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Abstract

We study commodity taxation in markets where suppliers implement second-degree price

discrimination, by offering different package sizes or quality-differentiated versions of a product.

In these markets, suppliers distort the quantity (or quality) intended for all types of consumers,

except for those with the highest marginal willingness to pay. We show that differentiated ad

valorem taxes can alleviate this distortion, and thus increase government revenue as well as

welfare, provided the tax rate increases with the size of the package (or quality of the version) of

the good supplied.
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1 Introduction

Second-degree price discrimination is common in markets where firms have market power and

serve heterogeneous consumers. This practice can take various forms, such as offering a product in

different sizes (e.g., soft drinks in 0.5 and 2 litre bottles), or in versions with different quality (e.g.,

phones with different amounts of memory or first- and second-class tickets) and/or functionalities

(e.g., a car with different engine types and features). Although these goods are typically subject to

standard indirect taxation regimes (e.g., VAT, sales taxes, etc.), whereby the same tax rate applies

to all versions and sizes of the same product, there are several examples of tax rates that depend on

the characteristics of the (version of the) product sold. For instance, some countries apply tax rates

on flight tickets that depend on the class of travel.1 As another example, road taxes often depend

on factors including the weight, size, engine displacement and power of the vehicle.2 Finally, some

countries impose tax rates on certain goods (such as food items) that depend on the type of packaging

the goods are sold in (e.g., according to the amount of plastic in the packaging).3 This observation

raises the following questions: how do tax rates that depend on the size or version of a product

affect prices, output, consumer surplus and welfare when firms apply price discrimination? Do

differentiated taxes have similar effects to standard, undifferentiated tax rates? The objective of this

work is to shed some light on these questions, which, quite surprisingly, have not been explored so

far.

Taxes on consumer goods and services may serve multiple purposes, the most common ones

being to raise revenue for the government, either at the national or local level, and to discourage

the excessive consumption of some goods.4 Conventional wisdom suggests (in line with previous

literature that we review below) that taxes result in higher equilibrium prices and reduced supply,

imposing a burden on consumers as well as firms. This implies that taxes aggravate the classic

distortions arising with supplier market power. We show that this presumption holds for standard

tax instruments, such as unit and ad valorem taxes applied uniformly to all versions of a given good.

However, we reach a different conclusion if we allow the government to apply different tax rates on

different package sizes and versions of the same good. More specifically, we characterize conditions

1See, e.g., the UK Air Passenger Duty:

https://www.gov.uk/guidance/rates-and-allowances-for-air-passenger-duty.
2See https://en.wikipedia.org/wiki/Road_tax for several examples of road taxes throughout the world.
3See, e.g., the plastic packaging tax applied in the UK since April 2022: https://www.gov.uk/government/

publications/introduction-of-plastic-packaging-tax-from-april-2022/

introduction-of-plastic-packaging-tax-2021.
4Taxes may be used to discourage excessive consumption of goods that generate negative externalities. Examples

include environmental taxes (e.g., on polluting fuels) or sin taxes (e.g., on tobacco and sugar). We ignore these

externalities in this paper, but we briefly discuss how our results could be generalized to a setting with externalities

in Section 7.
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such that imposing differentiated ad valorem taxes can generate revenue to the government and

alleviate the typical distortions imposed by a price-discriminating supplier, thereby increasing

welfare.

Suppliers implementing second-degree price discrimination must ensure the appropriate self-

selection by consumers. Given they cannot observe consumers’ type, firms achieve this objective

by appropriately designing the size/quality of different packages/versions, and pricing them

accordingly. Generally, a supplier must ensure that consumers with high willingness to pay for

its product do not self-select on versions or package formats intended for consumers with lower

willingness to pay. These ªincentive compatibilityº constraints limit the amount of revenue that can

be extracted from the consumers with higher willingness to pay, who receive an information rent in

equilibrium (i.e., they pay less than what they would be willing to). Economic analysis (Maskin and

Riley, 1984; Laffont and Martimort, 2002; Stole, 2007) has shown that the most profitable way of

dealing with this problem is to (i) set the quality/quantity intended for the ªhighº type at the efficient

level (i.e., such that marginal utility equals marginal cost), and (ii) distort the quality/quantity for all

other types (so that marginal utility exceeds marginal cost). By so doing, the supplier can reduce the

information rent of the high types.

For simplicity, in the baseline model we focus on a setting with a monopolist supplier and two

consumer types. Our main result is that, by applying an ad valorem tax on the package/version

of the good intended for the ªhighº type, the government can alleviate the distortion imposed on

the ªlowº type. Therefore, this tax produces a ªdouble dividendº: it raises welfare and generates

revenue for the government at the same time. By taking away a percentage of the revenue extracted

from the high type, the government makes collecting revenue from the low types relatively more

attractive to the supplier. As a result, the supplier’s incentive to distort the allocation intended for

such types diminishes. The drawback is that, by the same token, the tax introduces a distortion in

the allocation intended for the high type. However, starting from the laissez-faire equilibrium, this

second distortion is small in magnitude and total surplus increases. Interestingly, the tax also reduces

the price of the (high-type) version of the good it applies to, and so increases the surplus of the high

consumer type, while surplus for the low type remains unchanged.

