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Abstract

All OECD countries operate policies aimed to reduce the societal costs as-

sociated with problem drinking. Policies that increase the price of alcohol face

the inherent trade-off between reducing the external costs created by heavy

drinkers and the reduction in consumer surplus among lighter drinkers, who

do not create externalities. We compare the effectiveness and redistributive

implications of existing price-based policies, including taxes on the volume

of product, on the alcohol content, and on the value of the product, and

minimum unit prices.
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1 Introduction

All OECD countries levy taxes on alcoholic beverages with the aim to reduce prob-

lem alcohol consumption, because it is widely believed that there are negative ex-

ternalities associated with alcohol misuse. These policies may also be used to raise

tax revenue. These policies vary widely across jurisdiction, with a combination

of taxes applied to the volume of product, applied to the alcoholic content of the

product, and ad valorem taxes, calculated according to the value of the product

(OECD (2019)). Recently several countries have introduced a minimum unit price

(MUP) for alcohol.1

Policies that increase the price of alcohol face the inherent trade-off of reducing

externalities while minimising allocative distortions. Advocates of the minimum

unit price argue that it is better targeted at reducing alcohol misuse and problem

drinking, while limiting the impact on light and moderate drinkers,2 because it raises

the price of cheap alcohol, which is disproportionately purchased by the heaviest

drinkers. However, it also leads to substantial transfer from government tax receipts

to industry revenues.

Our contribution in this paper is to study the corrective and distributional

impact of these three common policies – ad quantum taxes, ad valorem taxes, and

a minimum unit price – as well as the implications for tax receipts and industry

revenues. We use longitudinal data on the alcohol purchases of a large sample of

British households to estimate a model of alcohol demand. We use this to study the

impact of reforms to these three policies. Our results suggest that the introduction

of a minimum unit price on top of existing taxes is well targeted at heavy drinkers,

but a simple tax reform that is feasible under current rules could be similarly

well targeted, and has the advantage of avoiding large transfers from government

revenues to industry. Ad valorem taxes are poorly targeted but raise considerably

more tax revenue.

Heavy drinkers disproportionally purchase both cheaper and stronger alcohol.

Minimum unit pricing increases the price of cheap alcohol, while a simple ad quan-

tum tax reform can raise the price of strong alcohol. Both minimum unit prices and

ad quantum taxes are relatively well targeted at reducing the alcohol purchases of

heavier drinkers and lead to similar changes in alcohol demands across the distribu-

tion of light and heavy drinkers. However, they both also lead to reductions in tax

1Scotland on XXX. Ireland: https://www.euractiv.com/section/alcohol/news/irish-senate-
passes-alcohol-law-introducing-minimum-price-and-labelling/. England and Wales considering the
adoption of a MUP – see https://www.ft.com/content/f2b0adea-52dc-11e8-b3ee-41e0209208ec.

2For instance, see the British Medical Association; https://www.bma.org.uk/collective-
voice/policy-and-research/public-and-population-health/alcohol/minimum-unit-pricing.

1



revenue, with the decline nearly double under the minimum unit price compared

with the tax reform. In contrast, ad valorem taxes are very badly targeted and

have poor redistributive properties, but raise considerably more revenue.

We follow Griffith, O’Connell, and Smith (2017b) and estimate a discrete choice

model of alcohol demand to simulate the effects of the policy reforms. A policy that

is well targeted will reduce purchases by those whose marginal consumption creates

large externalities (overwhelmingly heavy drinkers, in the case of alcohol) and will

have little effect on others (such as light drinkers). The ability of a policy to tar-

get externality generating consumption efficiently depends on whether it affects the

prices of product purchased most often by those generating externalities, and how

these consumers respond to the price changes. It is therefore important that we

are able to capture heterogeneity in responsiveness, particularly across heavy and

light drinkers. In Griffith, O’Connell, and Smith (2017b) we allowed for rich het-

erogeneity in the preferences and price responsiveness of different types of drinker.

Here we build on that work and additionally allow preferences to vary with income,

which enables us to study the distributional impacts. This allows us to simulate the

impact of the policies to determine how well targeted they are (how they affect the

alcohol purchases of heavy, moderate and light drinkers), the impact on consumer

surplus, tax revenue and industry revenue, as well as the redistributive implications.

The distribution of alcohol consumption is very concentrated, see Figure 1.1.

In both the UK and the US the top 10% of consumers account for over 40% of

alcohol consumption, with the top one-third of consumers accounting for over two-

thirds of alcohol consumption. The Centers for Disease Control and Prevention

(2016) estimate that binge drinking is responsible for around three quarters of the

estimated $249 billion costs of excessive alcohol consumption is the US in 2010.

