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Abstract

Alcohol consumption is associated with costs to society due to its impact
on crime and health. Tax can lead consumers to internalise these externali-
ties. We study optimal corrective taxation in the alcohol market. We allow
for the fact that the externality generating commodity (ethanol) is available
in many differentiated products, over which consumers might have hetero-
geneous preferences, and that there may also be heterogeneity in marginal
externalities across consumers. We show that, if there is correlation in pref-
erences and marginal externalities, setting different tax rates across products
can improve welfare relative to a single tax rate on ethanol. We estimate
a model of demand in the UK alcohol market and numerically solve for the
optimal tax rates. Moving to an optimal system that taxes alcohol types at
different rates would close half of the welfare gap between the current UK

system and the first best.
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1 Introduction

Corrective taxes aim to improve welfare when consumption generates externalities.
The market for alcoholic beverages is a leading example; alcohol consumption is
associated with costs to society from anti-social behaviour, crime and public health
care. If the marginal externality that each consumer creates is constant and equal
across consumers then a tax equal to the marginal external cost of each unit con-
sumed can fully correct for the externality (Pigou (1920)). However, if marginal
externalities are heterogeneous across consumers then a single linear tax can no
longer achieve the first best allocation (Diamond (1973)).

Our contribution in this paper is twofold. First, we characterise optimal cor-
rective taxes in differentiated product markets, in which the externality generating
commodity (e.g. ethanol) is available in many different products, and consumers
are heterogeneous in their tastes for different products, their price responsiveness
and their marginal externalities. We show that, if these aspects of heterogeneity are
correlated, then varying tax rates across the ethanol in different products can poten-
tially improve welfare relative to a single ethanol tax rate. Secondly, we show that
these theoretical results have empirical relevance when applied to the UK market
for alcoholic beverages.

We consider the optimal policy of a planner, whose aim is to set taxes to max-
imise the sum of consumer surplus and tax revenue minus the external costs of
consumption. Consumers’ demand for ethanol, which is derived from their demand
for alcohol products, potentially gives rise to an externality. The marginal exter-
nality associated with drinking can be heterogeneous across individuals. This could
be because external costs are nonlinear in ethanol consumption, or, for a given level
of ethanol there could be heterogeneity in marginal externalities across individuals.
Our optimal tax framework nests the classic results in Pigou (1920) and Diamond
(1973).1 In the special case when marginal externalities are constant and equal
across consumers, then a single tax rate on ethanol can fully correct for the exter-
nality (as in Pigou (1920)). With heterogeneous marginal externalities, the first
best cannot be achieved unless the planner can set consumer specific ethanol taxes.
If the planner is restricted to set a single rate of tax on ethanol, the optimal policy
entails setting the tax rate equal to the weighted average marginal externality of
consumers (as in Diamond (1973)).

Varying tax rates across the ethanol in different products can improve welfare

relative to a single ethanol tax rate if consumers’ preferences are correlated with

"'We abstract from revenue raising concerns, but it is straightforward to incorporate a revenue
constraint in the model, as in Sandmo (1975).



their marginal externalities of ethanol consumption. The planner is able to tar-
get high externality generating consumption by setting relatively high tax rates on
ethanol in products that are disproportionately demanded by consumers that gener-
ate large marginal externalities. Taxes are more effective when they induce a larger
reduction in the demand of consumers that generate high marginal externalities, but
their effectiveness is decreasing in the correlation between consumers’ willingness to
switch to alternative alcohol products and their marginal externalities. Intuitively,
if consumers that generate large marginal externalities have steeply sloped demands
then taxes are effective at lowering the most social costly consumption. However,
the greater the correlation between cross price effects and marginal externalities,
the less responsive is the derived ethanol demand of the high externality consumers
to tax, making tax less effective.

We apply these ideas to the UK market for alcoholic beverages. We estimate
a flexible model of demand, allowing for heterogeneity in consumers’ tastes for dif-
ferent products and their price responsiveness. Consumers’ demands for different
products give rise to their “derived demand for ethanol”. We show that there is
correlation between consumers tastes for different products (and, hence, their prod-
uct level demand curves) and their derived demand for ethanol. Consistently heavy
drinkers (i.e. those with high derived ethanol demands) systematically purchase a
different mix of products than lighter drinkers. They are also much more willing to
switch between different alcohol products in response to price changes, but less will-
ing to switch away from alcohol altogether. As a result, they have derived ethanol
demands that are substantially less price sensitive than lighter drinkers. We show
that optimally set alcohol taxes can result in substantial welfare gains relative to
the current tax system. Moving from the UK system to an optimal single ethanol
tax rate would result in a welfare gain of around £0.5 billion and would close about
21% of the welfare gap between the UK system and the first best (consumer specific
Pigovian taxation). Moving to an optimal system that sets different rates across
different alcohol types (allowing, for instance, for different rates on vodka, gin, beer
and so on) would do substantially better, closing half of the welfare gap between
the UK system and the first best.

Alcohol markets are a natural setting in which to study optimal taxes in the
context of differentiated products and heterogeneous externalities. The social costs
of alcohol consumption are of concern across the developed world (World Health
Organization (2014)). Negative consumption externalities associated with alcohol
include public healthcare costs, violent behaviour (e.g. Luca et al. (2015)) and drink
driving (e.g. Ruhm (1996), Jackson and Owens (2011), Hansen (2015)). There is



considerable evidence that these externalities are nonlinear in ethanol consumption.
For example, in the US frequent binge drinkers represent 7% of the population, but
drink 45% of the ethanol consumed by adults (US Department of Justice (2005))
and account for around 75% of the cost of excessive alcohol use (Centers for Disease
Control and Prevention (2016)). We show that the purchasing patterns of heavy
drinkers differ from those of light drinkers. This suggest that optimally set tax
rates, that vary across different alcohol types (many countries already tax ethanol
differently depending on its form), has the potential to significantly improve welfare.

This paper is related to several strands of the public finance literature.? We focus
on the ability of alcohol taxes to correct externalities. A number of papers have
considered how public goods should be funded, or externalities corrected, when the
government’s revenue constraint must be satisfied using distortionary taxation (see
Bovenberg and Goulder (1996) and Bovenberg and Goulder (2002) for a survey).
Kaplow (2012) shows that, under weak separability of leisure from consumption, the
income tax system can be adjusted to perfectly off-set any redistributional effects
of corrective taxes. Akerlof (1978) noted the potential value of using observable
characteristics to identify (or “tag”) the potentially needy to improve the efficiency
of the benefit system; others have applied this to labour income taxation (e.g.
Mankiw and Weinzierl (2010), Weinzierl (2011)). We use a related idea based on
the correlation in consumers’ preferences for different alcohol products and their
marginal externality to “tag” consumption that is likely to have high marginal
external costs. Other papers consider the desirability of differential commodity
taxation for revenue raising purposes, in the presence of nonlinear income taxation
(e.g. Atkinson and Stiglitz (1976), Cremer et al. (2001), Saez (2002), Laroque
(2005), Kaplow (2006)). In contrast to these papers, we focus on the potential of
differential taxation of products within a single commodity to improve welfare by
correcting the externalities associated with consumption.

In order to investigate the empirical relevance of this idea we require estimates
of consumer demand in the alcohol market. A number of papers apply continuous
choice demand methods to alcohol, either treating alcohol as a homogeneous com-
posite commodity (see, inter alia, Baltagi and Griffin (1995), Manning et al. (1995)),
or estimating demand over a set of broad alcohol types (e.g. Irvine and Sims (1993),
Crawford et al. (1999)). In contrast to these papers we are interested in capturing
substitution patterns between differentiated alcohol products and the correlation

in demands for different types of alcohol with derived ethanol demand; these are

2There is also a literature that embeds environmental taxation into a DSGE framework to
study the optimality of corrective taxes (see, for example, Golosov et al. (2014)).



central to our application as they allow for different tax rates across products to
potentially improve on a single ethanol tax rate. However, modelling consumer
switching across products in the alcohol market is still important even if the social
planner is restricted to use only a single ethanol tax rate. This is because a single
rate would change relative prices of different alcohol products (because different
products contain differing amounts of ethanol), which leads to switching between
products and hence changes in derived ethanol demand. We use a discrete choice
demand framework, avoiding the econometric problems that arise in continuous
choice models from zero purchases of many of the products available in the market.

Our demand estimates enable us to predict consumers’ product, and hence de-
rived ethanol demands, at counterfactual tax rates. To solve for optimal tax rates we
combine the estimates with a mapping between a consumer’s ethanol consumption
and the externality they generate. We use government estimates of the aggregate
externality along with medical evidence on the shape of the externality function.
We show how the optimal tax rates depend on the assumptions that one makes
about the size of the aggregate externality and the shape of the externality func-
tion. A higher aggregate externality implies that optimal tax rates are all scaled
proportionately upwards, while increasing the convexity of the function (implying
the marginal externality increases more strongly in ethanol consumption) increases
the differential in optimal rates between lightly and heavily tax products. In all
cases we find that welfare improves if we move from the current tax system to an
optimal single rate and improves further by moving to optimal tax rates that differ
across alcohol types.

Recent papers by Miravete et al. (2016) and Conlon and Rao (2015) complement
our work and study the supply side of the US market for spirits. These papers
consider how government regulations, in part designed to limit alcohol consumption,
interact with firm conduct. Miravete et al. (2016) show that strategic behaviour
among distilleries can partially undo the policy objective of the public monopoly
that runs alcohol stores in Pennsylvania — for instance, if the public monopoly
increases the mark up it sets on alcohol products with the intention of lowering
alcohol consumption by 10%, the strategic response of wholesalers would mean
consumption would fall by 7.7%.%> Conlon and Rao (2015) show that post and
hold regulations operating in Connecticut — that require wholesalers to post their
prices in advance without discriminating across retailers — result in higher retail

prices than would otherwise be the case, and that higher levels of alcohol tax could

3Seim and Waldfogel (2013) show the number of stores operated by the public monopoly in
Pennsylvania can better be rationalised by a profit maximising motive than welfare maximisation.
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instead be used to raise the price level and would have the advantage of raising tax
revenue. In contrast, we model demand in the entire alcohol market and consider
the design of optimal tax policy. We do not directly model the supply side, but
discuss the robustness of our results to alternative supply side assumptions.

The rest of the paper is structured as follows. In the next section, we discuss
the design of corrective taxes in markets with heterogeneous consumers and with
many products that potentially generate externalities. We are primarily interested
in alcohol taxes, but these results apply in other markets. In Section 3 we present
our empirical model of consumer behaviour and estimates based on data on the
UK alcohol market. We use these estimates along with our optimal tax framework
to compute optimal tax rates. We present these in Section 4 and compare them
to the current UK tax system. A final section summarises and concludes. Several

appendices provide additional details.

2 Corrective tax design

2.1 Consumer demand for alcohol

Let i € {1, ..., N} index consumers; each consumer has income y;. Let j € {1, ..., J}
index alcohol products, available at post tax prices p; = (p;1, . .., pis)’, each contain-
ing z; ethanol (pure alcohol) and a vector of other characteristics x;. We consider
as a benchmark consumer specific taxes, hence the ¢ subscript on prices.
We assume consumer indirect utility is quasi-linear in the numeraire good and
is given by
Vi(yi, pi, 2,X) = auy; + vi(pi, 2, X), (2.1)

where «; is the marginal utility of income and v;(p;,z,x) is the indirect utility
that arises from the alcohol demands for consumer i. We denote the consumer’s
demand for product j by ¢;; = fi;(pi,2z,%) and the consumer’s vector of demands
by q; = (¢i1,---,¢y)’. Quasi-linear utility means alcohol demands do not depend
directly on income; however heterogeneity in preferences (including the marginal
utility of income) allows for demand functions to vary flexibly across consumers.

We discuss in more detail the empirical specification of demand in Section 3.2.

2.2 External costs

It is widely accepted that alcohol consumption generates costs that are not con-

sidered by individuals when making alcohol consumption decisions. These include



costs associated with alcohol induced public health care, violent crime, domestic vi-
olence, road accidents and future unanticipated health consequences. This leads to
excess consumption from a social perspective, and justifies government intervention.

External costs may be heterogeneous across individuals and there may be nonlin-
earities in the effect of consumption on external costs; we capture the external cost
associated with an individual’s alcohol consumption by the function ¢;(.). There is
considerable evidence that the external costs of alcohol consumption are increasing
in the total consumption of ethanol, so we specify that the argument of ¢;(.) is
derived ethanol demand. Derived ethanol demand is a function of the consumer’s
demand for individual alcohol products; we denote it by Z; = > ; % The total

external cost from all consumers in the market is then:
=Y "6:i(Z). (2.2)

An implication of this form of external cost function is that, conditional on total
ethanol demand, the marginal externality from drinking a unit of ethanol is the same
across different types of alcohol. Individuals with a high marginal externality, might
consume different alcoholic beverages, but, conditional on a given level of derived
ethanol demand, consuming an extra unit of ethanol in the form of beer or in the
form of spirits has the same marginal external cost.

Consumers ignore the externality when making their choices, and the goal of
the social planner is to use taxes to induce consumers to internalise the externality,
while minimising the reduction in consumer surplus that arises due to the higher

prices.

2.3 Social planner’s problem

We consider the social planner’s problem of choosing alcohol taxes to maximise the
sum of consumers’ indirect utilities (given by equation 2.1) plus revenue raised from
tax, R, minus the total external costs of consumption (given by equation 2.2). We
consider specific (or unit) taxes levied on ethanol content.

We make two important assumptions about the planner’s problem. First, we
write the objective function in money metric form. This means we abstract from
any questions of redistribution, focusing exclusively on the design of taxes to correct
externalities. Kaplow (2012) shows that by accompanying externality correcting
taxes with a distribution-neutral adjustment to the income tax system, we can off-
set the effects of the corrective taxes across the income distribution. However, it is

harder to correct for the impact of the taxes within income classes, if consumers with



the same income have different preferences (Kaplow (1996)). Second, the objective
function is based on consumer (and not producer) surplus. The planner takes pre
tax prices as given and makes no attempt to correct for the existence of any mark
ups associated with imperfect competition.

Let 7 denote a vector of tax rates levied per unit of ethanol. We assume tax
changes are passed directly to consumer prices and that non price product char-
acteristics do not change as a result of the tax; we therefore write indirect utility,
tax revenue and the externality function as functions of 7. The consumer welfare
function is:

v;(T)
W(r) = Z {yi + é—} + R(T) — O(7). (2.3)

- %
)

2.4 Characterising tax policy

We begin by showing how the results of Pigou (1920) and Diamond (1973) can
be derived as special cases in this model. Our main result is to show that, in
general, if the planner is constrained to set linear tax rates that are the same across
consumers, then the optimal policy prescribes rates that vary across products. This
gets (weakly) closer to the Pigouvian first best than the Diamond prescription of
an optimal ethanol tax rate that is constant across products and that is equal to
the demand slope weighted average marginal externality of ethanol consumption.
The optimal tax rates that differ across products are defined implicitly by a system
of J equations; they depend on the full matrix of own and cross price effects and
their correlation with individuals’ marginal externalities. To provide intuition for
how the correlation between the marginal externality and shape of demand for
products affects the optimal tax rates, we derive analytical expressions for the

optimal product taxes under some simplifying assumptions.

Consumer specific taxation

Suppose the planner can set different tax rates for each consumer. Let 7; denote
the tax rate for consumer i and 7 = (7, ..., 7n)’. The taxes are levied per unit of
ethanol in the product; in this case post tax prices are given by p;; = p; + 7425,

where p; denotes the pre tax price, and tax revenue is R(T) = >, 7i > 2;4i;(Ti)-

Taking the first order condition for 7; and applying Roy’s identity, ¢;; = —ai“%’;_,
yields the familiar Pigouvian tax result:
77 = ¢, (2.4)



where ¢ = ¢! (Z;) is the slope of the marginal externality function. The optimal
consumer specific tax rate is set to equal the consumer’s marginal consumption
externality at that tax rate. If consumer specific taxes are feasible it is possible to
fully correct for the consumption externality and hence achieve the first best.