The policy maximizing welfare is such that differentiated tax rates are applied to the two bundles.

In our simple setting, the welfare-maximizing policy is such that the government subsidizes the

package intended for the low type. Compared to the ªhigh typeº tax, the subsidy to the low type

has the advantage of not distorting the allocation intended for the high type. However, in practice

subsidies have the obvious downside of costing money, which the government must collect via

(potentially distortionary) taxation in other markets. Therefore, an ad-valorem tax on the high bundle
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is preferable when the government faces a (strict) budgetary constraint.

In the final part of the analysis, we show that the ªsurplus enhancingº effect described above

is specific to differentiated ad valorem taxes targeting the ªhigh typeº package. More conventional

forms of taxation, including uniform unit and ad valorem taxes (or subsidies) on all the versions of

the good provided by the supplier, as well as unit taxes that target either package, have the standard

effect of aggravating the distortions imposed by the supplier. In a nutshell, these taxes all have the

same effect as an increase in the cost of production. Therefore, the firm’s optimal response can

only be to reduce supply. Instead, differentiated ad valorem tax rates may provide the incentive of

redesign the price structure so as to increase welfare. Finally, we show that our main result is robust

to including competition among suppliers and more than two consumer types.

Overall, the results provide novel insights for the design of commodity taxes in presence of

second-degree price discrimination. Our findings indicate that the government can increase welfare

while generating revenue by adopting ad valorem taxes and imposing a higher tax rate on the

larger package or top quality version of the product. In more practical terms, our results suggest

implementing (ad valorem) taxes that target, e.g., larger packages of household products, full-

optional versions of goods such as smartphones, and first-class travel tickets.5

The remainder of the paper is organized as follows. Section 2 provides a review of the literature.

Section 3 describes the model, and Section 4 characterizes the effects of differentiated ad valorem

taxes on quantities, prices, consumer surplus and welfare. Section 5 compares the effects of

differentiated ad valorem taxes with uniform ad valorem taxes and (uniform and differentiated) unit

taxes. Section 6 extends the analysis to more than two types (Section 6.1) and duopoly (Section 6.2).

Section 7 concludes.

2 Literature

The literature on price discrimination is very extensive. See, e.g., Tirole (1988), Laffont and

Martimort (2002) and Stole (2007) for comprehensive overviews of the topic, and Bergemann et al.

(2015) and Haghpanah and Siegel (2022) for more recent contributions. Despite the widespread

adoption of second-degree price discrimination in real-world markets, only a handful of studies

have investigated the effects of taxation in such setting. Laffont (1987) studies (unit) taxation of a

monopolist that applies nonlinear pricing. Cheung (1998) shows, in a similar setting, that ad valorem

taxes dominate unit taxes from a welfare perspective. Both papers consider only tax rates that apply

5Clearly, if consumers’ type is correlated with their income, the kind of differentiated ad valorem taxes we propose

may also have redistributive effects. A discussion of this point is beyond the objective of this paper.
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uniformly to all sizes (or versions) of the good supplied, and obtain that taxes cannot alleviate the

distortions imposed by the monopolist. Focusing on a specific form of second-degree discrimination,

i.e. menus of multi-part tariffs, Jensen and Schjelderup (2011) find that taxation (either ad valorem or

unit) increases the usage fee for all consumers, and so reduces consumption at the margin, although

the effect on the access fee is ambiguous. More recently, D’Annunzio et al. (2020) show that ad

valorem taxes can correct the tendency by suppliers to restrict consumption by ªlowº consumer

types if differentiated tax rates are applied to the usage and access parts the tariffs. In this paper, we

ignore multi-part tariffs and focus on firms that adopt pricing strategies such as quantity discounts

and versioning. We obtain novel and counterintuitive effects of taxation by allowing for different

tax rates on different versions of the good supplied. McCalman (2010) considers a similar type of

differentiation when analyzing the effects of unit (but not ad valorem) trade tariffs in presence of a

foreign monopolist that adopts price discrimination. Tariffs have conventional effects on equilibrium

quantities and prices in his model, although they can increase domestic welfare (that is, when the

surplus of the supplier is ignored).

