Suppose externalities are homogeneous. In this case the
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optimal rate of tax can be expressed:

τ ∗ = φ× dZA

dτ

/
dZS

dτ
− 1

dZS

dτ

/
dQS

dτ

(∑
j∈S

wSj µj −
∑
j∈N

wNj µj ×
dQN

dτ

/(
−dQ

S

dτ

))
.

Full externality internalization. To illustrate the intuition behind the full ex-

ternality internalization result, we return to the two product market setting outlined

in Section 2.1. Suppose the planner wishes to ignore distortions associated with the

exercise of market power and aims at full externality internalization. The planner

will fail to maximize welfare as specified in equation (2.1). In particular, suppose

the planner chooses to treat the equilibrium allocation (or equivalently price-cost

margins) in the absence of tax as a reference point, with the aim of inducing agents

to internalize externalities relative to this benchmark. In this case the planner will

maximize a modified welfare function in which the marginal cost of each product is

replaced with its equilibrium price when τ = 0, which we denote by p̄j. Specifically,

the planner will solve:

max
τ̃

v(p)− φq1 + (p1 − p̄1)q1 + (p2 − p̄2)q2.

Define the equilibrium pass-through rate of the tax onto the consumer price of

product 1 as ρ = p1−p̄1
τ

and denote the change in equilibrium price for product 2

resulting from the tax as ∆p2 = p2−p̄2. We can then express the tax that maximizes

the planner’s modified welfare function as:

τ̃ ∗ =
1

ρ

(
φ+ ∆p2 ×

dq2

dτ̃

/(
−dq1

dτ̃

))
. (A.4)

τ̃ ∗ differs from the Pigovian prescription (τ = φ) for two reasons. First, the tax

rate depends inversely on the equilibrium pass-through rate. Second, the tax de-

pends positively (negatively) on any increase (decrease) in the equilibrium price of

the substitute good. The strength of this effect is in proportion to how much of

any reduction of equilibrium consumption of product 1 in response to a marginal

tax switches to product 2. If dq2
dτ̃
/
(
−dq1

dτ̃

)
= 1, then τ̃ ∗ = 1

ρ
(φ+ ∆p2); while if

dq2
dτ̃
/
(
−dq1

dτ̃

)
= 0, then τ̃ ∗ = 1

ρ
φ. In each case, in equilibrium, the difference in equi-

librium prices for the taxed and substitute good equals the price difference in the

absence of any tax plus the marginal externality, p1 − p2 = p̄1 − p̄2 + φ.

In the many product case the planner’s first order condition is:∑
j

(pj − p̄j − φzj)
dqj
dτ̃

= 0.
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The tax rate that solves this condition is implicitly defined by:

τ̃ =
1∑

j∈S ρj$j

(
φ+

∑
j∈N

wNj ∆pj ×
dQN

dτ̃

/(
−dZ
dτ̃

))
. (A.5)

∑
j∈S ρj$j is the weighted average pass-through rate across products. The weights

are the contribution product j makes to the derivative of equilibrium consumption

of attribute z with respect to the tax rate; $j =
dZj

dτ̃
/dZ
dτ̃

. This expression is a

natural generalization of the two good formula (equation A.4).

Internalities. Suppose consumers suffer from internalities and their underlying

utility takes the form vi(p) − ϕi
∑

j zjqij, and there are heterogeneous marginal

externalities. The planner’s first order condition then takes the form:∑
j

(pj − cj − φizj)
dqj
dτ

= 0.

where φi = φi + ϕi is the sum of the marginal externality and internality. The

optimal tax can then be written as in equation A.3, but with φi in place of φi.

The following model of consumer choice leads to utility taking the form vi(p)−
ϕi
∑

j zjqij. Suppose consumer i chooses one product from the set of available

products Ω = S
⋃
N according to the choice model:

max
j∈Ω
{Ũij = αi(yi − pj) + β̃izj + εij}

where αi is the marginal utility of income, β̃i is the weight the consumer places on

the attribute zj and εij is a random shock to utility. Suppose β̃i is an over-estimate

of the consumer’s underlying preferences for attribute zj; the true weight is βi < β̃i

and the “true” utility from product j is Uij = αi(yi − pj) + βizj + εij.

Define the expected value of the consumer’s “decision” utility (i.e. the function

the consumer optimizes when making consumption decisions), ṽi(p) = Eε[Ũij∗ ]
where j∗ = arg max{Ũij} denotes the product she selects. The consumer level

expected demand (probability) for product j is qij(p) = P(Ũij > Ũik ∀ k 6= j).