Note that an implication of this is that if the externality function is the same
across consumers, ¢;(-) = ¢(-), then the first best outcome could also be achieved
by a single tax schedule that is nonlinear in the derived ethanol demand. The
schedule that achieves this is such that the marginal tax rate is equal to the marginal
externality: 7/(.) = ¢'(.).

Single ethanol tax rate

Now suppose the planner is unable to set consumer specific taxes, and must instead
choose one common tax rate to apply to all products. Specifically, consider a
tax that leads to post tax prices: p; = p; + 72;. Revenue in this case is given
by, R(1) = 7, >;24i;(T). Denote the slope of demand for derived ethanol as
Zl = %ZTZ' = > ;% 8;;'3' . Taking the first order condition with respect to 7 and
applying Roy’s identity yields the following expression for the optimal ethanol tax

rate, 7

2 9l Z] - M7 (2.5)

YA 7|
where ¢ = + >, ¢h and 7 = + >, Z! are the average marginal externality and
ethanol demand slopes. The first expression for 7% is Diamond’s (1973) formu-
lation that the optimal tax rate equals the weighted marginal externality, where
the weights are the slopes of demand. The second expression is an alternative
formulation, which states that the optimal commodity tax is equal to the (un-
weighted) average marginal externality plus an adjustment based on the covariance
of the marginal externality and (absolute value of) the slope of derived ethanol
demands — all else equal, the more positively correlated are ethanol demand slopes
and marginal externalities, the higher the optimal ethanol tax rate. The intuition
is that the more consumers that generate high levels of externalities at the mar-
gin have ethanol demands that are particularly sensitive to tax changes, the more

effective is the tax at reducing the most socially costly consumption.

Products level tax rates

Now suppose the planner can vary tax rates across products in the market. The

planner chooses the vector of taxes 7 = (7, ..., 7)’, with post tax prices given by
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pj = Pj + 7;2;. Revenue in this case is given by R(7) = >, >, 7;2;¢;;(7). Taking

the first order condition for 7; yields:

ZZ (s — &) 8‘“ =0 (2.6)

Tj

The set of conditions across products j = 1, ..., J implicitly define the set of optimal
product taxes. In general, the optimal product taxes will depend on the full matrix
of own and cross price effects and their correlation with the marginal externality.

To obtain some intuition for this condition consider three special cases. First,
suppose the marginal externality is constant (and therefore independent of con-
sumption), so ¢5(Z;) = ¢'. In this case the optimal tax rate on each product is the
same and equal to the marginal externality, ¢; = ¢' for all j, and we have Pigouvian
taxation and the first best outcome.

Second, suppose that cross price effects between alcohol products are zero, so

%qT” = 0 for all £ # j. Denote the ethanol demand of consumer ¢ from product j as
Z;; = 2jq;;(7;) (and the slope of this demand Z], = z; %qw ); we can then write the

optimal tax on product j as:

I o1t A B AL 1) .
2141 1Z;]

In this case optimal taxation reduces to the single rate optimal tax formula applied
to each product. Products with a strong positive covariance between demand slopes
and marginal externalities will have higher optimal taxes. If the correlation between
demand slopes and the marginal externality is zero, then setting different rates
across products cannot improve on the optimal single rate. Notice, though, that
even in the case of no cross price effects, the optimal tax rates for products are

linked through their common effect on the externality function.
A useful alternative way to write condition (2.7) is in terms of consumers’ con-

tribution to total product demand and the own price demand elasticity. If we define
S Zo

consumer 4’s contribution to total ethanol demand from product j as w;; =

. . .. . 04si . .
and its own price elasticity for product j as g;; = %%, we can re-write condition
J 1]
2.7 as: ,
(E/ cov(¢i, lei;l) (2.8)
j = ’ :
B

where

- ) ~

¢j = E wij¢i7 E W€ , COV ¢z’€1] E wz] b gij - 5]’)

i



This formulation shows that, in the absence of cross price effects, the optimal choice
of tax rate for product j depends on two interpretable terms. The first is the
weighted average marginal externality, where consumers are weighted by their con-
tribution to total demand for product j. All else equal, if a product has relatively
high demand among consumers that generate a high marginal externality it should
attract a higher tax rate. The second term is the weighted covariance of con-
sumer level marginal externalities and own price elasticities, scaled by the average
own price elasticity. All else equal, the more positive is the correlation between the
marginal externality and the (absolute value of) the elasticity of demand, the higher
should be the tax rate. Taxes should therefore be relatively high on products for
which consumers generating high marginal externalities are most willing to switch
away in response to a price rise.

Third, consider the case in which there are two alcohol products that are sub-
stitutable (and hence have a positive cross price effect). In this case the optimal
product tax rates can be expressed as (implicit) functions of average demand slopes,
cross slopes and the correlations of demand slopes and cross slopes with marginal
externalities — see Appendix A.1. All else equal, increasing the covariance between
the marginal externality and absolute value of the own slope of demand for product
1 increases the optimal tax on product ¢ and the optimal tax on product j but
by less than for product i. As above, if consumers that generate large marginal
externalities have steeply sloped demands, tax is more effective at lowering their
demands and at the optimum the rate is higher. On the other hand, increasing the
covariance between the marginal externality and the cross slope of demand between
products ¢ and j decreases the optimal rate on both products, and decreases by more
the optimal tax rate on the product with the largest own slope of demand. The
greater the correlation between the cross price effects for the two products and the
marginal externality, conditional on the correlation between the price sensitivity of
own demands and marginal externalities, the less responsive is the derived ethanol
demand of the high externality consumers to tax. This makes tax less effective,
acting to lower optimal rates.

In our empirical application we allow for cross price effects across all products
in the alcohol market and we allow demands to vary flexibly across consumers with
different marginal externalities. We use our model to solve conditions (2.6) in order

to recover the optimal product taxes.
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3 Application to the UK alcohol market

We apply the optimal tax policies derived in Section 2 in an empirical setting by
considering the UK alcohol market.

To compute the optimal taxes we require (i) flexible estimates of consumer
demand in the alcohol market, and, in particular, estimates of how individuals’
demand for different products correlates with the marginal externality associated

with their consumption, and (ii) the arguments and form of the externality function.

3.1 Data

Our data are from the Kantar Worldpanel — a panel of households selected to be
representative of the British population. These data have the significant advantage
that they contain rich product information, repeated observations for each house-
hold, and accurate prices. Each participating household uses a hand held scanner to
record all grocery products, at the UPC level, that are purchased and brought into
the home. The data include details of exact transaction prices and product size,
alcohol type and strength.* The data cover all alcohol purchases made in grocery
stores and liquor stores (together known as “off-trade”), which constitute 77% of
the alcohol market according to the Living Costs and Food Survey (see Appendix
B.1 for a description of this data). The data exclude those purchases made in pubs
and restaurants (together known as “on-trade”). In Appendix B.2 we show that
purchase patterns off-trade are similar to those on-trade. In particular, we show
that for all ethanol purchases and on-trade only ethanol purchases, households that
buy relatively large quantities of ethanol get a relatively high share of the their
ethanol from spirits and a relatively low share from beer and from cider. For a
more detailed description of the data, see Griffith and O’Connell (2009) and Le-
icester and Oldfield (2009); Griffith et al. (2013) contains more information on the
alcohol segment of the data.

We use a sample of 10,289 households, which we observe repeatedly throughout

calendar year 2011. Each household is in the data for a minimum of 30 weeks over

4Strength is measured as percentage alcohol by volume (ABV). This is defined as the number
of millilitres of pure ethanol present in 100ml of solution at 20°C. ABV is recorded for beer, cider
and flavoured alcoholic beverages (FABs). For wine and spirits ABV information is only partly
recorded in the data. We use information from retailer and manufacturer websites to fill in missing
ABYV values. In a small number of cases, we are unable to find the ABV of a product so we use the
average ABV for drinks of that type, provided by the UK’s Office for National Statistics (Goddard
(2007)).
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the course of the year and is observed purchasing alcohol at least 3 times.® We
also observe alcohol purchases made by each household in calendar year 2010. We
estimate our model using data from 2011, so we refer to information from 2010 as
pre sample information. We compute how much ethanol each household purchased
per adult (aged 18 or over) per week on average in the pre sample period. We
categorise households based on this measure — defining groups based on those that
purchased fewer than 7, 7-14, 14-21, 21-35, and above 35 units per adult per week

on average.’

Table 3.1: Sample of households

% of % of total Avg. weekly ethanol

Household group: Households ethanol units
Less than 7 units 62.5 23.2 2.9
7-14 units 17.9 20.4 9.2
14-21 units 7.9 15.3 15.6
21-35 units 7.2 19.8 23.9
More than 35 units 4.5 21.2 47.1
Total 100.0 100.0 8.6

Notes: For each household we calculate the average number of units purchased per adult per week.
The numbers shown in column 3 are the average across all households within each household group.
Groups are based on average amount of alcohol purchased per adult per week in the year preceding
the period of time on which we estimate the model.

In Table 3.1 we show the fraction of households in our sample that belong to
each group. The table shows that the distribution of households across pre sample
purchase groups is highly skewed. Most households purchase a moderate number of
units of ethanol, however, 7.2% of households consistently purchased between 21-35
units of alcohol per adult per week and 4.5% of households consistently purchased
in excess of 35 units per adult per week. While they account for a relatively small
fraction of households, the consistently heavy purchasers account for a much higher
fraction of alcohol — households that consistently purchased more than 21 units
of alcohol in the pre sample period comprise 42% of all 2011 ethanol purchases.
The final column shows that households’ pre sample ethanol purchases and ethanol
purchased in sample (in 2011) is very strongly related; households that are low,
moderate and heavy purchasers of alcohol in the pre sample period continue to be

low, moderate and heavy in the sample period. Appendix B.3 contains a detailed

54,477 households are observed for a minimum of 30 weeks and either do not purchase alcohol
or do so only once or twice. These households account for less than 1% of total alcohol purchased
and therefore have no impact on our empirical implementation of optimal corrective taxes.

60One unit of ethanol contains 10 millilitres (8 grams) of ethanol. In the US a standard drink
measure of spirits is 1.5 fl oz. (or 44 millilitres). For a spirit that has strength 40%, a standard
drink contains 17.7 millilitres (or 1.77 units) of ethanol.
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breakdown of the proportion of ethanol that the household groups get from different
alcohol types; households that buy consistently buy high quantities of ethanol get

disproportionately more from high strength spirits, and less from cider and beer.

3.2 Estimating consumer demand

Our objective is to estimate demand in the alcohol market in a flexible way, allowing
us to uncover how the shape of households’ product level demands is correlated with
marginal externalities associated with their consumption.

We model the alcohol purchase a household makes on a “purchase occasion”.
We define a purchase occasion as a week in which the household is recorded buy-
ing groceries. Alcohol is purchased on 53.4% of purchase occasions. On the re-
maining purchase occasions households choose the “outside option” of no alcohol.
When households purchase alcohol they typically choose one or a small number of
options. On 37% of purchase occasions, the household purchases more than one
(typically two or three) alcohol products. A large number of corner solutions (or
zero demands) creates econometric problems for the estimation of continuous choice
demand models (see Lee and Pitt (1986), Pudney (1989)). We therefore model de-
mand as a discrete choice of which — if any — alcohol option to select. A discrete
choice demand framework rationalises zero purchases and, due to the mapping of
preferences into attribute space, does not suffer from the curse of dimensionality of
continuous choice demand models. On occasions on which a household purchases
more than one product, we treat this behaviour as the household making multiple
separate purchase decisions.

We estimate two variants of the demand model. First, we estimate demand using
the standard form of preference distributions used in the literature. Several papers
demonstrate that using random coefficients in discrete choice models to capture
preference heterogeneity allows the demand system to flexibly capture switching
patterns across products (e.g. see Berry et al. (1995) for market level data and
Berry et al. (2004) and Train (2003) for consumer level data). Second, we exploit the
panel structure of the data to estimate a variant that permits additional flexibility
in the distribution of consumer preferences, and its correlation with derived ethanol
demand (and hence, the marginal externality of alcohol consumption).

We index households by ¢ and products by j. j = 0 denotes the option of
purchasing no alcohol, j =1, ..., J indexes different alcohol products. In this appli-
cation it is also important to capture the decision households make over quantity.
We embed this in the discrete choice model by considering a purchase choice of

product and discrete sizes, indexed by s. We thus model the decision over purchas-
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ing a product-size, (j, s), with the option to purchase no alcohol denoted (0,0). We
use t to index weeks.

Household preferences are defined over characteristics of products, both observed
(Gorman (1980), Lancaster (1971)) and unobserved (Berry (1994), Berry et al.
(1995)). We assume that the utility household i obtains from selecting option (7, s)

in period ¢ is given by:
Wijst = V(Djsts Zjss Xjst; 0i) + €ijst (3.1)

where p;, is the price of option (j,s) in week ¢, z;, is the ethanol content, X,
is a vector of other option characteristics (including a time-varying unobserved
attribute), and 6; is a vector of household level preference parameters. ¢;;5 is an
idiosyncratic shock distributed i.i.d. type I extreme value. We normalise the price
and product attributes of the choice not to purchase alcohol to zero, meaning the
utility from purchasing no alcohol is given by w;00: = €i00¢-

Households select the option (j, s) that provides them with the highest utility.
Integrating across the demand shocks, €;, yields conditional choice probabilities,
which describe the probability that household 7 selects option (7, s) in week ¢, con-
ditional on prices, product attributes and preferences. At the household level the

conditional choice probability for option j > 0,s > 0 takes the closed-form:

eXp(l/<ijt7 st, stt; 91))

Qijst = (32)
Ty Ej/>o,s/>o exp(v(pjrsies Zjrs', Xjrore; 0s)
and expected utility is given by:
Uit(l)jt; stt,stt) =1In Z eXP{V(Pjst, Zjss Xjst) 91)} +C (3-3)

7>0,s>0

where C'is a constant of integration that differences out when comparisons are made
across two different tax regimes. Equations 3.2 and 3.3 give the expressions for g;;
and v; used in Section 2.

We assume the function v takes the form:

4

V(Dist, Zjss Xjsts 0i) = qipjst + Biw; + Z 1[j € M) (Vz‘,lmzjs—i‘%gmzfs) +&ije- (3.4)
m=1

We allow total ethanol content to affect the utility from option (j,s) through a

quadratic function with parameters that we allow to vary across the four segments of

the alcohol market: beer, wine, spirits and cider — indexed m = 1, ..., 4. M,, denotes

the set of options that belong to segment m. This allows for the possibility that
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households might value larger or smaller quantities of ethanol differently, depending
on what type of alcohol they are buying. We also allow the product’s alcohol
strength, w;, and a household specific time varying unobserved product attribute,
&ijt, to affect the utility from option (7, s).

We allow for heterogeneous preferences over observable product attributes and
over the unobserved product attributes. The parameters (o, 8;,7;) are the house-
hold specific weight that the household places on product price, strength and ethanol
content when making their purchase decision.

The unobserved product characteristic includes a time invariant component that
varies across households, and a time varying component that varies over alcohol-
types, indexed k;,” so that

&ijt = Mij + Chjt-

Let ¥; = (o, Bi,7:) denote the household specific preferences over observable
product attributes and 7; = (71, ..., 7;s)" denote the household specific preferences
over the unobserved product attributes. We make two alternative assumptions
about the distribution of these — the first is similar to the standard distributional
assumption made in the discrete choice demand literature, the second is a more
flexible assumption that exploits the household specific histories of pre sample pur-
chases that we observe. The objective of estimation is to recover the parameters
governing these distributions.