Cnossen (2007) estimates that in the EU the external costs of alcohol consumption

are heavily concentrated amongst the 30% of people who drink above recommended

levels.
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to limit the extent of competition that state owned retailers face from private com-

petitors. In other words, in the Canadian context, the policy is designed to limit

pressure on retailer (and, in particular, state owned retailers’) revenues associated

with competition. Although not the explicit aim of the policy, a number of studies

have assessed its public health implications, finding a link between minimum pric-

ing and lower alcohol consumption (Stockwell et al. (2012), Stockwell et al. (2012)),

and an associated reduction in alcohol-related crime (Stockwell et al. (2017)) and

morbidity (Zhao and Stockwell (2017)).

Our work also relates to a broader environmental literature that considers the

design of public policy to target externality generating behavior. Much of this litera-

ture focuses on the challenge of designing policy when it is difficult to directly target

the externality (e.g. Jacobsen et al. (2016)), and comparing the efficacy of target-

ing different product features. For example Grigolon et al. (forthcoming) consider

whether fuel taxes or vehicle excise taxes are more effective externality correcting

instruments. Minimum unit prices are imperfectly targeted at alcohol externalities,

but they target a product feature (cheapness) that is more often chosen by high

externality generating consumers (heavy drinkers). Similarly, our illustrative tax

reform does not perfectly target externalities, but it does increase the cost of prod-

ucts in proportion to their strength (a product feature that is positively correlated

with consumption externalities).

The structure of the paper is as follows. In the next section we discuss the

structure of existing policies that increase the price of alcoholic drinks. In section

3 we describe patterns of alcohol purchasing across households in the UK; we show

that most alcohol is purchased for consumption in the home, and we highlight that

heavy drinkers systematically purchase cheaper and stronger alcoholic beverages.

In Section 4 we describe our demand estimates. In section 5 we discuss the impact

of several policy reforms - moving from the typical current system to one in which

we introduce a minimum unit price, reform specific taxes to be better targeted,

increase ad valorem taxes or some combinations of these policies. Then conclusion.

2 Existing policies and potential reforms

A wide variety of taxes are applied to alcoholic beverages across jurisdictions, with

a combination of taxes that are applied to the alcoholic content of the product,

taxes applied on product volume and taxes that are calculated according to the
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value of the product (see OECD (2019)).3 Alcohol is typically also subject to broad

based sales taxes or value added tax.

2.1 Current taxes and price policies

Alcohol is taxed in a variety of ways, with differences in both the base and the

rates creating price changes of different magnitudes for different types of products.

Alcohol taxes are structured in three broad ways. Volumetric taxes are applied to

the volume of the product, at rate denoted by τ v. Specific taxes are applied to the

ethanol content of a product, at rate denoted by τ z. Ad valorem taxes mark up the

price of a product, at rate denoted by τa.

To make explicit the different types of taxes, we use the following notation. Let

j index alcohol products, cj the pre-tax price of product j, zj the units of ethanol

(a unit contains 10 ml of ethanol) in product j, and vj the size (in litres) of product

j. The post-tax price under each of these, if they are levied independently is:

pvj = cj + τ vvj (2.1)

pzj = cj + τ zzj (2.2)

paj = (1 + τa)cj (2.3)

In addition, which taxes apply and the tax rates vary across broad types of alcohol,

in most countries by beer, wine and spirits, and often by strength categories.

Minimum unit prices are another type of price policy that is applied in some

countries, this sets a price floor. The policy mandates that it is illegal to sell

products at a price per unit of ethanol, pj/zj, that is below a specified level p. A

minimum unit price implies that each product faces a price floor which is propor-

tional to the number of units of alcohol it contains. In the absence of tax the price

floor for product j is:

pmj = max
{
cj, pzj

}
(2.4)

In practice these policies are typically combined. For instance, if a minimum

unit price is applied to a product that is subject to a volumetric tax plus an ad

valorem tax (applied to the price inclusive of the volumetric tax) this would imply

a price given by:

pmj = max
{

(1 + τa)(cj + τ vvj), pzj
}
. (2.5)

3Mexico is an exception, where all alcohol taxes are ad valorem with a tax rate on beer that
varies with alcohol content.
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Each of these policies will affect the price of a given product differently depend-

ing on its characteristics, and thus will lead to different vectors of relative prices.