The consumer’s expected utility takes the form:

Vi(p) = Eε[Uij∗ ] =Eε[Ũij∗ ]− Eε(β̃i − βi)zj∗

=ṽi(p)−
∑
j∈Ω

(β̃i − βi)zjqij(p)

5



Relabelling ṽi(.) = vi(.) and ϕi = (β̃i − βi), we have Vi(p) = vi(p) −
∑

j∈Ω ϕizjqij.

The marginal internality is given by the size of the consumer’s overestimate of their

preference for attribute zj.

B Non-separabilities

We investigate whether there is evidence of two types of intertemporal non-separabilities

that could invalidate our empirical approach. First, whether recent at-home pur-

chases influence individuals’ demand in the on-the-go segment of the market, and

second, whether consumers stockpile in response to sales.

B.1 Dependence across at-home and on-the-go segments

Our demand model assumes independence between demand for drinks in the at-

home and on-the-go segments of the market. A potential concern is that when

people live in a household that has recently purchased drinks for at-home con-

sumption, they will be less likely to purchase drinks on-the-go, thus introducing

dependency between the two segments of the market.

We assess evidence for this by looking at the relationship between a measure

of a household’s recent at-home drinks purchases and the quantity of drinks an

individual from that household purchases on-the-go. We construct a dataset at the

individual-day level (we drop days before and after the first and last dates that the

individual is observed in the on-the-go sample). The dataset includes the quantity

of drinks purchased on-the-go (including zeros), and the total quantity of drinks

purchased at home over a variety of preceding time periods.

We estimate:

quantity on-the-goit =
4∑
s=1

βsweek s at-home volumeit + µi + ρr + τt + εit

quantity on-the-goit =
7∑
d=1

βddaily d at-home volumeit + µi + ρr + τt + εit

where week s at-home volumeit is the total at-home purchases of drinks made by

individual i’s household in the s week before day t, and daily d at-home volumeit

is the total at-home purchases of drinks made by individual i’s household on the d

day before day t. We estimate both of these regression with and without individual

fixed effects to show the importance of individual preference heterogeneity.
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Table B.1 shows the estimates. The first two columns show the relationship

between the volume of drinks purchased on-the-go and the volume of at-home pur-

chases in the four weeks prior. When we do not include fixed effects, the results

are positive and statistically significant. However, in the second column, once we

include fixed effects, the results go to almost zero. We see a similar pattern in the

final two columns, which show the relationship between volume purchased on-the-go

and the daily volume of at-home purchases in the previous 7 days.

These descriptive results provide support for our modeling of the at-home and

on-the-go segments as separate parts of the market.

Table B.1: Dependence across at-home and on-the-go

(1) (2) (3) (4)
Volume Volume Volume Volume

At-home purchases 1 week before 0.0008∗∗∗ 0.0001∗∗

(0.0000) (0.0000)
At-home purchases 2 weeks before 0.0008∗∗∗ 0.0001∗∗∗

(0.0000) (0.0000)
At-home purchases 3 weeks before 0.0007∗∗∗ 0.0001∗

(0.0000) (0.0000)
At-home purchases 4 weeks before 0.0007∗∗∗ 0.0001∗

(0.0000) (0.0000)
At-home purchases 1 day before 0.0011∗∗∗ -0.0002

(0.0001) (0.0001)
At-home purchases 2 days before 0.0014∗∗∗ 0.0000

(0.0001) (0.0002)
At-home purchases 3 days before 0.0012∗∗∗ -0.0002

(0.0001) (0.0001)
At-home purchases 4 days before 0.0015∗∗∗ 0.0002

(0.0001) (0.0001)
At-home purchases 5 days before 0.0016∗∗∗ 0.0002

(0.0001) (0.0001)
At-home purchases 6 days before 0.0017∗∗∗ 0.0004∗∗

(0.0001) (0.0001)
At-home purchases 7 days before 0.0018∗∗∗ 0.0005∗∗∗

(0.0001) (0.0001)

N 2668585 2668585 2776989 2776989
Mean of dependent variable 0.0452 0.0452 0.0452 0.0452
Time effects? Yes Yes Yes Yes
Decision maker fixed effects? No Yes No Yes

Notes: Dependent variable in all regressions is the volume of drinks purchased on-the-go (in liters).
An observation is an individual-day; data include zero purchases of drinks. Robust standard errors
shown in parentheses.