The standard approach in the literature is to assume that the distribution of ¥;
and 1; is a multivariate normal distribution. We do this allowing for the possibil-
ity that households have correlated tastes for price, alcohol strength, and ethanol
content. We refer to this as the “normal preference distribution” specification.

The detailed nature of our data enables us to relax the distributional assump-
tions commonly made in discrete choice models. The most important dimension in
which to do this is to allow for flexible correlation in substitution patterns across
consumers with different derived ethanol demands (and hence marginal external-
ities). We do this in a tractable and easily implementable way by exploiting pre
sample purchase histories. In particular, instead of modelling the preference distri-
butions as normal, we model them as a mixture of conditional normal distributions,
conditioning on the five groups based on households’ pre sample ethanol purchases
shown in Table 3.1. If pre sample behaviour is informative about preferences and

within sample behaviour then this enables us to more flexibly capture the prefer-

"There are 19 alcohol-types, which are (slightly) more aggregate than the products, and are
shown in Table B.1. For instance, gin is one alcohol type comprising the alcohol products store
brand gin and branded gin.
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ence distribution. Conversely, if pre sample behaviour is not informative, the model
collapses to the standard normal preference distribution case. We refer to this as
the “mixed-normal preference distribution” specification. Further details on this
are provided in Appendix C.1.

We have a representative sample of 10,289 households, which we divide into five
groups based on their pre sample derived ethanol demand, these are shown in Table
3.1. For the normal preference distribution specification, we randomly draw 1000
households and 25 purchase observations for each household. For the mixed-normal
preference distribution specification, we randomly draw 450 households from each
group and 25 purchase observations for each household. When computing market
level demand and elasticities, we re-weight to take account of this sampling. We
estimate demand using maximum simulated likelihood. Conditional on the draws
from the random coefficient distributions, ¥; and 7;, the probability a household
selects a given option in a given week takes the closed form of equation 3.2. This fol-
lows from our assumption that the €5 are i.i.d. type I extreme value. To construct
the likelihood function we integrate across the random coefficient distribution. Let
(1,...,T;) denote the stream of sampled purchase occasions on which we see deci-
sions of household ¢ and let (j/,s;) denote the option the household chooses on
purchase occasion t. The contribution household ¢ makes to the likelihood function
is then:

li = 1H/ H Gij; 511 F (W) dF (m;)
t=(1,...,T})

No closed form for the integral exists, so we use simulation methods.

3.3 Alcohol products

There are over 7000 distinct alcohol UPCs (barcodes), and almost 3000 alcohol
brands, recorded as being purchased in our data. Estimating a demand system
in which choice sets contain 7000 options is infeasible. We therefore define the
options in households’ choice sets by aggregating the 7000 UPCs into 79 product-
size pairs. We group together UPCs that have similar product attributes, including
alcohol strength, alcohol type, branding (branded versus store brand) and pack
type and that also have similar movements in price. For example, the spirits option
that contributes the most to the aggregate number of ethanol units purchased is
“Whisky; branded c. 1.41". Five UPCs make up 74% of all expenditure on this
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option. These UPCs all have 40% ABV and have average prices per unit ethanol
in the range of 36-40p, with similar movements over time.®

We group the UPCs into 40 alcohol products. We discretise the quantity choice
of households by defining a set of sizes for each product.” An option is therefore a
product-size pairing. There are 79 alcohol options in total (plus the outside option)
— these are listed in Appendix B.4. For each option we construct a price index
defined over the prices of UPCs that constitute the option. The weights in each
price index are held fixed, so movements in the price index reflect only movements
in the (average weekly) underlying prices of the UPCs and not changes in the

composition of UPCs chosen by households.

3.4 Identification of demand parameters

We use longitudinal micro level data, so we observe each household making repeated
choices. This type of micro data has been shown to be particularly useful in identi-
fying and estimating substitution patterns (see Berry and Haile (2010), Berry et al.
(2004)). We observe households facing different choice situations (e.g. different
price vectors and time-product effects) across time. It is this variation that allows
us to estimate the parameters governing the preference distribution.!®

The key identification issue is whether we identify the causal effect of a change
in price on demand. A classical potential problem in demand estimation is whether,
conditional on the other variables in the model, price is correlated with the “demand
shocks”. In our case that would entail a correlation between alcohol prices and the
€ijst shocks to utility conditional on the observable product attributes, unobserved
product effects and time varying-alcohol type effects included in the model. Such a

relationship would result in inconsistent demand estimates.

8 A common approach in the industrial organisation literature is to take the top few brands as
representative of the market and estimate demand using purchases of these products. However,
even if we selected the top 50 brands (which we would wish to subdivide into separate sizes), we
would capture less than half of the alcohol market, and only 25% of the cider segment. There are
significant differences in the price and alcohol strength of brands that are and are not selected
when using this criteria e.g. on average, beer brands that are included based on this criteria are
20% cheaper than those not included.

9We use these discrete categories to compute the quantity of ethanol purchased per adult per
week and are able to closely replicate the observed average quantity for each household group
(based on pre sample ethanol demand).

Formally, Berry and Haile (2010) and Fox and Gandhi (2016) establish conditions for non-
parametric identification of random coefficients in random utility discrete choice models by placing
restrictions on the covariate supports. Fox et al. (2012) show that the identification conditions
are weaker in the case where €;;5: shocks are distributed type I extreme value, and that even with
cross sectional data the model is always identified if utilities are a function of linear indices with
continuously distributed covariates.
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Our strategy for avoiding this problem is twofold. First, we include in the
model a full set of product dummies and, for the set of alcohol types (e.g. gin,
vodka, whisky etc.), we include quarterly varying time effects (which in the mixed-
normal preference distribution specification, we also allow to vary across groups of
consumers based on their pre sample ethanol purchases). These time effects absorb
seasonality in demand and spikes in demand due to advertising campaigns. Prices
in the UK grocery market are set nationally, there is limited scope for firms to set
geographically varying prices in response to local demand shocks.!! We expect these
rich time effects to absorb the majority of aggregate shocks to alcohol demand that
are possibly correlated with price.

Second, we include a control function for price (see Blundell and Powell (2004)
and, for multinomial discrete choice models, Petrin and Train (2010)). We use
a set of cost shifters as instruments; these include producer prices for beer and
for cider, the sterling-euro and sterling-dollar exchange rates, alcohol duty rates,
and wage indices in the retail and the food manufacturing sectors. We estimate
a first stage regression of price on the instruments (interacted with option effects)
and the other variables included in the utility model. The F-stat for a test of the
(ir)relevance of the instruments is 19.7, leading us to strongly reject the hypothesis
of no relationship between price and the instruments. In demand estimation we
control for the predicted residuals of the first stage regression. This means that we
identify the effect of price on demand using differential (across time and products)
variation in prices that is driven only by cost shocks. The coefficient on the control
function in demand estimation is statistically significant, indicating evidence of
some price endogeneity in the absence of instrumenting. However, our qualitative
predictions are similar with and without including the control function, indicating
that the rich time effects in demand are indeed doing a good job of absorbing shocks

to demand.

3.5 Demand estimates

In Table 3.2 we report the coefficient estimates for our demand model. The first
column of the table shows estimates for the “normal preference distribution” speci-
fication of the model. The remaining columns present the estimates for the “mixed-
normal preference distribution” specification. Panel A shows estimated parameters

of the random coefficient distributions over the observable product characteristics

" The large UK supermarkets, which make up over three quarters of the grocery market, agreed
to implement a national pricing policy following the Competition Commission’s investigation into
supermarket behaviour (Competition Commission (2000)).
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and Panel B summarises estimates of the parameters governing preferences over
unobserved product attributes.

In the case of the normal preference distribution specification, we assume pref-
erences over the observed attributes, price, strength and ethanol, are normally
distributed with an unrestricted covariance matrix. The mean of the strength co-
efficient is not separately identified from the product effects so we normalise it to
zero. The variance parameters in column 1 indicate that dispersion in preferences
over price, strength and ethanol content is statistically significant. The covari-
ance parameters show that more price sensitive consumers tend to have stronger
preferences for total ethanol content and strength, but, in this specification, the
covariance between preferences over ethanol content and alcohol strength is zero.

In Panel B of Table 3.2 we present estimates of the unobserved product effects.
Rather than present estimates of the means of all the product effects, we present
estimates of the average of the mean product effects within each alcohol segment
(relative to the utility from the outside option).'? We restrict the covariance matrix
of the unobserved product effects to be diagonal and for products within each of
the four segments of the market (beer, wine, spirits and cider) to have common
variance components. This allows for the possibility that households’ willingness to
substitute between products in each of these segments differs from their willingness
to switch between products in different segments. For the normal preference distri-
bution specification, the average of the product effects for beer products is —1.127
and the estimated variance of the beer random coefficient distribution is 2.548. For
each segment the mean of the products effects is negative — this reflects the fact
that we normalise the no purchase outside option utility to zero. Higher numbers in
absolute terms indicate stronger preferences for the set of products in that segment.
The variance parameters vary across alcohol segments, indicating that the intensity

of within- versus between-alcohol segment substitution varies across segments.

12We do not show estimates of the alcohol type-time effects; they are jointly highly statistically
significant. They are available from the authors upon request.
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Table 3.2: Estimated preference parameters

ON (2) (3) (4) (5) (6)
Distribution of household preferences: Normal Mized normal
Household group: . <7 7-14 14-21 21-35 > 35

Panel A: Preferences for observable product characteristics

Means
Price -0.249 -0.327 -0.258 -0.254 -0.273 -0.283
(0.019) (0.039) (0.028) (0.025) (0.023) (0.024)
Beer*Total ethanol content 0.249 0.271 0.268 0.229 0.232 0.238
(0.011) | (0.022) (0.016) (0.014)  (0.014)  (0.014)
Wine*Total ethanol content 0.022 0.030 0.036 0.047 0.064 0.107
0.012) | (0.025) (0.017) (0.015)  (0.014)  (0.013)
Spirits*Total ethanol content 0.146 0.336 0.144 0.089 0.049 0.064
(0.028) (0.061) (0.057) (0.041) (0.047) (0.039)
Cider*Total ethanol content 0.172 0.224 0.181 0.183 0.208 0.187
(0.015) (0.029) (0.022) (0.020) (0.022) (0.020)
Beer*Total ethanol content? -0.309 -0.339 -0.337 -0.221 -0.201 -0.191
(0.015) (0.030) (0.021) (0.017) (0.017) (0.018)
Wine*Total ethanol content? 0.098 0.056 0.070 0.107 0.121 0.057
(0.019) (0.046) (0.027) (0.021) (0.020) (0.017)
Spirits*Total ethanol content? -0.139 -0.415 -0.108 0.008 0.091 0.095
(0.038) (0.085) (0.080) (0.056) (0.063) (0.051)
Cider*Total ethanol content? -0.281 -0.486 -0.269 -0.263 -0.267 -0.169
(0.034) (0.076) (0.052) (0.046) (0.057) (0.040)
Variances
Price 0.060 0.043 0.047 0.068 0.061 0.053
(0.005) (0.009) (0.006) (0.007) (0.006) (0.004)
Total ethanol content 0.018 0.010 0.006 0.009 0.012 0.009
(0.001) (0.002) (0.001) (0.001) (0.001) (0.001)
Strength 0.233 0.312 0.490 0.387 0.332 0.374
(0.022) (0.037) (0.041) (0.030) (0.022) (0.030)
Covariances
Price*Total ethanol content -0.031 -0.018 -0.014 -0.023 -0.026 -0.021
(0.002) (0.004) (0.002) (0.002) (0.002) (0.002)
Price*Alcohol strength -0.009 -0.013 -0.058 -0.050 0.020 0.012
(0.006) (0.011) (0.009) (0.010) (0.006) (0.005)
Total ethanol content*Alcohol strength 0.001 -0.016 -0.005 -0.003 -0.018 -0.005
(0.003) (0.005) (0.003) (0.003) (0.003) (0.002)

Panel B: Preferences for unobserved product characteristics

Mean product effects for each segment

Beer -1.127 -1.349 -1.130 -0.970 -0.865 -0.786
(0.021) (0.037) (0.030) (0.030) (0.029) (0.030)

Wine -5.792 -6.545 -5.477 -5.068 -4.274 -4.074
(0.079) (0.137) (0.113) (0.114) (0.105) (0.111)

Spirits -4.945 -6.586 -4.303 -3.746 -3.116 -2.782
(0.164) (0.314) (0.326) (0.232) (0.286) (0.239)

Cider -5.756 -8.449 -5.010 -4.022 -2.402 -2.002
(0.362) (0.703) (0.755) (0.527) (0.655) (0.556)

Variances

Beer 2.548 2.303 2.109 2.895 2.292 1.805
(0.141) | (0.199)  (0.209)  (0.234)  (0.188)  (0.144)

Wine 1.892 1.817 1.505 2.341 2.494 1.525
(0.111) (0.172) (0.128) (0.199) (0.181) (0.119)

Spirits 1.110 1.016 0.431 2.121 1.007 2.191
(0.128) (0.264) (0.087) (0.294) (0.119) (0.209)

Cider 3.521 1.766 3.688 3.301 2.582 3.069
(0.254) (0.226) (0.322) (0.323) (0.242) (0.274)

Product effects Yes Yes

Type-time effects Yes Yes

Control function Yes Yes

Number of households 1000 2250

Number of purchase occasions 25000 56250

Notes: Column (1) contains the parameter estimates for the model in which the distribution of
random coefficients across all households is modelled as normal. Columns (2)-(6) contain the pa-
rameter estimates for the model in which the distribution of preferences is a mizture of conditional
normal distributions, conditioning on households’ pre sample ethanol purchases. Panel A shows
estimated parameters for the distribution of preferences over observable product characteristics,
Panel B shows estimated parameters for the distribution of preferences over unobserved product
characteristics. Standard errors are reported below the coefficients.
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Columns 2-6 show the coefficient estimates for the mixed-normal preference
distribution specification. Here all the parameters vary across the five household
groups defined on the basis of pre sample behaviour (see Table 3.1). This allows
the correlation in preference parameters over observable attributes to vary by the
groups. It also allows for richer and more complex correlations in preferences across
all households than the more standard normal preference distribution specification.
Moving from lighter drinkers to heavier drinkers, the estimated mean product effects
in all segment increases — heavy drinkers, on average, have higher valuations of
unobserved products attributes for all alcohol products relative to the no purchase
outside option than lighter drinkers.

In the next section and in Section 4, we use the mixed-normal preference dis-
tribution specification, because of its additional flexibility. In Appendix C.1, we
show that the optimal taxes computed under the more restrictive normal prefer-
ence distribution specification have a similar pattern to those computed with the

mixed-normal distribution specification.

3.6 Price elasticities

The demand model estimates generate a set of own and cross price elasticities
that capture how households switch between all the options (product-sizes) in the
market, as well as towards the no purchase outside option, in response to marginal
price changes. The model generates an 80 x 79 matrix of elasticities for every

household group. In Figure 3.1 we summarise this information.
Figure 3.1: Summary of own and cross price elasticities

(a) Own price elasticities (b) Cross price elasticities
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Notes: The grey markers represent product level elasticities, computed separately for households
in each of the five household groups. The black marks are averages across these product level
elasticities. The bars are 95% confidence intervals.

