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Abstract

We study the introduction of a price floor for alcohol that is aimed at cor-

recting for negative consumption externalities. Policy effectiveness depends

on whether the measure achieves large reductions in the most socially costly

consumption. We exploit a natural experiment to show the policy raised

prices of cheap products favored by heavy consumers, and achieved large de-

mand reductions among this group. We use pre-reform data to estimate a

model of consumer demand that is able to match these patterns, and use

this to compare the welfare performance of a price floor with the counterfac-

tual introduction of an ethanol tax. We show that if the marginal external

cost of drinking is at least moderately higher for heavy drinkers, then a price

floor is better targeted at the most socially costly consumption and therefore

achieves larger welfare gains than an ethanol tax. Although the price floor

leads to a larger fraction of the consumer burden falling on those with low

incomes compared with the tax reform, it leads to a consumer burden that

is smaller for all income groups.
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“The consumption of ardent spirits, particularly, no doubt very

much on account of their cheapness, is carried to an extreme which is

truly to be regretted, as well in regard to the health and morals as to the

economy of the community.”

– Alexander Hamilton, First Report on the Public Credit (1790)

1 Introduction

Negative externalities from consumption are common, ranging from the social and

health costs of drinking, smoking or drug use, to the environmental damage caused

by fossil fuel use. In a simple textbook setting, a Pigouvian tax levied on the

source of an externality can achieve the first-best allocation. However, the assump-

tions underpinning this result often break down in practice – importantly, in real

world settings, externalities are often concentrated in a relatively small number of

consumers. Price floors have been advocated as an effective policy to tackle prob-

lematic drinking (World Health Organization (2017)). Price floors are common in

labor markets to redistribute to workers and agricultural markets to protect small

upstream producers from monopsony power, but are banned in most other settings

to protect consumers. Price floors can lower socially costly consumption by raising

prices, but, unlike higher taxes, create windfall profits for firms instead of raising

tax revenue, so have not been favoured by economists.

Our contribution in this paper is to study the impact of a price floor for alcohol

on prices and quantities, and to compare its welfare effects with those of a tax

levied on ethanol, the source of alcohol-related externalities. We exploit a natu-

ral experiment to show that the introduction of a price floor raised prices of cheap

products favored by heavy consumers, and achieved large demand reductions among

this group. We use pre-reform data to estimate a model of consumer demand that

is able to match these patterns, and use this to compare the welfare performance

of a price floor with the counterfactual introduction of an ethanol tax. When the

marginal externality from drinking is roughly constant across drinkers the ethanol

tax leads to larger welfare gains than the price floor, but when the marginal exter-

nality of heavy drinkers is moderately higher than for light drinkers the price floor

does better than the tax. Even if the policymaker places zero value on firm profits,

the superior targeting properties of the price floor outweigh the large transfer of

surplus to the alcohol industry.

We begin by outlining a simple framework to compare the welfare impact of

policies aimed at correcting for externalities. We compare a marginal increase in a
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tax levied on the source of an externality with a marginal increase in a price floor in

order to illustrate the intuition behind the relative performance of the two policies.

The effect on welfare comprises gains from a reduction in externalities and losses

from distorting consumption patterns. If the welfare criterion excludes firm profits,

an increase in the price floor also entails a costly transfer of surplus to firms. On

the other hand, if welfare is defined inclusive of firm profits this transfer cost does

not apply. Crucial in determining the relative effectiveness of the two measures is

whether they achieve reductions in the most socially costly consumption. If those

consumers that create large marginal externalities are particularly likely to purchase

products that are cheap, are relatively willing to switch away from these products,

and are relatively disinclined to switch to more expensive alternatives, this will act

to make the price floor relatively well targeted at externalities.

We study corrective policy in the alcohol market. The external costs of drinking

are well established and substantial1 and there is evidence of considerable variation

in how costly drinking is across different people, with heavy drinkers responsible

for a large share of externalities.2 Specific alcohol taxes have long been used to

tackle these externalities, but there is growing interest in using alternative price

based policies. In 2018 Scotland introduced a price floor for alcohol, and Ireland

has legislated for a similar policy. These price floors prohibit the sale of alcohol

below a certain price per “unit of alcohol” (equivalent to 10ml of ethanol), and are

explicitly aimed at tackling problem drinking. A number of Canadian provinces

also have a system of minimum alcohol prices, though these are motivated as a way

to limit the competition that state owned retailers face from private competitors.3

We exploit this natural experiment that entailed the introduction of an alco-

hol price floor in Scotland, but not in other parts of the United Kingdom.4 We

use longitudinal micro data on the alcohol purchases from supermarkets and liquor

stores of over 30,000 Scottish and English households before and after the reform.

Figure 1.1 shows that average price and purchases moved similarly in Scotland and

England prior to the reform, and that average prices rose sharply and quantity of

alcohol purchased declined in Scotland post reform. Our difference-in-differences

1For example, the Centers for Disease Control and Prevention (2016) estimate excessive alcohol
consumption cost the US $249 billion in 2010.

2See, for example, Centers for Disease Control and Prevention (2016).
3Although not the explicit aim of the policy, a number of studies have assessed their pub-

lic health implications, finding a link between minimum pricing 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)).

4The United Kingdom is made up of four “nations” – England, Scotland, Wales and Northern
Ireland. Some policies are common across the UK, while other policies are devolved. Importantly
for our application, taxes on alcohol are common across the nations of the UK.
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estimates, which control for time and household fixed effects and possible contam-

ination in the control group through cross-border shopping, show that the policy

led to a 5% rise in average price per unit of alcohol across products, with some

products experiencing price rises of more than 100% while the prices of others were

unaffected. This shift in the price distribution led to an 11% fall in the average

quantity of alcohol purchased. These price rises led to larger quantity reductions

among heavy drinkers, in part because they obtained a greater share of their alcohol

from products previously priced below the floor.

Figure 1.1: Average alcohol prices and purchases in England and Scotland, 2016-20
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Notes: The left-hand panel shows the mean price paid per unit of alcohol, and the right-hand
panel the mean units purchased per adult per week across households relative to the first week in
May 2016, in England and Scotland in each week from May 2016 to January 2020. We remove
country-specific week effects from all series. The dashed vertical line shows the introduction of the
Scottish price floor on 1 May 2018. 1 unit of alcohol = 10ml of ethanol. For details of the data
see Section 3.2.

We estimate a model of demand for alcohol products in order to compare the

welfare impact of the price floor with an ethanol tax. Our motivation for using

this approach instead of a sufficient statistics one (e.g., Chetty (2009)) is that we

do not observe clear quasi-experimental variation that would allow us to identify

the impact of a counterfactual, Pigouvian-style, ethanol tax. Estimating demand

requires making a number of identification and functional-form assumptions. We

estimate demand using data from an earlier time period, and we show that our

demand model does a good job of predicting the effects of the price floor that we

estimate under weaker assumptions using the quasi-experimental variation in the

difference-in-differences analysis (see Angrist and Pischke (2010)).

We build on the discrete choice demand model in Griffith, O’Connell, and Smith

(2019). Our model embeds the consumer’s decision over whether to buy alcohol,

what type to buy and how much. We allow for preference heterogeneity across light,

moderate and heavy drinkers (defined using pre-sample data) and household income.
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This enables us to capture differences in demand responses across consumers who are

likely to create very different levels of externalities and to analyze the distributional

effects of policy. We estimate that the heaviest drinking households have higher

own-price elasticities for individual alcohol varieties, but are also the most willing

to switch between varieties when the price of one changes (and less likely to switch

away from alcohol). As a result, their total demand for alcohol is substantially less

elastic than the lightest drinkers. We simulate the effect of the Scottish price floor

using our model, and find that it does a good job of predicting the average effect

on quantity purchased, as well as variation across light and heavy drinkers and by

different alcohol types when compared with our difference-in-differences results.

We use the model to compare the welfare impact of the price floor with that of

an ethanol tax that achieves the same aggregate reduction in alcohol as the price

floor. We calibrate the function mapping ethanol consumption into externalities,

and, holding fixed total external costs, vary the function’s convexity, which allows us

to isolate how variation in the relative size of marginal externalities between heavy

and light drinkers impacts the relative performance of the two policies. When the

externality associated with each unit of alcohol consumed is constant, the ethanol

tax out-performs the price floor – overall it increases welfare by £198 million per

year, while the price floor leads to a fall of £225 million. However, when there is

even a moderate degree of convexity in the externality function, the price floor leads

to larger welfare gains than the ethanol tax. For instance, when heavy drinkers –

who consume around half of all ethanol – account for 85% of the external costs

of drinking, the price floor raises welfare by £470 million per year more than the

ethanol tax. This is driven by the price floor being much better targeted at heavy

drinkers, and thus leading to a larger reduction in external costs, which more than

offsets the lower tax revenue.

Our results are related to our previous work, Griffith, O’Connell, and Smith

(2019), which also considers the effectiveness of policy when there are heterogeneous

externalities. In this setting a single tax rate cannot achieve the first best and, as

highlighted by Diamond (1973), must trade-off price rises that are too low for the

most socially costly consumers and too high for low cost consumers. In that paper

we show how varying tax rates across product types can create efficiency gains when

product level demands are correlated with marginal externalities. Relatedly, there

is an environmental literature that focuses on the challenge of designing policy when

it is difficult to directly target the source of the externality, and that compares the

efficacy of targeting different product features.5 Here we study how the price at

5See, for instance, Grigolon et al. (2018) and Jacobsen et al. (2020).
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which a product that supplies an externality generating characteristic can be used

to “tag” socially costly consumption. A benefit of targeting this via a price floor

is that it sidesteps the problems associated with “line drawing” (Gillitzer et al.

(2015)) that may hamper the implementation of increasingly complex systems of

excise taxes. Variation in externalities is not unique to alcohol consumption; for

example, daily cannabis use substantially increases the risk of psychosis and other

mental impairments (World Health Organization (2016)). Our findings suggest

that price floors could be a useful tool for governments as they design externality

correcting policy.

Another strand of the literature on externality correcting policy considers how a

planner’s preference over redistribution may impact policy; for example, see Allcott

et al. (2019). We use a welfare criterion that includes a money metric measure of

consumer surplus; our welfare comparisons are therefore not impacted by redistri-

bution across consumers. It is nonetheless important that we assess the redistri-

butional effects of reforms, to inform the nature of any compensatory adjustments

that policymakers may wish to make through other parts of the tax system. We

allow preferences to vary by household income, which enables us to compare the

change in consumer surplus under each policy across the income distribution. A

common criticism of the alcohol price floor is that it disproportionately burdens

the poorest consumers. We show that, although low income households bear a

greater proportion of the reduction in consumer surplus under the price floor than

the ethanol tax, the fall in aggregate consumer surplus is much lower under the

price floor because it is better targeted. Thus, the fall in consumer surplus for low

income households is less under the price floor than under the ethanol tax.