B.2 Stockpiling

We consider whether there is evidence of households in the at-home segment stock-

piling drinks by conducting a number of checks based on implications of stockpiling
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behavior highlighted by Hendel and Nevo (2006b). Hendel and Nevo (2006b) high-

light the importance of controlling for preference heterogeneity across consumers;

throughout our analysis, we focus on within-consumer predictions and patterns of

stockpiling behavior.

We construct a dataset that, for each household, has an observation for every

day that they visit a retailer. The data set contains information on: (i) whether

the household purchased a non-alcoholic drink on that day, (ii) how much they

purchased, and (iii) the share of volume of drinks purchased on sale. To account

for households who do not record purchasing any groceries for a sustained period of

time (for instance, because they are on holiday), we construct “purchase strings” for

each households. These are periods that do not contain a period of non-reporting

of any grocery purchases longer than 3 or more weeks.

Inventory. One implication of stockpiling behavior highlighted in Hendel and

Nevo (2006b) is that the probability a consumer purchases and, conditional on

purchasing, the quantity purchased decline in the current inventory of the good.

Inventory is unobserved; following Hendel and Nevo (2006b) we construct a mea-

sure of each household’s inventory as the cumulative difference in purchases from

the household’s mean purchases (within a purchase string). Inventory increases if

today’s purchases are higher than the household’s average, and inventory declines

if today’s purchases are lower than the household’s average.

Let i index household, τ = (1, . . . , τi) index days on which we observe the

household shopping, r index retailer and t index year-weeks. We estimate:

buysoftdrinkiτ = βinv,ppinventoryiτ + µi + ρr + tτ + εiτ

qiτ = βinv,qinventoryiτ + µi + ρr + tτ + εiτ if buysoftdrinkiτ = 1

where buysoftdrinkiτ is a dummy variable equal to 1 if household i buys any drinks

at time on shopping trip τ ; qiτ is the quantity of drink purchased, and inventoryiτ

is household i’s inventory on the day shopping trip τ is undertaken, constructed

as described above. µi are household-purchase string fixed effects, ρr are retailer

effects and tτ are year-week effects.

If stockpiling behavior is present we would expect that βinv,pp < 0 and βinv,q < 0;

when a household’s inventory is high it is less likely to purchase, and conditional on

purchasing it will buy relatively little. The first two columns of Table B.2 summarize

the estimates from these regressions. There is a small positive relationship between

inventory and purchase probability and quantity purchased, conditional on buying.

An increase in inventory of 1 liter leads to an increase in the probability of buying
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of 0.001, relative to a mean of 0.23, and an increase in the quantity purchased,

conditional on buying a positive amount, of 0.013, relative to a mean of 3.925.

These effects are both small and go in the opposite direction to that predicted by

Hendel and Nevo (2006b) if stockpiling behavior was present.

Time between purchases. The second and third implications of stockpiling

behavior highlighted in Hendel and Nevo (2006b) are that, on average, the time to

the next purchase is longer after a household makes a purchase on sale, and that

the time since the previous purchase is shorter.

We check for this by estimating:

timetoiτ = βleadsaleiτ + µi + ρr + tτ + εiτ

timesinceiτ = βlagsaleiτ + µi + ρr + tτ + εiτ

where timetoiτ is the number of days to the next drinks purchase, timesinceiτ is the

number of days since the previous purchase, saleiτ is the quantity share of drinks

purchased on sale on day τ by household i, and µi, ρr, and tτ are household-purchase

string, retailer and time effects.

Stockpiling behavior should lead to βlead > 0 and βlag < 0. Columns (3) and

(4) of Table B.2 summarize the estimates from these regressions. We estimate

that purchasing on sale is associated with an increase of 0.14 days to the next

purchase and 0.23 days less since the previous purchase. The sign of these effects

are consistent with stockpiling, however there magnitudes are small; the average

gap between purchases is 12 days.

Probability of previous purchase being on sale. A fourth implication

highlighted by Hendel and Nevo (2006b) is that stockpiling behavior implies that

if a household makes a non-sale purchase today, the probability of the previous

purchase being non-sale is higher than if the current purchase was on sale.

We estimate:

nonsaleiτ−1 = βnssaleiτ + µi + ρr + tτ + εiτ

where nonsaleiτ = 1[saleiτ < 0.1] indicates a non-sale purchase, and the other effects

are as defined above.

