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Abstract

Minimum Unit Prices (MUPs) have been proposed on the grounds that

they can reduce alcohol consumption by the heaviest drinkers, without

significantly burdening moderate drinkers. This paper examines the

case for MUPs in an optimal tax framework. Conditions are identified

under which the optimal policy mix involves a MUP in addition to a

corrective tax. The implications that inelastic demand for alcohol may

have for this mix are explored with a calibrated numerical example.

The final issue to be addressed is the danger that consumers may

respond to a specific tax with quality substitution.
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1 Introduction1

A Minimum Unit Price (MUP) for alcohol is a prohibition of alcohol sales2

for prices less than some minimum level per unit of ethanol content. Related3

policies have been introduced in Canadian provinces (Stockwell et al. 2012,4

Sharma et al. 2014). However, they typically set minimum prices per liquid5

volume by drink type, rather than per ethanol content. The Scottish govern-6

ment passed an Act in 2012 to enable Minimum Unit Pricing (Katikireddi &7

McLean 2012) but it has not yet been implemented, largely because of legal8

challenges. This paper examines the microeconomic foundations for such a9

policy. The optimal mix of a corrective tax and a MUP is characterized an-10

alytically, and some determinants of this mix are explored with a numerical11

example.12

Expressions for the socially optimal level of a Minimum Unit Price have13

not been derived in the previous literature, but there are two strands of re-14

search that are relevant. The first strand reports estimated levels for socially15

optimal alcohol taxes in the absence of a minimum price (Pogue & Sgontz16

1989, Saffer & Chaloupka 1994, Kenkel 1996). The second strand models the17

likely effects of Minimum Unit Pricing (Meier et al. 2010, Sharma et al. 2014,18

Holmes et al. 2014).19

A common approach to calculating optimal tax rates on alcohol is to20

minimize aggregate deadweight losses across consumer types, where these21

deadweight losses are inferred from elasticities. This approach was proposed22

by Pogue & Sgontz (1989), and followed by Saffer & Chaloupka (1994) and23

then Kenkel (1996). Pogue & Sgontz (1989) assumed two types of drinker24

(abusers and nonabusers).1 Saffer & Chaloupka (1994) incorporated cross-25

price elasticities, and evaluated the case for taxing the alcohol content in26

each beverage equally. Kenkel (1996) extended the framework, allowing for27

1with an extension to a disease model of alcoholism.
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two types of heavy drinkers (informed and uninformed).28

The following analysis draws on this literature, but departs from it in a29

number of respects. I will address the optimal combination of a corrective tax30

and a Minimum Unit Price, rather than a corrective tax in isolation. Because31

a MUP will be allowed for, it will be necessary to allow for quality differences32

among drinks. After all, a MUP would be a blunt instrument if all alcoholic33

drinks sold for the same price per unit. I will assume that consumers can34

choose from a continuous range of alcohol varieties, distinguished by quality35

and hence price. Given this focus on quality, it is convenient to work directly36

with utility functions rather than the demand curves on which these earlier37

studies were focused.238

The second strand of literature that is relevant to the current study sim-39

ulates the effects of a Minimum Unit Price, drawing on estimates of own-40

and cross-price elasticities of various types of alcohol. A prominent example41

is the Sheffield study, (Meier et al. 2010, Holmes et al. 2014, Brennan et al.42

2015). This work has been used to advocate for introduction of a MUP,43

by arguing that the burden on moderate drinkers would be relatively small44

while heavier drinkers would respond with significant reductions in alcohol45

consumption.46

My study differs because it explicitly adopts the normative framework of47

welfare economics, and examines the determinants of optimal policy instru-48

ments in that framework. I will provide a general characterization of policy49

settings that maximize aggregate welfare, rather than estimate the effects of50

particular proposals for a MUP that may have been proposed by politicians51

2Both Parry et al. (2009) and Aronsson & Sjögren (2010) analysed alcohol taxes with

reference to utility functions, but assumed a representative consumer and did not allow

for variation in product quality. Lockwood & Taubinsky (2017) present an optimal tax

approach to soda taxes, although the focus is on redistributive concerns rather than quality

changes.
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or public health advocates. My study focuses on foundational and concep-52

tual issues, rather than on the selection of a specific level for a Minimum53

Unit Price. In addition, I deal with variation in beverage quality in a very54

different way. Instead of representing quality impacts in terms of cross-price55

elasticities of demand between discrete categories of beverage, I treat quality56

as an explicit choice variable.357

I will assume that drinkers are heterogeneous. If all drinkers were iden-58

tical, there would be little reason to propose a Minimum Unit Price. Then59

socially efficient drinking could be implemented with a specific tax on alcohol60

content, calibrated to match the common magnitude of the externalities plus61

internalities from marginal consumption. However, drinkers do differ in the62

amounts that they drink and consequently in the harm caused by marginal63

consumption.64

Heterogeneity among alcohol drinkers reduces the level of social efficiency65

that can be attained with a single corrective tax. When marginal externalities66

and internalities differ among drinkers, a single tax rate cannot be calibrated67