The incidence of indirect taxes in business-to-consumer markets is a classical topic in economics

(see, e.g., Fullerton and Metcalf, 2002). Many previous studies have looked at tax incidence

in imperfectly competitive markets, focusing in large part on firms that supply a single product

and adopt uniform (linear) pricing (Delipalla and Keen, 1992; Anderson et al., 2001; Auerbach

and Hines, 2002). Weyl and Fabinger (2013) provide general principles for the pass-through of

production costs (akin to unit taxes) in that context. A fundamental result in this literature is that

taxes result in lower supply and higher prices, with very few exceptions. These include Cremer and

Thisse (1994), who show that taxation can increase welfare in a vertically differentiated oligopoly

with endogenous quality, and Carbonnier (2014), who shows that price reductions can be obtained

with price-dependent tax schedules. Although we focus on a price-discriminating supplier, there is

a similarity with these two papers, because our results call for differentiating ad valorem tax rates

according to the size (or version) of the product supplied.

Our study also relates to a much smaller, but growing, branch of the indirect taxation literature

that studies multi-product firms (with linear pricing). This literature was initiated by Edgeworth

(1925), who provided an example where a monopolist supplying two substitute goods responds to

a unit tax on one good by reducing the price of both, though supply of the taxed good goes down.

This finding is known as Edgeworth’s paradox of taxation, and was later re-elaborated by other

authors, including Hotelling (1932), Coase (1946) and Salinger (1991).Hamilton (2009) considers

an oligopoly finding that ad valorem taxes can increase output in the long run (with endogenous entry

and product breadth). More recently, Armstrong and Vickers (2022) provide general conditions for
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the Edgeworth’s paradox to occur, focusing on unit taxes. D’Annunzio and Russo (2022) show

that ad valorem taxes can not only reduce prices, but also increase supply of all goods provided

by a multi-product firm. Though the results of the present paper are somewhat similar, the logic

behind them is different since we focus on markets with single-product suppliers that adopt price

discrimination.

3 The model

We consider a monopolist providing a single good to two types of consumers, indexed by i = H,L,

where H stands for ªhighº and L for ªlow.º We normalize the total number of consumers to one,

denoting the share of type H consumers by v ∈ (0,1). The utility function of a consumer is

u(q,θi)− p, i = H,L,

where q is the quantity of the good in the bundle supplied by the monopolist, p is the price paid and

θH > θL is the parameter capturing the intensity of preferences for such good, assumed to be private

information of the consumer (Maskin and Riley, 1984). We assume that ∂u
∂q

> 0, ∂ 2u
∂q2 < 0, ∂u

∂θ
> 0 and

∂ 2u
∂q∂θ

> 0. The cost of providing one unit of the good to the supplier is c. Note that, although we

refer to q as the quantity of the good for concreteness, this variable can also be interpreted as quality

(Mussa and Rosen, 1978).

The supplier offers to consumers two ªbundlesº, (qi, pi), to choose from, each intended for one

type. These bundles can be interpreted as two packages of different sizes (e.g., a ªregularº and

a ªsupersizeº package), each with its own price, or as two versions of the good, one of which is

offered with extra features (e.g., a phone with more memory or processing power). To concentrate

on the effects of interest, we let the government impose different ad valorem tax rates on each

bundle, denoted by ti, i = H,L (we consider uniform ad valorem taxes and unit taxes in Section 5).

We assume without loss that taxes are paid by the supplier, whose problem can thus be written as

max
qH ,pH ,qL,pL

π = v((1− tH) pH − cqH)+(1− v)((1− tL) pL − cqL) , (1)

s.t. u(qH ,θH)− pH ≥ u(qL,θH)− pL, (2)

u(qL,θL)− pL ≥ u(qH ,θL)− pH , (3)

u(qH ,θH)− pH ≥ 0, (4)

u(qL,θL)− pL ≥ 0, (5)

where (2) and (3) are the incentive compatibility constraints, while (4) and (5) are the participation
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constraints for H and L-type consumers, respectively (we normalize the utility from no consumption

to zero).

To complete the setup, we write the social welfare function, obtained as the sum of consumer

surplus, profit and tax revenue. This expression boils down to welfare in this market

W = v(uH − cqH)+(1− v)(uL − cqL) . (6)

4 Analysis

Using standard procedures (Laffont and Martimort, 2002), one can show that only (2) and (5) are

binding at the allocation that solves the monopolist’s problem. Therefore, we shall ignore (3) and

(4), and we have

pH = u(qH ,θH)−u(qL,θH)+u(qL,θL) , (7)

pL = u(qL,θL) . (8)

Hence, we can rewrite the monopolist’s problem in (1) as

max
qH ,qL

π = v((1− tH)(uH −uHL +uL)− cqH)+(1− v)((1− tL)uL − cqL) , (9)

where we have used the shorthand notation ui ≡ u(qi,θi) , i = H,L, and uHL ≡ u(qL,θH). In the

above expression, uHL − uL represents the high type’s information rent, which the supplier must

accept to prevent consumers of this type choosing the bundle intended for the low types. Therefore,

the supplier cannot extract the entire surplus from consumption of the high types. There is, instead,

no such rent left to the low types, meaning that the supplier extracts all of their surplus.