The Hendel and Nevo (2006b) prediction is that βns < 0. Column (5) shows

the estimated βns from this regression. We find that there is a negative relationship

between buying on sale today and the previous purchase not being on sale, however,

the magnitude of this effect is relatively small.
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Sales and product switching. While the evidence suggests that people do not

change the timing of their purchases when they buy on sale, this does not imply con-

sumer choice does not respond to price variation resulting from sales. We quantify

the propensity of people to switch brands, sizes and pack types (e.g. from bottles

to cans) by estimating the following:

brandswitchiτ = βbrandswitchsaleiτ + µi + ρr + tτ + εiτ

sizeswitchiτ = βsizeswitchsaleiτ + µi + ρr + tτ + εiτ

packtypeswitchiτ = βpacktypeswitchsaleiτ + µi + ρr + tτ + εiτ

where brandswitchiτ is a dummy variable equal to 1 if the household purchased a

brand that they did not buy the last time they visited the store, sizeswitchiτ is a

dummy variable equal to 1 if the household purchased a size that they did not buy

the last time they visited the store, and packtypeswitchiτ is a dummy variable equal

to 1 if the household purchased a pack type that they did not buy the last time

they visited the store.

Table B.3 shows the estimated β coefficients. We find that buying on sale leads

to an increase in the probability of switching brands, sizes and pack types. The

percentage effect is largest for pack type switching: buying on sale is associated with

an 12.5% increase in the probability that the household switches to buying a new

pack type (i.e. cans instead of bottles or vice versa). Buying on sale is associated

with a 3.3% and 4.5% increase in probability of switching between brands and sizes,

respectively.

Table B.3: Sales and product switching

(1) (2) (3)
Brand switch Size switch Pack type switch

Purchase on sale? 0.0179∗∗∗ 0.0239∗∗∗ 0.0159∗∗∗

(0.0012) (0.0012) (0.0007)

Mean of dependent variable 0.5432 0.5223 0.1272
N 1822258 1822258 1822258
Time effects? Yes Yes Yes
Retailer effects? Yes Yes Yes
Decision maker fixed effects? Yes Yes Yes

Notes: The dependent variable in column (1) is a dummy variable equal to 1 if the household buys
a brand on shopping trip τ that they did not buy at τ − 1; in column (2) it is a dummy variable
equal to 1 if the household buys a size on shopping trip τ that they did not buy at τ − 1; in column
(3) it is a dummy variable equal to 1 if the household buys a pack type on shopping trip τ that
they did not buy at τ − 1. Robust standard errors are shown in parentheses.
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To summarize, we find limited evidence of stockpiling behavior in our data;

although we cannot conclusively rule it out, the any effects appear to be very small.

C Additional tables of estimates

We estimate the demand model using simulated maximum likelihood. We allow all

parameters to vary by consumer group and estimate the choice model separately by

groups.62 Table C.1 summarizes our demand estimates. The top half of the table

shows estimates for the at-home segment of the market and the bottom half shows

estimates for the on-the-go segment. These include a set of random coefficients over

price, a dummy variable for drinks products, a dummy for variable for whether the

product contains sugar, a dummy variable for whether the product is ‘large’ (more

than 2l in size for the at-home segment, and 500ml in size in the on-the-go segment),

and dummy variables for whether the product is a cola, lemonade, fruit juice, store

brand soft drink (at-home only), or a flavored milk (on-the-go only). Conditional

on consumer group, the price random coefficient is log-normally distributed and the

other random coefficients are normally distributed; the unconditional distribution

of consumer preferences is a mixture of normals. We normalize the means of the

random coefficients for the drinks, large, cola, lemonade, store soft drinks and fruit

juice effects to zero as they are collinear with the brand-size effects. We allow for

correlation within consumer group between preferences for sugar and drinks. In the

at-home segment we allow preferences over price, branded soft drinks, store brand

soft drinks and fruit juice to vary systematically with whether the household has

above or below median equivalized household income.

Table C.2 reports mean market elasticities for a set of popular products in the at-

home and on-the-go segments of the market. For each segment, we show elasticities

for the most popular size belonging to each of the 10 most popular brand-variants

(where variants refer to regular/diet/zero versions).

Table C.3 reports the average price, marginal cost and price-cost margin (all

per liter) for each brand, as well as the average price-cost mark-up. Numbers in

brackets are 95% confidence intervals.