to simultaneously match the distortions for every individual (Crawford et al.68

2010). In general, when harms are heterogeneous but the rate of the cor-69

rective tax cannot be differentiated, then there may be a case for supple-70

mentary regulation (Christiansen & Smith 2012) that targets the relatively71

undertaxed harms. An application to a MUP for alcohol is suggested by72

claims that such a policy would have the most impact on excessive drinkers73

(Holmes et al. 2014, Sharma et al. 2014).74

The following section sets out a theoretical model, in which a hetero-75

3Each approach has advantages and disadvantages. It is convenient to treat quality

as an explicit choice variable in more theoretical work, because then quality competition

means that a price floor is compatible with zero profits in a long-run competitive equilib-

rium. However, discrete product types are suitable for more applied work, for then it is

straightfoward to incorporate estimated cross-price elasticities of demand.
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geneous population of consumers choose quantities and qualities of alcohol76

to purchase. Section 3 provides an analytic characterization of the optimal77

policy in this setting, and illustrates with a numerical example calibrated to78

statistics reported by Kerr & Greenfield (2007). Sections 4 and 5 address79

some considerations that have been raised in the previous literature on Min-80

imum Unit Prices. Section 4 deals with the overall inelasticity of demand for81

alcohol, and with variation of that inelasticity between moderate and heavy82

drinkers. Section 5 addresses the concern that a tax increase might have lim-83

ited effect, if drinkers respond by switching to lower quality drinks. I argue84

that this concern does not provide a compelling reason to prefer Minimum85

Unit Prices.86

2 Model87

2.1 Payoffs88

A population of consumers each choose the quantity and quality of alcohol89

to consume, q ∈ R+, a ∈ R+. I will interpret q as the quantity of pure alcohol90

contained in drinks, rather than the overall liquid volume. The latter might91

be viewed as being incorporated into quality.92

Consumer payoff is u(q, a; θ) − p(a)q. Consumers are distinguished by a93

vector of utility parameters, θ, which is drawn from distribution F . Assume94

that the consumer’s benefit from consumption, u(q, a; θ), is twice continu-95

ously differentiable and strictly concave in q, a. Moreover, consumers prefer96

higher quality when consuming a strictly positive amount.97

ua(q, a; θ) > 0,∀q > 0. (1)

A long-run competitive equilibrium ensures that the price of alcohol98

equals its unit cost plus the specific tax rate on units of q, p(a) = c(a) + τ ,99
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where unit costs, c(a), are strictly increasing and weakly convex.4100

Substituting the equilibrium price into the consumer payoff, we obtain:101

U(q, a; θ, τ) = u(q, a; θ)− [c(a) + τ ]q. (2)

Without a binding Minimum Unit Price, a consumer would choose q, a102

to maximize (2). These choices would satisfy the best responses:103

q∗(a; θ, τ) := arg max
q
U(q, a; θ, τ), a∗(q; θ) := arg max

a
U(q, a; θ, τ).

The equilibrium choices, q̂(τ ; θ), â(τ ; θ) can be identified as the intersection104

of these two best responses.105

With a Minimum Unit Price, p̄, the consumer obtains no discount from106

purchasing alcohol with quality below a level, ā. This level is identified by107

the equality between that price and the tax-inclusive unit cost:108

c(ā) + τ = p̄. (3)

Because consumers prefer higher quality by assumption (1), they would not109

buy alcohol with quality lower than ā. Consequently, the consumer problem110

can be stated as:111

max
q,a

U(q, a; θ, τ) s.t. a ≥ ā.

When the constraint is not binding, then the consumer’s solution is again112

q = q̂(θ, τ) and a = â(θ, τ). But when it does bind, then quality is ā =113

ã(p̄− τ), as implicitly defined by (3), and quantity is at the best response to114

that level, q = q∗(ā; θ, τ), or equivalently:115

q = q̃(p; θ, τ) := arg max
q
{u(q, c−1(p− τ))− pq.} (4)

A tilde will identify choices for which quality is actively bound by the MUP.116

4These assumptions are not sufficient to ensure that (2) is quasi-concave. However, it

will be assumed that consumers’ decision rules are continuous.
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2.2 The relationship between quality and quantity117

A policy to influence the consumption of alcohol will often also have an118

impact on the quality chosen. This impact depends on whether quality and119

quantity are complements or substitutes.120

Definition 1. Let quality and quantity be local market complements (sub-121

stitutes) when the best responses, a∗(q; θ), q∗(a; θ, τ) are weakly increasing122

(decreasing) in q, a respectively, in the neighborhood of the equilibrium.123

The next result proposes a sufficient condition for q, a to be local market124

substitutes.125

Lemma 1. Let ua(q, a)/q be decreasing in q and the consumer’s solution be126

interior. Then q, a are local market substitutes.127

Proof. First, as the private payoff is strictly concave in q, strictly concave in a128

and continuous, the best responses are continuous by the Maximum Theorem.129

Next, for any given value of q > 0, maximization of U wrt a is equivalent130

to maximization of U/q. But the latter satisfies increasing differences in131

(a;−q) when ua(q, a)/q is decreasing in q, and so a∗(q; θ) is decreasing in132

q by the Monotonicity Theorem of Topkis (1978). The two best responses133

must have the same sign for their slopes when they go through an interior134

utility maximum, by Young’s Theorem and the Implicit Function Theorem.135

Therefore, q, a are local market substitutes.136

The scaled marginal benefit of quality, ua(q, a)/q, is decreasing in q when:137

uaq(q, a) ≤ ua(q, a)

q
.