Panel (a) shows the own price elasticities and panel (b) shows the cross price

elasticities. The vertical variation in the graphs is across products and the hori-
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zontal variation is across the five household groups, defined based on pre sample
ethanol demand. The grey dots represent the own price elasticities for each product
(in panel (a)) and the cross-price elasticities between pairs of products (in panel
(b)). The black dots represent the mean elasticity for the particular group of house-
holds; the bars are 95% confidence intervals.'> The graph highlights that variation
in elasticities across products is substantial. It also shows some variation in the
mean own price elasticity across groups — the lightest and the two heaviest groups
of drinkers tend to have more elastic demand than those in the middle groups. How-
ever, the variation in the mean cross price elasticity across the household groups is
much more striking. The mean cross price elasticity of households in the heaviest
drinking group is over 3.5 times as high as the mean in the lightest group. Heavy
drinkers are much more likely to respond to an increase in a product’s price by
switching to alternative products (rather than out of the market).

In Table 3.3 we focus on the spirits (including fortified wine) segment of the mar-
ket and summarise mean own and cross price elasticities for each of the household
groups. For elasticities for all segments, as well as confidence intervals, see Ap-
pendix C.2. Spirits products are disproportionately purchased by heavy drinkers
and, as the table shows, spirits elasticities vary significantly across the groups.

The first column shows the average own price elasticity for spirits options, the
second column shows the average cross price elasticity between spirits options and
the remaining columns show the average cross price elasticity between spirits options
and options in each of the other three segments on the market. The table highlights
that households are considerably more willing to switch from one spirit option to
another than they are from a spirit to a non-spirit option. For instance, the average
cross price elasticity between spirits options is between four (for group 21-35 units)
and six (for group 7-14 units) times the average cross price elasticity between spirits
and ciders. The table also highlights that while the heaviest drinkers have higher
cross price elasticities in general, the pattern is particularly strong for cross price
elasticities between spirits options; for instance, the average within spirits cross
price elasticity for the heaviest drinking group is five times the value for the lightest

drinking group.

13We calculate confidence intervals by first obtaining the variance-covariance matrix for the
parameter 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, compute the statistic of interest, using the resulting distribution across draws to compute
Monte Carlo confidence intervals (which need not be symmetric around the statistic estimates).
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Table 3.3: Average own and cross price elasticities for spirits products

(1) @ 6 @ 0

Mean Mean cross price elasticity
Household group own price Spirits Beer Wine Cider
Less than 7 units -4.094  0.039 0.016 0.019 0.007
7-14 units -3.641 0.061 0.015 0.034 0.010
14-21 units -3.721 0.104 0.024 0.033 0.020
21-35 units -3.579  0.105 0.048 0.062 0.027
More than 35 units -3.905 0.192 0.031 0.075 0.039

Notes: Each row shows the estimated elasticities for each group of households defined on pre sample
ethanol purchases. Column (1) shows the mean own price elasticity for spirits options. Columns
(2)-(5) show the average cross price elasticity of spirits options with respect to a price change of an
option in the alcohol segment indicated in the first row. The elasticities are a weighted averages of
the option level elasticities where the weights are the options share of total units demanded. 95%
confidence intervals are shown in Appendix C.2.

The price sensitivity of a household’s derived ethanol demand to an increase in
the price of all alcohol products depends on all their own and cross price elasticities
across the alcohol options. We simulate the slope of ethanol demands by uniformly
marginally increasing the price of all alcohol options. A number of papers have
directly estimated the slope of ethanol demand (e.g. Banks et al. (1997), Baltagi
and Griffin (1995), Manning et al. (1995)). These papers treat alcohol as a single
commodity, implicitly assuming the composition of alcohol products does not alter
as the price of all alcohol is raised. In contrast, our model captures the substitution

across all products and sizes that underpin changes in total ethanol demand.

Figure 3.2: Price elasticity of demand for all alcohol, by household group

Own price elasticity for ethanol

T T T
<7 7-14 14-21 21-35 >35
Units of ethanol per adult per week

Notes: The elasticity is the percentage change in total alcohol units demanded following a 1%
increase in the price of all options. The does show the mean elasticities across months and house-
holds in each household group. The bars show 95% confidence intervals.
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Figure 3.2 plots the own elasticity of demand for ethanol for each household
group. It shows that, in response to a uniform increase in the price of all alcohol
options, lighter drinking households reduce their ethanol demand, in percentage
terms, by significantly more than heavier drinking households. The price elasticity
of demand for ethanol for households that purchase fewer than 7 units of ethanol per
adult per week in the pre sample period is -2.09, compared to -0.71 for households
that purchase more than 35 units per adult per week. This is driven by the fact
that households that typically purchase relatively large quantities of ethanol are
much more willing to switch between alcohol products and are less likely to switch
towards the outside option of not buying alcohol at all. This results in their ethanol
demand being less elastic than more moderate drinkers. This pattern of response
drives a negative correlation between the marginal externality of consumption and

price sensitivity of ethanol demand.

3.7 Externality function

The principal objective of policy intervention in alcohol markets is to reduce the
external costs associated with drinking, including the costs of crime (e.g. drink
driving, anti-social behaviour, domestic violence) and the public health care costs
of treating alcohol related illnesses. The World Health Organization (2014) estimate
that 5.9% of global deaths and 5.1% of the global burden of disease and injury (mea-
sured in disability adjusted life years) is attributable to alcohol. The US Depart-
ment of Justice (2005) estimate that more than 75,000 deaths are attributable to
alcohol consumption each year and the total economic costs associated with alcohol
problems total more than $184 billion annually.

In Section 2 we specified the consumer level externality function, ¢;, as a func-
tion of derived ethanol demand Z;. We use data on alcohol purchases made by
households, so in the empirical implementation we convert total ethanol demand
into ethanol demand per adult (person aged 18 or over). We also place some ad-
ditional structure on the externality function. We assume that ¢; is an increasing
convex function. This means that a marginal increase in ethanol consumption has
associated with it an incremental cost to society that is increasing in the level of
ethanol consumption.

High ethanol demand may be due to consumers drinking large amounts regularly
or engaging in less regular very high consumption (binge drinking). Both types of
drinking behaviour are likely to lead to externalities, although the nature of these
externalities may differ somewhat (e.g. both types of consumption are likely to

be bad for health, but binge drinking is arguably more likely to lead to criminal
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behaviour). In Figure 3.3 we show the relationship between total ethanol per week
and both the frequency of drinking and the propensity to binge drink. Panels (a)
and (b) show that in both the UK and US people that report consuming higher
amounts of ethanol also report drinking more days per week. Panels (¢) and (d)
show that in both countries there is a positive relationship between consumers’ total
ethanol and whether they reported binge drinking in the previous week.

A large body of evidence suggests that the external costs of drinking are highly
concentrated in a small proportion of heavy drinkers (see Cnossen (2007) for sur-
veys). Relatedly, there is a considerable amount of evidence that marginal exter-
nalities from alcohol are an increasing function of ethanol consumed. For example,
there is evidence of a threshold effect with some diseases: at low levels of ethanol
consumption, the risk of disease is not elevated, but this risk increases sharply above
a certain point (see Lonnroth et al. (2008) for evidence on tuberculosis, and Rehm

et al. (2010) for evidence on liver cirrhosis).

Figure 3.3: Ethanol consumption, binge and high frequency drinking

(a) UK: frequency of drinking (b) US: frequency of drinking

ck)

(days per we

wcy of drinking

Frequer

. : ' : : T : ' . :
0 10 20 30 140 0 10 20 30 140
Units of ethanol per week Units of ethanol per week

(¢) UK: binge drinking (d) US: binge drinking

: : . : T : : :
0 10 20 30 40 0 10 2 30 40
Units of ethanol per week Units of ethanol per week
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HSE. Panels (b) and (d) are drawn using data from the alcohol questionnaire and food and drink
diary components of NHANES. For a detailed description of the data and variable construction,
see Appendiz B.1.
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The marginal externality of ethanol consumption may vary across people for
two reasons. First, some people may drink more, and therefore, if the externality
function is convex, then they will have higher marginal externalities of consump-
tion. This is captured by a convex externality function that is common across
people. Second, conditional on a given level of ethanol consumption, some people
may generate higher social costs. For example, there is some evidence that low
socioeconomic status (SES) households are more likely to generate external costs
than higher SES households, conditional on the same drinking patterns (Grittner
et al. (2012)). On the other hand, differences in the marginal externality generated
across gender are primarily due to differences in the amount drunk. The World
Health Organization (2014) argue that men are responsible for more of the external
costs because they drink more, and that, “when the number of health and social
consequences is considered for a given level of alcohol use or drinking pattern, sex
differences for social outcomes reduce significantly”.

We parameterise the externality function as an exponential function with pa-
rameters, (¢Po;, P1:):
¢(Zir) = doi(exp(PriZiz) — 1). (3.5)

Subtracting one from the term in the brackets ensures that the external cost of zero
ethanol demand is zero. ¢y; controls the convexity, measured as the ratio of second
to first derivatives, and given ¢q;, ¢o; governs the aggregate external cost.

Although there is considerable evidence that the external costs of consumption
are increasing and convex, there is debate over the size of aggregate external costs
and even less evidence on the degree of convexity. In our central calibration we
set the aggregate external cost based on a study by the UK Cabinet Office (2003).
Using this study Cnossen (2007) categorises estimates of the various costs associated
with alcohol misuse in the UK. The report estimates that the direct tangible social
costs are £7.25 billion (in 2011 prices).!* Direct tangible costs of drinking include
costs of alcohol-related disease and the costs of dealing with alcohol-related crime.
In our central calibration, we calibrate the convexity of the function to be in line
with the estimate of an almost 18 times increase in the probability of an accident
after consumer 140g rather than 14g of ethanol found in Taylor et al. (2010).

For our central calibration we assume that (¢o;, ¢1;) are common across house-

holds. However in an alternative calibration, we also allow for the marginal exter-

14The estimate reported in the paper was £7.5 billion in 2001 prices; we uprate this to 2011
prices using the Retail Price Index and scale to account for the fact that we are using data on
alcohol purchases excluding those made in restaurants and pubs (off-trade purchases). We assume
that the share of external costs generated by off-trade alcohol consumption is proportional to the
number of units consumed off-trade (77%).
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nality to vary by SES, conditional on derived ethanol demand. In line with the
estimates in Grittner et al. (2012), we calibrate the function such that ¢, for the
high SES households is 70% of ¢q; for the low SES households.

As well as the central calibration and its SES variant, we show results for four
alternative calibrations, which are described in Table 3.4. We consider the implica-
tions of higher or lower aggregate external costs and if the externality function is

more or less convex.

Table 3.4: Calibration specifications

Aggregate Ratio of external Calibrated

external cost costs of heaviest parameters

(£billion)  to lightest drinkers (hoi, P14)

Central 7.25 20 (1.2980,0.0615)
Alternative specifications

By SES 7.25 20 High SES: (1.1650,0.0615)

Low SES: (1.6580,0.0615)

Low aggregate cost 6.00 20 (1.0740,0.0615)

High aggregate cost 8.50 20 (1.5220,0.0615)

Low convexity 7.25 10 (3.1730,0.0435)

High convexity 7.25 30 (0.8177,0.0695)

Notes: The aggregate external cost is calculated as the sum of external costs over all households
given their ethanol demand at UK prices in 2011. The ratio of the external costs of heaviest to
lightest drinkers is calculated as the total external cost of all households that buy more than 35
units of ethanol per adult per week over the the total external cost of all households that buy less
than 7 units of ethanol per adult per week.

3.8 Current systems for taxing alcohol

The majority of developed countries tax alcohol; most commonly via specific (unit)
excise taxes. Typically alcohol is also subject to broad based sales taxes or value
added tax (VAT). Chetty et al. (2009) find that taxes included in posted prices (i.e.
excise taxes) reduce alcohol consumption by more than increases in taxes applied
at the register (i.e. sales taxes). In the US, alcohol taxes are levied per litre of
product (volumetric tax), with different rates for beer, wine and spirits. There are
federal alcohol excise taxes in addition to rates that are set by the different states.
Volumetric taxes such as these lead to higher strength alcoholic beverages being
taxed less heavily per unit of ethanol. To illustrate, Figure 3.4(a) shows the excise

taxes (expressed per unit of ethanol) for California, New York and Texas.'®

1517 states are “control” states, in which the retail sale of (at least one type of) alcohol is
controlled by a state run monopoly; there is upstream competition between distillers and alcohol
manufacturers. There are also 24 states in which “post and hold” restrictions are in place (again,
for at least one type of alcohol); this limits how quickly firms can alter their prices. We abstract
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In European countries spirits and beer are taxed per unit of ethanol, while
wine and cider are taxed volumetrically, with banded rates (for different strength
products) introducing kinks into the tax schedule. To illustrate, Figure 3.4(b) shows
how the excise tax in the UK, expressed per unit of ethanol, varies across alcohol
segments and with alcohol strength. For wine and cider tax per unit is declining
in strength. The kinks in the schedules correspond to different tax bands based on

alcohol strength.
Figure 3.4: Alcohol taxes
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Notes: In the UK, fortified wines with ABV below 22% are taxed as wines and those with ABV
above 22% are tazes are spirits and FABs are taved as spirits. The tax rates in the US include
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In the UK the post tax price faced by consumers is pjo = (1+t"47) (5 + t5X)
where Py is the pre tax price, tV47 is the VAT tax rate, which was 20% in 2011
and th is the excise tax that applies to product j. In demand estimation, for
each option, we use the post tax price faced by consumers, p;s. In the optimal tax
problem we use the pre tax price, pjs; the post tax price 18 pjst = pjst + 7 245, where
77 denotes the optimal tax rate on product j.

We do not explicitly model the decision over which rate of VAT to set. With
tax rates that vary across products we can divide the set of optimal taxes 7* =
(11, ...,77)" by the VAT rate, effectively reducing all optimal taxes by the common
factor 1.2, and obtain the system of optimal excise taxes given the prevailing VAT

system. We present optimal taxes prior to adjusting for VAT.

from supply side issues in our optimal tax analysis, but we discuss the robustness of our results
to various supply side environments in Section 4.3.
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4 Optimal alcohol taxes

We use the empirical framework outlined in Section 3 to solve for the tax solutions to
the planner’s problem set out in Section 2. We solve for both the first best Pigovian
consumer specific taxes and for optimal tax rates when rates are constrained to be

CcOoImino1n acCross consuiners.

4.1 Optimal tax rates

We solve for the optimal rates in four alternative tax regimes:

1. Consumer specific tax rates: Each consumer faces its own personalised rate
implicitly defined by equation 2.4. This implies Pigovian taxation for each consumer

and the first best allocation.
2. Single ethanol tax rate: The rate is implicitly defined by equation 2.5.

3. Product level tax rates: Tax rates are allowed to vary across products. In
the case of product specific taxes the optimal rates are implicitly defined by the set

of equations 2.6. We consider two forms of product level taxation:

(a) Segment taxes: rates are allowed to be differ across the four segments of the
alcohol market (beer, wine, spirits, cider), but are constrained to be the same

across products within each segment.

(b) Type taxes: rates are allowed to be differ across a set of 18 alcohol types.
These types are more aggregate than the products included in our demand

system. They impose a common rate across products within each type.

The segment taxes are the most similar to what governments currently do. In
both Europe and the US, governments set different tax rates across the four seg-
ments, although in most cases these taxes are volumetric rather than levied directly
on ethanol. The most flexible tax rates that differ across products that we consider
are the type taxes. These allow for different rates on, for instance, gin, vodka etc.,
but they do not differentiate between branded and store brand products. They also
do not set different tax rates for different sizes of the same product. We do not
consider a system of more disaggregate product tax rates because we expect this
system is infeasible for governments to implement (see Gillitzer et al. (2015) on
the difficulties of tax policies that distinguish between very disaggregate products).
This choice does not reflect any technical difficulty with solving for more disag-

gregate tax rates — doing so leads to similar welfare predictions. It is important
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to note however, that a key feature of our demand framework is that it captures
substitution across sizes and products in response to any simulated form of tax,

whether this be a single rate or rates that vary across segments and types.