62In the at-home segment, for each group, we use a random sample of 1,500 households and 10
choice occasions per households; in the on-the-go sample we use data on all individuals in each
group and randomly sample 50 choice occasions per individual, weighting the likelihood function
to account for differences in the frequency of choice occasion across consumers. We conduct all
post demand estimation analysis on the full sample.
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Table C.1: Estimated preference parameters

At-home No children Children

low med. high low med. high
dietary dietary dietary dietary dietary dietary

sugar sugar sugar sugar sugar sugar

Mean Price 0.227 0.257 0.169 0.261 0.247 0.284
(0.045) (0.040) (0.044) (0.036) (0.035) (0.033)

Sugar medium 0.683 0.884 0.727 0.545 0.822 0.853
(0.092) (0.088) (0.085) (0.072) (0.068) (0.065)

Sugar high -0.045 0.516 0.692 -0.212 0.131 0.589
(0.064) (0.063) (0.062) (0.050) (0.047) (0.046)

Advertising 0.346 0.265 0.336 0.313 0.355 0.335
(0.057) (0.055) (0.052) (0.045) (0.041) (0.039)

Interaction × Price 0.129 0.110 0.125 0.181 0.180 0.120
with low income (0.051) (0.045) (0.044) (0.041) (0.039) (0.038)

× Branded soft drinks 0.233 0.136 0.256 0.308 0.363 0.182
(0.112) (0.103) (0.099) (0.090) (0.086) (0.087)

× Store soft drinks 0.167 0.509 0.320 0.593 0.516 0.403
(0.123) (0.129) (0.121) (0.118) (0.103) (0.113)

× Fruit juice -0.152 -0.437 -0.463 -0.339 -0.141 -0.323
(0.167) (0.149) (0.162) (0.132) (0.127) (0.140)

Variance Price 0.116 0.075 0.150 0.074 0.123 0.109
(0.019) (0.013) (0.023) (0.012) (0.012) (0.012)

Sugary 2.248 2.255 1.993 1.524 1.572 1.464
(0.209) (0.197) (0.169) (0.128) (0.122) (0.113)

Drinks 2.211 2.659 1.706 1.572 1.412 1.390
(0.191) (0.212) (0.200) (0.141) (0.126) (0.130)

Large 0.888 0.989 0.425 0.670 0.708 0.487
(0.200) (0.163) (0.139) (0.125) (0.130) (0.117)

Cola 2.063 1.499 2.674 1.504 1.743 1.476
(0.274) (0.211) (0.288) (0.190) (0.174) (0.146)

Lemonade 4.544 2.560 1.595 2.166 1.833 1.623
(0.713) (0.428) (0.381) (0.423) (0.375) (0.278)

Store soft drinks 2.577 2.995 1.873 2.481 1.688 2.388
(0.229) (0.248) (0.194) (0.208) (0.146) (0.195)

Fruit juice 3.318 2.925 3.826 2.324 2.242 2.907
(0.340) (0.279) (0.350) (0.209) (0.203) (0.261)

Covariance Sugary-Drinks -1.585 -1.801 -1.112 -1.136 -1.051 -0.878
(0.171) (0.173) (0.145) (0.116) (0.109) (0.098)

On-the-go Aged under 30 Aged over 30

low med. high low med. high
dietary dietary dietary dietary dietary dietary

sugar sugar sugar sugar sugar sugar

Mean Price 1.482 1.171 0.344 0.939 1.221 1.044
(0.080) (0.067) (0.258) (0.089) (0.044) (0.057)

Sugar medium 2.435 2.316 2.622 0.811 1.230 1.812
(0.194) (0.115) (0.116) (0.085) (0.062) (0.093)

Sugar high 1.385 0.826 1.720 -0.249 0.079 0.711
(0.092) (0.055) (0.065) (0.053) (0.034) (0.043)

Advertising 0.848 0.538 0.269 0.484 0.467 0.643
(0.063) (0.037) (0.048) (0.038) (0.026) (0.038)

Variance Price 0.258 0.151 0.027 0.264 0.183 0.384
(0.044) (0.021) (0.016) (0.035) (0.013) (0.031)

Sugary 7.241 4.318 7.396 9.429 8.280 6.432
(0.491) (0.205) (0.389) (0.418) (0.266) (0.256)

Drinks 4.265 2.310 6.170 4.260 2.628 2.495
(0.278) (0.152) (0.341) (0.197) (0.099) (0.114)

Large 3.359 3.995 4.533 5.864 3.299 3.754
(0.235) (0.194) (0.220) (0.223) (0.102) (0.141)

Cola 6.152 3.234 3.110 7.073 6.426 6.207
(0.444) (0.146) (0.176) (0.314) (0.215) (0.215)