A number of recent papers study the effects of public policy in alcohol markets,

with a particular focus on the role of firms.6 Unlike in many US states, where

alcohol retailing is monopolized by a state owned retailer, in the UK, alcohol sales

are dominated by the large supermarkets. We provide evidence that, in this market,

taxes are passed through one-for-one to prices, and under the price floor, products

formerly priced below the floor increase to the floor and the prices of other products

are largely unaffected. We use a welfare criteria that does not include firm profits.

This means windfall profits conferred on firms through a price floor are not valued

6Seim and Waldfogel (2013) show that in Pennsylvania replacing the state monopoly with a
private market would lead to a much expanded supply of liquor stores, while Miravete et al. (2018)
and Miravete et al. (2020)) consider the revenue maximizing mark-up for the state retailer and
show revenues could be considerably higher if the mark-up varied across products. Conlon and
Rao (2019) consider the effect of post-and-hold regulations in Connecticut and show they help
wholesalers sustain prices closer to the collusive level, and removing the regulation and adjusting
tax rates could result in gains in tax revenue and consumer surplus.

5



by the policymaker. We discuss the implications of including them, when comparing

the price floor and ethanol tax, showing that it reinforces the better performance

of the former over the latter (under a convex externality function).

The rest of the paper is structured as follows. In the next section, we set out a

simple framework for comparing the welfare effects of policies aimed at externality

correction. In Section 3 we describe the Scottish price floor and use a difference-in-

differences approach to estimate its impact on prices and quantities. In Section 4 we

set out and present estimates of a model of alcohol demand, and show it can match

the effects presented in Section 3. In Section 5 we use the model to compare the

welfare effects of the price floor with a counterfactual ethanol tax. A final section

summarizes and several appendices provide additional detail.

2 Motivating example

We begin by outlining the marginal welfare effects of policies aiming to correct for

externalities, in order to provide some intuition of what drives our results below.

The discussion in this section highlights the main forces that determine the effec-

tiveness of a price floor, relative to taxation, and indicates the key objects that we

need to empirically estimate to assess the relative performance of different policies.

Setup. A population of heterogeneous consumers, indexed i, choose between a set

of externality generating products, j = {1, . . . , J} (for example, different alcohol

products). For ease of exposition, we assume each consumer’s utility is quasi-linear

and is given by vi(p) + yi, where vi(.) is the monetary surplus consumer i gets from

participating in the market, p = (p1, . . . , pJ) are prices and yi is consumer income.

Denote consumer i’s demand for product j by qij, their demand for all products in

the market Qi =
∑

j qij and total consumer demand for product j by Qj =
∑

i qij.

Consumption of the products j = {1, . . . , J} generates externalities. We normal-

ize quantities and prices so they are expressed per unit of the externality generating

characteristic. In the case of alcohol quantities are in terms of “units of alcohol”,

and prices are per unit (a unit of alcohol equals to 10ml of ethanol, and is the stan-

dard unit of measurement in Europe). We denote the total externality associated

with consumer i by Ψi(Qi). In many cases Ψi(.) will be a weakly increasing, weakly

convex function that goes through the origin.

Suppose the government has access to two policy instruments, (i) a linear tax

rate, τ , and (ii) a price floor, p, where each instrument applies directly to the

source of the externality. In the case of alcohol the tax rate is levied, and the
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price floor defined, per alcohol unit. We assume that policy is translated one-

for-one into prices. In particular, letting cj denote the price of product j in the

absence of government policy, the consumer price is pj = max{p, cj + τ}. We

offer direct evidence below that this assumption holds in the market we study.

A market structure that would generate this conduct is perfect competition and

constant returns to scale technology (in which case cj is product j’s marginal cost).

Whether policy is translated one-for-one to prices under imperfect competition is

an empirical question.7

In comparing the two policies, we base our welfare criterion on the sum of

consumer surplus and tax revenue minus externalities:

W =
∑
i

vi(p) +
∑
j

τQj −
∑
i

Ψi(Qi).

An alternative is to also include profits in the criterion, which would accrue under

a price floor, even under a perfectly competitive market structure. We comment

below on how this would affect the comparison of the two policy instruments.

Marginal welfare effects. In this simple example we compare the impact on

welfare that results from a marginal rise in the tax rate with a marginal rise in the

price floor. Let B denote the set of products for which the price floor binds.8

Consider first a marginal increase in the tax rate. Note that with a price floor

in place, a marginal tax increase will raise only the price of those products priced

above the floor. For the set of products in B the tax rise will transfer part of the

gross margin on the product, p− cj, from firms to the government. The impact on

welfare of the marginal tax rise can be written:

dW

dτ
=−

∑
i

dΨi

dQi
dQi
dτ

+
∑
j

τ
dQj

dτ
+
∑
j∈B

Qj.

The first term, −
∑

i
dΨi

dQi

dQi

dτ
is a “corrective” term. It captures the increase in wel-

fare associated with the tax rise lowering externalities.
∑

j τ
dQj

dτ
is the “revenue

leakage” term, which is given by the loss in government revenue resulting from con-

sumers modifying their behavior in response to the tax rise.
∑

j∈BQj is a “transfer”

7In the highly concentrated sugar sweetened beverage market, there is evidence of full pass-
through of taxes (see Seiler et al. (2020), Dubois et al. (2020)).

8For ease of exposition we assume that a marginal increase in either policy does not change the
set of products subject to the price floor. This means a marginal increase in the price floor raises
the price of all products in the set B, but does not cause any additional products to be subject to
the price floor. This would be the case if, at the current price floor, there exist no products with
price p ∈ {p, p+ ε}. This assumption is not crucial when considering marginal policy changes, but
significantly simplifies the algebra.
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term. It reflects a welfare gain from the transfer from firms to government which

comes from products subject to the price floor.9 If no binding price floor is in place,

the transfer term disappears, and the tax rise will increase the price of all products.

A marginal increase in the price floor raises the price of those products subject

to the floor (i.e., cheap sources of externality), but not those priced above it. The

price rises translate into increases in the margin on these products, transferring

surplus to firms. The impact of a marginal increase in the price floor on welfare,

like that for a tax rise, comprises the sum of corrective, revenue leakage and transfer

terms and is given by:

dW

dp
=−

∑
i

dΨi

dQi
dQi
dp

+
∑
j

τ
dQj

dp
−
∑
j∈B

Qj.

The corrective and revenue leakage terms for the price floor and tax rise differ

because each policy impacts the prices of different products: the increase in the

price floor raises the price of relatively cheap products, the tax rise increases the

price of all products not subject to a binding floor. The transfer term takes the same

form except with its sign reversed; the transfer to firms conferred by an increase in

the price floor lowers welfare.10

When welfare is based on consumer surplus and tax revenue net of externalities,

a clear disadvantage of a price floor relative to tax is that it transfers surplus

from consumers to firms (in contrast to tax, which transfers it from consumers to

government).11 However, this disadvantage may be outweighed if the price floor is

a more effective corrective instrument. This is more likely to be the case the more

highly correlated are the marginal externalities created by consumers, dΨi/dQi,
and the size of reductions in their total consumption the price floor rise achieves,

dQi/dp. Hence, the more that the most socially costly consumers (i) get a large

share of their consumption from cheap sources of externality (those affected by the

price floor), (ii) have a large own-price elasticity for these products, and (iii) have

9Note if we use a welfare criterion that places weight on firms’ profits this term is replaced with
one that reflects the loss in profits to firms accruing from consumers adjusting their demands. For
instance, under perfect competition, the term

∑
j∈BQj would be replaced with

∑
j∈B(wj−cj)dQj

dτ ,
where wj = max{p− τ, cj} is the tax exclusive price.

10However, as with the tax rise, the transfer term is replaced by an efficiency term when firm
profits are included in the welfare criterion; under perfect competition the term −

∑
j∈BQj is

replaced with
∑
j∈B(wj − cj)dQj

dp .
11This disadvantage disappears if firm profits are included in the welfare function.
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a low cross-price elasticity for products priced above the floor, the better the price

floor will be at correcting for externalities.12

Summary. This discussion guides our empirical analysis of the performance of

a price floor in the alcohol market. First, we use quasi-experimental variation

that arises from the introduction of the policy in Scotland but not in England to

estimate its impact on prices and quantities. We show that the effects vary across

light and heavy drinkers. This is important because marginal externalities are likely

to be higher, on average, for heavier drinkers. As discussed above, this differential

impact across the drinking distribution is a key determinant of the impact of a

price floor relative to taxation. Second, we estimate a model of consumer demand,

which we need to consider the counterfactual introduction of an ethanol tax. We

show that the out-of-sample predictions of the impact of the introduction of a price

floor using our demand model are consistent with those estimated using the quasi-

experimental variation. We then use the model to compare the welfare implications

of the introduction of a price floor with the introduction of an ethanol tax.

3 Estimating the effect of an alcohol price floor

on price and quantities

3.1 Policy context

A price floor for alcohol – known as a minimum unit price – came into effect in

Scotland on May 1, 2018; this policy did not apply in England. The policy made

it illegal to sell alcohol products priced below a floor equal to £0.50 per unit of

alcohol. A unit of alcohol is 10ml of ethanol and is the standard metric in the UK

and many European countries.13 The Scottish Parliament first legislated for the

policy in 2012, but its implementation was delayed due to a legal challenge.14

12To see this, note we can re-write dQi

dp = Qi

p (ηBsB + ηBCsBC ) where ηB =
d
∑

j∈B qij

dp

p∑
j∈B qij

is the own price elasticity of products in B, ηBC =
d
∑

j /∈B qij

dp

p∑
j /∈B qij

is the cross price elasticity of

products not in B with respect to a price change of those in B and sj∈X =
∑

j∈X qij

Qi
is the quantity

share of products belonging to the set X = {B,BC}.
13The convention for measuring ethanol volume in the US is a “standard drink”, which is 17.7

ml of ethanol.
14The Scottish Whisky Association argued the measure would encourage trade discrimination.

The Scottish Government ultimately prevailed as they successfully overcame the hurdle placed by
the Court of Justice of the European Union that a “practice such as that adopted in Scotland is
not justified where it is possible for health to be protected equally effectively by less restrictive
tax measures” (Court of Justice of the European Union (2015)).
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The policy is motived as a means of tackling externalities from alcohol consump-

tion: the devolved Scottish Government, “wants to target the price of drinks that are

cheap and strong,” as these are, “the alcoholic drinks that tend to be drunk by people

who are at more risk of harm due to drinking” (Scottish Government (2018)). There

is considerable evidence on the social costs of excess alcohol consumption (World

Health Organization (2014)), which include public healthcare costs as well as the

effects of drink driving, domestic violence and other crime. Much of this evidence

suggests that there are “threshold effects” of drinking: the risk is minimal at low lev-

els of alcohol consumption, but rises sharply when consumption exceeds low levels.