Table 4.1: Tax rate solutions

(1) (2) 3) (4)

Current Optimal

Product level tax rates

UK tax rates Single rate Segment Type
Ale 27.7 | Ethanol 35.9 Beer 28.3 Ale 22.7
Lager 26.1 . (inc. lager and ale) . Lager 28.7
Stout 29.3 . . Stout 23.1
Red wine 26.7 . Wine 30.4 Red wine 30.6
White wine 31.0 . . White wine 29.8
Rose wine 31.9 . . Rose wine 24.3
Brandy 32.5 . Spirits 42.6 Brandy 374
Gin 31.7 : (inc. fortified wine) : Gin 42.4
Rum 32.0 . . Rum 38.5
Vodka 31.3 . . Vodka 44.4
Whisky 324 . - Whisky 43.2
Liqueurs 354 . . Liqueurs 19.9
Port 24.4 . . Port 16.8
Sherry 24.3 . . Sherry 204
Vermouth 23.6 . . Vermouth 20.8
Other fort. wine 22.2 . . Other fort. wine 22.2
Cider 13.8 . Cider 25.4  Cider 25.2
FABs 39.6 . (inc. FABs) . FABs 16.5

Notes: Column (1) shows the average UK tax rate for each alcohol type (inclusive of VAT and
excise duty). Columns (2)-(4) show the tax rates (expressed in pence per unit of ethanol) that maz-
imise consumer welfare (equation (2.3)). Column (2) shows the optimal single tax rate. Columns
(3) and (4) show the optimal product level tax rates, at the segment and type level, respectively.
The dots represent the tax rate shown in the row above. 95% confidence intervals for the optimal
tax rates are shown in Table C.3 in Appendiz C.3.

In Table 4.1 we show the optimal rates for the single rate, segment and type taxes
(we discuss the consumer specific taxes below), along with the average existing UK
tax rates for each alcohol type (column (1)).' The optimal single ethanol tax rate
is equal to the average marginal externality plus an adjustment for the covariance
of marginal externalities and the absolute slope of overall ethanol demands. We
compute that the optimal single rate is 35.9p per unit of ethanol. At this rate the
average marginal externality, ¢, is 43.9p per unit. The fact that the optimal tax
rate is lower than the average marginal externality reflects the fact that households
with high ethanol demands (and therefore high marginal externalities) tend to have

ethanol demands that are less sensitive to a marginal change in the tax rate (see

6 Numbers include both alcohol excise taxes and VAT.
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Figure 3.2). This lowers the effectiveness of the tax relative to there being no
correlation between derived ethanol demands and the marginal externality, which
leads to a lower optimal rate.

In column (3) we show optimal tax rates when rates are allowed to differ across
the four segments of the alcohol market. The tax rate on spirits, 42.6p per unit
of ethanol, is highest, followed by wine (30.4p), beer (28.3p) and cider (25.4p).
Spirits are disproportionately purchased by heavy drinkers (see Appendix B.5). A
relatively high tax on spirits is therefore, to some extent, able to specifically target
the alcohol consumption of the consumers that generate a relatively high marginal
externality.

In column (4) we show the optimal tax rates that differ across alcohol types.
There is considerable variation of the tax rates within segment. For instance, within
the spirits segment the tax rate ranges from below 20p per unit of ethanol for port
to over 40p per unit for vodka and tax rates are higher on the set of strong spirits
than on liqueurs or fortified wines. Other segments also show a significant degree
of variation in optimal tax rates. This suggests going from the optimal system of
segment taxes to optimal type taxes is likely to result in a considerable improvement
in welfare. Under the UK system, high strength spirits and cider are under taxed,

relative to the optimal type system, while beer, wine and FABs are all over taxed.

Figure 4.1: Comparison of optimal tax rates under different externality function
calibrations
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Table 3.4. 95% confidence intervals are drawn around each marker.

Figure 4.1 shows the optimal type tax rates under different assumptions about

the shape of the externality function. We consider five alternatives: (i) a function
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that varies by the SES of households, (ii) a function that implies a lower aggregate
external cost, (iii) a function that implies a higher aggregate external cost, (iv) a
less convex function, and (iv) a more convex function.

Allowing for heterogeneity in the externality function across SES groups has
little impact on optimal tax rates. This is because there are not large differences
in the composition of SES across the household groups (defined bases on pre sam-
ple ethanol demand). We could potentially allow for the within household group
preference heterogeneity to be correlated with SES and this might lead to different
optimal tax rates (relative to the central calibration; we leave this for future work).

Varying the level of aggregate external cost to which the externality function is
calibrated acts to scale the optimal tax rates up or down, relative to our central
specification. If the planner thinks that £8.5 billion is a more realistic estimate of
the aggregate external costs of alcohol consumption, then the optimal tax rates are
roughly 6.5% higher than under our central calibration of a £7.25 billion aggregate
external cost. On the other hand, if the planner is more conservative and thinks
that £6 billion is a more sensible estimate, then the tax rates are roughly 7.5%
lower. Varying the convexity of the function also changes the optimal tax rates in a
way that makes intuitive sense: a more convex externality function leads to higher
rates on high strength spirits, but lower rates on other products. In other words,
the greater the proportion of external costs generated by the heaviest drinkers, the

higher the relative tax rates on the alcohol types they purchase disproportionately.

Effective average ethanol tax rates across households

The first best Pigovian solution, which completely corrects for the externality, in-
volves setting household specific tax rates per unit of ethanol. For each household,
the rate is equal to the household’s marginal consumption externality (evaluated
at that rate) — see equation 2.4. Given that the marginal externality is increas-
ing in ethanol content, the optimal tax regime prescribes relatively high taxes on
households that purchase relatively large amounts of ethanol.

In practice it is difficult for governments to set consumer specific tax rates. How-
ever, by allowing variation in common tax rates across products, the planner can
improve on single ethanol rate taxation, getting close to the first best. To illustrate
this we compute the “effective average tax rate” (EATR) faced by households under
the various tax policies. These describe the tax rate per unit of ethanol a household
pays, given their demands under the various tax policies.

Table 4.2 shows these for the UK tax system, for the optimal single rate, segment

and type taxes, and for the consumer specific taxes. In each case it shows the average
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EATR for each household group. In the case of the single ethanol tax rate the EATR
is the same across all households and is equal to the optimal rate of 35.9p. For the
consumer specific taxes, each household’s EATR is simply the consumer specific
tax rate they face. The average consumer specific rate for the heaviest drinking
group is 2.3 times the average rate for the lightest drinking group. Under the
optimal segment tax rates the average EATR for the heaviest group is 1.1 times
that of the lightest group, and under the optimal type tax rates the average EATR
for the heaviest group is 1.15 times that of the lightest group. The differences in
EATRs across household groups under the taxes rates that differ across products are
considerably less than under the first best consumer specific taxes, but are closer to

the first best than under either a single ethanol tax rate or the current UK system.

Table 4.2: Effective average ethanol tax rates under different tax policies

Effective average ethanol tax rate

Product level tax rates Consumer

Household group: UK taxes ‘ Single ethanol rate Segment Type ‘ specific taxes
Less than 7 units 27.4 35.9 314 27.0 17.1
[34.8, 36.6]  [30.6, 32.2] (25.9, 28.2] [16.2, 18.0]
7-14 units 27.2 35.9 31.8 28.9 24.0
[34.8, 36.6] [31.1, 32.5] (28.2, 29.7] [23.4, 25.2]
14-21 units 27.0 35.9 32.3 29.6 29.0
[34.8, 36.6] [31.6, 33.0] [28.9, 30.3] [28.2, 30.4]
21-35 units 27.2 35.9 32.7 29.9 33.4
[34.8, 36.6]  [32.0, 33.3] [29.2, 30.6] [32.5, 36.4]
More than 35 units 27.2 35.9 34.1 31.1 39.2
[34.8, 36.6] [33.4, 34.6] (30.5, 31.8] [37.2, 45.0]
All households 27.2 35.9 32.3 29.0 22.9
[34.8, 36.6] [31.6, 32.9] [28.4, 29.7] [22.6, 23.8]

Notes: For each policy we calculate the effective average ethanol tax rate (EATR) by taking the
average tax rate across products, using ethanol share weights for each group of households. For the
single ethanol tax rate the EATR is equal to the optimal rate and is invariant across households.
For the consumer specific taxes a household’s EATR equals the single tax rate it faces.

The average EATR across all households falls as the tax regime available to the
planner becomes increasingly flexible (i.e. moving from a single rate to consumer
specific taxes). The reason for this is that when the planner only has one instrument
(i.e. a single tax rate) it has to set a comparatively high rate in order to induce
lower ethanol consumption among the very heavy drinkers. This is worth doing,
even at the expense of the loss in consumer surplus for the light drinkers, because
these small number of households generate considerable externality costs. With
more flexible tax policy instruments the planner is able to design tax policies that

are increasingly better targeted at the high marginal externality households. This
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allows for a reduction in the average tax rate across all products. We discuss this

in more detail in the context of the impact of the policies on welfare in Section 4.2.

Understanding the variation in the optimal tax rates

In Section 2.4 we make some simplifying assumptions that allow us to gain intu-
ition over the mechanisms leading to variation in optimal tax rates across products.
There are three driving factors: (i) correlation of the marginal externality and de-
mand shares, (ii) correlation of the marginal externality and own slopes of demand,
and (iii) correlation of the marginal externality and cross price effects. Here, we
investigate these patterns empirically. We focus on the optimal tax rates that differ
across types.

For each alcohol type we compute the correlation coefficient across households
in the share of ethanol from that type and the marginal externality. Panel (a)
of Figure 4.2 plots the relationship between these correlation coefficients and the
optimal type tax rates. The set of high strength spirits'” are disproportionately
purchased by heavy drinkers and have high optimal rates. For these products the
high propensity of heavier drinkers to purchase them is the main driver of the high
tax rates. The fact that heavy drinkers drink relatively more spirits is not unique
to the UK — we show in Appendix B.5 that this pattern holds in the US too.

Figure 4.2: Optimal tazx rate and correlation between marginal externality and de-
mands
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However, for the other products the relationship between the correlation in

demand shares and marginal externalities with optimal taxes is less strong. Much

"Brandy, Gin, Rum, Vodka and Whisky
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of this remaining variation is accounted for by the correlation in alcohol type own
price elasticities of demand and marginal externalities. Panel (b) shows that these
correlations vary with optimal taxes. Alcohol types with a positive correlation
between own price elasticities and marginal externalities tend to attract higher
rates. The stronger this correlation, the more effective the tax is at reducing the
high externality generating consumption.

In Section 2.4 we show that a high covariance between the marginal externality
and the cross price effects acts to lower optimal tax rates. The intuition behind this
is that, all else equal, if households that generate high levels of marginal externalities
are more willing to switch between alcohol products than to switch out of the market
in response to price increases, the less effective the taxes are at lowering the external
costs of consumption, while not creating larger losses in consumer surplus.

To quantify the importance of this channel we recompute the optimal tax rates
that would result if the social planner were to ignore all cross price effects. In this
case the tax rates are given by an application of the single rate formula (equation
2.7) to each alcohol type. Comparison of these “naive” optimal rates and the true
optimal rates highlights the influence that cross price effects, and in particular how

they vary with the marginal externality, has on optimal taxes.

Figure 4.3: Comparison of optimal tax rates with and without cross price effects
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In Figure 4.3 we show the optimal rates when the planner ignores cross price
effects along with the optimal rates when the planner takes account of cross price

effects. Ignoring cross price effects leads to higher than optimal rates for all but

35



three types — on average, the tax rates “overshoot” by around 7%. The reason for
this is that heavy drinkers tend to be more willing to switch between alternative
alcohol products than light drinkers, meaning when the planner ignores this effect
taxes appear more effective at lowering the ethanol demand of high drinkers, leading

it to set higher tax rates.

4.2 Welfare

For each of the different tax systems, we calculate the impact on consumer surplus,
tax revenue and total external costs of moving from the UK system to that system.
We present the results in Table 4.3. Under the UK system of taxes, the total external
cost of consumption is £7.25 billion per year. This follows from our calibration of
the externality function to match this figure. UK tax revenues are £7.16 billion per
year.

Under the optimal single rate ethanol tax, the external costs of alcohol consump-
tion are £2 billion per year lower than under the UK system, while tax revenue is
£0.31 billion higher. However these welfare gains are partially off-set by the fact
that consumer surplus falls by £1.85 billion. Overall, moving from the UK tax
system to the optimal single rate ethanol tax leads to an increase of £0.46 billion
in the sum of consumer surplus and tax revenue net of externalities.

The gain in consumer surplus plus tax revenue net of externalities of moving
from the UK tax system to the segment taxes is £0.83 billion — 1.8 times larger
than the move from the UK system to the optimal single ethanol rate. This larger
welfare gain is due to a larger reduction in the external costs and a smaller fall in
consumer surplus (although this is partially off-set by these taxes raising marginally
less revenue than the UK system).

Moving from the UK system to the optimal type taxes would result in a total gain
of £1.05 billion — 2.3 times the gain of moving to the optimal single rate. Relative
to the optimal segment taxes, the type taxes result in a slightly higher external cost
and raise less revenue. However, this is more than made up for by the fact that this
policy results in a much smaller reduction in consumer surplus (compared with the
UK tax system). Relative to the more restricted single rate and segment taxes, the
optimal type taxes are better able to target the consumption of households with
high marginal consumption externalities, while limiting the reduction in consumer
surplus.

Table 4.3 also shows the gain that would be achieved from a move from the
UK system to the Pigovian first best of optimal consumer specific taxes. The

improvement in the sum of consumer surplus and tax revenue net of externalities
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would be £2.14 billion — comprised of a lower external cost, higher tax revenue and
an increase in consumer surplus. Moving from the UK system to the optimal type
tax rates would therefore close nearly half of the gap in welfare between the UK
system and the first best.

The welfare changes for the alternative externality function calibrations are
shown in Appendix C.4. The different specifications of the externality functions
lead to differing predictions of the magnitude of welfare losses, relative to the first
best, but the qualitative results from our central specification hold. The less convex
the function, the closer the optimal type tax rates gets to the first best. Although
there are differences in the precise magnitudes, the key results hold: the UK system
performs worst, an optimally set single ethanol tax rate improves on this somewhat,
but the optimal type tax rates do better, roughly halving the difference in welfare
between the UK taxes and the first best.

Table 4.3: Welfare impact of tax changes

1) 2) 3) )
External Tax Change in
£billion per year cost  revenue consumer surplus (2) 4+ (3) — (1)
UK taxes 7.25 7.16 - -
Optimal:
Single ethanol rate -2.00 0.31 -1.85 0.46
[-2.33, -1.67] [0.14, 0.48) [-2.03, -1.65] [0.35, 0.56]
% difference -27.6 4.3 - -
Segment tax rates -2.24 -0.13 -1.28 0.83
[-2.54, -1.89] [-0.25, 0.03] [-1.42, -1.10] [0.69, 0.98]
% difference -30.9 -1.8 - -
Type tax rates -2.15 -0.47 -0.63 1.05
[-2.44, -1.79]  [-0.58, -0.34] [-0.77, -0.47] [0.89, 1.20]
% difference -29.7 -6.6 - -
First best:
Consumer specific taxes -1.38 0.57 0.19 2.14
[-1.74, -0.86] [0.27, 0.85] [0.00, 0.31] [1.70, 2.39]
% difference -19.0 8.0 - —

Notes: The first row shows the external cost and tax revenue under the UK tax system for our
central calibration of the externality function (Table 3.4). The rows below show the difference
relative to the UK system for each tax policy. Column (1) shows the external cost, column (2) the
tax revenue, column (3) the change in consumer surplus relative to the UK system, and column (4)
the change in the sum of consumer surplus and tax revenue minus the external cost. All numbers
are expressed in L£billion per year. Numbers in italic are the percentage differences relative to the
UK system. 95% confidence intervals for the differences relative to the UK tax system are shown
in square brackets.
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Under the first best consumer specific taxes, both the external costs of alcohol
consumption and consumer surplus are higher than under the optimal single rate or
either of the product level tax rate systems. In Figure 4.4 we show how the changes
in external costs (panel (a)) and consumers surplus (panel (b)), relative to the UK
tax system, vary across the five household groups.