Lemonade 4.814 1.527 4.611 1.184 1.139 5.618
(0.457) (0.182) (0.359) (0.203) (0.100) (0.417)

Fruit juice 6.522 2.221 3.160 5.670 3.980 1.402
(0.937) (0.296) (0.432) (0.486) (0.253) (0.225)

Flavored milk 6.132 3.123 3.748 7.212 2.241 0.208
(0.975) (0.322) (0.419) (0.955) (0.302) (0.091)

Covariance Sugary-Drinks -2.252 -2.684 -5.766 -5.066 -3.443 -2.231
(0.298) (0.174) (0.338) (0.233) (0.176) (0.141)

Brand-size effects Yes Yes Yes Yes Yes Yes
Brand-retailer effects Yes Yes Yes Yes Yes Yes
Size-retailer effects Yes Yes Yes Yes Yes Yes
Brand-time effects Yes Yes Yes Yes Yes Yes
Size-time effects Yes Yes Yes Yes Yes Yes

Notes: Standard errors are reported below the coefficients.
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Table C.3: Average price-cost margins by brands

Firm Brand Price Marginal Price-cost (Price-cost)
cost margin /Price

(£/l) (£/l) (£/l)

Coca Cola Enterprises Coke 1.14 0.47 0.67 0.51
[0.45, 0.49] [0.65, 0.69] [0.50, 0.52]

Capri Sun 1.17 0.61 0.57 0.47
[0.59, 0.62] [0.55, 0.59] [0.46, 0.49]

Innocent fruit juice 3.34 1.89 1.44 0.48
[1.85, 1.95] [1.39, 1.49] [0.47, 0.49]

Schweppes Lemonade 0.52 0.16 0.35 0.68
[0.15, 0.18] [0.34, 0.37] [0.66, 0.70]

Fanta 1.44 0.56 0.88 0.61
[0.53, 0.60] [0.85, 0.91] [0.59, 0.62]

Dr Pepper 1.33 0.51 0.82 0.61
[0.48, 0.55] [0.78, 0.85] [0.59, 0.62]

Schweppes Tonic 1.65 0.90 0.75 0.54
[0.87, 0.93] [0.72, 0.78] [0.52, 0.56]

Sprite 1.26 0.45 0.81 0.64
[0.43, 0.48] [0.78, 0.83] [0.63, 0.66]

Cherry Coke 1.53 0.64 0.89 0.54
[0.61, 0.68] [0.85, 0.92] [0.52, 0.56]

Oasis 2.31 0.85 1.47 0.63
[0.75, 0.95] [1.36, 1.56] [0.59, 0.68]

Pepsico/Britvic Robinsons 1.20 0.40 0.80 0.67
[0.38, 0.43] [0.77, 0.82] [0.66, 0.69]

Pepsi 1.02 0.46 0.56 0.56
[0.44, 0.47] [0.54, 0.58] [0.55, 0.58]

Tropicana fruit juice 2.20 1.18 1.02 0.46
[1.15, 1.21] [0.99, 1.05] [0.45, 0.48]

Robinsons Fruit Shoot 1.80 0.76 1.05 0.58
[0.72, 0.79] [1.02, 1.08] [0.56, 0.59]

Britvic fruit juice 2.05 1.08 0.97 0.47
[1.05, 1.12] [0.94, 1.00] [0.46, 0.49]

7 Up 1.22 0.53 0.69 0.61
[0.51, 0.56] [0.66, 0.71] [0.60, 0.63]

Copella fruit juice 1.40 0.36 1.03 0.73
[0.33, 0.40] [1.00, 1.07] [0.70, 0.75]

Tango 1.13 0.42 0.72 0.67
[0.39, 0.45] [0.69, 0.74] [0.65, 0.69]

GSK Ribena 1.77 0.96 0.82 0.46
[0.93, 0.99] [0.78, 0.85] [0.44, 0.47]

Lucozade 1.62 0.86 0.76 0.48
[0.84, 0.90] [0.72, 0.78] [0.46, 0.49]

Lucozade Sport 1.49 0.90 0.59 0.39
[0.88, 0.93] [0.56, 0.61] [0.38, 0.40]

Vimto 1.09 0.55 0.54 0.52
[0.53, 0.56] [0.53, 0.56] [0.51, 0.53]

Irn Bru 1.56 0.77 0.78 0.53
[0.73, 0.82] [0.73, 0.82] [0.50, 0.55]