This has important implications for the extent to which each of the policies can tar-

get externality generating behaviour and for the distributional consequences. For

instance, consider the case when only a volumetric tax is levied on a group of al-

cohol products (say spirits). Replacing this with a tax on ethanol (set to achieve

the same average price increase) would result on higher taxation on products with

high alcoholic strength (i.e. higher zj/vj) and lower taxation on products with low

alcoholic strength. If instead, the volumetric tax was replaced with an ad valorem

tax this would result in higher taxation of products that were expensive in per litre

terms (i.e. higher cj/vj) and lower taxation of products that were cheap in per

litre terms. In contrast, replacing the volumetric tax with a minimum unit price

would result in price increases that apply only to products with low enough price

per unit of ethanol (cj/zj) – with price increase largest for products with the lowest

cj/zj – and would leave products that were more expensive in price per unit terms

unaffected.

Figure 2.1 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 mainly declining in strength. The kinks in the schedules correspond

to different tax bands based on alcohol strength. For beer and spirit tax is levied

directly on ethanol content.

In the US alcoholic beverages are taxes at the federal and state level, with

an array of taxes that include fixed-rate per volume taxes; wholesale taxes that

are usually a percentage of the value of the product; distributor taxes (usually

structured as license fees but are usually a percentage of revenues); retail taxes, in

which retailers owe an extra percentage of revenues; case or bottle fees (which can

vary based on size of container); and additional sales taxes.
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The Kantar data contain rich product information, including accurately mea-

sured prices. However, the data also have drawbacks for studying alcohol pur-

chasing behaviour. They only record purchases brought into the home; we do not

have information on purchases made in restaurants and bars. Alcohol purchases for

home consumption are commonly referred to as off-trade (as alcohol is consumed

off premises), whereas purchases made in restaurants and bars are referred to as

on-trade. Before turning to describe the Kantar data we consider how much of

a problem this is likely to be. We do this using information from the LCFS and

NDNS.

Overall on-trade purchases account for just less than one-quarter of total pur-

chases of alcohol in the UK (LCFS). Figure 3.1 shows that this is lower for heavy

drinkers. Figure 3.2 shows that self-reported consumption out of the home is less

for people who report drinking the most.

Figure 3.1: Share of alcohol purchased out of the home

Notes:
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using price variation that is driven by cost shifters (tax rates, producer prices,

exchange rates).

4.1 Demand model

Households are indexed by i and products by j, products are available in discrete

sizes, indexed s. We model the household’s decision over which product-size, (j, s)

(with option to purchase no alcohol denoted (0, 0) to purchase in week t.

The utility that household i obtains from selecting option (j, s) in period t is

given by:

uijst = ν(pjsrt,xjst;θi) + εijst, (4.1)

where pjsrt is the price of option (j, s) in period t and region r, xjst is a vector

of option characteristics (including a time-varying unobserved attribute), and θi is

a vector of household level preference parameters. εijst is an idiosyncratic shock

distributed i.i.d. type I extreme value. The utility from purchasing no alcohol is

normalised so that ui00t = εi00t. The function ν takes the form:

ν(pjsrt,xjst;θi) = αipjsrt + βiwj +
4∑

m=1

1[j ∈Mm] · (γim1zjs + γim2z
2
js) + ξijt. (4.2)

where the size of the option, measured as the amount of pure alcohol (ethanol) in

the option, z, is allowed to affect the utility from option (j, s) through a quadratic

function with parameters that vary across the four segments of the alcohol market:

beer, wine, spirits and cider – indexedm = 1, ..., 4. The product’s alcoholic strength,

wj, and a household specific time varying unobserved product attribute, ξijt, also

affect the utility from option (j, s).

Preferences are allowed to vary across household based on whether they are

light/moderate/heavy drinkers and whether they are low/medium/high income (9

groups), indexed d = 1, . . . , D. The random coefficients are distributed as follows,

with both means and standard deviations allowed to vary across the quintiles: γi2 =

(γi21, ..., γi2M)′, we assume:
αi

βi

γi1

γi2


∣∣∣∣∣d ∼ N



ᾱd

β̄d

γ̄di1

γ̄di2

 ,


σdαα σdαβ σdαγ 0

σdαβ σdββ σdβγ 0

σdαγ σdβγ σdγγ 0

0 0 0 0


 (4.3)

where γi1 = (γi11, ..., γi1M)′ denotes the preferences on the first and second order

ethanol content terms and note that the mean within quintile preference for alcohol
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strength, β̄d, is not separately identified from the product effects (see below), so is

normalized to zero.

The unobserved product attributes, ξijt, are decomposed into two components:

ξijt = ηij + χikt. ηij is a time-invariant product effect and χikt is an alcohol type

time effect. The product fixed effects are allowed to vary across the household

quintiles. In addition they include a random component that is common across

products within each of the four segments in the market: ηim, η̄im|d ∼ N (η̄dm, σ
d
m),

where ηim denotes the set of product effects in market segment m. The alcohol

type time effects are also allowed to vary across the quintiles, χikt = χdkt.