The equilibrium quantities included in the two bundles solve the following system of equations

∂π

∂qH
:=

∂uH

∂qH
(1− tH)− c = 0, (10)

∂π

∂qL
:= v

(

−
∂uHL

∂qL
+

∂uL

∂qL

)

(1− tH)+(1− v)

(

∂uL

∂qL
(1− tL)− c

)

= 0. (11)

Setting taxes aside (tH = tL = 0), these equations indicate that the supplier offers an ªefficientº bundle

to the high types, in the sense that their marginal utility from an additional unit of the good equals

its marginal cost. The bundle intended for the low types, however, is distorted downwards (since

∂uHL

∂qL
>

∂uL

∂qL
by assumption), in order to reduce the information rent.
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4.1 Effect of taxation on quantities, prices and consumer surplus

It is interesting to analyze the effects of the tax rates on the quantities qL and qH . As we show in

Appendix A.1, we have

∂qL

∂ tL
< 0,

∂qL

∂ tH
> 0,

∂qH

∂ tL
= 0,

∂qH

∂ tH
< 0. (12)

The sign of the last derivative is counterintuitive: the quantity intended for the low type increases

with the tax rate that targets the high bundle. To see why, recall that the supplier tends to distort qL

downwards because it wants to extract more revenue from the high types by reducing the information

rent. The ad valorem tax tH takes away part of the revenue earned from selling to the high types

(without affecting the revenue from the L bundle directly), so it makes it relatively less profitable

to implement this distortion, as can be seen from (11). By the same token, though, the tax induces

a downward distortion in qH . However, as we shall see, this latter distortion is of second order

magnitude, and thus less relevant from the perspective of welfare (at least starting from the laissez-

faire equilibrium).

It is also interesting to look at the effect of taxes on prices, (7) and (8). These effects mirror, of

course, the effects on quantities. Given (12) and recalling that ∂uHL

∂qL
>

∂uL

∂qL
, we have

∂ pL

∂ tL
< 0,

∂ pL

∂ tH
> 0,

∂ pH

∂ tL
> 0,

∂ pH

∂ tH
< 0. (13)

Notably, the tax on the H bundle reduces the price of that bundle. To see why, consider equation (7)

and note that qH decreases, whereas qL increases, which raises the high type’s information rent, given

∂uHL

∂qL
>

∂uL

∂qL
. On the other hand, the tax increases the price of the other, low-type, bundle. This is

because the quantity included in the L bundle increases with tH (see (8)), implying that the L bundle

is sold at a higher price. Hence, quite interestingly, the high types benefit from the tax applied to

ªtheirº bundle, while the net surplus of the low types remains equal to zero in equilibrium. It follows

that, overall, the tax tH increases consumer surplus.

The tax on the L bundle has a very different effect. It induces a reduction in qL, as one would

expect, but no change in qH . Accordingly, pL goes down, but pH increases, because the information

rent left to the high type goes down. Therefore, this tax makes no consumer better off.
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4.2 Effect of taxation on social welfare

Consider now the effects of taxation on welfare. Differentiating (6) and given the first-order

conditions of the supplier’s problem, we obtain

∂W

∂ tH
:= v

∂qH

∂ tH

∂uH

∂ tH
tH +(1− v)

∂qL

∂ tH

(

v

1− v

(

∂uHL

∂qL
−

∂uL

∂qL

)

(1− tH)+
∂uL

∂qL
tL

)

, (14)

∂W

∂ tL
:= (1− v)

∂qL

∂ tL

(

v

1− v

(

∂uHL

∂qL
−

∂uL

∂qL

)

(1− tH)+
∂uL

∂qL
tL

)

. (15)

As a first step, we consider the above derivatives at the laissez-faire equilibrium, where tH = tL = 0.

Given (12), we obtain

∂W

∂ tH
:= v

∂qL

∂ tH

(

∂uHL

∂qL
−

∂uL

∂qL

)

> 0,
∂W

∂ tL
:= v

∂qL

∂ tL

(

∂uHL

∂qL
−

∂uL

∂qL

)

< 0. (16)

These expressions show that welfare increases with the introduction of a subsidy on the L bundle or

a tax on the H bundle. As shown above, this tax reduces the distortion that the supplier imposes on

the L bundle. Although the tax also creates a distortion on the H bundle, this distortion is of second

order when starting from tH = tL = 0. Therefore, introducing an ad valorem tax on the H bundle

produces a double dividend: welfare increases and, at the same time, the tax generates revenue to

the government (which can, in principle, be used to reduce other forms of distortionary taxation).