For instance, there is evidence of a threshold effect in the relationship between alco-

hol consumption and the risks of developing tuberculosis (Lönnroth et al. (2008)),

and liver cirrhosis (Rehm et al. (2010)). Convexity in the relationship between alco-

hol consumption and harms is not limited to disease (and associated public health

costs): for instance, harmful and hazardous levels of alcohol consumption have been

shown to significantly the raise the risk of perpetrating domestic violence (World

Health Organization (2006)). This evidence is reflected in government guidelines on

drinking, e.g., in the UK, people are advised not to consume more than 14 units per

adult per week, which, while not regarded as “safe”, is termed “low risk” (National

Health Service (2018)).

Alcohol sold in Scotland is also subject to taxes that are set by the UK govern-

ment (and are therefore the same in Scotland and England); see Appendix C.1 for

a description. Products are taxed both under a system of alcohol duties and a gen-

eral consumption (value added) tax (VAT). The alcohol duties include a volumetric

tax (i.e., per liter) for wines and ciders, and a specific tax on ethanol for beer and

spirits. VAT is levied at a rate of 20% on the duty inclusive price. The system of

alcohol duties is broadly similar to those in European countries. It also shares key

features with US alcohol duties, such as variation across alcohol types with higher

rates on spirits, although US tax rates are levied at a lower rate. In Section 5 we

show that our conclusions about the relative performance of the policies we consider

are robust to varying the baseline level of taxation.

3.2 Data

We use data from the Kantar FMCG Purchase Panel, which is a household level

scanner dataset collected by the market research firm Kantar UK. A representative

sample of UK households record all grocery purchases they make and bring into the

home. This includes purchases from supermarkets, convenience stores and liquor

stores. Table A.1 in the Appendix shows that the sample is similar along key
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demographics with the nationally representative consumer spending survey, the

Living Costs and Food Survey (LCFS). Households record the products (at the

barcode or UPC level) that they buy, along with transaction level prices; Kantar

also collect information on product and household characteristics. The data are

longitudinal, with households typically present in the data for several years.

We evaluate the impact of the Scottish price floor on prices and purchases using

data from May 2016 to January 2020, covering 24 months prior to and 20 months

following the introduction of the policy. The data cover over 2.6 million alcohol

purchases made by 32,480 households living in Scotland and England. We observe

households for an average of 115 weeks over this period. Table A.1 shows that,

conditional on making an alcohol purchase over a two-week period, households in

the Kantar data report buying a similar quantity of units per adult per week to

those in the Living Costs and Food Survey.15 We use similar data from an earlier

period to estimate consumer demand, see Section 4.1.

An important limitation of these data is that they do not include information on

alcohol bought for consumption out of the home, i.e., in restaurants and bars. Alco-

hol bought for at-home consumption accounts for around three-quarters of alcohol

units consumed in the UK (data from the LCFS). The prices of alcohol purchased

in restaurants and bars will not directly be affected by the price floor, as it is priced

well above this level, but consumers may respond to the introduction of the price

floor by switching from at-home consumption to consumption out of home. How-

ever, a recent study by the Scottish Government (NHS Health Scotland (2019))

using aggregate alcohol sales data finds that there was no difference between Scot-

land and England in the change in the quantity of alcohol purchased in restaurants

and bars between 2017 and 2018. We further discuss the implications of omitting

this source of alcohol for our conclusions in Section 5.

We estimate the effect of the price floor in Scotland using a difference-in-

differences approach, with England as a control group. A potential issue is that

cross-border shopping could contaminate our estimates. Our data are recorded at

the household level, so if a Scottish household buys alcohol in bordering English

counties, then we will incorrectly consider these transactions to be subject to the

price floor. There is some evidence of this, which we discuss in Appendix A.2. To

avoid this biasing our results we exclude households living within 50km of the bor-

15We condition on buying alcohol in order to make the measurement comparable across the
two datasets: the LCFS records household spending using a two-week diary, which means that we
cannot compute long-run measures of household alcohol purchases in the LCFS. We also compare
the share of households who record never buying alcohol in the Kantar data to share who report not
drinking in the past twelve months in the Health Survey for England; both record approximately
15%.
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der between Scotland and England. This area is sparsely populated, which means

we drop only 1% of households in our sample. This leaves us with 2,856 Scottish

households in our treatment group and 29,306 English households in our control

group.

3.3 Impact on prices

Let ρjt denote the price paid for product j on transaction t, and zj the number of

units of alcohol in product j. There are 12,463 products (or barcodes) in our data.

We use pjt = ρjt/zj to denote the price per unit of alcohol. Figure 3.1 summarizes

how the distribution of prices changed in Scotland and England from the year before

to the year after the introduction of the price floor.

Figure 3.1: Effect on price distributions

(a) Scotland: price distributions
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(b) England: price distributions
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(c) Scotland: mean price changes
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(d) England: mean price changes
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Notes: Panels (a) and (b) show the distributions of price paid per unit across transactions in the
year before and the year after the introduction of the price floor in the Scotland and England,
respectively. Panels (c) and (d) show, for the set of products that are recorded as purchased in the
year before and after (which account for 80% of spending across the two years), the average change
in price per unit, conditional on the product’s average price in the year preceding the reform.

Panel (a) shows that just under 50% of transactions in Scotland were below the

floor in the year before the reform; following the reform around 40% of transactions

were exactly at the price floor. In comparison, panel (b) shows that in the year

12



prior to the introduction of the policy, the transaction price distributions in Scot-

land and England were similar, and there was little change in prices in England

over the same period. Panel (c) shows the mean price change in Scotland by the

average price per unit in the year prior to the introduction of the policy. This shows

the differential effect of the policy across the price distribution: some very cheap

products experienced price increases in excess of 100%, while products that were

priced above the floor pre-reform exhibit very little change in price. Panel (d) shows

that we did not see these changes in England.

We use a difference-in-differences approach to assess the impact of the introduc-

tion of the price floor in Scotland, by comparing to price changes in England. We

estimate:

pjt =
45∑
m=2

(βm × treatt + γm) + ζj + χt + εjt (3.1)

where m indexes year-months, treatt is a dummy variable equal to one if transaction

t was made by a household that lives in Scotland, ζj denote product fixed effects,

and χt are controls for the weeks before Christmas, New Year and Easter, where

we allow the effect of these holidays to differ between Scotland and England.16

Figure 3.2: Difference in price per unit between Scotland and England
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Notes: The markers show the estimated β̂ms from equation (3.1), estimated based on a sample of
2,835,499 transactions. The vertical dashed line indicates the month in which the price floor was
introduced in Scotland. Price per unit is expressed in £.

16For instance, the tradition of celebrating “Hogmanay” – the last day of the year – in Scotland
means considerably more alcohol per person is purchased there than in England.
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Figure 3.2 plots the β̂ms, which are the estimated within-product differences

in price per unit between Scotland and England in the months before and after

the introduction of the price floor. Prior to the introduction of the policy, the

coefficients are not statistically different from zero, indicating that prices satisfy

parallel pre-trends. Once the policy came into force, there was a sharp £0.03 /unit

increase in mean price in Scotland relative to England. This corresponds to a mean

price increase of roughly 5%, although, as shown in Figure 3.1 this mean effect

consists of a mix of large price increases for cheap (per unit of alcohol) products

and no changes for more expensive (per unit of alcohol) products.

3.4 Impact on purchases

The price floor led to significant increases in the price of previously cheap alcohol.

We estimate the impact this had on the amount of alcohol purchased by households

over this period. We define the number of alcohol units purchased per adult per

week by household i in year-week w as:

Qiw =
1

Ai

∑
j

zj

(∑
t∈Tiw

ηjt

)
(3.2)

where zj denotes the number of units in product j, ηjt the number of packs of

product j bought on transaction t, Tiw the set of transactions made by household i

in year-week w, and Ai the number of adults in household i. If a household records

making any grocery purchases in week w, but does not buy any alcohol, we set Qiw
to zero.

Mean effect

In Figure 1.1(b) we show the time series of mean units per adult per week in Scotland

and England – the figure shows a clear decline in units purchased in Scotland

following the introduction of the price floor. Here we estimate this difference over

time within household by including household fixed effects. We estimate:

Qiw =
45∑
m=2

(βm × treati + γm) + µi + χiw + εiw (3.3)

where treati is a dummy variable equal to one if household i lives in Scotland, µi

denote a set of household fixed effects, and χiw denote, as above, controls for the

weeks before Christmas, New Year and Easter, where we allow the effect of these

holidays to differ between Scotland and England.
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Figure 3.3 plots the β̂ms, which are the estimated differences in the quantity of

alcohol purchased (mean units per adult per week) between households in Scotland

and England in the months before and after the introduction of the price floor.

The coefficients are not statistically different from zero in the pre-period, indicating

that units purchased evolved similarly in Scotland and England prior to the policy’s

introduction. There was an increase in the units purchased by Scottish households

in April 2018; this is consistent with stockpiling behavior in anticipation of higher

future prices. Following the introduction of the policy in May 2018, there was a drop

in units purchased in Scotland relative to England. The month-to-month changes

are somewhat noisy; however, overall there is a clear decline in Scotland relative

to England from the period before to after the reform. The decline is 0.63 units

per adult per week, which is highly statistically significant and represents an 11%

reduction in average alcoholic units purchased (see Table A.2 in Appendix A.3).

Figure 3.3: Difference in units per adult per week between Scotland and England
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Notes: The markers show the estimated β̂τ s from equation (3.3), estimated based on a sample of
4,020,485 household-year-weeks. The vertical dashed line indicates the month in which the price
floor was introduced in Scotland.

Heterogeneity across drinker type

As discussed in Section 2, the efficiency gains achieved by the price floor depend on

how changes in households’ alcohol purchases are correlated with the external costs

associated with their drinking. In Section 3.1, we describe some of the evidence

that suggests that heavy drinkers have higher marginal externalities from drinking.
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We use May 2016 – April 2017 to create a measure of long-run average purchasing

behavior. We refer to this as the pre-sample period and estimate the effects of the

price floor using the period May 2017 – January 2020. It is likely that the external

costs of drinking are higher for individuals and households with higher long-run

average alcohol purchases.

We allow the effect of the policy to be a quadratic function of the average number

of units the household purchased in the pre-sample period. Let Q̄i = 1
Wi

∑52
w=1Qiw

denote the average number of units purchased per adult per week in the pre-sample

period, May 2016 to April 2017, where Wi denotes the number of weeks that the

household recorded buying groceries in that year. We estimate:

Qiw = (β0 + β1Q̄i + β2Q̄2
i )× treati × postw +

45∑
m=13

γm + µi + χiw + εit (3.4)

for May 2017 to January 2020 (i.e., excluding the period used to define Q̄i); postw

is a dummy equal to one if year-week w is after the implementation of the price

floor; all other variables are defined as in equation (3.3).