This will hold for sure if uqa < 0, and otherwise holds when the marginal138

utility of quality is concave in quantity and the marginal benefit of quality139

is always nonnegative (so that ua(0, a) ≥ 0).140
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2.3 Slopes of the decision rules141

The impacts of a Minimum Unit Price or specific tax will depend on the142

slopes of consumers’ decision rules. The simplest of these impacts may be143

that on quantity consumed from an incremental change in the specific tax,144

for fixed beverage quality. In an interior solution, this will be the amount145

by which the best response for quantity shifts in response to the tax change.146

For an incremental tax change, this will be q∗τ (a; θ, τ).147

Lemma 2. The fixed-quality impact of an increase in the specific tax is neg-148

ative, q∗τ ≤ 0.149

Proof. For fixed a, θ, the private payoff satisfies increasing differences in150

(q,−τ). The negative impact of an increase in τ follows from the Mono-151

tonicity Theorem.152

More generally, the impact of the specific tax may involve quality changes.153

Consider this impact for a consumer for whom the MUP does not bind (one154

who would prefer to drink alcohol with quality greater than ā).155

Lemma 3. Imagine a consumer whose solution is interior, without the MUP156

binding, and who is free to change the quality of alcohol to purchase. Then the157

impact on her quantity purchased of an incremental increase in the specific158

tax on q, is:159

q̂τ =
q∗τ

1− q∗aa∗q
, (5)

for quantity, and:160

âτ =
a∗qq
∗
τ

1− q∗aa∗q
, (6)

for quality. Effect (5) is negative and is larger in absolute value than the161

fixed-quality response, q∗τ .162

Proof. Differentiate q̂(τ ; θ) ≡ q∗(a∗(q̂(τ, θ)); θ, τ) wrt τ , and solve for q̂τ to163

obtain (5). Follow a similar process for a = a∗(q̂(τ, θ); θ) to obtain (6). To164
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show that (5) is negative, appeal to Lemma 2 plus the second-order condition165

for maximization of U(q, a; θ, τ). To show that it is larger in absolute value166

than q∗τ , recall that q∗a, a
∗
q must have the same sign as each other at a point167

where the two best responses intersect.168

Now consider consumers who would have preferred to buy alcohol with169

quality lower than ā.170

Lemma 4. Imagine a consumer who chooses interior values of q, a, but for171

whom the MUP is binding, â(τ ; θ) < ā. Then the marginal impacts of a172

specific tax on q are:173

q̃τ (p̄; θ, τ) = − q∗τ
c′(a)

, ãτ (p̄; θ, τ) = − 1

c′(a)
, (7)

and the marginal impacts of an increase in the MUP are:174

q̃p̄(p̄; θ, τ) =
q∗a
c′(a)

, ãp̄(p̄; θ, τ) =
1

c′(a)
.

Proof. Let g(a, p) := arg maxq{u(q, a) − pq}. Then q∗ = g(a, c(a) + τ) and175

q̃ = g(c−1(p − τ), p). Differentiate the former to find that q∗a = ga + gpc
′(a)176

and q∗τ = gp. Differentiate the latter to determine that q̃p = ga/c
′(a) + gp and177

q̃τ = −ga/c′(a). Divide the expressions for q∗a and q∗τ by c′(a) to obtain q̃p178

and −q̃τ . To find ãτ , ãp̄, totally differentiate c(a) + τ = p̄.179

According to Lemma 4, it is not safe to assume that a price increase due180

to a higher tax would have the same impact as the same price change due181

to a MUP. This is because they involve quite different effects on the quality182

of alcohol purchased. Moreover, the impact of a specific tax is very different183

on consumers, depending on whether their choices are actively bound by the184

constraint implied by the Minimum Unit Price. If the MUP binds before185

and after a tax increase, then the increase has no impact on the price that186

consumers pay. Consequently, the conventional mechanism by which taxes187

affect consumption would have been deactivated. Instead, the effect of the188

tax is mediated through the minimum quality, ā.189
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3 Optimal policy190

The social planner sets levels for two policy instruments, a linear specific tax191

on the pure alcohol content of beverages, and a Minimum Unit Price on the192

same.5 He maximizes aggregate wellbeing, private utility net of distortions:193

W =

∫
Ω

[u(q, ā; θ)− c(ā)q −D(q)]dF +

∫
Ωc

[u(q, a; θ)− c(a)q −D(q)]dF.