Although the tax on the H bundle has an unexpected, welfare-enhancing effect, it is not the best

instrument if the government’s only goal is to maximize welfare in this market. This is easily seen

by comparing the first-order derivatives (14) and (15): unlike tH , the (negative) tax rate tL does not

distort the quantity qH . Accordingly, one can easily show that the first-best policy, i.e. the unique

solution to the system of first-order conditions ∂W
∂ tL

= ∂W
∂ tH

= 0, is such that the L-bundle is subsidized:

tFB
L =−

v

1− v

(

∂uHL

∂qL
− ∂uL

∂qL

)

∂uL

∂qL

< 0, tFB
H = 0. (17)

Nevertheless, in practice government budgets are constrained. Furthermore, the money to finance

subsidies is generated by imposing other, typically distortionary, taxes. It is therefore interesting

to characterize the second-best optimal policy that maximizes (6) under the constraint that the

9



government pays no subsidy. Under this condition, we find that the optimal policy is such that

tSB
L = 0, tSB

H =

∂qL

∂ tH

(

∂uHL

∂qL
− ∂uL

∂qL

)

∂qL

∂ tH

(

∂uHL

∂qL
− ∂uL

∂qL

)

− ∂qH

∂ tH

∂uH

∂qH

> 0. (18)

This result confirms that, by targeting the bundle intended for the high types with an ad valorem tax,

the government can increase welfare while generating additional revenue.6

Our results provide novel insights for the design of commodity taxes with a price-discriminating

supplier that offers its product in packages of different sizes or versions that differ in quality (e.g.,

the number of enabled functionalities). Specifically, by adopting ad valorem taxes with a higher rate

on the larger package (or top quality version), the government can increase output and welfare, as

well as generate revenue. In the next section, we show that the same results cannot be obtained with

other, conventional, forms of taxation.7

5 Other tax instruments

It is natural to wonder whether the government can obtain an increase in output and welfare by

adopting other tax instruments than the differentiated ad valorem taxes we considered above. To

answer this question, in this section we consider a uniform ad valorem tax rate applied to all bundles.

We also consider unit taxes. We show that none of these instruments can produce the same welfare-

enhancing effects described above.

6We could augment the model by including a cost of public funds (i.e., a weight higher than one for government

revenue) in the welfare function, and solve for the optimal policy conditional on this cost. We do not engage in such

exercise to keep things short and simple. Still, we expect that, when the cost of public funds is high enough, the result

of such exercise would be that the optimal policy involves no subsidy and a higher tax rate on the H bundle.
7It should be noted that, given it induces a reduction in qH and an increase in qL, a sufficiently high tax rate tH

might result in the two quantities being equal. In this case, the supplier could not implement bundles such that pH > pL,

because the constraint (2) would be violated. Hence, the supplier might stop serving the low-type consumers and offer

a single bundle that targets the high-type consumers. We have ignored this possibility in the above analysis because

establishing a threshold on tH such that this scenario occurs is cumbersome. However, this possibility does not change

our main result, at least qualitatively. There would always exist a strictly positive tH (possibly smaller than tSB
H ), such

that the supplier serves both types and welfare is strictly higher than in the laissez-faire.
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5.1 Uniform ad valorem tax

Suppose the government imposes a uniform ad valorem tax on the two bundles, i.e. tH = tL = t. As

we show in Appendix A.2, such tax can only reduce the quantity in both bundles, i.e.

∂qL

∂ t
< 0,

∂qH

∂ t
< 0. (19)

To grasp the intuition, replace tH = tL = t in the first-order conditions of the supplier’s problem, (10)

and (11), and divide both expressions by 1− t, to obtain

∂π

∂qH
:=

∂uH

∂qH
−

c

1− t
= 0, (20)

∂π

∂qL
:=

(

v

(

−
∂uHL

∂qL
+

∂uL

∂qL

)

+(1− v)
∂uL

∂qL

)

− (1− v)
c

1− t
= 0. (21)

A higher uniform tax rate simply reduces the marginal revenue from increasing the quantity in either

bundle. Therefore, the tax has the same effect as an increase in the unit cost of production. It follows

that the supplier’s optimal response is to reduce the quantity in both bundles. The effect on welfare

is thus negative.

5.2 Unit taxes

Suppose now that the supplier is subject to unit taxes, denoted by τi, on bundle i = H,L. The profit

function is therefore

π = v(pH − (c+ τH)qH)+(1− v)(pL − (c+ τL)qL) . (22)

The supplier maximizes this function subject to the same constraints as above, i.e. (2)-(5).