We estimate (3.4) using a sample of 24,372 households that we observe in the

pre-sample period; this sample of households is similar to the full sample, both in

the distribution of alcohol units purchased and the average impact of the price floor.

Figure 3.4 plots β̂0 + β̂1Q̄i + β̂2Q̄2
i , showing how the estimated effect of the price

floor on units per adult per week varies with pre-sample purchases. The impact of

the policy was largest for those households who consistently bought large amounts

of alcohol in the pre-period, both in levels and proportionally. Those who bought,

on average, five units per adult per week in 2016 experienced a reduction of 6%,

compared with a fall of 12% for those who bought 30 units per adult per week.

This suggests that the policy is effective at reducing the purchases of those whose

purchases are highest, and whose consumption is more likely to create the largest

externalities.
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Figure 3.4: Effect of the price floor across the distribution of drinkers
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Notes: The vertical axis plots β̂0 + β̂1Q̄i + β̂2Q̄2
i (see equation (3.4)) estimated on a sample of

2,699,021 household-year-weeks. The horizontal axis plots mean units purchased per adult per
week over May 2016 to April 2017, Q̄i. Dotted lines show 95% confidence intervals. See Table
A.3 for the coefficient estimates.

Alcohol basket composition and substitution responses

The effect of the price floor on the quantity of alcohol that households purchase is

driven both by how much of their alcohol basket prior to the introduction of the

policy was priced below the floor, and how they respond to the price increases.

Products that were priced below the floor prior to the introduction of the policy

experienced an increase in their prices, both in absolute terms, and relative to

other alcohol products. Those products that were priced above the floor see little

absolute change in their price, and falls in their relative price. We estimate the

difference-in-differences specification, equation (3.3) separately on (i) units from

products previously priced below the floor and (ii) units from products previously

priced above the floor.17 We find that there was a fall of 0.94 units per adult per

week from products previously priced below the floor; this was partially offset by

an increase of 0.26 units from products previously priced above the minimum (see

Table A.2 in Appendix A.3).

17For each product we calculate its mean price per unit in the year prior to the introduction of
the floor, and then we use this to divide products into those above and below the floor. For each
household-year-week we sum units from each set of products.
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Figure 3.5 shows how these patterns vary over the distribution of drinkers, which

we measure as average units per adult per week in the pre-sample period (i.e.,

Q̄i). Panel (a) shows that in the year prior to the introduction of the price floor,

heavier drinkers (i.e., those with high values of Q̄i) bought a larger share of their

alcohol from products priced below the floor – rising from 40% for the lightest

drinkers to around 70% for the heaviest drinkers. Panel (b) shows how units from

products previously priced below and above the minimum price changed for lighter

and heavier drinkers. Specifically it plots how the estimates of β̂0 + β̂1Q̄i + β̂2Q̄2
i

from equation (3.4), estimated separately for products previously priced below and

priced above the price floor (Table A.3 in Appendix A.3 summarizes the coefficient

estimates), vary with Q̄i. Households across the drinking distribution increased

units from products priced above the minimum price pre-reform, and reduced units

from products previously below the price floor. The relative slopes of the two lines

indicate why the policy was relatively well targeted – heavier drinkers switched

away from cheap products, but increased their purchases of more expensive products

proportionately less than lighter drinkers.

Figure 3.5: Switching across the distribution of drinkers
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(b) Switching patterns
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Notes: The vertical axis on the left hand panel plots the share of units purchased below the price
floor over the period May 2017 to April 2018 (in both England and Scotland). The vertical axis in

the right hand panel plots β̂0 + β̂1Q̄i + β̂2Q̄2
i based on equation (3.4), with two different dependent

variables – units from products priced below the floor prior to the reform, and units from products
priced above the floor prior to reform – estimated based on a sample of 2,699,021 household-year-
weeks. In both panels the horizontal axis plots mean units purchased per adult per week over May
2016 to April 2017, Q̄i. In both panels the dotted lines show 95% confidence intervals. See Table
A.3 for the coefficient estimates.
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4 A model of consumer demand for alcohol

In order to compare the price floor with an ethanol tax, and to evaluate the welfare

impacts, we estimate a model of household alcohol demand and use this to simulate

counterfactual policy reforms. We use data prior to the introduction of the price

floor, and show that the out-of-sample predictions of the demand model match well

the impact of the price floor estimated using a difference-in-differences approach,

described in Section 3. Our model and estimation approach follows closely our

previous analysis in Griffith, O’Connell, and Smith (2019).

4.1 Demand specification

Data

We use data from the Kantar FMCG Purchase Panel (see Section 3.2) for January

2010 - December 2011. This is immediately before the Scottish Parliament legislated

to introduce a price floor, and so our demand estimates will be unaffected by the

policy. We estimate demand on a sample of 9,428 households that we observe buying

alcohol in 2010 and 2011.18 We use the 2011 data to estimate demand and the 2010

data to measure households’ average long-run alcohol purchases; we refer to 2010

as the pre-sample period. In Appendix A we include more details about the data,

and show that this sample is similar to the one used to estimate the effect of the

price floor in Section 3.

Alcohol varieties

Price based alcohol policies, such as taxes and price floors, typically change the

relative prices of different products, and these relative price changes are likely to

lead consumers to change the composition of their alcohol baskets.

We follow the approach taken in our earlier work, Griffith, O’Connell, and Smith

(2019), which we found to be a parsimonious way to capture consumer switching

across different alcohol products. We specify a model of demand for varieties of

alcohol, shown in Table 4.1. The 69 varieties vary by alcohol type (e.g., strong

premium beer or budget whisky) and by size (e.g., 500ml, 1-2 litres or 2x700ml).

For each variety we compute a price index that varies over months and reflects

price movements in the underlying products (UPCs) that make up the variety. We

use regional weights that are time-invariant, and reflect the share of transactions

accounted for by each UPC in the alcohol variety.

18We observed households for an average of 40 weeks and a minimum of 20 weeks in each year.
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Table 4.1: Alcohol varieties

(1) (2) (3) (4) (5)
Mean Mean Mean price

Variety Size quantity (L) price (£) per unit (£)

Beer

Premium beer; ABV < 5% 500ml 0.52 1.59 0.70
1-2L 1.32 3.96 0.65
2.5-8L 3.63 9.01 0.57

Premium beer; ABV ≥ 5% 500ml 0.52 1.82 0.61
1-2L 1.35 4.19 0.56
2.5-10L 3.59 9.92 0.50

Mid-range bottled beer 1-2L 1.43 3.50 0.52
2.5-4L 3.01 6.71 0.47
5-14L 6.58 12.79 0.43

Mid-range canned beer; ABV < 4.5% 2-5L 3.47 6.15 0.45
7-10L 8.13 12.80 0.40
15-25L 14.72 19.93 0.40

Mid-range canned beer; ABV ≥ 4.5% 1-3L 1.94 4.43 0.46
4-6L 4.16 8.58 0.41
8-20L 8.94 15.96 0.39

Budget beer 2-4L 2.05 3.72 0.42
4-6L 4.31 7.32 0.41
8-20L 8.34 12.50 0.40

Wine

Red wine 1x750ml 0.72 4.59 0.51
2x750ml 1.22 7.90 0.50
3x750ml 1.78 11.44 0.48
4x750ml 3.08 18.35 0.47

White wine 1x750ml 0.72 4.44 0.51
2x750ml 1.23 7.73 0.50
3x750ml 1.76 10.99 0.49
4x750ml 2.88 16.81 0.47

Rose wine 1x750ml 0.72 4.24 0.51
2x750ml 1.79 10.14 0.48

Sparkling wine 1x750ml 0.74 5.24 0.71
2x750ml 2.27 9.56 0.49

Champagne 1-2x750ml 1.16 26.54 1.86
Port 1-2x750ml 0.90 8.89 0.52
Sherry 1-2x750ml 1.20 7.85 0.41
Vermouth 1-2x750ml 1.32 7.12 0.39
Other fortified wines 1-2x750ml 1.33 6.63 0.36

Spirits

Premium gin 1x700ml 0.69 11.74 0.45
2x700ml 1.16 17.95 0.42

Budget gin 1x700ml 0.75 10.12 0.35
2x700ml 1.27 14.89 0.33

Premium vodka 1x700ml 0.67 10.25 0.41
2x700ml 1.16 16.17 0.39

Budget vodka 1x700ml 0.59 8.18 0.37
2x700ml 1.14 14.71 0.36

Premium whiskey 1x700ml 0.67 19.60 0.72
2x700ml 1.29 30.55 0.67

Budget whiskey 1x700ml 0.66 10.96 0.42
2x700ml 1.21 16.17 0.40

Liqueurs; ABV <30% 1x700ml 0.64 7.82 0.68
2x700ml 1.25 15.45 0.64

Liqueurs; ABV ≥30% 1x700ml 0.62 13.57 0.59
2x700ml 1.14 21.38 0.52

Brandy 1x700ml 0.63 10.77 0.46
2x700ml 1.11 17.43 0.44

Rum 1x700ml 0.79 12.26 0.41
2x700ml 1.45 19.98 0.41

Pre-mixed spirits 700ml 0.70 4.37 0.94
Alcopops 1.3L 1.32 5.89 0.84

Cider

Apple cider, <5% ABV 1L 0.91 2.66 0.65
2-3L 2.45 3.94 0.37
6-10L 7.10 10.15 0.37

Apple cider, 5-6% ABV 1-2L 1.62 2.77 0.32
4L 3.79 5.49 0.27
10-14L 8.41 10.39 0.28

Apple cider, >6% ABV 1-2L 1.21 3.28 0.38
3-9L 4.40 7.06 0.27

Pear cider 1L 0.92 2.53 0.56
3-6L 3.87 7.21 0.39

Fruit cider 750ml 0.68 2.48 0.81
1-3L 1.98 6.75 0.75

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 2011.20



Preference specification

We model consumer choice using a discrete choice demand model. On each week

in which we observe a household purchasing groceries, we model which, if any

alcohol variety the household chooses. The model rationalizes the fact that at the

household-week level there are many zero demands for alcohol varieties. When we

observe households purchasing more than one variety a week,19 we assume that

these purchases are independent. This would be the case, if, for example, purchases

are for different members of the household.

Let i index households, w index weeks and m index the “month” (based on

4 week periods) to which week w belongs. We model the decision household i in

week w makes over what, if any, alcohol variety to purchase. We index the alcohol

varieties j = {1, . . . , J} and the decision to purchase no alcohol by j = 0. We

assume the utility that household i in week w obtains from selecting alcohol variety

j > 0 is given by:

Uijw = −αiρjrm + x′
jmβi + εijw, (4.1)

where ρjrm is the price of variety j in region r and month m, xjm are variety

attributes (including number of alcoholic units, zj), εijw is a shock to utility that

we assume is i.i.d. and θi = (αi,βi) are preference parameters that govern how

much weight the consumer’s utility function places on price and the various product

attributes. We normalize utility from choosing no alcohol to Ui0w = εi0w.20

The vector of variety attributes includes alcoholic strength and a quadratic in

total ethanol content, where we allow the first order term to vary with alcohol

segment (beer, wine, spirits and cider). Preferences for these attributes capture

the weight the household places on the strength and size of a variety, allowing the

effect to differ depending on whether the variety is a beer, wine, spirit or cider. The

product attributes also include a set of time varying alcohol type effects. These

capture unobserved variation in preferences for alcohol types (e.g., conditional on

alcohol content, a household may prefer gin to vodka), and the possibility these

unobserved preferences fluctuate over time due, for instance, to seasonal patterns

in demand.