In this expression, D(q) is the distortion from alcohol consumption, the por-194

tion of social harm that would not be incorporated into private decisions. It195

reflects externalities, and possibly internalities as well. The set of consumers196

whose quality choices are actively bound by the MUP is denoted Ω, and its197

complement is Ωc.198

With p̄, τ as the policy variables for the social planner, consumption will199

be q = q̂(τ, θ), a = â(τ, θ) for unconstrained consumers, and q = q̃(p̄; θ, τ), ā =200

ã(p̄− τ) for constrained consumers.201

3.1 Social welfare maximization202

Take the planner’s first-order condition with respect to p̄, and substitute in203

consumers’ private first-order conditions with respect to q:204

dW

dp̄
=

∫
Ω

([τ −D′(q)]q̃p̄ + MSBaãp̄) dF = 0, (8)

where MSBa is the marginal social benefit of a consumer’s chosen beverage205

quality:206

MSBa = ua(q, a; θ)− c′(a)q,

which is decreasing in a.207

5Theoretically, a more flexible set of instruments might be considered, that would

determine a menu of combinations of price and quality for drinkers to choose from.
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Substitute in expressions for q̃p̄, ãp̄ from Lemma 4, then multiply through208

by c′(ā) to deliver the marginal social benefit of ā:209

dW

dā
=

∫
Ω

([τ −D′(q)]q∗a + MSBa) dF = 0. (9)

The planner’s second FOC is wrt τ , and it implies (after substituting in210

consumers’ private FOCs wrt q):211

0 =

∫
Ω

([τ −D′(q)]q̃τ + MSBaãτ ) dF +

∫
Ωc

([τ −D′(q)]q̂τ + MSBaâτ ) dF.

(10)

This expression can also be rewritten. Note that the quality choices of212

unconstrained drinkers are not directly distorted. Appeal to the consumers’213

private first-order conditions with respect to a to show that MSBa = 0,∀θ ∈214

Ωc.215

If there was no MUP, then Ω = ∅, and so (10) would simplify to 0 =
∫

[τ−216

D′(q)]q̂τdF Consequently, the required corrective tax would be a weighted217

average of marginal distortions:218

τ =

∫
α(θ)D′(q)dF, (11)

evaluated at the constrained-optimal outcome. The weights represent the219

share of the overall quantity response that each drinker type is responsible220

for. With a continuous distribution of θ, the weights are:221

α(θ) =
q̂τf(θ)∫
q̂τdF

. (12)

Lemma 4 implies that q̃τ = q∗τ−q̃p̄ and ãτ = −ãp̄, which can be substituted222

in to obtain:223

dW

dτ
+
dW

dp̄
=

∫
Ω

[τ −D′(q)]q∗τdF +

∫
Ωc

[τ −D′(q)]q̂τdF. (13)

If p̄ and τ are both set optimally, then dW/dτ + dW/dp̄ = 0. Again, the

corrective tax should be set to a weighted average of marginal distortions as
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in (11), but now the weights are:

α(θ) =


q∗τf(θ)∫

Ω q
∗
τdF+

∫
Ωc q̂τdF

if θ ∈ Ω

q̂τf(θ)∫
Ω q

∗
τdF+

∫
Ωc q̂τdF

if θ /∈ Ω.
(14)

This generalizes the characterization of corrective taxes for heterogeneous224

harms proposed by Diamond (1973).225

We might expect that a specific tax would be less effective at restraining226

consumption for consumers that are actively bound by the MUP (according227

to Lemmas 3, 4. Then, if those consumers whose choices are bound by228

the Minimum Unit Price are also those whose drinking refects the greatest229

distortion, then (14) suggests that introduction of a MUP might call for a230

lower tax rate.231

3.2 The case for introducing a MUP232

In order to investigate conditions under which a MUP would be beneficial,233

imagine a benchmark policy setting in which there is no MUP, but in which234

the corrective tax is otherwise optimal. Now introduce a MUP that is ini-235

tially just so low that it does not affect any purchases, but is then increased236

incrementally. The impact on aggregate welfare of this increase would be (by237

analogy to (9)):238 ∫
A

([τ −D′(q)]q∗a + MSBa) dF,

where θ ∈ A are the drinkers buying the cheapest drinks. Without a MUP,239

consumers’ private first-order conditions imply that MSBa = 0, and this will240

still be approximately true for a levels of ā close to the minimum level that241

any drinker would like to buy. It follows that an incremental increase in ā242

will be beneficial if the affected drinkers, θ ∈ A, should be forced to buy243

slightly more expensive drinks:244 ∫
A

[τ −D′(q)]q∗adF > 0. (15)
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Consequently, (15) is a sufficient condition for introduction of a MUP to245

be beneficial. It will be satisfied if the least discriminating drinkers, θ ∈ A,246