The model is estimated using maximum simulated likelihood.

4.2 Product definition

In order to estimate the likely impact of the various policy reforms, we estimate a

demand model for alcohol. We aggregate the more than 7000 alcohol UPCs (bar-

codes) into 32 “products” in order to make the demand system tractable, following

the approach in Griffith, O’Connell, and Smith (2017b). We aggregate in such a

way as to focus on the key margins of substitution relevant for our application: we,

as much as possible, only aggregate across UPCs that are of a similar alcohol type,

quality and price. See Table 4.1 for a list of products.
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Table 4.1: Product definition and characteristics

(1) (2) (3) (4) (5) (6)
Product Top brand and No. Mean Market No.
definition within-product share (%) brands ABV share (%) sizes

Beer

Premium beer; ABV < 5% Newcastle Brown Ale (6.1) 386 4.4 1.8 3
Premium beer; ABV ≥ 5% Old Speckled Hen (16.5) 238 5.5 2.1 3
Mid-range bottled beer Budweiser Lager (19.6) 94 4.7 4.6 3
Mid-range canned beer; ABV < 4.5% Carlsberg Lager (28.8) 17 3.9 5.8 3
Mid-range canned beer; ABV ≥ 4.5% Stella Artois Lager (72.0) 15 5.0 2.7 3
Budget beer John Smiths Bitter (23.6) 72 4.2 3.2 3

Wine

Red wine Tesco Red Wine (6.2) 439 12.6 18.4 4
White wine Tesco White Wine (7.8) 327 12.1 17.1 4
Rose wine Echo Falls Wine (8.6) 67 11.5 4.2 2
Sparkling wine Lambrini Sparkling Wine (8.4) 125 9.2 3.1 2
Champagne Lanson Champagne (12.7) 42 11.8 0.8 1
Port Dows Port (22.0) 23 19.8 0.7 1
Sherry Harveys Bristol Cream (18.7) 25 16.8 1.2 1
Vermouth Martini Extra Dry (11.8) 33 15.0 0.6 1
Other fortified wines Tesco Fortified Wine (21.8) 37 14.6 0.9 1

Spirits

Premium gin Gordons Gin (59.6) 21 38.3 1.6 2
Budget gin Tesco Gin (22.3) 15 38.3 1.3 2
Premium vodka Smirnoff Red Vodka (39.0) 54 37.6 3.1 2
Budget vodka Tesco Vodka (31.4) 17 37.5 1.8 2
Premium whiskey Jack Daniels Bourbon/Rye (19.6) 80 40.5 2.1 2
Budget whiskey Bells Scotch Whiskey (18.7) 56 40.0 8.1 2
Liqueurs; ABV <30% Baileys (25.9) 203 18.4 3.1 2
Liqueurs; ABV ≥30% Southern Comfort (27.2) 41 37.0 0.8 2
Brandy Tesco Brandy (22.1) 55 37.3 2.4 2
Rum Bacardi White Rum (29.1) 58 37.1 2.0 2
Pre-mixed spirits Gordons Gin+Tonic (14.7) 43 6.1 0.2 1
Alcopops Smirnoff Ice Vodka Mix (17.3) 147 4.8 0.8 1

Cider

Apple cider, <5% ABV Magners Original Cider (26.9) 52 4.4 1.6 3
Apple cider, 5-6% ABV Strongbow Cider (63.1) 49 5.3 2.0 3
Apple cider, >6% ABV Scrumpy Jack Cider (18.7) 71 7.0 0.8 2
Pear cider Bulmers Pear Cider (24.2) 33 4.9 0.7 2
Fruit cider Jacques Fruit Cider (21.4) 48 4.4 0.5 2

Notes: Replicated from Griffith, O’Connell, and Smith (2017b). Column (1) shows the product
definition. Column (2) lists the brand that constitutes the largest share of spending within each
product; its within-product expenditure share is shown in parentheses. Column (3) lists the number
of brands within each product. Column (4) shows the mean alcoholic strength (ABV) of each
product. Column (5) shows the share of the alcohol market accounted for by each product. Column
(6) shows the number of bins used to divide the quantity distribution.