We solve this problem following the same steps as in Section 4: constraints (2) and (5) are

binding, meaning that equilibrium prices are as given in (7) and (8). Replacing these prices in (22),

and using again the shorthand notation ui ≡ u(qi,θi) , i = H,L, and uHL ≡ u(qL,θH), we get

π = v(uH +uHL −uL − (c+ τH)qH)+(1− v)(uL − (c+ τL)qL) . (23)

The equilibrium quantities are the solution to the following system of equations

∂π

∂qH
:= v

(

∂uH

∂qH
− c− τH

)

= 0, (24)
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∂π

∂qL
:= v

(

∂uL

∂qL
−

∂uHL

∂qL

)

+(1− v)

(

∂uL

∂qL
− c− τL

)

= 0. (25)

These expressions suggest that the effect of either tax rate is similar to that of an increase in the cost

of production of either bundle. Therefore, as we show in Appendix A.3, each tax rate reduces the

quantity in the bundle it applies to. Hence, we have

∂qL

∂τL
< 0,

∂qH

∂τL
= 0,

∂qH

∂τH
< 0,

∂qL

∂τH
= 0. (26)

It follows that welfare decreases with either tax rate. Intuitively, similar results apply with a uniform

unit tax rate, i.e. τL = τH = τ .

6 Robustness checks

We now present two extensions to the baseline model. First, we consider a setting with more than two

types of consumers. Second, we consider a duopoly of suppliers. The purpose of these extensions is

to show that our findings concerning the effect of an ad valorem tax targeting the H bundle continue

to hold. For reasons of space, we provide a summary description here and relegate the analysis to

the Online Appendix.

6.1 More than two types

We consider a setting with three types of consumers in Appendix B.1. Specifically, we assume the

preference parameter θ can take three different values θ ∈ {θH ,θM,θL}, with θH > θM > θL. Let

vH , vM and vL be the shares of consumers of type H, M and L, respectively, with vL + vM + vH = 1.

Furthermore, we assume that vL

vM
<

vL+vM

vH
, i.e. that the distribution of types satisfies the monotone

hazard rate property.8 The model is otherwise identical to our baseline setup.

The solution follows the same steps as in 4. The main difference is that, in this setting, there are

two incentive compatibility constraints to be satisfied for each type, since each type has the option

of buying two bundles not intended for her or him. Using standard steps (Laffont and Martimort,

2002), it can be shown that, at equilibrium, only the incentive compatibility constraints ensuring that

a higher type does not mimic the type immediately below are binding. Specifically, in equilibrium

the H (respectively, M) type is indifferent between buying the bundle intended for her or him and

the bundle intended for the M (respectively, L) type. Finally, the participation constraint is binding

8This assumption ensures that there is no ªbunchingº of types in the laissez-faire (Laffont and Martimort, 2002,

p.90).
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for the L type. As a result, the supplier distorts the quantity (or quality) of the bundle intended for all

types except the highest one. Types H and M receive an information rent, while the supplier extracts

all the surplus from the L-type consumers.

We find that an ad valorem tax applied to the H bundle has similar effects as in the baseline

model. That is, the tax reduces the distortion on the M and L bundles, by inducing the supplier

to increase the quantity for both types. Furthermore, the tax on the H bundle reduces the price of

the that bundle, while raising the price of the L bundle (the effect on the price of the M bundle

is ambiguous). The logic behind this result is the same as above: a tax on the H bundle makes

collecting revenue from the H types less attractive to the supplier, and so reduces the incentive to

relax their incentive compatibility constraint. It is interesting to note that there is a knock-on effect

on the L bundle as well: its price increases, but the quantity increases too. The reason is that an

increase in the quantity of good in the M bundle, qM, relaxes the incentive compatibility constraint

that applies to the M type and, hence, reduces the need to distort the quantity in the L bundle in order

to satisfy such constraint. By the same token, also the tax applied to the M bundle increases the

quantity in the L bundle and induces the monopolist to decrease the price of the M bundle.

To sum up, the analysis with more than two types confirms our baseline findings and suggests

that a tax applied on the largest-sized package of a certain good should bring to an increase in the

size of the other packages, with a positive effect on welfare.

6.2 Duopoly

In Appendix B.2, we consider a setting with two horizontally differentiated, symmetric suppliers.

We assume for simplicity that there is perfect correlation between a consumers’ preference for a

supplier and the marginal utility from consuming the good. Specifically, we consider two ªhighº

consumer types, each with a strict preference for one of the two suppliers (i.e., these consumers get

zero utility from consuming the good supplied by the other). Moreover, we consider two ªlowº types

that have a weak preference for one of the suppliers (i.e., they get a smaller, but positive, utility from

consuming from the least preferred one). Moreover, compared to the high types, the low types get a

smaller marginal utility from consuming the good from their preferred vendor.

In accordance with previous literature (Spulber, 1989; Stole, 2007), we show that the bundles

offered by the duopolists in equilibrium are similar to those offered by a monopolist. Specifically,

each supplier serves only the two types (high and low) that have a preference for its good, and offers

a distorted bundle to the low types to relax the incentive compatibility constraint of the high types.