We assume the i.i.d. shock to utility, εijw, is distributed type I extreme value.

This means the probability household i chooses variety j > 0 during week w, con-

19On 44% of the weeks in which households are observed purchasing alcohol they choose more
than one variety; on more than 90% of weeks households are observed buying 3 or fewer varieties.

20Suppressing household and time indices, the underlying utility problem is V (ρ, y,x, ε) =
max(z,j∈{0,...,J}) αz + x′jβi + εij subject to z + ρj = y, where z is consumption of a non-alcohol
numeraire good and y is the consumer’s total budget. As y does not impact the choice of j it
drops out of the discrete choice problem.
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ditional on prices, product attributes and preferences takes the form:

Pr(j|ρjrm,xjm,θi) =
exp(−αiρjrm + x′

jmβi)

1 +
∑

k>0 exp(−αiρkrm + x′
kmβi)

. (4.2)

We include in our demand model both posted price, ρj, and number of alcoholic

units, zj. As in Section 3 we define price per unit as pj = ρj/zj. We write the total

number of units demanded by household i directly as a function of price per unit.

In particular, household i’s total alcohol demand per adult per week during month

m, when faced with prices per unit of alcohol, prm = (p1rm, . . . , pJrm)′ is given by

Qim(prm) = 1
Ai

vim
4

∑
j Pr(j|ρjrm,xjm,θi)zj, where Ai is the number of adults in

household i and vim is the number of choices occasions on which we observe the

household in month m.21

Preference heterogeneity

We incorporate two forms of preference heterogeneity into the model. We allow

for all preference parameters to vary across nine household groups depending on

whether the household contains light, moderate or heavy drinkers in the pre-sample

period,22 and whether they have low, medium or high income.23 In addition, we

allow for unobserved household level preference heterogeneity.

The inclusion of preference heterogeneity by light, moderate and heavy drinkers

is important for assessing the extent to which alcohol demands (and responses to

policy reforms) vary across an important marker of the size of marginal externalities

from drinking. We also model preference heterogeneity by income group to allow

us to consider the equity implications of different policies – for instance, the extent

to which a price floor or tax reform reduces the utility of low income households by

more than higher income households.

21For a household that chooses either 0 or 1 alcohol variety each week, vim = {1, 2, 3, 4} and is
given by the number of weeks in the month on which we observe them purchasing any groceries.
However, sometimes we observe a household purchasing multiple varieties in a week (see footnote
19). In this case vim can exceed 4. For instance, if in month m we observe a household purchasing
1 alcohol variety in each of the first, second and third weeks of the month, but 2 in the final, then
vim = 5.

22We classify households into these three groups based on their average purchases of alcohol per
adult per week in 2010 (the pre-sample period) – light is defined as less than 7 units, moderate
as 7-14 units, and heavy as more than 14 units. These cutoffs are based on UK government
recommendations.

23We classify households into these groups based on the tercile of the distribution of annual
household income per equivalized person.
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We also allow for unobserved preference heterogeneity, which helps the model

to capture realistic patterns of consumer switching across varieties.24 We allow for

household specific preferences for price, alcohol strength, ethanol content and the

segment of the alcohol market to which the variety belongs. We model these effects

as random coefficients that we assume are normally distributed within each of the

nine groups. Total demand for alcohol among consumer group d, when faced with

prices, pm is given by Qdm =
∫
Qim(pm)dFd(θi).

4.2 Identification

A central empirical challenge that we face is identifying the causal effect of price

on demand. This requires us to isolate exogenous price variation (i.e., variation

that is uncorrelated with demand factors for which we do not control). We do this

by including a rich set of controls in the demand specification and using a control

function and cost-based instruments in estimation.

Our demand controls include alcohol variety fixed effects, which capture unob-

served quality differences across varieties. We allow for temporal variation in these

effects, which captures fluctuations in national level demand, due, for instance, to

seasonality and spikes in demand related to advertising campaigns. An important

feature of the UK grocery industry is that the supermarkets have national price

strategies (Competition Commission (2000)), which limits the scope for regional

price setting driven by local demand shocks.

However, we cannot rule out the possibility that there may be some residual

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

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

are likely to shift costs, but not to impact demand (Blundell and Powell (2004),

Petrin and Train (2010)). These instruments include alcohol duty rates, producer

price indices, exchange rates and oil prices. For details on the instruments and first

stage, see Appendix B.1.

We allow for preference parameters to vary with a measure of households’ long

run alcohol consumption. However, we do not model high-frequency state depen-

dence arising from the effect of recent past purchases conditional on current be-

havior. Current choices may depend on past choices due to high frequency habit

formation, or due to households’ stockpiling during sales periods. In previous work

24See inter alia Berry et al. (2004) and Nevo (2001). In the absence of unobserved preference
heterogeneity the model would exhibit the independence of irrelevant alternative property within
drinking-household income groups cells. This would mean, for instance, for all households classified
as light drinkers and low income, the cross-price elasticities associated with the change in price of
a given variety would all be equal.
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(Griffith, O’Connell, and Smith (2019)) we present evidence that these forms of dy-

namics are not of first order importance in the UK alcohol market, once we account

for household level preference heterogeneity. Our longitudinal micro data helps us

to identify a rich distribution of household preferences (see Berry and Haile (2020)).

The combination of micro level data, a model with rich preference heterogeneity,

and institutional features of the UK market gives us confidence in the validity of

our demand estimates. Ultimately, though, we cannot directly test our identifying

assumption that the residual price variation is uncorrelated with demand shocks.

Instead, in Section 4.4 we provide evidence on the validity of our demand model by

comparing the out-of-sample predictions of the model with the quasi-experimental

estimates of behavior changes that we present in Section 3.4.

4.3 Elasticities

We estimate the model using simulated maximum likelihood. In Appendix B.2 we

present the coefficient estimates from our model. The means of the distributions

of preferences over price are all negative and statistically significant. There is sta-

tistically significant heterogeneity in preferences over price, alcohol strength, and

ethanol quantity across households, even conditional on the nine household groups.

We estimate the correlations between the preference parameters, which indicate

that the more price sensitive households typically have stronger preferences over

the quantity of ethanol and alcoholic strength of the variety.

The parameter estimates generate a set of own and cross price elasticities that

describe how households switch between all the varieties in the market, as well as

towards not buying alcohol, in response to marginal price changes. We summarize

these in Figure 4.1. Panel (a) shows that the lowest income households, particularly

the heavy drinkers, have the largest (in absolute terms) own-price elasticities – this

indicates that they are the most willing to switch away from a particular variety if

its price increases. Panel (b) shows the variation in cross-price elasticities: heavier

drinkers and lower income households have larger cross-price elasticities – although

they are more willing to switch away from a particular variety if its price changes,

they are more likely to switch to another alcohol variety than to not buying alcohol.
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Figure 4.1: Elasticities across types of drinkers and income levels
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Notes: Panel (a) shows the mean own-price elasticity across alcohol varieties for households in
different groups and panel (b) shows the mean cross-price elasticity across variety pairs for house-
holds in different groups. In both figures, the bars illustrate 95% confidence intervals.

Figure 4.2 shows the percentage change in alcohol units demanded in response

to a 1% change in the price of all alcohol varieties; this captures both households’

substitution away from alcohol as well as any switching between different alcohol

varieties that impacts their total ethanol demand. The figure shows that the most

elastic households are low income, light drinkers, who have an own-price elasticity

of all alcohol above 2 in absolute terms. At the other extreme are high income,

heavy drinkers, whose elasticity is more than half as small in absolute terms.

Figure 4.2: Total alcohol elasticity
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Notes: We simulate a 1% price increase of all alcohol varieties; the markers show the resulting
percentage change in total units of alcohol demanded for the different household groups.
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4.4 Model validation

A common concern with the approach we take to counterfactual policy analysis is

that it imposes parametric restrictions that limit the credibility of our predictions.

Here we show that our estimated demand model does a good job of predicting the

effects of the price floor, obtained from our estimates based on the difference-in-

differences approach in Section 3. Recall that our demand model is estimated on

data from 2011, while the difference-in-difference analysis is based on a reform in

2018.25

Mean effects Figure 4.3 compares the predicted average effect of the minimum

unit price on alcohol purchases from our demand model with the quasi-experimental

estimates (Figure 3.3). The model predicts that the minimum unit price leads to

an average fall of 0.69 units per adult per week, which is not statistically different

from the decline of 0.63 we estimate using the quasi-experimental variation.

Figure 4.3: Predicted and observed impact of the minimum unit price, aggregate
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Notes: The figure repeats Figure 3.3 with the predictions from the demand model overlaid in red.

Heterogeneity across households. In Figure 4.4 we compare the demand model’s

predictions of the heterogeneous effect of the minimum unit price with the effects

25To account for price inflation between 2011 (the time period we use to estimate demand) and
2018 (when the Scottish price floor was introduced), we simulate the introduction of a price floor
that implies the same fraction of 2011 transactions are below the floor as the share in 2018 that
are below a 50p/unit floor.
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estimated using the quasi-experimental variation. Panel (a) shows how the impact

of the minimum unit price on alcohol purchases varies by the average pre-period

drinking of the household (the black line repeats the information in Figure 3.4).

We categorize households into discrete groups to estimate the demand model, so

the predictions are a step function. The figure shows that they match the quasi-

experimental predictions well.

Panel (b) performs an analogous exercise showing variation across household

income. We estimate a variant of equation (3.4), but replacing Q̄i with the house-

hold’s mean equivalised annual income over the period. There is much less variation

in the treatment effect with income than there is across the drinking distribution.

The model’s predictions of the effect lie with the 95% confidence bands of the impact

of the minimum unit price estimated using the quasi-experimental variation.

Figure 4.4: Predicted and observed impact of the minimum unit price: heterogeneity
across households

(a) Across the drinking distribution
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(b) Across the income distribution
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Notes: Panel (a) repeats Figure 3.4 with the predictions from the demand model overlaid in red.
Panel (b) shows the analogous figure but where the treatment effect is allowed to vary by household
income i.e., replacing Q̄i in equation (3.4) with the household’s average equivalized annual income
over the period.