are (i) currently undertaxed:247

τ < D′(q̂(τ, θ)),∀θ ∈ A

and also (ii) treating q, a as local market substitutes, q∗a < 0.248

Previous studies have not focused on the extent to which the cheapest249

varieties of alcohol would be undertaxed without a MUP. However, some250

suggestive information can be assembled from statistics presented for other251

purposes. For example, Table 1.1 from Meng et al. (2013) implies that only252

about 26% of alcohol in their dataset is consumed by “harmful drinkers”,253

but 46% of cheap alcohol is consumed by this category of drinker.254

Nor has there been much empirical attention to whether alcohol quality255

and quantity are substitutes or complements. However, this should be re-256

flected in the sign of the impact of a tax on quality chosen (by Lemma 3) and257

in the sign of the impact of a MUP on quantity consumed (by Lemma 4).258

Some research findings relevant to these impacts will be noted in Section 5.259

3.3 Baseline example260

Next, the optimal policy mix will be illustrated with a numerical example.6261

In order to construct a setting in which a Minimum Unit Price would be262

beneficial, the joint sufficient condition from Section 3.2 will be imposed.263

To ensure that quality and quantity are market substitutes, a suitable264

functional form for utility will be chosen:265

u(q, a; θ) = −β + µ/a

qρ
, β > 0, µ > 0, ρ > 0

where θ = {β, µ, ρ}. As ua/q is decreasing in q, Lemma 1 applies and so266

q, a will be substitutes. This functional form will also be convenient when267

6See the Appendix for a description of the computational procedure.
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we explore the consequences of elasticity, because it implies a determinate268

(fixed-quality) elasticity of demand equal to −1/(1 + ρ).269

To ensure that purchases of the cheapest drinks are associated with higher270

marginal distortions, I assume that the distortion function is convex in con-271

sumption, and calibrate the utility parameters to data in which cheap drinks272

are disproportionately bought by heavy drinkers. This consumption data is273

summarized in the second panel of Table 1. It is drawn from Table 4 of274

Kerr & Greenfield (2007), and adjusted for underreporting. They present275

average consumption levels and prices paid for five categories of consumer,276

distinguished by how heavily they drink. Their data is drawn from the 2000277

National Alcohol Survey conducted in the U.S.A.278

The utility function should be consistent with inelastic demand, to con-279

form with the empirical literature. Wagenaar et al. (2009) conduct a meta-280

analysis of elasticity estimates, and report a simple mean for elasticity es-281

timates of general alcohol demand equal to −0.51. The value of ρ is set to282

0.95 which delivers a (fixed quality) elasticity of demand equal to −0.513.283

Values for the other two utility parameters β, µ are calibrated so that the284

model predicts Kerr & Greenfield’s consumption and price data, assuming285

a benchmark specific tax of τ = 0.1 and no MUP. The resulting parameter286

values are presented in the third panel of Table 1.287

Unit costs are assumed to be linear in quality, c(a) = 0.3+0.1a. Following288

Manning et al. (1989), it is assumed that there is no distortion to alcohol289

consumption under 3.0 ounces a day, but a distortion of 1.19 in 1986 dollars290

for each ounce in excess of this level.7 After adjusting this value to reflect291

the date of the survey used by Kerr and Greenfield, the distortion function292

becomes D(q) = max{0, q − 3} × 1.87.293

The fourth panel of Table 1 deals with the constrained welfare optimum294

under the assumption that the policymaker does not have the capacity to295

7Their figure does not include internalities.

14



Consumer category A B C D E

Proportion of consumers 5% 5% 15% 25% 50%

Initial consumption

ozs of ethanol per day 10.975 3.977 2.122 0.841 0.153

price paid per oz 1.32 1.30 2.23 3.37 7.92

Utility parameters

implied values of β 50.16 6.91 2.24 0.41 0.02

implied values of µ 904.4 119.6 145.2 62.9 14.5

τ = 0.77, p̄ = 0

ozs of ethanol per day 6.78 2.45 1.34 0.54 0.11

price paid per oz 2.54 2.51 3.94 5.63 11.90

τ = 0.21, p̄ = 2.52

ozs of ethanol per day 6.27 2.25 1.89 0.75 0.14

price paid per oz 2.52 2.52 2.57 3.83 8.73

Table 1: Benchmark case, ρ = 0.95

impose a MUP. In this case, the optimal tax would be τ = 0.77. This296

may seem reasonably high. After all, the only consumption that requires297

correction is by the heaviest drinking type of consumer, which only makes298

up five percent of the population.8 If we failed to account for differences299

of the slopes of decision rules among consumer types, we might expect the300

tax rate to be equal to the marginal distortion on this type (1.87) multiplied301

by the proportion of the population whose alcohol consumption is distorted302

(π1 = 0.05), giving a tax rate equal to only τ = 0.0935. However, if we303

interpret equation (13) in terms of discrete types, the optimal tax rate would304

8This is comparable to the 5.67% of the British population classified as “harmful

drinkers” by Ludbrook et al. (2012) and the 5.3% given this classification by Meng et al.

(2013). However, these figures do not include drinkers classified as “hazardous”.
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actually be:305

τ =
q̂τ (τ ; θ1)× 0.05∑5
j=1 q̂τ (τ ; θj)πj

= 0.77.