The main difference with respect to the monopoly case is that each supplier must leave the low types

with some surplus to avoid such types switching to the rival. As a result, the price charged to the

13



high types must decrease as well. Intuitively, therefore, competition implies that the suppliers can

extract less surplus from consumers overall. However, the first-order conditions of the maximization

problem of each firm have the same shape as in (10) and (11). Thus, the effects of taxation in this

setting are the same as in the monopoly setting considered above.

7 Conclusions

We have studied the effects of taxation in markets with second-degree price discrimination. We

have shown that, by imposing an ad valorem tax on the bundle intended for the high types, the

government can have a double dividend, increasing welfare and generating revenue. Moreover,

the tax increases consumer surplus (weakly) for all types. By contrast, uniform ad valorem and

(uniform and differentiated) unit taxes always decrease quantities and welfare. In the baseline model

we consider a monopolist supplier and two types, but the results are robust to considering more

than two types and competing suppliers. In practical terms, our results call for (ad valorem) taxes

targeting, e.g., larger packages of beverages, and first-class travel tickets.

Some of the markets where firms apply the kind of price discrimination we consider in this

paper are subject to specific excise taxes, intended to control the consumption of unhealthy products.

Examples include sugary food and beverages, alcohol and tobacco products. Although we have not

considered the implications of health-related consumption externalities in the paper, we note that, by

inducing suppliers to reduce the size of the largest packages, the differentiated taxation we analyze

here may result in an additional social benefit if we consider the largest package to be more harmful.

However, these differentiated taxes also increase the size of the package intended for the low types.

Hence, an analysis of the effects of differentiated taxation in these specific markets should consider

the characteristics of different groups of consumers to capture the effects of these relative changes.

This analysis is an interesting topic for further research.
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A Proofs

A.1 Establishing the signs of the derivatives in (12) and (13)

By totally differentiating the first-order conditions of the monopolist’s problem in(10) and (11), we

find that

∂qi

∂ ti
=−

∂ 2π

∂q2
j

∂ 2π

∂qi∂ ti
− ∂ 2π

∂qi∂ t j

∂ 2π

∂qH∂qL

H
,

∂q j

∂ ti
=−

∂ 2π

∂q2
i

∂ 2π

∂q j∂ ti
− ∂ 2π

∂qi∂ ti

∂ 2π

∂qH∂qL

H
, i, j = H,L, j ̸= i.

where H ≡ ∂ 2π

∂q2
L

∂ 2π

∂q2
H

−
(

∂ 2π

∂qH∂qL

)2

> 0, ∂ 2π

∂q2
j

< 0, ∂ 2π

∂q2
i

< 0 by second order conditions. Moreover,

∂ 2π

∂qH∂qL
= 0, ∂ 2π

∂qH∂ tL
= 0 and ∂ 2π

∂qL∂ tH
= v

1−v

(

∂uHL

∂qL
− ∂uL

∂qL

)

> 0, ∂ 2π

∂qH∂ tH
= ∂uH

∂qH
> 0 and ∂ 2π

∂qL∂ tL
=− ∂uL

∂qH
<

0. Hence, we have

sgn

(

∂qH

∂ tH

)

= sgn

(

∂ 2π

∂q2
L

∂uH

∂qH

)

< 0

sgn

(

∂qL

∂ tH

)

= sgn

(

−
∂ 2π

∂q2
H

v

1− v

(

∂uHL

∂qL
−

∂uL

∂qL

))

> 0

∂qH

∂ tL
= 0

sgn

(

∂qL

∂ tL

)

= sgn

(

∂ 2π

∂q2
H

∂uL

∂qL

)

< 0.

Let us now compute the derivatives of the equilibrium prices pH = uH − uHL + uL and pL = uL

with respect to ti, i = H,L. Taking into account that ∂u
∂q

> 0 and ∂ 2u
∂q∂θ

> 0, we have

∂ pH

∂ tH
=

∂uH

∂qH

∂qH

∂ tH
< 0,

∂ pL

∂ tH
=

∂uL

∂qL

∂qL

∂ tH
> 0.

∂ pH

∂ tL
=−

∂qL

∂ tL

(

∂uHL

∂qL
−

∂uL

∂qL

)

> 0,
∂ pL

∂ tL
=

∂uL

∂qL

∂qL

∂ tL
< 0.