Heterogeneity by alcohol type. We also compare the demand model’s predic-

tions and the quasi-experimental estimates of effects across alcohol types. Figure 4.5

shows the percent change in purchases for the alcohol segments (beer, wine, spirits

and cider). The black markers show the estimated change in units from different

alcohol types using the quasi-experimental variation and difference-in-differences

approach described in Section 3. The largest percentage reductions are for cider,

and the smallest for wine – this is intuitive given that cider saw the largest price

increases and wine the lowest. The red markers show that the model predicts these
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broad patterns, though with a larger predicted reduction for cider purchased, and

a small increase (rather than decrease) in purchases of wine.

Figure 4.5: Predicted and observed impact of the minimum unit price: heterogeneity
across alcohol type
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Notes: The black markers show the percentage change in units from beer, wine, spirits, and cider
estimated based on quasi-experimental variation and equation 3.3; the red markers show the pre-
dictions from the demand model.

5 The welfare effects of policy reforms

The demand model estimates allow us to compute the change in welfare under the

price floor, and to compare this with alternative counterfactual policy reforms. We

compare the impact of the price floor with a reform that replaces the existing system

of alcohol duties with a single tax rate levied on the source of externalities (ethanol

content).

5.1 Firm pricing response

We use the social welfare function described in Section 2. One of the assumptions

we make is that the legal incidence of policy is fully reflected in prices. In practice,

this means that the impact of a price floor is to increase the price of varieties that

are priced below the floor to the floor and other prices remain unaffected, and that

taxes are fully shifted to consumer prices. Whether this assumption is reasonable

is an empirical question. Figure 3.1(c) shows that following the introduction of the

28



price floor in Scotland, the prices of products formerly below the floor moved to the

floor, and there was little change in the prices of products above the floor.

We also provide evidence of complete pass-through of alcohol taxes to consumer

prices in Appendix C.2. We use variation in the alcohol duty rates over the period

2010-12 and an approach similar to that of Besley and Rosen (1999). We find that

there was no statistically significant change in the tax-exclusive price as a result

of duty changes, and that the consumer prices changed by one plus the VAT rate.

These results are consistent with complete pass-through of alcohol taxes to prices.

5.2 External costs and welfare changes

For reference, the social welfare function set out in Section 2 that we use to evaluate

the welfare impact of different policies is:

W (P ι) =
∑
i

vi(p(P ι)) +
∑
j

τQj(P ι)−
∑
i

Ψi(Qi(P ι)), (5.1)

where vi(.) is the money metric utility of consumer i,26 p is the vector of alcohol

prices (expressed per unit), Qj is total demand in units for variety j, and Ψi(·) the

total externality from alcohol consumption of consumer i (we discuss the form this

takes below). Here we write prices and quantities as a function of P ι, which denotes

the policy environment.

Policy environments

We denote the baseline policy environment by P0. This consists of the alcohol

duties that were in place in the UK in 2011, which vary in both rates and bases

across alcohol segment (beer, wine, spirits and cider) – see Appendix C.1 for a

description of the tax system. In 2011 there was no price floor.

We compare the effect of two policy reforms: P1 denotes the baseline policy

environment plus a price floor, and P2 denotes a reform that replaces the baseline

system of alcohol duties with a single rate levied in proportion to ethanol content.

We measure their impact relative to the baseline policy environment, i.e., we com-

pare W (P1) − W (P0) and W (P2) − W (P0). Below we show robustness of our

comparisons of the price floor and tax reform to this baseline environment.

26Given our demand model this is given by the expression v(ρjr(i)m(w),xjm(w),θi) =
ln
∑
j>0 exp(−αiρjr(i)m(w) + x′jm(w)βi).
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Denote by pιjrm the price per unit of variety j in region r and month m under

policy environment ι. Prices under the three policies can be written:

p0
jrm = (wjrm + τ̃ 0

j )(1 + τV AT )

p1
jrm = max{p, (wjrm + τ̃ 0

j )(1 + τV AT )}

p2
jrm = (wjrm + τ)(1 + τV AT ),

where wjrm denotes the variety’s tax exclusive price per unit, τ̃ 0
j is the amount of

alcohol duty per unit levied on the variety under the observed tax system, p denotes

the price floor (under policy environment 1) and τ is the ethanol tax rate (under

policy environment 2). We assume that the system of value added taxation is

unchanged across the three policy environments; we show robustness of our results

to a zero-VAT environment below.

We choose the price floor p to be equivalent to level set in Scotland in 2018,

and, to make the ethanol tax comparable, we choose the tax rate that leads to the

same reduction in aggregate alcohol units purchased as under the price floor.27

Externality function

We assume that the externality function, Ψi(·), is an increasing weakly-convex

function of the form:

Ψ(Qi) = AQbi , where A > 0 b ≥ 1. (5.2)

When b = 1 the function is linear in ethanol and the marginal externality is given

by A and is common across each unit of alcohol consumed. When b > 1 the function

is convex and the marginal externality is increasing in alcohol consumed.

We show how the impact of policy reforms varies with the degree of convexity of

the externality function, holding fixed the total external costs created by drinking.

The parameter b determines the degree of convexity of the function ((Ψ
′′
iQi)/Ψ

′
i =

b − 1): we vary b between 1 and 4. To make this interpretable, we express this in

terms of the ratio of the marginal externality of the drinker at the 90th percentile of

the drinking distribution to that of the median drinker. For instance, when b = 1,

the externality function is linear, which means that the marginal externalities of

the 90th percentile and median drinker are the same. At the other extreme, when

b = 4, the marginal externality of the 90th percentile drinker is 125 times as large

27For notational parsimony, we suppress the month, m, subscripts on the social welfare function
(equation (5.1)). In practice, we simulate the effect of the policy reforms in each month using the
average price across regions and then aggregate up to the yearly level to get a measure of annual
changes in welfare.
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as the marginal externality of the median drinker. Table C.2 lists this ratio for

all calibrations. Conditional on b, we calibrate A so that the total external costs

under the baseline policy environment are equal the central estimate used by the

UK government;28 below we show the robustness of our results to varying the total

external costs from drinking.

Components of welfare

Table 5.1 summarizes the impact of the price floor and ethanol tax on welfare under

a linear externality function (when b = 1 in equation (5.2)). The first three rows

of the table show the change in the components of the social welfare function. The

ethanol tax lowers consumer surplus by more than twice as much as the price floor.

However, it raises tax revenue by £565 million, whereas the price floor leads to a

£371 million decline in tax revenue. By construction, under the linear externality

calibration, both policies achieve the same reduction (of £639 million) in the ex-

ternal costs of drinking. The fourth row shows the impact of each policy on social

welfare. The ethanol tax leads to a £198 million rise in welfare, whereas a price

floor lowers welfare by £225 million. The fifth row shows the impact of the two

policies on firms’ profits (under the assumption that the market is competitive).

The price floor confers windfall profits of £293 million. If these are included in

social welfare, the price floor results in an increase of £68m, which is still lower

than the £198 million increase under the ethanol tax.

When externalities are linear an ethanol tax that leads to the same reduction in

external costs will always outperform a price floor. However, as discussed in Section

3.1, there is evidence that externalities from alcohol are convexly increasing in total

intake and thus vary across households. In this case an ethanol tax is no longer

necessarily preferred and it will depend on the pattern of demand responses across

the drinking distribution; a price floor may perform better.

28We use the estimate of the direct tangible social costs in Cnossen (2007), which is based on
a study by the UK Cabinet Office (2003). Accounting for price inflation and the fact that we are
studying alcohol purchases not made in restaurants and bars gives a total external cost of £7.25
billion per year.
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Table 5.1: Effect of the price floor and ethanol tax under linear externalities

Change, relative to baseline, P0, under: Price floor, P1 Ethanol tax, P2

(£m/year) (£m/year)

Consumer surplus -494 -1006
Tax revenue -371 565
External costs (under linear ext. function) -639 -639

Social welfare (under linear ext. function) -225 198

Firm profits 293 0
Social welfare + profits (under linear ext. function) 68 198

Notes: Social welfare is equal to the sum of consumer surplus, tax revenue minus the external
costs from alcohol consumption. External costs are calculated using the externality function (5.2),
with b = 1. Tax revenue includes revenue from all duties applied to alcohol and revenue from VAT
on alcohol purchases. Numbers are grossed up to the annual level for the UK as a whole. Profits
are calculated assuming that the market is perfectly competitive and tax-exclusive prices are equal
to marginal cost.

Table 5.2 compares the impact of a price floor and the ethanol tax on alcohol

units purchased per adult per week across light, moderate and heavy drinkers. It

shows that the price floor leads to a 40% larger reduction in the units purchased

by the heavy drinkers than the ethanol tax. Conversely, the reduction in units

purchased by the light drinkers is a third smaller under the price floor than under

the ethanol tax.

Table 5.2: Heterogeneous impact of the price floor and ethanol tax

Change in units per % of aggregate
adult per week decline from group

Floor Tax Floor Tax

Light drinker -0.27 -0.42 25.4 39.3
Moderate drinker -0.85 -0.91 20.9 22.4
Heavy drinker -1.94 -1.38 53.7 38.3

Total -0.69 -0.69 100.0 100.0

Notes: Change in units per adult per week is relative to the UK tax system with no price floor in
place, P0.

When the externality function is convex, these differences in how policy induces

change in purchases across the drinking distribution change the relative performance

of the two polices. To show this, we calculate the change in social welfare under

the alternative policy reforms when we adjust the convexity of the externality func-

tion (5.2). As described above, we vary b between 1 and 4, and adjust A so that

the total external costs under the baseline policy environment are constant across
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calibrations: this allows us to isolate the impact of the degree of convexity, rather

than magnitude, of externalities.

Figure 5.1 shows the difference in social welfare between the ethanol tax and

price floor as we vary b. On the horizontal axis in parentheses, for each value of b,

we report the ratio of the marginal externality of a drinker at the 90th percentile

to the 50th percentile of the drinking distribution. When the marginal externality

of a drinker at the 90th percentile is less than 7 times the marginal externality of

the median drinker, the ethanol tax performs better. When the ratio is higher, the

price floor leads to larger welfare gains that the ethanol tax: its superior targeting

properties outweigh the fact that it leads to a reduction in tax revenue and a transfer

of surplus to producers. When the 90:50 ratio of marginal externalities equals 30

– which is equivalent to heavy drinkers creating 85% of the total external costs

under the baseline policy environment – the price floor leads to £470 million higher

welfare than the ethanol tax.

Figure 5.1: Difference in welfare under a price floor and ethanol tax
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Notes: We calculate the change in social welfare under the two different policy environments – the
price floor and ethanol tax – relative to the baseline, under different calibrations of the externality
function (equation (5.2)). We vary b between 1 and 4, and adjust A so that the total externality
under the baseline policy environment is constant across calibrations. The horizontal axis the
convexity, measured as b = (Ψ

′′

i Qi)/Ψ
′

i + 1. Welfare is measured in £billion per year for the UK.
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5.3 Robustness

Baseline tax system

The impact of a price floor depends, to a certain extent, on the tax system under

which it is implemented. In the analysis above, we consider a price floor introduced

on top of the existing tax system, as has been done in practice in Scotland. Here

we consider the implications of varying the baseline tax system for our results. In

each case we use the same externality calibration as above.29

First, we consider a counterfactual world in which the UK tax rates are all re-

duced by 50%. This is motivated by the fact that, although the variation in rates

across alcohol segments is similar across countries, average rates vary considerably.