For each of the 32 alcohol products in our demand system we discretize the

distribution of quantity purchased on individual purchase occasions by defining a

set of equally sized categories. The number of size categories varies across prod-

ucts based on how dispersed the quantity distribution is. See further discussion

in Appendix A.3 and Griffith, O’Connell, and Smith (2017b), where we show that

the distribution of drinks per adult per week across household-weeks in the data

and constructed based on our discretization of the quantity distribution are very

similar.
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4.3 Prices

In Table 4.2 we report the mean price and price per unit for each product-size. This

price is constructed as a fixed weight price index as described in Griffith, O’Connell,

and Smith (2017b). These prices vary geographically and through time.
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Table 4.2: Product sizes and prices

(1) (2) (3) (4) (5)
Product Mean Mean Mean price
definition Size quantity (L) price (£) per unit (£)

Beer

Premium beer; ABV < 5% 500ml 0.51 1.61 0.71
1-2L 1.31 3.91 0.65
2.5-8L 3.78 9.08 0.58

Premium beer; ABV ≥ 5% 500ml 0.52 1.84 0.61
1-2L 1.35 4.21 0.57
2.5-10L 3.70 10.30 0.51

Mid-range bottled beer 1-2L 1.43 3.50 0.53
2.5-4L 3.07 6.87 0.48
5-14L 6.78 13.40 0.43

Mid-range canned beer; ABV < 4.5% 2-5L 3.47 6.18 0.45
7-10L 8.39 13.23 0.40
15-25L 14.93 20.50 0.39

Mid-range canned beer; ABV ≥ 4.5% 1-3L 1.96 4.55 0.46
4-6L 4.26 8.80 0.41
8-20L 9.16 16.52 0.38

Budget beer 2-4L 2.04 3.62 0.42
4-6L 4.57 7.51 0.42
8-20L 8.72 12.98 0.41

Wine

Red wine 1x750ml 0.72 4.57 0.51
2x750ml 1.23 7.96 0.50
3x750ml 1.83 11.75 0.48
4x750ml 3.11 18.69 0.47

White wine 1x750ml 0.72 4.45 0.51
2x750ml 1.26 7.90 0.50
3x750ml 1.81 11.28 0.49
4x750ml 2.90 17.10 0.47

Rose wine 1x750ml 0.71 4.23 0.52
2x750ml 1.81 10.40 0.49

Sparkling wine 1x750ml 0.74 5.01 0.70
2x750ml 2.12 9.71 0.52

Champagne 1-2x750ml 1.08 24.51 1.82
Port 1-2x750ml 0.85 8.74 0.52
Sherry 1-2x750ml 1.13 7.87 0.42
Vermouth 1-2x750ml 1.18 6.88 0.40
Other fortified wines 1-2x750ml 1.20 6.53 0.40

Spirits

Premium gin 1x700ml 0.68 11.96 0.46
2x700ml 1.14 17.75 0.42

Budget gin 1x700ml 0.74 9.68 0.34
2x700ml 1.38 12.87 0.27

Premium vodka 1x700ml 0.67 10.54 0.42
2x700ml 1.15 16.39 0.39

Budget vodka 1x700ml 0.57 7.73 0.36
2x700ml 1.14 14.01 0.34

Premium whiskey 1x700ml 0.67 19.71 0.73
2x700ml 1.28 29.65 0.65

Budget whiskey 1x700ml 0.65 11.02 0.42
2x700ml 1.17 16.18 0.40

Liqueurs; ABV <30% 1x700ml 0.64 7.84 0.68
2x700ml 1.26 15.94 0.66

Liqueurs; ABV ≥30% 1x700ml 0.62 13.90 0.61
2x700ml 1.18 19.60 0.47

Brandy 1x700ml 0.62 10.95 0.47
2x700ml 1.11 17.18 0.44

Rum 1x700ml 0.78 12.21 0.42
2x700ml 1.50 18.67 0.37

Pre-mixed spirits 700ml 0.67 4.15 0.93
Alcopops 1.3L 1.30 5.95 0.87

Cider

Apple cider, <5% ABV 1L 0.91 2.56 0.62
2-3L 2.51 4.26 0.39
6-10L 6.61 10.32 0.38

Apple cider, 5-6% ABV 1-2L 1.58 2.82 0.34
4L 3.86 5.74 0.28
10-14L 9.13 11.01 0.27

Apple cider, >6% ABV 1-2L 1.18 3.35 0.40
3-9L 4.19 6.88 0.27

Pear cider 1L 0.92 2.49 0.56
3-6L 3.86 7.61 0.42

Fruit cider 750ml 0.68 2.52 0.81
1-3L 1.93 6.67 0.76

Notes: Mean quantity is the average quantity of each product purchased by households in a given
week over the calendar year. Mean price is the average price over regions and months in 2011.
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4.4 Identification

Our identification strategy is the same as in Griffith, O’Connell, and Smith (2017b).

We use a control function to exploit only variation in price that is driven by supply

side factors, such as input prices and alcohol tax rates. Identification is aided by

the use of longitudinal micro data, which helps to pin down the the parameters

governing the random coefficient distributions.