Relative to the UK system, the consumer specific taxes result in an increase in
external costs and consumer surplus of the lightest drinking group and substantial
reductions for heavier drinkers. The current UK tax system effectively over-taxes
light drinkers. Consumer specific taxes allow the planner to reduce taxes on this
group, while increasing taxes on heavier drinking groups (thereby both lowering the
externality from these groups, as well as their consumer surplus). The single ethanol
tax rate does not provide the planner with scope to differentially target light and
heavy drinkers through the tax system — relative to the UK system it induces lower
external costs and consumer surplus across the total ethanol distribution. Setting
tax rates that differ across products provide some scope for better targeting the
consumption of heavy drinkers. The optimal type tax rates result in much larger
falls in external costs among heavy drinkers, leaving light drinkers only slightly

worse off relative to the UK system.

Figure 4.4: External costs and consumer surplus across households
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Notes: The left hand figure shows the change in external costs generated by each group of house-
holds under each policy, relative to the UK tax system. The right hand figure shows the change in
consumer surplus experienced by each group of households under each policy, relative to the UK
tax system. Numbers are in £ billion per year.

38



4.3 Robustness
Supply responses

The tax solutions we compute assume full pass-through of tax to consumer prices.
If we knew pass-through rates of taxes to all product prices in the alcohol industry,
then we could adjust tax rates to ensure post tax equilibrium prices are the optimal
ones we compute. For instance, suppose pass-through of taxes in the alcohol market
was 75%. To get to the optimal post tax price we would simply need to scale our
computed tax rates by the factor 4/3. If pass-through is differential across products,
the scaling factor required would also vary across products. Our results therefore
can complement those that study tax pass-through in alcohol markets.

In principle we could extend our empirical framework to formally model tax
pass-through. While it may be possible to devise some plausible nesting structure,
which would make estimation of the 100s of brand level elasticities and costs feasible,
implementation would be challenging due to the scale of the problem. In this paper
our focus is on tax setting in the alcohol market as a whole, so we have decided to
defer formal incorporation of the supply side into our framework to future research.

However, we can use our demand estimates to provide an indication of whether
there is likely to be differential tax pass-through across products in the market.
A number of papers (including Anderson et al. (2001) and Weyl and Fabinger
(2013)) have highlighted that the curvature of product demand is a key component
of pass-through. In a monopoly setting with constant marginal cost, if demand is
log-convex /log-concave tax will be over/under-shifted to consumer prices. In more
complex settings with price competition and many sellers the determinants of pass-
through become more complex, but the curvature of product demands remains a
key determinant (Weyl and Fabinger (2013)). We find no relationship between the
second derivatives of the log of product demands and the optimal taxes we compute
(see Appendix C.5). This suggests there is nothing about the shape of consumer de-
mands that points towards differential tax pass-through being systematically linked

to optimal tax rates.

Demand dynamics

We allow for individual level heterogeneity in preferences and therefore statistical
dependence in households’ purchases, through time, through the random coeffi-
cients (V;, ;). However, we do not model state dependence arising, conditional on
preference heterogeneity, from the effect of past purchases on current behaviour.

Current choice may depend on past choices due to high frequency habit formation.
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It may also arise if households stockpile during sales periods (Hendel and Nevo
(2006a)). We cannot categorically rule out these forms of state dependence but we
can show some reduced form evidence that suggests that these forms of dynamics
are not likely to be of first order importance once we take account of household
level preference heterogeneity.

We test for evidence of habit formation by running two regressions. The depen-
dent variable in the first regression is a dummy equal to one if a household purchases
alcohol in a given week and the dependent variable in the second regression is, con-
ditional on purchasing, how may units of ethanol the household purchased. We
regress these variables on the number of units of ethanol the household purchased
in each of the past eight weeks, plus week dummies. We estimate each regres-
sion both omitting household fixed effects and including them. When we omit the
fixed effects, there is a moderate relationship between past behaviour and current
behaviour — for instance, purchasing 1 unit more alcohol per adult two weeks pre-
viously is associated with an increase in the probability of purchasing alcohol of 0.2
percentage points and conditional on buying, is associated with purchasing 0.13 (or
0.6%) more units. However, once we include household fixed effects, these numbers
fall to just 0.02 percentage points and 0.01 units (for full results see Appendix C.6).

We also assess evidence for omitted state dependence arising from consumers
stockpiling during sale periods; if short-run price reductions, such as a sale, leads
to an increase in alcohol purchases, which are then stored rather than immediately
consumed, this would lead us to over-estimate the own price elasticities of demand
(see e.g. Hendel and Nevo (2006a)). To test for such an effect we follow one of the
suggestions in Hendel and Nevo (2006b). We assume that each household has a
constant consumption rate (equal to their weekly average number of alcohol units
purchased) and use this along with their purchases to compute an inventory for each
household at the beginning of each week. We then regress (i) the probability of pur-
chase in a week and (ii) the number of units purchased (conditional on purchasing a
positive amount) on this constructed inventory variable, week effects (which control
for price changes, promotions, advertising etc.) and household fixed effects. Hendel
and Nevo (2006b) argue that if stockpiling is present, then a high inventory is likely
to lead to a lower probability of purchase or lower quantity purchased conditional
on purchasing. In contrast, we find a very weak positive relationship between the
inventory variable and both the probability and quantity of alcohol purchased (see
Appendix C.6).
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5 Summary and conclusions

In this paper we consider tax design to correct consumption externalities in markets
in which i) marginal externalities vary across consumers and ii) many products po-
tentially create consumption externalities. We consider the alcohol market, in which
the externality arises from ethanol, but where this is bundled together in products
with other characteristics over which the consumer has preferences. Heterogeneity
in marginal externalities is driven by nonlinearity in the externality function — the
marginal externality of the umpteenth drink is higher than that of the first.

We show that setting different tax rates across products can improve on a single
tax rate applied to all ethanol. The reason is that varying rates across the ethanol in
different products exploits correlations in preferences of all product characteristics
(and hence product level demands) with derived demand for ethanol, allowing for
the tax system to better target consumption that generates high externalities. We
show that while moving from the UK tax system to an optimal single ethanol tax
rate would close 21% of the welfare gap between the UK system and the first best,
moving to an optimal system that varies rates between alcohol types would close
49% of the gap.

Our focus in this paper has been on the correction of externalities. We have
envisaged a social planner that sets taxes to maximise the sum of consumer surplus
and tax revenue minus external costs. The social planner therefore does not take
account, of the existence of positive mark ups arising from competition. We have
also assumed complete pass-through of tax to consumer prices. In the UK alcohol
market we believe these are defensible abstractions; the UK supermarket segment,
by international standards, is very competitive and policy is concerned with tackling
excessive consumption. However, an important avenue for future research will be
incorporating supply side considerations into the optimal tax framework. Doing so
whilst considering the entire alcohol market is unlikely to be profitable, given the
larger number of firms, however focusing on a narrower segment of the market could
provide a means for doing this.

The framework that we develop is well suited to other applications in which
there are heterogeneous consumption externalities in differentiated product mar-
kets. For example, concern about obesity and the excess consumption of sugar has
led to growing interest in sugar taxes. In this case it is likely the marginal exter-
nal costs of consumption are heterogeneous across people. For instance, there is
particular concern about the consumption of children. If there is correlation be-

tween the preferences for different soda products and the marginal externality of
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sugar consumption, then application of our model would shed light on the design of
sugar taxes that reduce the externality while minimising the reduction in consumer

surplus.
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APPENDIX
Design of optimal corrective taxes
in the alcohol market
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A Additional theoretical results

A.1 Optimal tax formulae with cross-price effects
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B Additional details on the data

B.1 Data sets

Here we describe three of the data sets we use in addition to the Kantar Worldpanel,

which is described in Section 3.1.

National Health and Examination Survey (NHANES)

The National Health and Examination Survey (NHANES) combines interviews and
physical examinations to assess the health and nutritional status of adults and
children in the United States. We use data on 15,699 individuals over the age of 21
from the 2007 — 2011 surveys. We use two components from the survey.

The first is the diary component. Individuals record all foods and beverages
consumed during the 24-hour period of the interview (midnight to midnight). Indi-
viduals are interviewed twice: the first dietary recall interview is collected in-person,
and the second interview is collected by telephone 3 to 10 days later. To construct
the variable measured on the x-axis of Figures 3(b) and 3(d) we average all ethanol
consumed over the two separate diary days, and convert to units (1 unit = 8g
ethanol).

The second component we use is the alcohol questionnaire, which focuses on
lifetime and current use (past 12 months). We use the answers to two questions
to draw Figures 3.3(b) and 3.3(d). Figure 3.3(b) uses questions ALQ120Q) (“How
often did you drink alcohol over the past 12 months?”) and ALQ120U (unit of
measure for question ALQ120Q) to construct the average per week drinking fre-

quency. Figure 3.3(d) uses questions ALQ141Q (“On how many days over the past

!/
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)



12 months did you consume 4 or 5 alcoholic beverages?”) and ALQ141U (unit of
measure for question ALQ141Q) to construct the average number of days per week
on which the individual engaged in binge drinking. Figures 3.3(b) and 3.3(d) fits
local polynomial regressions between these variables and the ethanol consumption
variable constructed from the diary data for the subset of individuals who record
consuming non-zero quantities of ethanol in the diary (3234 individuals).

For Figure 3.3(b) we use only the diary component — the alcohol question-
naire does not have any details on the types of alcohol consumed. We use the
ethanol measure described above to group individuals into quartile (quartile val-
ues: [7.0,14.3,27.9]). For each group of individuals, we compute the share of their
ethanol that comes from beer, wine, spirits, cider/FABs. The figure shows the av-
erage ethanol share for each alcohol type and group of households relative to the

bottom quartile.

Health Survey for England (HSE)

The Health Survey for England combines interviews and physical examinations to
assess the health status of adults and children in the United Kingdom. We use
data on 8281 individuals over the age of 18 in the 2011 survey. We use the alcohol
questionnaire component of the survey. We use the derived variable totalwu — total
units of alcohol per week, which is derived from questions about the individuals
drinking habits to construct the units of ethanol per week variable used on the
x-axis of Figures 3.3(a) and 3.3(c).

Figure 3.3(a) uses the responses to question d7many (“How many days in the
last 7 have you had a drink?”) in a local polynomial regression to estimate the
relationship between ethanol consumption and frequency of drinking. We use the
responses to question d7unitwg (“Number of units drunk on the heaviest day in
the past 7 days”) to construct a variable indicating the propensity to binge drink.
This is equal to 1 if the individual was male (female) and recorded drinking over 8
(6) units on their heaviest drinking day out of the past 7. Figure 3(c) uses a local
polynomial regression to estimate the relationship between ethanol consumption

and propensity to binge drink.

Living Costs and Food Survey (LCFS)

The Living Costs and Food Survey (LCFS) is a two week diary survey used to
measure the spending patterns of UK households. We use data on 3688 households
in the 2011 survey that record buying alcohol over the two week survey period. The

LCFS records the quantity (in litres) purchased of different alcohol types (both on-
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and off-trade), but not the ethanol purchased. We use the Kantar Worldpanel to
impute the average ABV content for different alcohol types to construct the average

weekly ethanol purchased per adult for each household.

B.2 On-trade alcohol

Our data contain comprehensive information on purchases of alcohol off-trade. Off-
trade alcohol purchases consist of purchases of alcohol products made in stores
(including supermarkets, corner stores and liquor stores). Off-trade alcohol pur-
chases constitute 77% of ethanol purchased in alcoholic drinks in the UK (Living
Costs and Food Survey (2011). We show that the patterns of alcohol purchases, and
crucially how it varies with total ethanol demand, is similar for off- and on-trade
alcohol.

Our data contain very detailed information on purchases of alcohol products
off-trade, but they do not contain information on alcohol purchases on-trade. The
Living Costs and Food Survey (LCFS) contains information on alcohol purchased
both on- and off-trade. These data are based on two week household diaries. Unlike
the Kantar data, they do not contain repeated observations for the same households
over time, they do not contain product level information and they do not contain
transaction prices or any measure of alcohol strength. Nevertheless, we can use
these data to get an idea of whether purchase patterns are similar between off-trade
alone and on- and off-trade alcohol together.

To do this we impute the strength of the alcohol categories collected in the LCF'S.
For instance, for the category beer we use 4% ABV - the average from the Kantar
data. Based on this, in 2011, we compute that 77% of units of ethanol purchased
was done so off-trade. Figure B.1 plots the distributions of ethanol purchases for
on- and off-trade. Figure B.2 shows the how the share of ethanol from different
alcohol segments varies across the total ethanol purchase distribution. The figure
shows that the pattern of households with relatively large ethanol demands getting
a relatively low share of their units from beer and a relatively high share from
spirits holds for both off-trade alone and on- and off-trade together. This suggests
our focus on off-trade purchases is unlikely to result in a substantially different
pattern of optimal taxes across products than would result if we estimated demand

including the 23% of ethanol purchased on-trade.



Figure B.1: Distribution of ethanol purchases: on- and off-trade

(a) On- and off-trade (b) Off-trade only
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Notes: Both panels use data from the Living Costs and Food survey 2011; the left hand panel shows
alcohol purchases made on- and off-trade, the right hand panel shows alcohol purchased made off-
trade only. We calculate the total amount of ethanol purchased per adult in each household over
the two week period; the figures show the distribution of this variable. The top two figures show
the unconditional distributions across all households; the bottom two figures show the distributions
conditional on purchasing alcohol (at all (left), or off-trade only (right)) during the two week survey
period.



Figure B.2: Alcohol purchases: on- and off-trade

(a) On- and off-trade
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Notes: Both panels use data from the Living Costs and Food survey 2011; the left hand panel shows
alcohol purchases made on- and off-trade, the right hand panel shows alcohol purchased made off-
trade only. We calculate the total amount of ethanol purchased per adult in each household over
the two week period, and divide households into quartiles based in this measure. The y-azis shows
the proportion of ethanol that comes from beer, wine, spirits, cider/FABS relative to the bottom

quantile.

B.3 Additional data description

T T
2nd 3rd

Quantile of ethanol purchase distribution

Segment of the alcohol market:
Beer  ———-—- Wine

rrrrrrrrrrr Spirits  — — - Cider

Tables and figures in this section are computed using the Kantar Worldpanel.