Merrydown Shloer 1.59 0.80 0.80 0.50
[0.77, 0.83] [0.77, 0.82] [0.48, 0.52]

Red Bull Red Bull 4.74 3.08 1.66 0.34
[2.99, 3.19] [1.55, 1.75] [0.32, 0.36]

Total 1.44 0.67 0.77 0.55
[0.65, 0.69] [0.74, 0.79] [0.53, 0.56]

Notes: We recover marginal costs for each product in each market. We report averages by brand
for the most recent year covered by our data (2012). Margins are defined as price minus cost and
expressed in £ per liter; mark-ups are margins over price. 95% confidence intervals are given in
square brackets.
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D Model validation

We use data on the price changes of non-alcoholic drinks following the introduction

of the UK’s Soft Drinks Industry Levy (SDIL) in 2018 to validate our empirical

model of the market. We use a weekly database of UPC level prices and sugar con-

tents for drinks products, collected from the websites of 6 major UK supermarkets

(Tesco, Asda, Sainsbury’s, Morrisons, Waitrose and Ocado), that cover the period

12 weeks before and 18 weeks after the introduction of the tax (on April 1, 2018).63

We use data on all the brands included in our demand model, excluding data on

minor brands (some of which benefit from a small producers’ exemption from the

levy).

The SDIL tax is levied per liter of product, with there being a lower rate of

18p/liter for products with sugar contents of 5-8g/100ml and a higher rate of

24p/liter for products with sugar content > 8g/100m. The tax applies to sugar

sweetened beverages; milk-based drinks and fruit juices are exempt from the tax.

We define three sets of products. First, the “higher rate treatment group” are

those products with at least 8g of sugar per 100ml, and therefore are subject to

the higher tax rate. Second, the “lower rate treatment group” are those products

that have 5-8g of sugar per 100ml, and therefore are subject to the lower tax rate.

The remaining set of products are exempt, either because their sugar content is

less than 5g per 100ml, or because they are milk-based or fruit juice. There was

some reformulation in anticipation of the introduction of the SDIL. We categorize

products based on the post reformulation sugar contents.64

We use an event study approach to estimate price changes for the two treatment

and the exempt groups. Let j index product, r retailer, and t week. We define

the dummy variables TreatHij = 1 if product j is in the high treatment group,

TreatLoj = 1 if product j is in the low treatment group, and TreatExemptj = 1 if

product j is exempt from the tax. Let Postt denote a dummy variable equal to 1 if

t >= 13 i.e. weeks following the introduction of the tax. We estimate the following

regression, pooling across products in each of the three groups:

pjrt = βhiTreatHij × Postt + βloTreatLoj × Postt +
∑
t6=12

τt + ξj + ρr + εjrt (D.1)

63We are grateful to the University of Oxford for providing us with access to these data, which
were collected as part of the foodDB project.

64We exclude a small number of products belonging to the Irn Bru and Shloer brands that were
reformulated approximately 10 weeks after the introduction of the tax.
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where pjrt denotes the price per liter of product j in retailer r in week t,65 τt are

week effects, ξj are product fixed effects, and ρr are retailer fixed effects.

Figure D.1(a) plots the estimated price changes, relative to the week preceding

the introduction of the tax, for the higher rate treatment group (= β̂hi × Postt +∑
t6=12 τ̂t). Figure D.1(b) plots the analogous estimates for the lower rate treatment

group (= β̂lo×Postt +
∑

t6=12 τ̂t). Figure D.1(c) plots the estimates for the group of

products exempt from the tax (
∑

t6=12 τ̂t). The solid blue line plots the tax per liter.

The data suggest that there was slight overshifting of the tax, with an average price

increase among the high treatment group of 26p per liter (a pass-through rate of

108%), and the average price increase among the low treatment group of 19p per

liter (a pass-through rate of 105%). The prices of products not subject to the tax

do not change following its introduction.

We simulate the introduction of the SDIL using our estimated model of demand

and supply in the non-alcoholic drinks market (based on product sugar contents

when the SDIL was implemented). The red lines plot the average price increase for

each of the three group predicted by our model. These match very closely the price

increases estimated using the event study approach.