The tax has a much larger marginal impact on consumption by heavy drinkers306

than on lighter drinkers, and consequently it is effective at reducing harmful307

consumption without creating a substantial distortion on moderate drinkers.308

The reason is that every category of consumer has the same elasticity of309

demand, but some categories have much higher levels of consumption and310

pay significantly lower prices. As a result, these categories have much larger311

absolute impacts on their drinking from higher taxes.312

The final panel of Table 1 pertains to the optimal combination of a specific313

tax and a MUP. The policy combination that maximizes aggregate payoffs314

net of distortions involves a lower tax on the alcohol content of beverages315

equal to τ = 0.50, but a hefty minimum unit price of 2.18 per ounce. The316

optimal MUP is above the average price that would otherwise be paid by the317

heaviest two categories of drinker.318

It is no surprise that the corrective tax is lower when a MUP is available.319

The two policy instruments are alternative approaches to restraining demand320

with higher prices. More formally, the optimal tax, (11), can be expected to321

be lower when weights are given by (14) rather than (12). Because q∗τ is less322

than q̂τ in absolute value by Lemma 3, there will be reduced weights on the323

largest distortions when a MUP is applied. When the MUP is binding on324

the most distorted drinking, then that drinking will be less influenced by a325

corrective tax.326

It is also notable that the price paid by the heaviest drinkers is no higher327

when a MUP is used than when only a specific tax is available. Whether328

this price is increased or decreased by the availability of the second policy329

instrument depends on the specific calibration. Although a MUP can help330

the policymaker to target heavy drinkers more accurately, it also introduces a331
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second mechnanism for restraining heavy consumption. That is, consumption332

by category A is dampened not only by higher prices but also because (by333

assumption) the marginal utility of quantity is decreasing in the quality of334

alcohol.335

4 Elasticity336

In the previous literature, the effects of taxes and MUPs have typically been337

analyzed in terms of price elasticities. However, a variety of such measures338

can be distinguished in the current model, based on various slopes of decision339

rules identified in Section 2.3. The following discussion will deal with the340

simplest, the fixed-quality price elasticity of demand for alcohol. This is the341

proportional change in quantity demanded purchased over the proportional342

change in price, assuming that the quality of alcohol is fixed. In the example343

presented in Section 3.3, the (absolute value of) this elasticity would be344

ε = 1/(1 + ρ).345

4.1 Inelastic demand346

One concern is whether the overall elasticity of demand has sufficient magni-347

tude for a price instrument such as a MUP or tax to be effective. This concern348

contrasts with the literature on corrective taxes in first-best environments,349

where the corrective tax should be set equal to the marginal distortion, ir-350

respective of the magnitude of the elasticity. The current discussion deals351

with heterogeneous harms, and so the marginal distortion differs among con-352

sumers. However, the implications of elasticity for the optimal policy choice353

may still not be obvious.9354

9Elasticities can be important when policymakers have redistributive motives. For

example, if those with lower incomes have higher consumption (due to preference hetero-

geneity) and if elasticity is low, then a tax may impose considerable burden on low income
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As in Section 3.3, the model is calibrated to match summary statistics355

from Kerr & Greenfield (2007). The only difference is that a range of values356

of ρ will now be considered.357

Elasticity of demand is determined by parameters of the utility function,358

and as a result is difficult to vary without changing other features of the359

model. For example, if an increase in ρ was not combined with other pa-360

rameter changes, it would result in increased consumption of alcohol and361

hence a larger distortion. But the increase in the distortion would call for362

a higher corrective tax, independent of the elasticity of demand. In order363

to isolate this effect, the other two utility parameters, β, µ, are recalibrated364

for every value of ρ considered, so that baseline consumption of alcohol is365

unchanged. However, as will be discussed below, changes in ρ will still have366

other implications.367

The results are summarized in Figure 1. As in the benchmark case of368

ρ = 0.95, the optimal corrective tax rate is smaller when it is combined with369

a MUP than when it is used in isolation. In addition, it is more sensitive to370

changes in elasticity when it is the only policy instrument used. For example,371

comparing ρ = 0.5 with ρ = 1.0 (elasticities of 2/3 versus 1/2) shows that the372

corrective tax at ρ = 1.0 is only about 37% of the level with ρ = 0.5 when a373

MUP is also available. But when the tax is the only policy instrument, this374

ratio is about 94%.375

One way to think about the insensitivity of the optimal tax rate to changes376

in elasticity is to consider the special case in which product quality is fixed377

(or equivalently where q∗a ≡ 0) so the tax has no impact on a. Then q̂τ = q∗τ378

by Lemma 3, and the variable-quality elasticity of demand is the same as379

the fixed-quality elasticity, ε = q∗τp/q. The expression for the optimal tax380

consumers without much behavioral consequence (Lockwood & Taubinsky 2017).
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Figure 1: Changes in ρ

rate, (11) would simplify (still assuming that no MUP is in place) to:381

τ =

∫
q̂τD

′(q)dF∫
q̂τdF

=

∫
εD′(q)q/pdF∫
εq/pdF

.