Table B.1: Variation in share of ethanol from different alcohol types by group

Household group
<7 T7-14 14-21 21-35 >35
Beer (inc. lager and ale) 25.2 217 21.7 20.2 13.5

Ale 6.9 5.9 5.5 4.4 3.0
Lager 17.1 149 15.6 15.2  10.3
Stout 1.3 0.9 0.7 0.5 0.3
Wine 38.8  43.1 40.9  41.5 388.7
Red wine 15.3  20.0 19.3 18.1 16.3
White wine 16.3 17.9 18.1 19.9 19.7
Rose wine 6.7 5.2 3.6 3.5 2.7
Spirits (inc. fortified wine) 27.8 277  29.1 32.2 39.5
Brandy 2.1 24 2.6 2.8 3.0
Gin 2.0 2.9 2.9 4.3 5.1
Rum 2.2 2.6 2.1 1.9 2.2
Vodka 4.0 5.1 5.4 5.5 9.1
Whisky 7.4 8.3 10.3 11.4 15.0
Liqueurs 5.5 3.0 2.4 1.9 1.2
Port 1.1 0.6 0.5 0.5 0.7
Sherry 1.5 1.4 1.3 1.8 0.7
Vermouth 0.5 0.6 0.7 0.9 1.0
Other fort. wine 1.0 0.8 1.0 1.4 1.5
Cider (inc. FABs) 9.1 7.4 8.2 6.1 8.2
Cider 8.1 6.9 7.8 5.8 8.0
Pre-mixed spirits 0.2 0.1 0.1 0.1 0.1
Alcopops 0.8 0.4 0.3 0.2 0.2

Notes: For each group of households we calculate the total number of units of ethanol purchased
in 2011 and the number purchased from each type of alcohol. The numbers in the table are the
percentage of total units from each type.



Figure B.3: Variation in strength of alcohol purchased across the total ethanol dis-
tribution

(a) Beer segment (b) Wine segment
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Notes: The z-axis shows the average ethanol purchased per adult over a calendar year for each
household in the sample. Each panel shows the average strength (measured in ABV (%)) of
products belonging to the segment indicated in the caption bought by each household, using ethanol
shares as weights. A local polynomial is fitted in each panel.



B.4 Alcohol products and sizes

Table B.2: Observed product attributes

Price in £  Alcohol units  Alcohol strength
Product (j) Size (s) (pjst) (2js) (wy)

Beer
(1) Ale: low strength c. 500ml 1.97 2.51 3.60
(2) c. 4x440ml 3.38 6.31 3.60
(3) c. 12x440ml 11.53 25.73 3.60
(4) Ale: mid strength, bottles c. 500ml 3.24 4.69 4.54
(5) > 1x500ml 6.60 11.86 454
(6) Ale: mid strength, cans c. 4x500ml 6.71 16.03 4.50
(7) Ale: high strength c. 500ml 2.98 4.91 5.67
(8) > 1x500ml 7.89 16.34 5.67
9) Lager: branded, low strength c. 4x440ml 3.78 7.15 3.91
(10) c. 12x440ml 9.70 22.37 3.91
(11) c. 20x440ml 17.46 45.92 3.91
(12)  Lager: branded, mid strength c. 4x330ml 3.99 6.85 4.65
(13) c. 12x330ml 11.30 23.53 4.65
(14) Lager: branded, high strength, bottles  ¢. 660ml 2.37 3.91 5.11
(15) c. 4x330ml 3.87 6.94 5.11
(16) c. 12x275ml 6.00 12.17 5.11
(17) c. 156x275ml 12.78 31.17 5.11
(18)  Lager: branded, high strength, cans c. 4x440ml 4.34 10.39 5.47
(19) c. 10x440ml 12.73 33.11 5.47
(20) Lager: store brand c. 4x500ml 5.06 15.91 4.10
(21)  Stout c. 500ml 2.43 3.13 4.23
(22) c. 4x440ml 4.47 6.90 4.23
(23) c. 10x440ml 13.55 25.04 4.23

Wine
(24) Red wine: store brand c. 750ml 5.66 12.38 12.52
(25) > 1x750ml 12.00 30.21 12.52
(26) Red wine: branded c. 750ml 8.24 15.66 12.60
(27) c. 2x750ml 11.90 23.61 12.60
(28) > 2x750ml 17.19 38.66 12.60
(29)  White wine: still, store brand c. 750ml 5.08 10.77 11.91
(30) > 1x750ml 11.32 27.60 11.91
(31) White wine: still, branded c. 750ml 7.21 13.64 12.28
(32) c. 2x750ml 11.08 21.62 12.28
(33) > 1x750ml 16.84 37.32 12.28
(34) White wine: sparkling, store brand c. 750ml 5.56 8.11 10.45
(35) > 1x750ml 13.06 20.93 10.45
(36)  White wine: sparkling, branded c. 750ml 6.86 8.04 9.14
(37) > 1x750ml 9.16 21.50 9.14
(38) Rose wine: still, store brand c. 750ml 4.26 9.44 11.84
(39) > 1x750ml 10.20 25.25 11.84
(40)  Rose wine: still, branded c. 750ml 5.05 9.56 11.41
(41) > 1x750ml 12.20 25.08 11.41
(42)  Rose wine: sparkling, store brand c. 750ml 6.73 10.48 9.42
(43) Rose wine: sparkling, branded c. 750ml 6.17 8.02 10.17
(44) > 1x750ml 15.53 21.00 10.17

Notes: Price is the average price of the product-size pair across months. pjs; is a price index
constructed using fized weights for the UPCs in each option, therefore changes in pjs reflect
movements in the prices of the underlying UPCs, not changes in the composition of barcodes
bought. Column (2) shows the number of alcohol units (10ml of ethanol) in each option. Column
(8) shows the alcoholic strength (ABV) of each option. Both zjs and w; are time-invariant.



Alcohol products and sizes, cont.

Price in £  Alcohol units  Alcohol strength

Product (j) Size (s) (pjst) (zjs) (wy)
Spirits
(45)  Brandy c. 700ml 10.75 24.26 37.28
(46) c. 1.4l 17.71 40.93 37.28
(47)  Gin; store brand c. 700ml 8.74 24.63 38.38
(48) c. 141 15.29 43.96 38.38
(49)  Gin; branded c. 700ml 11.52 26.33 38.23
(50) c. 141 18.44 44.10 38.23
(51)  Rum c. 700ml 10.73 25.50 37.15
(52) c. 1.41 17.20 42.77 37.15
(53)  Vodka; store brand c. 700ml 8.08 22.42 37.55
(54) c. 1.41 15.95 44.35 37.55
(55)  Vodka; branded c. 700ml 10.38 25.79 37.63
(56) c. 1.41 16.35 43.05 37.63
(57)  Whisky; store brand c. 700ml 10.61 25.87 40.00
(58) c. 1.41 17.89 45.64 40.00
(59)  Whisky; branded c. 700ml 14.97 28.42 40.11
(60) c. 1.41 17.17 41.93 40.11
(61) Liqueurs c. 700ml 10.55 16.70 21.50
(62) c. 1.41 15.68 25.70 21.50
(63) Port c. 750ml 8.61 17.26 19.82
(64)  Sherry c. 750ml 7.51 18.86 16.74
(65)  Vermouth c. 141 6.65 18.04 14.94
(66)  Other fort. wine c. 11 6.22 17.88 14.61
Cider and flavoured alcoholic beverages (FABs)
(67) Dry cider, low strength c. 11 2.47 3.95 4.36
(68) c. 4l 6.32 18.09 4.36
(69) Dry cider, high strength, store brand c. 21 2.28 9.95 5.82
(70) c. 51 5.36 27.42 5.82
(71)  Dry cider, high strength, branded c. 500ml 3.05 6.61 5.99
(72) c. 2l 3.84 11.51 5.99
(73) c. 12x440ml 10.01 34.80 5.99
(74)  Pear cider c. 568ml 2.36 4.70 5.01
(75) c. 3l 6.77 18.72 5.01
(76)  Fruit cider c. 11 4.63 6.00 4.47
(77)  Pre-mixed spirit c. 750ml 4.13 4.54 6.16
(78)  Alcopops c. 700ml 3.66 4.32 4.90
(79) c. 2x700ml 8.27 10.03 4.90

Notes: Price is the average price of the product-size pair across months. pjst is a price indes
constructed using fized weights for the UPCs in each option, therefore changes in pjs reflect
movements in the prices of the underlying UPCs, not changes in the composition of barcodes
bought. Column (2) shows the number of alcohol units (10ml of ethanol) in each option. Column
(8) shows the alcoholic strength (ABV) of each option. Both zjs and w; are time-invariant.

B.5 Correlation between heterogeneity in product demands

and high ethanol consumption

In Figure B.4 we show how the share of ethanol consumers demand from each of the
four main segments of the alcohol market varies with their total ethanol demand.!®
The x-axis splits consumers in the quartiles of the total ethanol distribution. The

y-axis shows how the share of units from a particular segment of the market com-

18The beer segment includes lager and ales, the spirits segment includes fortified wines and the
cider segment includes flavoured alcohol beverages (FABs)
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pares with the share demanded by consumers in the bottom quartile of the total
ethanol distribution. Panel (a) is for the UK and panel (b) is for the US. In both
countries heavier drinkers obtain considerably more of their ethanol from spirits
and considerably less from cider than lighter drinkers.’

Figure B.4: Variation in alcohol segment across the total ethanol distribution

(a) UK (b) US

Share of total
/
\
/
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Bottom 2nd 3rd Top Bottom 2nd 3rd Top
Quantile of ethanol purchase distribution Quantile of ethanol consumption distribution

Segment of the alcohol market: Segment of the alcohol market:
Beer  ———-- Wine Beer  —-——-- Wine
"""""" Spirits  — — - Cider seeeeeseee Spirits — — - Cider

Notes: Panel (a) uses data from the Living Costs and Food survey and Panel (b) uses data from the
food and drink diary component of NHANES. For a detailed description of the data and variable
construction, see Appendiz B.1.

C Additional details on the empirical analysis

C.1 Preference heterogeneity distribution

We use ¥; = (ay, f;,7;) to denote the household specific preferences over observable
product attributes and n; = (91, ...,7;7)" to denote the household specific prefer-
ence over the unobserved product attributes. To close the demand model we need
to specify a distribution over each of these. We make two alternative assumptions
— the first is similar to the standard distributional assumption made in the discrete
choice demand literature, the second is a more flexible assumption that exploits the

household specific histories of pre sample purchases that we observe.

A: Normal preference distribution
To compare our full demand model to that based on a demand specification
more standard to the literature, we estimate a version of our demand model assum-

ing preference distributions are normal. In particular, we assume ¥; ~ N (u, ),

90ne reason for this larger divergence in shares across segments in the US compared to the
UK is that the NHANES data for the US is based on a two day diary while the LCFS data for
the UK is based on a two week diary. See Appendix B.1 for further details.
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where we allow (), the variance-covariance matrix, to be unrestricted. This allows
for the possibility that households have correlated tastes for price, alcohol strength
and ethanol content and turns out to be empirically important. For the unobserved
product effects we assume 7; ~ N (77,X). There are many products so it is nec-
essary to place some restrictions on the covariance matrix ¥. We restrict it to be
diagonal and we restrict products within each of the four segments of the market —
beer, wine, spirits and cider — to have common variance components. This allows
for the possibility that households’ willingness to substitute between products in
each of these segments differs from their willingness to switch between products in
different segments. A substantial literature (including Berry et al. (1995), Nevo
(2001)) has shown that making similar distributional assumptions for random coef-
ficients in logit choice models results in the models being able to flexibility capture

substitution patterns across products.

B: Mized-normal preference distribution

The very detailed nature of our data enables us to relax the distributional as-
sumptions commonly made in discrete choice models. We do this in a tractable
and easily implementable way by exploiting pre sample purchase histories. In par-
ticular, instead of modelling the preference distributions as normal we model them
as a mixture of conditional normal distributions, conditioning on households’ pre
sample ethanol purchases.

Specifically, we divide households into d = 1,..., D household groups based
on the average amount of ethanol per adult per week purchased over the previous
year. These groups are shown in Table 3.1 of the paper. Let D, denote the set of
households in group d. In our full model we assume V;|i € Dy ~ N(uq, ) and
n;|i € Dy ~ N (74, 2q). The mean and covariance parameters are then specific to
the group of households, d. In this specification we also allow for the possibility
that the time varying components of the unobserved effects vary across groups
d. This mixture of normals specification is a tractable way of incorporating more
information into the model that may be informative about preference distributions
and hence allows us to model them more flexibly than is standard. As we show, this
added flexibility affects our precise quantitative results on optimal alcohol taxes.

It is important that we take into account dependence of the random coefficients
on the measure of pre sample demand. For instance, a household with a strong
taste draw for vodka is likely to have purchased more alcohol in the past. We do
this by modelling the distribution of household preferences conditional on which pre

sample purchase group the household belongs to. The unconditional distribution

12



of preferences is a mixture of these conditional distributions. If instead we directly
integrated across the unconditional preference distribution, we would implicitly be
assuming independence of the random coefficients and all the other variables in
the model, which, given we include a measure of pre sample purchases would be

unreasonable.

In Table C.1 we show the optimal tax rates computed with the normal prefer-
ence distribution (the analogue of Table 4.1 in the paper). In Figure C.1 we show
a comparison of the optimal type taxes when modelling the preference distribution
as a mixture of conditional normal distributions (conditioning on past ethanol de-
mand) instead of the standard assumption of normal distributions has on optimal
tax results. The darker markers are for the mixed normal preference distribution
specification — these repeat the rates shown in Table 4.1. The lighter markers show
the optimal type tax rates computed using the normal preference distribution spec-
ification.

The pattern of optimal taxes is broadly similar under both specifications — in
each case the set of strong spirits (brandy, gin, rum, vodka and whisky) attract
relatively high rates. However, the exact tax rates differ — the mixed-normal spec-
ification, compared with normal specification, prescribes higher rates on strong
spirits and lower rates on most other alcohol types. The reason for this is the more
restricted normal specification is less able to fully capture the correlations in de-
rived ethanol demand (and hence marginal externality) with preferences for strong

spirits.
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Table C.1: Tax rate solutions: normally distributed preference heterogeneity

(1) (2) (3)

Product level tax rates

Single rate Segment Type
Ethanol 35.3 Beer 30.1 Ale 21.7
(34.4,36.3] (inc. lager and ale)  [20.3, 31.2] [21.1, 22.1]
Lager 30.1
[29.3, 30.9]
Stout 22.5
[21.7, 23.0]
Wine 26.2 Red wine 26.2
[25.6, 26.8] [25.5, 26.6]
White wine 25.3
[24.6, 25.7]
Rose wine 22.8
[22.0, 23.2]
Spirits 38.0 Brandy 32.5
(inc. fortified wine) [s6.9, 39.2] [31.6, 33.1]
Gin 36.7
(35.7, 37.4]
Rum 36.4
[35.3, 37.2]
Vodka 37.1
[36.1, 37.8]
Whisky 37.0
[35.9, 37.8]
Liqueurs 22.2
[21.6, 22.7)
Port 19.5
[19.0, 20.0]
Sherry 18.2
[17.7, 19.2]
Vermouth 17.2
[16.0, 18.6]
Other fort. wine 16.2
[15.4, 17.5]
Cider 24.0 Cider 23.3
(inc. FABs) [23.4, 24.7] [22.5, 23.8]
FABs 25.4
[21.1, 26.0]

Notes: Each column shows the tax rates (expressed in pence per unit of ethanol) that mazimise
consumer welfare (equation (2.3)). Column (1) shows the optimal single tax rate. Columns (2)
and (3) show the optimal product level tax rates, at the segment and type level, respectively. The
dots represent the tax rate shown in the row above. 95% confidence intervals are shown below each
tax rate.
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Figure C.1: Comparison of optimal taz rates under different preference heterogeneity
specifications
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Notes: The darker markers shows the optimal tazes under the mized normal distribution of pref-
erences; the lighter markers show the optimal tazes under the normal distribution of preferences.
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C.2 Elasticities