In summary, for each household we observe many repeated choices. The vector

of product prices that households face varies cross sectionally across regions and

over time. We aim to exploit price variation that is driven by factors such as input

prices and alcohol tax rates that are determinants of marginal cost. A possible

concern is that some of the variation in price that we use reflects demand shocks,

due to firms altering their prices in response to fluctuations in demand, and hence

prices are correlated with changes in demand that are not controlled for and are

collected in the term εijst.

We control for a detailed set of fixed effects – including product effects, time

varying product effects and region effects. We also include a control function based

on the instruments: tax changes, producer prices, exchange rates and regional trans-

port costs. Our exclusion restriction is that conditional on all the controls and fixed

effects in demand these instruments affect demand through their impact on price

and are independent of residual demand variation in the error term. The threat to

identification is that this restriction does not hold and changes in the instruments

are correlated with εijst. We think that is unlikely to be the case for the following

reasons.

We include a rich set of unobserved characteristics that control for a number of

possible sources of price endogeneity arising from demand side price drivers. The

vector of product effects controls for unobserved quality differences across products,

which are likely to be correlated with price, and the product-time effects control

for seasonality in demand and spikes in demand due to advertising campaigns. In

addition, the practice of UK supermarkets of pricing products nationally limits the

scope for geographical variation in prices driven by local demand shocks.6

Nevertheless, we cannot rule out the possibility that there may by some residual

omitted demand side variables that are correlated with prices. We therefore include

a control function for price that isolates price variation driven by a set of instruments

that we expect to shift firm costs, but not to directly impact on demand (see

6The 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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Blundell and Powell (2004) and, for multinomial discrete choice models, Petrin and

Train (2010)). Details of the instruments we use are provided in Appendix B.
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4.5 Parameter estimates

Table 4.3: Estimated preference parameters

Type of drinker: Light Moderate Heavy

Income group: Low Med High Low Med High Low Med High

Panel A: Preferences for observable product characteristics

Means

Price -0.360 -0.257 -0.174 -0.278 -0.227 -0.294 -0.419 -0.307 -0.179
(0.025) (0.024) (0.023) (0.021) (0.020) (0.019) (0.016) (0.017) (0.015)

Beer*Quantity of ethanol 0.158 0.110 0.080 0.149 0.123 0.177 0.239 0.189 0.109
(0.014) (0.014) (0.014) (0.011) (0.011) (0.011) (0.009) (0.009) (0.008)

Wine*Quantity of ethanol 0.021 -0.038 -0.087 0.040 0.023 0.051 0.176 0.102 0.045
(0.016) (0.015) (0.015) (0.013) (0.013) (0.012) (0.010) (0.011) (0.009)

Spirits*Quantity of ethanol 0.286 0.249 0.156 0.263 0.211 0.285 0.391 0.351 0.222
(0.028) (0.027) (0.026) (0.023) (0.023) (0.022) (0.018) (0.019) (0.017)

Cider*Quantity of ethanol 0.092 0.049 0.020 0.132 0.086 0.088 0.203 0.139 0.099
(0.015) (0.015) (0.014) (0.012) (0.011) (0.012) (0.009) (0.010) (0.010)

Beer*Quantity of ethanol2 -0.001 -0.001 -0.001 -0.002 -0.002 -0.002 -0.002 -0.002 -0.001
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

Wine*Quantity of ethanol2 0.001 0.002 0.002 0.001 0.001 0.001 0.000 0.001 0.001
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

Spirits*Quantity of ethanol2 -0.003 -0.003 -0.002 -0.003 -0.002 -0.003 -0.004 -0.004 -0.002
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

Cider*Quantity of ethanol2 -0.002 -0.001 -0.001 -0.002 -0.001 -0.001 -0.002 -0.002 -0.002
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

Variances ×100

Price 1.031 0.520 0.117 1.641 1.270 0.101 1.299 0.009 0.679
(0.160) (0.103) (0.051) (0.133) (0.123) (0.028) (0.145) (0.015) (0.073)

Quantity of ethanol 0.295 0.286 0.339 0.567 0.214 0.097 0.421 0.178 0.349
(0.024) (0.028) (0.037) (0.029) (0.017) (0.013) (0.029) (0.021) (0.018)

Strength 0.242 0.319 0.175 0.397 0.287 0.322 0.464 0.361 0.350
(0.018) (0.025) (0.019) (0.019) (0.016) (0.023) (0.028) (0.021) (0.017)

Covariances ×100

Price*Quantity of ethanol -0.255 -0.215 -0.168 -0.694 -0.317 0.073 -0.540 -0.033 -0.357
(0.053) (0.047) (0.046) (0.054) (0.044) (0.006) (0.061) (0.029) (0.032)