For example, alcohol taxes in the US are substantially lower than in the UK. We

consider a baseline policy environment with 50% lower tax rates, and we study the

impact of a price floor and an ethanol tax that lead to an aggregate reduction in

units purchased of 0.69 units per adult per week relative to this baseline. Figure

5.2(a) shows how the impact of the price floor and ethanol tax (relative to this

baseline environment) vary with the degree of convexity of the externality function.

Consistent with the results outlined in the previous section, under linear external-

ities the ethanol tax outperforms the price floor, but if the externality function

in sufficiently convex the price floor leads to larger welfare gain than the ethanol

tax (with the gap between the two policies increasing in the degree of externality

convexity).

Second, we consider a scenario in which the baseline policy environment is one

with an ethanol tax and we investigate whether increasing the ethanol tax rate or

introducing a price floor leads to larger welfare gains. As the baseline, we choose an

ethanol tax rate such that the aggregate units purchased are the same as under the

existing UK system. We then consider a price floor and ethanol tax rate increase

that leads to an aggregate reduction in units purchased of 0.69 units per adult

per week relative to this baseline. Figure 5.2(b) shows that when the externality

function is sufficiently convex, introducing a price floor is preferable to increasing

the ethanol tax rate.

Third, we undertake the same exercise as in the previous section after first

removing the value-added tax (VAT). In this case the baseline policy environment

29Specifically, when varying the convexity of the externality function (i.e. b), we use the same
corresponding values of A as in the preceding section. Therefore, here we focus on robustness of
our results to the baseline policy environment, holding the aggregage externality for any given
value of b and distribution of drinking fixed. In the next section we assess robustness to the size
of aggregate externalities.
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corresponds to the UK system of alcohol duties, but with no VAT. Again we simulate

the effect of introducing a price floor and of replacing the alcohol duties with an

ethanol tax, both set so they lead to an aggregate reduction in units purchased of

0.69 units per adult per week relative to the baseline. Figure 5.2(c) shows that, as

above, for a sufficiently convex externality function the price floor outperforms the

ethanol tax.

Figure 5.2: Difference in welfare under minimum unit price and ethanol tax under
alternative baseline tax systems

(a) Baseline: 50% lower tax rates

0
2

4
6

C
ha

ng
e 

in
 w

el
fa

re
 re

la
tiv

e
to

 b
as

el
in

e 
(£

bi
ll/

ye
ar

)

1 (ratio=1) 2 (ratio=5) 3 (ratio=25) 4 (ratio=125)
Convexity parameter, b

(90:50 ratio of marginal externalities in parentheses)

Price floor Ethanol tax

(b) Baseline: ethanol tax rate
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(c) Baseline: zero VAT
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Notes: Each panel shows how the impact of introducing a price floor and of replacing the baseline
tax system with an ethanol tax varies with the degree of convexity of the externality function. In all
cases, the price floor and ethanol tax rate are set achieve a 0.69 reduction in units purchased per
adult per week relative to the new baseline policy environment. The baseline policy environment
varies across panels and is described in the text. We vary b between 1 and 4, and adjust A so
that the total external costs under the UK tax system (with no price floor) are constant across
calibrations. Welfare is measured in £billion per year for the UK.

Total external costs

In our central calibration, we set A and b such that the total external costs of

alcohol consumption are equal to the UK government’s estimate of the external

costs of drinking (£7.25 billion). In Figure 5.3 we show how our results vary when
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we re-calibrate A so that the total external costs are lower at £5 billion (left hand

panel), or higher at £10 billion (right hand panel). As in our central calibration, the

price floor outperforms the ethanol tax when the externality function is sufficiently

convex. The higher are total externalities, the lower the degree of convexity of the

externality function necessary for the price floor to outperform the ethanol tax.

Figure 5.3: Difference in welfare under minimum unit price and ethanol tax under
higher and lower total externalities
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Notes: The left hand panel shows the social welfare under an alternative calibration of the exter-
nality function in which the total external costs under the UK tax system (with no price floor) are
equal to £5 billion, and the right hand panel shows results when the total external costs are £10
billion. Welfare is measured in £billion per year for the UK.

Alcohol consumed out of the home

Our data covers alcohol consumed at home, which makes up around three-quarters

of units consumed in the UK. A price floor and ethanol tax are likely to affect the

prices of alcohol consumed in restaurants and bars differently: in general, alcohol

consumed out is priced above the floor and therefore unlikely to experience a price

increase. As discussed in Section 3.1, the Scottish Government find no difference

in the change from 2017 to 2018 in aggregate purchases of alcohol in restaurants

and bars between Scotland and England. Figure 5.4 shows that heavier drinkers

consume a greater fraction of their alcohol at home. This suggests that omitting

alcohol consumed out is likely to underestimate the difference in welfare achieved

under a price floor compared with an ethanol tax, because the former targets a

greater fraction of total alcohol consumption (from all sources) for heavier drinkers.
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Figure 5.4: Alcohol consumed out of the home, by drinking frequency
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Notes: Figure drawn using data from the National Diet and Nutrition Survey. Data on share
of alcohol consumption outside the home recorded using an intake diary; data on frequency of
drinking over the past twelve months collected using a survey.

5.4 Distributional implications

So far we have abstracted from distributional considerations and focused on the

efficiency of the two policies. Here we show the distributional effects of the policy

reforms. This could, for example, inform any adjustments to a nonlinear income tax

system that would be necessary to offset the distributional consequences of reform.

Table 5.3 summarizes the change in consumer surplus experienced by the dif-

ferent income groups under the price floor and ethanol tax. A common criticism of

the price floor in policy debates is that it is regressive and places an unfair burden

on lower income households. The table indicates that it is indeed the case that a

greater proportion of the overall reduction in consumer surplus is borne by lower

income households under the price floor (40%) when compared with the ethanol tax

(33%). However, the aggregate reduction in consumer surplus is less than half as

large as under the ethanol tax. This is because the price increases under the price

floor are better targeted at reducing ethanol purchases, and so a smaller average

price rise is required to achieve the same aggregate reduction in units per adult per

week. The fall in consumer surplus for the low income households is therefore still

less than under the ethanol tax.
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Table 5.3: Change in consumer surplus across the income distribution

(1) (2) (3) (4)
Price floor Ethanol tax

£m/year % total £m/year % total

Low income -196 40 -337 34
Medium income -157 32 -315 31
High income -141 28 -354 35

All households -494 100 -1006 100

Notes: Columns (1) and (3) show the reduction in consumer surplus for all households within each
income group (£million per year). Columns (2) and (4) express this as a percentage of the overall
decline in consumer surplus.

As long as the price floor or ethanol tax does not lower overall social welfare,

in principle households can be fully compensated for consumer surplus losses due

to the policy from the savings from externalities net of changes in alcohol tax

revenue. Figure 5.1 shows that this is true for all degrees of convexity of the

externality function for the ethanol tax, and feasible for the price floor as long as

the marginal externality created by someone at the 90th percentile is more than

60% larger than that of the median drinker. Table 5.3 indicates that the group of

low income households would have to receive a proportionately greater share of the

compensation under the price floor than under the ethanol tax. In practice, any

such compensation would likely be carried out by adjustment to income taxation,

which could be used to compensate consumers according to their incomes, but would

be unable to compensate consumers with different alcohol consumption patterns,

conditional on income.

Our analysis assumes that the planner does not aim to use alcohol taxation as a

means to redistribute across the income distribution. Saez (2002) and Allcott et al.

(2019) show that if there is preference heterogeneity for a good that is correlated

with incomes then, even with recourse to a non-linear income tax, there is a motive

to redistribute through the commodity taxation. We leave these considerations to

future work.

6 Summary and conclusions

In this paper, we compare the relative effectiveness of a price floor with an ethanol

tax for reducing the externalities generated by alcohol consumption. We exploit a

natural experiment that involved the introduction of a price floor in one part of the

UK (Scotland), but not in other parts, and show that the policy achieved greater
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reductions in units of alcohol purchased amongst the heaviest drinkers. It is well

targeted because heavy drinkers get a disproportionate amount of their alcohol from

cheap products and because their demand for these products is relatively elastic.

We estimate a model of demand for alcohol products based on data prior to

the announcement of a price floor and show the model’s out-of-sample predictions

match our estimates of the effects of the price floor based on the quasi-experimental

variation. We use the model to assess the effects of the price floor on welfare, and

to simulate a counterfactual ethanol tax, which is levied directly on the source of

externalities. We show that if the externality from another drink is equal across

all drinkers the ethanol tax outperforms the price floor. However, if externalities

are at least moderately convexly increasing in intake – i.e., at the margin the con-

sumption of heavy drinkers is more socially costly than light drinkers – the superior

targeting properties of the price floor outweigh the fact that it leads to a transfer

from consumers and government revenue to firm profits.

Our focus is on tax reform that replaces the existing system of alcohol duties

with an ethanol tax. In our previous work (Griffith, O’Connell, and Smith (2019))

we show that when externalities are heterogeneous, then there are welfare gains

from varying tax rates across products. The idea is related to that described here:

correlation between the demands for different types of products and marginal ex-

ternalities provide a way to tag socially costly consumption. A promising avenue

for future research is to further consider how policy instruments such as taxation

and price floors may be effectively combined to deal with externalities created by a

range of goods.
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A Data

A.1 Comparison of Kantar with LCFS

Table A.1: Household characteristics

Kantar (2011) Kantar (2016) LCFS

Region

England - North 28.0 28.0 27.4
[27.2, 28.8] [27.4, 28.5] [26.1, 28.6]

England - Midlands 18.9 18.2 19.1
[18.2, 19.7] [17.7, 18.7] [18.0, 20.2]

England - South and East 44.5 45.2 44.4
[43.6, 45.4] [44.6, 45.8] [43.0, 45.8]

Scotland 8.6 8.6 9.1
[8.0, 9.1] [8.3, 9.0] [8.3, 9.9]

Employment status of household head

Full time 38.6 41.7 39.6
[37.7, 39.5] [41.1, 42.3] [38.2, 41.0]

Part time 18.1 20.9 11.1
[17.4, 18.8] [20.4, 21.4] [10.2, 12.0]

Self-employed* 7.9
[., .] [., .] [7.2, 8.7]

Unemployed 2.3 1.9 2.4
[2.0, 2.6] [1.8, 2.1] [1.9, 2.8]

Retired or not working 40.9 35.4 39.0
[40.0, 41.9] [34.8, 36.0] [37.6, 40.4]