When the elasticity of demand, ε, is common to all drinkers it cancels out382

of this expression. Moreover, as we recalibrate the other parameters to keep383

each drinker’s q/p constant as the elasticity changes, there is no impact of384

a change in elasticity on the optimal tax. As with first-best environments,385

changes to a common elasticity of demand would have little relevance for the386

optimal tax rate.387

This account needs to be amended to acknowledge that q∗a will typically388

be nonzero. The optimal tax rate does change a little with ρ because a389
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is endogenous. More importantly, if q∗a is negative then an increase in the390

corrective tax (which moves a consumer along a = a∗(q; θ)) and an increase391

in the MUP (which moves a consumer along q∗(a; θ, τ)) can be viewed as392

substitutes. Both policy changes would reduce consumption and also increase393

the quality of alcohol consumed.394

Changing ρ has implications for how close a substitute the MUP is for395

the specific tax, i.e., how similar the slope of q∗(a; θ) is to the inverse of the396

slope of a∗(q; θ)). In the current example, a higher value of ρ means that397

the two policy instruments are more closely substitutable. Then a given de-398

crease in consumption would be accompanied by a similar change in quality,399

irrespective of whether that decrease was due to a tax change or a change to400

the MUP.401

As ρ gets higher, the policymaker increasingly relies on the MUP. Its402

effect on heavy drinkers is increasingly similar to that of a corrective tax,403

but without distorting the decisions of moderate drinkers who pay more than404

the MUP for their alcohol. As a result, the optimal policy involves a higher405

MUP, and consequently a larger difference between p̄ and τ , c(ā) = p̄− τ .406

4.2 Lower elasticities for heavy drinkers407

Another concern about the use of Minimum Unit Prices relates to hetero-408

geneity in elasticities of demand. Although there is some dispute in the409

empirical literature, it is sometimes claimed that heavy drinkers may have410

lower elasticity of demand than moderate drinkers (Kenkel 1996, Wagenaar411

et al. 2009).412

Unlike the the low common elasticity of demand considered in Section 4.1,413

this is well-established as potentially undermining the benefits of a correc-414

tive tax. Kenkel (1996) derives expressions for the deadweight losses from415

excessive alcohol consumption and from specific taxes. These expressions416
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are phrased in terms of the ratio of elasticities between different categories of417

drinker. Similarly, Bernheim & Rangel (2004) show that inelasticity of com-418

pulsive demand can undermine the rationale for a corrective tax on addictive419

substances. When consumption of moderate drinkers is not distorted but the420

consumption of heavy drinkers is totally inelastic, a specific tax will be inef-421

fective in restraining heavy drinkers and only serve to distort consumption422

of moderate drinkers.423

A simple way to incorporate heterogeneity of elasticities in the model of424

Section 3.3 is to introduce a parameter γ, so that:425

u = −β + µ/a

qρ
− γq.

Effectively, Section 3.3 assumed that γ = 0. With this new parameter, the426

(absolute value of) fixed-quality elasticity of demand is:427

ε =
1

1 + ρ
· p

p+ γ
.

Consequently, the consumers who pay higher prices for alcohol (predomi-428

nantly light and moderate drinkers in the data reported by Kerr & Green-429

field) will have more elastic demand.430

An increase in γ will make demand less elastic, and will also increase the431

extent to which demand by heavy drinkers is less elastic than demand by432

moderate drinkers. Figure 2 illustrates the results for a range of values of433

γ. The value of ρ is kept equal to 0.95. As with the previous analysis, the434

values of β, µ are recalibrated to match the consumption figures reported by435

Kerr & Greenfield.436

Some aspects of these results are similar to Figure 1. For example, the437

optimal tax rate does not change as much when used in isolation, as when it438

is accompanied by a MUP. However, there is also a striking difference from439

Figure 1. This time decreases in elasticity are associated with an increased440

corrective tax even though the difference between the elasticities of heavy441
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Figure 2: Changes in γ

and moderate drinkers has also increased. The reason is that decreases in442

elasticity (which now result from increases in γ) are associated with a greater443

discrepancy between q?a and (a?q)
−1, and consequently with the tax and the444

MUP becoming less substitutable.445

5 A flight from quality?446

The final consideration to be addressed is whether a corrective tax would447

induce compensating behavior, in the form of quality substitution. The pos-448

sibility has been raised that MUPs may have an advantage over excise taxes,449

if the latter encourage consumers to substitute to lower quality alcohol, and450
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possibly as a result be less effective at reducing alcohol consumption (Babor451

2010, Sharma et al. 2014).452

5.1 Empirical literature453

Gruenewald et al. (2006) suggest that alcohol price increases may lead con-454

sumers to substitute to lower quality, on the basis of an investigation of455

Swedish data. There have also been claims that consumers substitute to456

lower quality for other goods. For example, Gibson & Kim (2013) report457

that increases in the price of rice resulted in a shift to low quality rice.458

However, there is also a literature that suggests the opposite effect for459

a range of goods. Evidence that higher prices might induce consumers to460

substitute to higher quality has been presented for the markets for cigarettes461