Price*Alcohol strength -0.026 -0.236 0.005 -0.072 -0.391 -0.162 -0.441 -0.004 -0.119
(0.023) (0.034) (0.010) (0.020) (0.028) (0.023) (0.037) (0.005) (0.014)

Quantity of ethanol*Alcohol strength -0.122 -0.060 -0.136 -0.268 -0.052 -0.128 -0.046 -0.122 -0.132
(0.018) (0.023) (0.019) (0.017) (0.013) (0.015) (0.014) (0.012) (0.011)

Panel B: Preferences for unobserved product characteristics

Mean product effects for each segment

Beer -5.812 -5.210 -5.819 -4.044 -4.500 -4.135 -3.754 -3.750 -3.148
(0.153) (0.130) (0.137) (0.111) (0.127) (0.151) (0.115) (0.114) (0.147)

Wine -3.471 -3.204 -3.314 -3.076 -3.226 -2.238 -2.275 -2.282 -2.186
(0.178) (0.153) (0.151) (0.126) (0.132) (0.152) (0.125) (0.124) (0.151)

Spirits -8.028 -8.233 -8.177 -6.459 -6.505 -6.833 -6.256 -6.799 -5.933
(0.296) (0.282) (0.289) (0.245) (0.260) (0.271) (0.210) (0.234) (0.242)

Cider -5.366 -4.796 -4.998 -4.450 -4.102 -3.952 -3.496 -3.947 -3.570
(0.155) (0.136) (0.135) (0.118) (0.126) (0.142) (0.109) (0.121) (0.135)

Variances

Beer 2.335 2.491 1.926 2.642 3.405 2.994 2.188 2.325 1.675
(0.126) (0.142) (0.128) (0.117) (0.195) (0.249) (0.103) (0.122) (0.093)

Wine 1.707 1.691 1.563 1.881 1.401 1.281 2.498 2.059 1.265
(0.099) (0.098) (0.092) (0.090) (0.067) (0.068) (0.109) (0.100) (0.070)

Spirits 0.401 0.940 0.992 0.667 1.645 0.869 0.475 0.443 0.910
(0.068) (0.095) (0.089) (0.059) (0.110) (0.074) (0.040) (0.050) (0.097)

Cider 4.602 2.665 2.207 3.034 4.401 3.053 3.985 3.148 2.466
(0.281) (0.213) (0.172) (0.158) (0.262) (0.191) (0.195) (0.237) (0.131)

Control function 0.242 0.170 0.075 0.135 0.157 0.272 0.372 0.260 0.185
(0.031) (0.029) (0.028) (0.024) (0.023) (0.022) (0.017) (0.017) (0.015)

Product effects Yes Yes Yes Yes Yes Yes Yes Yes Yes
Type-time effects Yes Yes Yes Yes Yes Yes Yes Yes Yes
Outside option-region effects Yes Yes Yes Yes Yes Yes Yes Yes Yes

Notes: Light drinkers buy fewer than 7 units per adult per week on average (measured over a year),
moderate drinkers between 7 and 14 units, and heavy drinkers more than 14 units. 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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6 Summary

There are significant external costs associated with excess alcohol consumption that

are concentrated among a relatively small number of heavy drinkers. A minimum

unit price, which increases the price of cheap alcohol products, has gained popularity

among health campaigners as a way of targeting problem drinking while limiting

the impact on light and moderate drinkers. However, we show that replacing the

current incoherent system of excise duties with a simple two-rate system – a lower

rate on lower strength products and a higher rate on stronger products – would lead

to similar reductions in alcohol purchases across the distribution of drinkers. Both

policies are well targeted at reducing the alcohol purchases of the heavier drinkers,

but tax reform achieves this without transferring tax revenue to the alcohol industry.
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A Data

A.1 Alcohol purchase patterns

We use the total amount of ethanol (or standard drinks) per adult per week that a
household purchases as the argument of the externality function. Figure A.1 uses
the Health Survey for England (HSE) for the UK and the National Health and
Examination Survey (NHANES) for US to show that drinks per week is strongly
correlated with both the frequency of drinking and the propensity to binge drink.
In particular, 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 (c) 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. In the rest of this subsection we describe how we use the HSE and
NHANES data sets to create this figure.
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National Health and Examination Survey (NHANES)

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 horizontal axis of Figures 1(b) and 1(d) we average all
ethanol consumed over the two separate diary days, and convert to standard drinks
(1 standard drink = 14g 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 A.1(b) and A.1(d). Figure A.1(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 A.1(d) uses questions ALQ141Q (“On how many days over the past
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 A.1(b) and A.1(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).