Socioeconomic status

Highly skilled 22.1 21.8 18.7
[21.2, 23.0] [21.2, 22.4] [17.2, 20.1]

Semi skilled 60.9 59.7 59.4
[59.9, 62.0] [59.0, 60.4] [57.6, 61.2]

Unskilled 17.0 18.4 21.9
[16.1, 17.8] [17.9, 19.0] [20.4, 23.4]

Alcohol purchases

Average weekly units, conditional on buying 14.9 12.9 14.5
[14.5, 15.4] [12.6, 13.1] [13.8, 15.1]

Notes: Table shows the share of households in the Kantar FMCG Purchase Panel and Living Costs
and Food Survey (LCFS) in various demographic groups. Numbers are shown for the most recently
available data for the LCFS, which is 2014, and for 2011 (the year we use to estimate demand)
and May 2016 – April 2017 (the first year of our difference-in-differences analysis) in the Kantar
data. ∗The self-employed are not distinguished from employees in the Kantar data. Socioeconomic
status is based on the occupation of the head of the household and is shown for the set of non-
pensioner households. Average weekly units are measured per adult, are for at-home consumption
only, and are conditional on the household buying alcohol across the two week measurement period.
95% confidence intervals are shown below each share.
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A.2 Treatment and control areas

A price floor for alcohol was introduced in Scotland in May 2018. A possible concern

with comparing prices and purchases in Scotland and England is the conflating effect

of cross border shopping. For example, Figure A.1 shows that there were about twice

as many transactions below the floor in the region of England within 50km from the

Scottish-English border than further away, following the introduction of the price

floor. We therefore exclude a 50km region on either side of the Scottish-English

border from our treatment and control groups.

Figure A.1: Share of transactions below the price floor, by distance from the border
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Notes: The line shows the share of transactions under the £0.50 unit price before and after the
introduction of the price floor in May 2018 for households that live < 50, 50− 100 and > 100km
from the Scottish-English border.
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A.3 Difference-in-differences

Table A.2: Summary of aggregate results for units purchased per adult per week

(1) (2) (3) (4) (5) (6)
Total Above floor Below floor Beer Wine Spirits

treati × postw -0.631 0.258 -0.935 -0.215 -0.192 -0.225
(0.124) (0.060) (0.116) (0.058) (0.087) (0.063)

Percentage change in units -11.0 14.6 -27.6 -12.7 -7.5 -15.2
Time effects Yes Yes Yes Yes Yes Yes
Household fixed effects Yes Yes Yes Yes Yes Yes

Notes: The first row shows the coefficient on the interaction of the treati dummy (equal to 1 if the
household is located in Scotland) and the postw dummy (equal to 1 if the transaction took place
after the introduction of the price floor in Scotland). Column (1) shows the results for total alcohol
purchases, (2) for products priced above the floor pre-reform, (3) for products previously priced
below the floor, (4) for beer, (5) for wine, and (6) for spirits. All regressions include household
fixed effects, year-month effects and controls for major holidays.

Table A.3: Summary of heterogeneity results for units purchased per adult per week

(1) (2) (3) (4)
Total Above floor Below floor Total

treati × postw 0.163 0.045 0.431 0.099
(0.105) (0.064) (0.108) (0.490)

treati × postw ×Qi -0.083 0.032 -0.176
(0.037) (0.021) (0.039)

treati × postw ×Q2
i -0.001 -0.000 -0.001

(0.001) (0.000) (0.001)

treati × postw × Yi -0.000
(0.000)

treati × postw × Y 2
i 0.000

(0.000)

Time effects Yes Yes Yes Yes
Household fixed effects Yes Yes Yes Yes

Notes: The first three columns show the heterogeneity in treatment effect by the household’s average
units purchased in the pre-sample period, Qi: for total alcohol (column 1), units priced above the
floor pre-reform (2), and products previously priced below the floor (3). Column (4) shows the
heterogeneity in the treatment effect by household’s equivalised income, Yi. All regressions include
household fixed effects, year-month effects and controls for major holidays. Standard errors are
shown in parentheses below the coefficient estimates.

A.4 Variety and size definition

For estimation of our demand model we aggregate the more than 7000 alcohol UPCs

(barcodes) purchased in 2011 into 32 types in order to make the demand system
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tractable, following the approach in Griffith, O’Connell, and Smith (2019). We, as

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

quality and price. See Table A.4 for a list of types.

Table A.4: Type definition and characteristics

(1) (2) (3) (4) (5) (6)
Top brand and No. Mean Market No.

Type within-type 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 Wine (6.2) 435 12.6 18.4 4
White wine Tesco Red Wine (7.8) 335 12.1 17.1 4
Rose wine Echo Falls Wine (8.6) 63 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 (2019). 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.

Varieties are defined as combinations of types and the most commonly purchased

quantities – see Table 4.1 in the main paper for a list of these. Figure A.2 shows

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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Figure A.2: Drinks distribution with discretized size variable
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Notes: Replicated from Griffith, O’Connell, and Smith (2019). The solid line plots the distribu-
tion of drinks purchased per household-week calculated using the raw data. The dashed line plots
the distribution of drinks purchased per household-week calculated using the discretized quantity
variable.

B Additional details on the demand model

B.1 Identification and control function

We use a control function to help identify the slope of demand, as in Griffith,

O’Connell, and Smith (2019). 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.
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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 combi-
nations 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 alcohol 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.

Figure B.1: Exchange rates and factory gate prices, 2011
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(b) Factory gate prices for beer and cider
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Notes: Left hand panel plots the EUR-GBP and USD-GBP exchange rates over 2011 (data from
Bank of England). Right hand panel plots the factory gate prices for beer and cider over 2011
(data from UK Office for National Statistics).

In the first stage regression our instruments are duty rates (interacted with

options), exchange rates (interacted with options), beer and cider producer prices

(interacted with beer and cider options), and oil prices (interacted with regions).

The F-stat of the first stage is 36.40. In Table B.2 we show the tests of joint

significance of different sets of variables.
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Table B.2: First stage: tests of instrument significance

Set of instruments F-statistic on joint significance

Alcohol duty rates (interacted with options) 3.25
Beer and cider producer prices (interacted with beer and cider options) 3.06
Exchange rates (interacted with options) 3.74
Oil prices (interacted with regions) 0.44

All instruments 36.40

Product effects included? Yes
Flexible function of pack size included? Yes
Type-time effects included? Yes
Region effects included? Yes

Notes: Table shows joint significance tests for sets of instruments for the first stage of the control
function. First stage estimated at the option-region-month level; F-tests use heteroskedasticity-
robust standard errors. Instruments are described in more detail in the text.
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B.2 Estimates

Table B.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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C Additional details on policy reforms

C.1 Alcohol duties

The UK implements a system of alcohol duties that vary across alcohol segment and

by alcoholic strength; these are illustrated for 2011 and 2018 in Figure C.1. Wine

and cider are taxed volumetrically i.e., per litre sold, with rates varying across

different strength bands, which leads to the downward sloping kinked lines when

the rates are expressed per unit of alcohol. Spirits and cider are taxed per unit

of pure ethanol. Table B.1 summarizes the duty changes over the period that we

estimate demand that we use to help identify the impact of price coefficient.

Figure C.1: UK system of alcohol duties
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Notes: Figure shows the excise duty (expressed per unit) levied on different alcohol segments in
2011 and 2018.

C.2 Pass-through of taxes to consumer prices

In Section 5 we assume that taxes are fully passed through to consumer prices i.e.,

there is no over or undershifting. Here we present supporting empirical evidence.

Over the period 2010-12 there were several changes in the duty levied on different

types of alcohol – these changes are summarized in Table B.1. We look at the effect

of this on prices to assess whether pass-through is complete. As in Section 3, we

let j denote alcohol product, and t denote transaction; ρjt denotes the transaction

price of j on t. We let τ djt denote the total amount of duty liable on product j

on transaction t, and let τ vt denote the VAT rate applied to transaction t. Let ρ̃jt

denote the tax-exclusive price:

ρjt = (1 + τ vt )(ρ̃jt + τ djt)
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First, we estimate whether changes in duty lead to changes in the tax-exclusive

price, ρ̃jt, following an approach similar to that of Besley and Rosen (1999):

ln ρ̃jt = βτ djt + µj + γr(t) + ξm(t) + ζy(t) + εjt (C.1)

where µj are product fixed effects, γr(t) are retailer fixed effects, ξm(t) and ζy(t) are

month and year fixed effects. The coefficient of interest is β. If β > 0 then there is

over-shifting of the tax (the tax-exclusive price increases when the tax rises), and

β < 0 corresponds to undershifting. If we cannot reject β = 0 then we cannot reject

complete pass-through of the tax to prices. Column (1) in Table C.1 shows that we

cannot reject β = 0.

Second, we estimate an alternative specification that uses the fact that:

dρjt
dτ djt

= (1 + τ vt ) +
dρ̃jt
dτ djt

. (C.2)

If pass-through is complete, then
dρjt
dτdjt

= (1 + τ vt ). We therefore estimate:

ρjt = ατ djt + µj + γr(t) + ξm(t) + ζy(t) + εjt

and test whether α is significantly different from 1 + τ̄ vt = 1.2. Column (2) in Table

C.1 shows that we cannot reject α = 1 + τ̄ vt .

Table C.1: Tax pass-through

(1) (2)
Log tax-exclusive price Price

Alcohol duty liable -0.03 1.21
[-0.08,0.03] [1.09,1.34]

Product effects Yes Yes
Month effects Yes Yes
Year effects Yes Yes
Retailer effects Yes Yes

Notes: Column (1) shows the estimated β̂ from equation (C.1) and column (2) shows the estimated
α̂ from equation (C.2). The square brackets show 95% confidence intervals; standard errors are
heteroskedasticity robust and clustered at the product level.
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C.3 Externality function

Table C.2: Externality function calibration

(1) (2) (3) (4)
Value of % external costs Marginal externality (£)

b from heavy drinkers Median drinker 90th percentile Ratio

1.0 49.1 0.28 0.28 1.0
1.3 57.6 0.26 0.42 1.6
1.6 65.0 0.22 0.58 2.6
1.9 71.3 0.17 0.74 4.3
2.2 76.4 0.13 0.89 6.9
2.5 80.6 0.09 1.02 11.2
2.8 84.0 0.06 1.14 18.2
3.1 86.7 0.04 1.23 29.5
3.4 88.9 0.03 1.30 47.8
3.7 90.6 0.02 1.35 77.5
4.0 92.1 0.01 1.37 125.7

Notes: Column (2) shows the share of external costs created by heavy drinkers (those that purchase
more than 14 units per adult per week) under the existing system for different calibrated values of
b. Columns (3) and (4) show the marginal externality of the median drinker and the drinker at
the 90th percentile, and column (5) shows the ratio of (4) to (3).
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