Table C.2: Awerage own and cross price elasticities within and between alcohol

segments, by household group

Mean Mean cross price elasticity
<7 units own price Beer Wine Spirits Cider
Beer and lager -3.413 0.087 0.017 0.010 0.008
[-4.156, -2.665]  [0.063, 0.122]  [0.012, 0.023]  [0.007, 0.015]  [0.006, 0.015]
Wine -2.740 0.018 0.044 0.011 0.007
[-3.342, -2.071]  [0.013, 0.027]  [0.032, 0.058]  [0.008, 0.017]  [0.005, 0.010]
Spirits -4.094 0.016 0.019 0.039 0.007
[-5.089, -3.111]  [0.012, 0.026]  [0.014, 0.025]  [0.028, 0.061]  [0.005, 0.011]
Cider and FABs -2.135 0.030 0.020 0.014 0.028
[-2.749, -1.651] [0.021, 0.052] [0.015, 0.026] [0.010, 0.020] [0.020, 0.046]
7-14 units
Beer and lager -2.010 0.050 0.027 0.012 0.011
[-2.609, -1.332]  [0.030, 0.076]  [0.014, 0.039]  [0.009, 0.017]  [0.008, 0.016]
Wine -2.000 0.015 0.052 0.015 0.009
[-2.593, -1.284]  [0.008, 0.023]  [0.027, 0.074]  [0.010, 0.020]  [0.006, 0.012]
Spirits -3.641 0.015 0.034 0.061 0.010
[-4.488, -2.774]  [0.010, 0.021]  [0.024, 0.043]  [0.045, 0.084]  [0.007, 0.012]
Cider and FABs -1.815 0.024 0.036 0.017 0.058
[-2.169, -1.396] [0.017, 0.037] [0.026, 0.047] [0.013, 0.022] [0.044, 0.075]
14-21 units
Beer and lager -2.456 0.095 0.038 0.020 0.026
[-3.084, -1.975]  [0.073, 0.121]  [0.026, 0.051]  [0.015, 0.028]  [0.020, 0.032]
Wine -1.964 0.025 0.067 0.018 0.015
[-2.622, -1.440]  [0.018, 0.034]  [0.041, 0.097]  [0.013, 0.025]  [0.012, 0.019]
Spirits -3.721 0.024 0.033 0.104 0.020
[-4.536, -2.879]  [0.018, 0.032]  [0.024, 0.043]  [0.073, 0.138]  [0.014, 0.026]
Cider and FABs -2.309 0.063 0.055 0.036 0.131
[-2.683, -1.988]  [0.051, 0.091]  [0.043, 0.068]  [0.027, 0.048]  [0.106, 0.156]
21-35 units
Beer and lager -3.649 0.167 0.080 0.034 0.038
[-4.266, -3.086]  [0.143, 0.198]  [0.066, 0.098]  [0.028, 0.043]  [0.030, 0.049]
Wine -3.121 0.054 0.155 0.031 0.024
[-3.745, -2.535]  [0.044, 0.067]  [0.126, 0.186]  [0.024, 0.039]  [0.020, 0.030]
Spirits -3.579 0.048 0.062 0.105 0.027
[-4.323, -2.921]  [0.041, 0.059]  [0.050, 0.076]  [0.083, 0.131]  [0.022, 0.033]
Cider and FABs -2.853 0.120 0.107 0.055 0.167
[-3.221, -2.460]  [0.099, 0.149]  [0.090, 0.124]  [0.048, 0.066]  [0.136, 0.200]
> 35 units
Beer and lager -3.463 0.114 0.105 0.055 0.063
[-3.972, -2.866]  [0.090, 0.136]  [0.084, 0.125]  [0.044, 0.066]  [0.052, 0.077]
Wine -3.295 0.043 0.164 0.057 0.045
[-3.922, -2.673]  [0.034, 0.053]  [0.130, 0.201]  [0.044, 0.069]  [0.038, 0.055]
Spirits -3.905 0.031 0.075 0.192 0.039
[-4.600, -3.226]  [0.024, 0.038]  [0.060, 0.092]  [0.152, 0.230]  [0.031, 0.048]
Cider and FABs -2.934 0.073 0.122 0.080 0.235
[-3.266, -2.554]  [0.059, 0.089]  [0.103, 0.139]  [0.067, 0.091]  [0.195, 0.281]

Notes: FEach panel shows the estimated elasticities for a different group of households. The second
column shows the average own price elasticity for options within each alcohol segment. Columns
(3)-(6) show the average cross price elasticity of options in the alcohol segment indicated in the
first column with respect to a price change of an option in the alcohol segment indicated in the
first row. The elasticities are a weighted averages of the option level elasticities where the weights
are the options share of total units demanded. 95% confidence intervals in square brackets below
each number.
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C.3 Additional optimal tax results

Table C.3: Tax rate solutions
(1) (2) (3)

Differentiated taxation

Single rate Segment Type
Ethanol 35.9 Beer 28.3 Ale 22.7
(34.8,36.6) (inc. lager and ale)  [27.7, 29.0] [21.9, 23.6]
Lager 28.7
[28.1, 29.3]
Stout 23.1
[22.2, 24.3]
Wine 30.4 Red wine 30.6
[29.6, 31.0] [29.8, 31.2]
White wine 29.8
(29.0, 30.5]
Rose wine 24.3
[23.6, 25.3]
Spirits 42.6 Brandy 374
(inc. fortified wine) [41.1, 43.9] (36.1, 38.8]
Gin 42.4
[40.4, 43.7)
Rum 38.5
[36.9, 40.3]
Vodka 44 .4
[42.7, 45.7)
Whisky 43.2
[41.5, 44.9]
Liqueurs 19.9
[19.2, 21.2]
Port 16.8
(15.6, 17.9]
Sherry 204
[19.6, 21.4]
Vermouth 20.8
[19.8, 22.0]
Other fort. wine 22.2
[21.2, 23.1]
Cider 25.4 Cider 25.2
(inc. FABs) [24.8, 26.1] [24.6, 25.9]
FABs 16.5
[15.1, 17.5]

Notes: Fach column shows the tax rates (expressed in pence per unit of ethanol) that mazimise
consumer welfare (equation (2.3)). Column (1) shows the optimal single tax rate. Columns (2)
and (3) show the optimal product level tax rates, at the segment and type level, respectively. The
dots represent the tax rate shown in the row above. 95% confidence intervals are shown below each
tax rate.
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C.4 Welfare and parameterisation of externality function

Table C.4: Welfare impact of tax changes: low aggregate external cost

(1) (2) (3) (4)

Change in
External Tax  consumer
Lbillion per year cost  revenue surplus  (2) + (3) — (1)
UK taxes 6.00 7.16 - -
Optimal:
Single ethanol rate -1.19 0.32 -1.34 0.17
[-1.44, -0.94] [0.22, 0.45] [-1.54, -1.17] [0.10, 0.24]
% difference -19.8 4.5 - -
Segment tax rates -1.43 -0.13 -0.81 0.49
[-1.67, -1.16]  [-0.22, -0.01] [-0.96, -0.64] [0.40, 0.58]
% difference -23.9 -1.9 - -
Type tax rates -1.42 -0.56 -0.15 0.71
[-1.64, -1.13]  [-0.63, -0.45] [-0.29, 0.02] [0.60, 0.82]
% difference -23.6 -7.8 - -
First best:
Consumer specific taxes -0.63 0.35 0.96 1.94
[-0.95, -0.21] [0.02, 0.63] [0.80, 1.04] [1.61, 2.18]
% difference -10.4 4.9 - -

Notes: The first row shows the external cost and tax revenue under the 2011 UK tax system for
our low aggregate external cost calibration of the externality function (Table 3.4). The rows below
show the difference relative to the UK system for each taz policy. Column (1) shows the external
cost, column (2) the tax revenue, column (3) the change in consumer surplus relative to the UK
system, and column (4) the overall change in welfare. All numbers are expressed in £billion per
year. Numbers in italic are the percentage differences relative to the UK system. 95% confidence
intervals for the differences relative to the UK tax system are shown in square brackets.
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Table C.5: Welfare impact of tax changes: high aggregate external cost
(1) (2) (3) (4)

Change in
External Tax  consumer
Lbillion per year cost  revenue surplus  (2) + (3) — (1)
UK taxes 8.50 7.16 - -
Optimal:
Single ethanol rate -2.83 0.29 -2.28 0.85
[-3.22, -2.42] [0.08, 0.51] [-2.45, -2.06] [0.67, 1.01]
% difference -33.3 4.0 - -
Segment tax rates -3.01 -0.11 -1.66 1.25
[-3.37, -2.59]  [-0.28, 0.08] [-1.79, -1.47] [1.05, 1.45]
% difference -35.4 -1.5 - -
Type tax rates -2.87 -0.40 -1.03 1.45
[-3.22, -2.44]  [-0.53, -0.24] [-1.18, -0.86) [1.23, 1.65]
% difference -33.8 -5.6 - -
First best:
Consumer specific taxes -2.11 0.81 -0.58 2.34
[-2.56, -1.60] [0.51, 1.00] [-0.69, -0.38] [1.93, 2.71]
% difference -24.8 11.3 - —~

Notes: The first row shows the external cost and tax revenue under the 2011 UK tax system for
our high aggregate external cost calibration of the externality function (Table 3.4). The rows below
show the difference relative to the UK system for each tax policy. Column (1) shows the external
cost, column (2) the tax revenue, column (8) the change in consumer surplus relative to the UK
system, and column (4) the overall change in welfare. All numbers are expressed in £billion per
year. Numbers in italic are the percentage differences relative to the UK system. 95% confidence
intervals for the differences relative to the UK tax system are shown in square brackets.
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Table C.6: Welfare impact of tax changes: less convex function

(1) (2) (3) (4)

Change in
External Tax  consumer
Lbillion per year cost  revenue surplus  (2) + (3) — (1)
UK taxes 7.25 7.16 - -
Optimal:
Single ethanol rate -1.43 0.32 -1.43 0.32
[-1.64, -1.24] [0.20, 0.46] [-1.59, -1.30] [0.27, 0.36]
% difference -19.7 4.5 - -
Segment tax rates -1.51 0.03 -1.12 0.42
[-1.71,-1.31]  [-0.07, 0.16] [-1.26, -0.99] [0.37, 0.47]
% difference -20.8 0.5 - -
Type tax rates -1.49 -0.19 -0.82 0.49
[1.70, -1.29]  [-0.28, -0.07] [-0.95, -0.69] [0.43, 0.55]
% difference -20.6 -2.6 - -
First best:
Consumer specific taxes -0.81 0.85 -0.83 0.84
[-1.09, -0.56] [0.59, 1.11] [-1.06, -0.65] [0.64, 1.01]
% difference -11.2 11.9 - —~

Notes: The first row shows the external cost and tax revenue under the 2011 UK tax system for
less convex calibration of the externality function (Table 3.4). The rows below show the difference
relative to the UK system for each tax policy. Column (1) shows the external cost, column (2) the
tax revenue, column (3) the change in consumer surplus relative to the UK system, and column
(4) the overall change in welfare. All numbers are expressed in £billion per year. Numbers in
italic are the percentage differences relative to the UK system. 95% confidence intervals for the
differences relative to the UK tax system are shown in square brackets.
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Table C.7: Welfare impact of tax changes: more convex function

(1) (2) (3) (4)

Change in
External Tax  consumer
Lbillion per year cost  revenue surplus  (2) + (3) — (1)
UK taxes 7.25 7.16 - -
Optimal:
Single ethanol rate -2.28 0.30 -2.04 0.54
[-2.67, -1.87] [0.12, 0.49] [-2.22, -1.79] [0.39, 0.69]
% difference -31.5 4.2 - -
Segment tax rates -2.58 -0.18 -1.27 1.13
[-2.92, -2.17]  [-0.31, -0.01] [-1.42, -1.08] [0.92, 1.33]
% difference -35.6 -2.4 - -
Type tax rates -2.48 -0.63 -0.41 1.44
[-2.82, -2.05]  [-0.72, -0.49] [-0.56, -0.24] [1.21, 1.65]
% difference -34.2 -8.7 - -
First best:
Consumer specific taxes -1.69 0.40 0.78 2.86
[-2.16, -1.10] [0.03, 0.61] [0.70, 0.95] [2.39, 3.30]
% difference -23.8 5.6 - —~

Notes: The first row shows the external cost and tax revenue under the 2011 UK tax system for our
more convex calibration of the externality function (Table 3.4). The rows below show the difference
relative to the UK system for each tax policy. Column (1) shows the external cost, column (2) the
tax revenue, column (3) the change in consumer surplus relative to the UK system, and column
(4) the overall change in welfare. All numbers are expressed in £billion per year. Numbers in
italic are the percentage differences relative to the UK system. 95% confidence intervals for the
differences relative to the UK tax system are shown in square brackets.

21



C.5 Demand curvature and optimal tax rates

Figure C.2: Correlation between optimal type tax rates and the second derivative of
log demand
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Notes: We compute the second derivative of log demand at UK prices, and take a demand share
weighted average across options within each alcohol type. The figure plots this average against the
optimal type tax rate.
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C.6 Short-run persistence and stockpiling

Table C.8: Dependence of current purchase decisions on past alcohol purchases

(1) (2) (3) (4)

Purchased alcohol Purchased alcohol Quantity Quantity

Number of units purchased
per adult per week:

1 week before 0.0016 -0.0005 0.0942 -0.0150
(0.0001) (0.0001) (0.0028) (0.0027)
2 weeks before 0.0024 0.0002 0.1238 0.0113
(0.0001) (0.0001) (0.0028) (0.0027)
3 weeks before 0.0022 0.0001 0.1079 0.0013
(0.0001) (0.0001) (0.0028) (0.0027)
4 weeks before 0.0023 0.0001 0.1132 0.0103
(0.0001) (0.0001) (0.0029) (0.0027)
5 weeks before 0.0021 -0.0000 0.1017 0.0008
(0.0001) (0.0001) (0.0029) (0.0028)
6 weeks before 0.0019 -0.0002 0.0953 -0.0039
(0.0001) (0.0001) (0.0029) (0.0028)
7 weeks before 0.0019 -0.0002 0.1020 0.0014
(0.0001) (0.0001) (0.0029) (0.0028)
8 weeks before 0.0021 -0.0001 0.1074 0.0069
(0.0001) (0.0001) (0.0029) (0.0028)
Mean of dependent variable 0.3833 0.3833 19.7637 19.7637
Time effects? Yes Yes Yes Yes
Household fixed effects? No Yes No Yes

Notes: The dependent variable in columns (1) and (2) is a dummy equal to one if the household

purchase alcohol in that week. The dependent variable in columns (3) and (4) is the number of
units purchased per adult in that week, conditional on making a non-zero purchase. The table

shows the estimated coefficients on the number of units purchased per adult in the preceding one,

two, three, etc. weeks. Standard errors are shown in parentheses. Week effects are included, and

household fized effects are include in columns (2) and (4).
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Table C.9: Dependence of current purchase decisions on inventory

(1) (2)

Purchase alcohol Quantity

Inventory 0.0015 0.0897
(0.0000) (0.0010)
Mean of dependent variable 0.3833 19.7637
Time effects? Yes Yes
Household fixed effects? Yes Yes

Notes: The dependent variable in column (1) is a dummy equal to one if the household purchase
alcohol in that week. The dependent variable in columns (2) is the number of units purchased
per adult in that week, conditional on making a non-zero purchase. The table shows the estimated
coefficients on a variable for the household’s alcohol inventory. This is calculated by assuming that
the household has a fized level of consumption (equal to its mean purchases over the year) and an
initial inventory of zero. Standard errors are shown in parentheses. Week effects and household
fized effects are included in both regressions.
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