A.2 On versus off trade alcohol

One of the advantages of the Kantar Worldpanel is that we can calculate how
much alcohol people buy on average over a long period, as opposed to just making
a one-off large purchase. Cross sectional expenditure surveys, (e.g. the Living
Costs and Food Survey (LCFS) and the Consumer Expenditure Survey (CEX))
and intake diaries (e.g. the Health Survey for England (HSE) and National Health
and Nutrition Survey (NHANES)), have much shorter reporting periods, which
makes it harder to identify consistently heavy drinkers.

Nonetheless, it is useful to compare the answers to questions in the HSE about
average weekly alcohol consumption to verify whether our sample is representative
of the distribution of drinkers. The HSE data cover alcohol consumption from
purchases made off-trade and on-trade (in bars and restaurants); we scale up average
standard drinks per adult per week in the Kantar data to account for the absence of
on-trade alcohol purchases. In the HSE, 9% of individuals who report drinking in
the last 12 months report a weekly consumption of more than 20 standard drinks;
in our data this number is 7%. This suggests that we are doing a reasonable job
at capturing the alcohol purchases of heavy drinkers (Health Survey for England
(2016)).

The Kantar data contain very detailed information on purchases of alcohol prod-
ucts off-trade – this includes all purchases made in supermarkets, off-licenses etc.
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and brought into the home – but they do not contain information on alcohol pur-
chases on-trade (those made in restaurants and bars). Table A.1 shows the share
of transactions in the largest 9 retailers in the UK; the supermarkets make up the
vast majority of alcohol purchases.

Table A.1: Product sizes and prices

(1) (2)
Cumulative

Retailer % transactions % transactions

Tesco 30.2 30.2
Asda 18.7 48.9
Sainsbury’s 15.0 63.9
Morrisons 13.0 77.0
Aldi 4.9 81.8
Lidl 3.9 85.8
Total Co-Op Grocers 3.7 89.5
Marks & Spencer 2.3 91.7
Waitrose 1.8 93.5

Notes: Column 1 shows the share of alcohol transactions in the top 9 retailers (each of which have
a share above 1%). Column 2 shows the cumulative share.

The LCFS contains information on alcohol purchased both on- and off-trade. It
is a two week diary survey with a sample of 3688 households in 2011 who record
buying alcohol. Unlike the Kantar data, the data do not contain repeated obser-
vations for the same households over time, product level information, transaction
prices nor 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 LCFS. 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.
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instruments.8 In demand estimation we control for the predicted residuals of the
first stage regression. The residuals enter positively and statistically significantly
(see Table 4.3) and the price coefficients become more negative when the control
function is included. This indicates that the omission of the control function would
lead to a (modest) bias towards zero of the price coefficients.

B.1 Control function and instruments

Prices vary over time for various reasons. In order to identify the causal impact
of price on demand, we need to isolate variation in price that is driven by supply-
side factors, for instance, due to changes in costs. The instruments we use include:
changes in tax rates, exchange rates and factory gate prices.

Changes in tax rates applied to different alcohol products over our estimation
period are shown in Table B.1.

Table B.1: Tax changes during 2011

Segment Applies to products: Rate in Jan 2011: Rate changes (month)

Beer 1.8-2.8% ABV £17.32/litre ethanol +1.25 (March); -9.28 (Oct)
2.8-7.5% ABV £17.32/litre ethanol +1.25 (March)
>7.5% ABV £17.32/litre ethanol +1.25 (March); +4.64 (Oct)

Wine 5.5-15% ABV (still) £225.00/hectolitre product +16.23 (March)
15-22% ABV (still) £299.97/hectolitre product +21.64 (March)
5.5-8.5% ABV (sparkling) £217.83/hectolitre product +15.72 (March)
8.5-15% ABV (sparkling) £288.20/hectolitre product +20.79 (March)

Spirits 0-100% ABV £23.80/litre ethanol +1.72 (March)
Cider 1.2-7.5% ABV £36.01/hectolitre product -0.14 (March)

7.5-8.5% ABV £54.04/hectolitre product -0.17 (March)

Notes: Alcohol duty is levied by alcohol segment and strength. The first column lists the com-
binations of segment and alcohol-by-volume (ABV) across which taxes vary. The second column
shows the duty rate, and whether it was levied per unit of ethanol or per litre of product in January
2011. The third column lists the changes in duty rates, and, in parentheses, the month in which
the change occurred. Tax rates from Her Majesty’s Revenue and Customs.

There was considerable variation in the EUR-GBP and USD-GBP exchange
rates, this is shown in Figure B.1(a). Movements in the exchange rate are likely to
affect the prices of products differentially, depending on whether they are imported
directly, or use imported inputs.

Figure B.1(b) shows that the factory gate prices for beer and cider changed
differentially over 2011.

8In Online Appendix ?? we provide the F-statistics for the joint significance of subsets of the
instruments.
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