65This is the VAT-exclusive price per liter.
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Figure D.1: Out of sample model validation: UK Soft Drinks Industry Levy

(a) High treatment group

Mean effect (data): 0.26
Mean effect (model): 0.26
Tax: 0.24
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(b) Low treatment group

Mean effect (data): 0.19
Mean effect (model): 0.21
Tax: 0.18
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(c) Exempt group

Mean effect (data): 0.01
Mean effect (model): 0.00
Tax: 0.00
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Notes: Grey markers show the estimated price changes (relative to the week preceding the intro-
duction of the tax). For the higher rate treatment group (top panel), the estimated prices changes

are = β̂hiPostt +
∑
t 6=12 τ̂t, for the lower rate treatment group (middle panel), the estimated price

changes are = β̂loPostt
∑
t6=12 +τ̂t, and for the exempt group (bottom panel) they are = τ̂t All

coefficients are estimated jointly (equation (D.1)). 95% confidence intervals shown. The blue line
shows the value of the tax, and the red line shows the predicted price changes from our estimated
demand and supply model.
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E Empirical implementation of optimal tax prob-

lem

Let pm = (p1m, . . . , pJm) denote the equilibrium price vector in market m, qm =

(q1m, . . . , qJm) denote the equilibrium vector of quantities, and cm = (c1m, . . . , cJm)

denote marginal costs. Equilibrium prices and quantities depend on the level of any

tax rate levied on the products. Denote by Ym total consumer income in market m;

total spending on the numeraire good is then Xm = Ym −
∑

j pjmqjm. We denote

the price-cost mark-up on the numeraire good by µ̃.

The planner sets a tax rate τ on the product attribute z. Assume there is a

marginal externality of φ associated with 1 unit of attribute z. We denote the

subset of products for which zj > 0 by S. The planner’s problem is:

max
τ

∑
m

(
v(pm)−

∑
j∈S

φzjqjm +
∑
j

(pjm − cjm)qjm + µ̃Xm

)
,

and first order condition is:∑
m

∑
j

(pjm − cjm − φzj)
dqjm
dτ

+ µ̃
dXm

dτ
= 0.

We compute the optimal tax rate by searching for the τ that solves this implicit

non-linear equation. In order to do this, for each candidate tax rate, we must solve

for the equilibrium prices and their tax derivative. To find the equilibrium price

vector we solve the system of equations defined by firms’ first order conditions,

discussed in Section 4.3 and repeated here: ∀ j

qjm +
∑
j′∈Jf

(pj′m − τzj′ − cj′m)
∂qj′m
∂pjm

= 0.

To solve for the derivative of equilibrium prices with respect to the tax we solve the

system of equations defined by the derivative of firms’ first order conditions with

respect to the tax rate: ∀ j∑
j′

∂qjm
∂pj′m

dpj′m
dτ

+
∑
j′∈Jf

(
dpj′m
dτ
− zj′

)
∂qj′m
∂pjm

+

∑
j′∈Jf

(pj′m − τzj′ − cj′m)
∑
j′′

∂2qj′m
∂pjm∂pj′′m

dpj′′m
dτ

= 0.
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F Additional optimal tax results

Figure F.1: Impact of market competitiveness on welfare
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Notes: We simulate the market equilibrium under counterfactual ownership structures, Ω̃. The
figure shows the effect of varying θw, holding fixed θb = 0, between 0 (single brand firms) and
1 (the observed market structure), and varying θb, holding fixed θb = 1, between 0 (the observed
market structure) and 1 (joint profit maximization) . The horizontal shows the average equilibrium
price-cost margin (when there is no tax in place). The grey line shows the change in welfare as
θw and θb are varied when the tax is zero, relative to the true market structure (and no tax), and
the black line shows the change in welfare as θw under the optimal tax, relative to the true market
structure (and no tax). We mark the point representing the true market structure (and no tax) by
the red cross.

20


	Introduction
	Corrective tax design in imperfect competition
	A two product market
	Many differentiated products
	Extensions
	Empirical implementation

	The drinks market
	Externalities from sugar sweetened beverages
	Purchase data
	Consumers
	Firms, brands and products
	Choice sets and price measurement
	Price variation

	Estimating demand and supply
	Consumer demand
	Identification
	Supply model
	Demand estimates
	Supply estimates
	Model validation

	Corrective tax results
	Optimal tax rate
	Impact of purchases, sugar and welfare
	Impact of externalities and numeraire good margin
	Tax policy and competition
	Alternative tax bases

	Summary and conclusions
	Optimal tax formulae
	Many differentiated goods
	Extensions

	Non-separabilities
	Dependence across at-home and on-the-go segments
	Stockpiling

	Additional tables of estimates
	Model validation
	Empirical implementation of optimal tax problem
	Additional optimal tax results