(Sobel & Garrett 1997, Chiou & Muehlegger 2014) and gasoline (Nesbit et al.462

2007).463

Additional evidence on whether quality and quantity are substitutes might464

be found in estimates of the effect of a Minimum Unit Price on quantity con-465

sumed. Lemma 4 proposes that a MUP would not be locally effective at466

reducing consumption unless q, a were substitutes. Stockwell et al. (2012)467

report that Canadian price floors for alcohol have been effective in decreas-468

ing the quantity of alcohol consumed.469

5.2 Theoretical analysis470

Early theoretical studies emphasized substitution to higher quality, as in the471

“flight to quality” thesis of Barzel (1976). Bohanon & Van Cott (1991) argue472

that the magnitude of such an effect depends on the degree of substitutability473

between quality and quantity. However, Keen (1998) argues that while a474

flight to quality is more plausible than a flight from quality, the latter is also475

possible.476
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The analysis in Section 2 above supports Keen’s conclusion, and moreover477

provides a condition under which substitution will be toward rather than478

away from quality. For unconstrained consumers, an incremental increase479

in the specific tax will induce purchases with higher quality if q, a are local480

market substitutes, but with lower quality if they are complements. This is481

an immediate consequence of Lemma 3.482

For consumers whose decisions are actively bound by the Minimum Unit483

Price, an incremental increase in the MUP induces the consumer to choose484

higher quality, but an increase in the specific tax would induce lower quality.485

This is a consequence of Lemma 4.486

These findings do not suggest that there is an advantage for a MUP, due487

to specific taxes being compromised by downward quality substitution. The488

first reason is that the decline in alcohol consumption as a result of a specific489

tax would be greater with quality substitution than without. This follows490

from Lemma 3. The second reason is that we can expect downward quality491

substitution when q, a are local market complements. But this is just when a492

Minimum Unit Price would be (locally) ineffective at reducing consumption,493

by Lemma 4.494

The core of the preceding argument is that the direction of the effect of495

a small change in the MUP on quantity consumed, or of the effect of a small496

change in the specific tax on quality chosen, depends on whether q, a are497

local complements or substitutes. But it is worth noting that this is only a498

local result. Even if q∗a was positive at the initial equilibrium, a large change499

in the MUP might move the equilibrium to a section of q∗(a; θ, τ) that has500

the opposite slope. Consequently, large changes in the MUP may sometimes501

reduce consumption, even when the best responses had positive slopes in an502

equilibrium without a MUP.503
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6 Conclusion504

The agenda of the current paper is to formalize the rationale for Minimum505

Unit Prices in an optimal tax framework, and to examine the implications of506

inelastic demand for alcohol and quality substitution for the optimal policy.507

The first conclusion is that there is a case for a Minimum Unit price when508

both (i) purchases of the cheapest forms of alcohol are relatively undertaxed,509

and (ii) quality and quantity of alcohol are local market substitutes.510

The second conclusion is that a lower elasticity of demand does not have511

a generally determinate implication for the magnitude of corrective taxes and512

Minimum Unit Prices. It depends on the cause of this lower elasticity, and513

whether it increases or decreases the degree to which corrective taxes and514

Minimum Unit Prices are close substitutes.515

The third conclusion is that the danger of downward quality substitution516

in response to a specific tax does not provide a compelling reason to rely on517

a Minimum Unit Price rather than a corrective tax.518

The preceding analysis neglects a range of concerns that have been raised519

in the existing literature. One such concern is with equity, and the burden on520

low-income drinkers (Holmes et al. 2014). Another is loss-leading, imperfect521

competition and other sources of variation in the passthrough of taxes (Ally522

et al. 2014). A third is the revenue motivation for corrective taxes (Parry523

et al. 2009), and a fourth is the degree to which alcohol is a complement or524

substitute to other intoxicants (Moore 2010).525
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Appendix: the numerical example526

A Utility maximization527

Consider the example set out in Section 3.3. It is possible to derive closed-528

form expressions for some of the decision rules. Let c(a) = κ0 + κ1a. Then529

the two private first-order conditions are:530

(β + µ/a)ρ

q1+ρ
− [τ + κ0 + κ1a] = 0,

µ

a2qρ
− κ1q = 0.

Consequently:531

1

q1+ρ
=
τ + κ0 + κ1a

(β + µ/a)ρ
=
κ1a

2

µ
,

which can be solved for a:532

â =
(1− ρ)κ1µ±

√
(1− ρ)2κ2

1µ
2 + (κ0 + τ)4βρκ1µ

2βρκ1

.

The second term must be added rather than subtracted, as we know that (i)533

âτ ≥ 0 for local market substitutes, and (ii) a must be positive.534

The best response for q can be found from the consumer’s first-order535

condition with respect to q:536

q∗ =

(
β + µ/a

τ + c(a)

) 1
1+ρ

.

B Computational procedure537

Benchmark values of ρ, q, a are chosen from the elasticity and consumption538

data. Given these values, the consumers’ first-order conditions are inverted539

to identify values of β, µ. Then for each combination of the two policy in-540

struments τ, p̄, the utility maximizing levels of q, a are derived for each of the541

five consumer types. These values are substituted into total welfare, the sum542

of private utilities plus tax revenue and less any distortion. Then we identify543

the policy setting that generates the highest level of total welfare.544
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