A.2 Uniform ad valorem tax

Consider profits in (1) with tL = tH = t. The first-order conditions of the monopolist’s problem are
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∂π

∂qH
:=

∂uH

∂qH
(1− tH)− c = 0, (27)

∂π

∂qL
:= v

(

−
∂uHL

∂qL
+

∂uL

∂qL

)

(1− tH)+(1− v)

(

∂uL

∂qL
(1− tL)− c

)

= 0. (28)

By totally deriving the above first-order conditions of the monopolist’s problem with respect to

a uniform tax t, we find that

∂qi

∂ t
=−

∂ 2π

∂q2
j

∂ 2π

∂qi∂ t
− ∂ 2π

∂qi∂ t
∂ 2π

∂qH∂qL

H
,

where H ≡ ∂ 2π

∂q2
L

∂ 2π

∂q2
H

−
(

∂ 2π

∂qH∂qL

)2

> 0, ∂ 2π

∂q2
j

< 0, ∂ 2π

∂q2
i

< 0 by second order conditions. Moreover,

∂ 2π

∂qH∂qL
= 0, ∂ 2π

∂qH∂ t
=−v∂uH

∂qH
< 0 and ∂ 2π

∂qL∂ t
=−

(

∂uL

∂qL
− v∂uHL

∂qL

)

< 0 . Hence,

sgn

(

∂qH

∂ t

)

= sgn

(

−
∂ 2π

∂q2
L

∂ 2π

∂qH∂ t

)

= sgn

(

−v
∂uH

∂qH

)

< 0,

sgn

(

∂qL

∂ t

)

= sgn

(

−
∂ 2π

∂q2
H

∂ 2π

∂qL∂ t

)

= sgn

(

−

(

∂uL

∂qL
− v

∂uHL

∂qL

))

< 0.

Furthermore, the introduction of a small ad valorem tax has negative effects on welfare

∂W

∂ t

∣

∣

∣

∣

t=0

=
∂qH

∂ t
v

(

∂uH

∂qH
− c

)

+
∂qL

∂ t
(1− v)

(

∂uL

∂qL
− c

)

< 0.

A.3 Unit taxes

By totally differentiating the first-order conditions of the monopolist’s problem in(24) and (25), we

find that

∂qi

∂τi
=−

∂ 2π

∂q2
j

∂ 2π

∂qi∂τi
− ∂ 2π

∂qi∂τ j

∂ 2π

∂qH∂qL

H
,

∂q j

∂τi
=−

∂ 2π

∂q2
i

∂ 2π

∂q j∂τi
− ∂ 2π

∂qi∂τi

∂ 2π

∂qH∂qL

H
, i, j = H,L, j ̸= i.

where H ≡ ∂ 2π

∂q2
L

∂ 2π

∂q2
H

−
(

∂ 2π

∂qH∂qL

)2

> 0, ∂ 2π

∂q2
j

< 0, ∂ 2π

∂q2
i

< 0 by second order conditions. Moreover,

∂ 2π

∂qH∂qL
= 0, ∂ 2π

∂qH∂τL
= 0 and ∂ 2π

∂qL∂τH
= 0, ∂ 2π

∂qH∂τH
=−v and ∂ 2π

∂qL∂τL
=−(1− v)< 0. Hence, we have

sgn

(

∂qH

∂τH

)

= sgn

(

∂ 2π

∂q2
L

v

)

< 0
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∂qL

∂τH
= 0,

∂qH

∂τL
= 0

sgn

(

∂qL

∂τL

)

= sgn

(

∂ 2π

∂q2
H

(1− v)

)

< 0.

Consider now a uniform unit tax τL = τH = τ . By totally differentiating the first-order conditions

of the monopolist’s problem in(24) and (25), we find that

∂qi

∂τ
=−

∂ 2π

∂q2
j

∂ 2π

∂qi∂τ
− ∂ 2π

∂qi∂τ

∂ 2π

∂qH∂qL

H
,

∂q j

∂τ
=−

∂ 2π

∂q2
i

∂ 2π

∂q j∂τ
− ∂ 2π

∂qi∂τ

∂ 2π

∂qH∂qL

H
, i, j = H,L, j ̸= i.

where ∂ 2π

∂qH∂qL
= 0, ∂ 2π

∂qH∂τ
=−v and ∂ 2π

∂qL∂τ
=−(1− v). Hence, we have

sgn

(

∂qH

∂τ

)

= sgn

(

∂ 2π

∂q2
L

v

)

< 0,

sgn

(

∂qL

∂τ

)

= sgn

(

∂ 2π

∂q2
H

(1− v)

)

< 0.

B Robustness checks (online)

B.1 More than two types

We assume there are three types of consumers, characterized by the preference parameter θ ∈

{θH ,θM,θL}, with θH > θM > θL. Let vH , vM and vL be the shares of consumers of type H, M and

L, respectively, with vH + vM + vL = 1. Furthermore, to avoid ªbunchingº of types we assume that

vL

vM
<

vL+vM

vH
, i.e. that the distribution of types satisfies the monotone hazard rate property (Laffont

and Martimort, 2002, p.90). The model is otherwise identical to our baseline setup.

The supplier offers to consumers three bundles, (qi, pi), each intended for one type. These

bundles must satisfy six incentive constraints (two for each type)

u(qi,θi)− pi ≥ u
(

q j,θi

)

− p j, i, j = L,M,H i ̸= j,

and three participation constraints (one per each type)

u(qi,θi)− pi ≥ 0, i = L,M,H.
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Following standard steps (Laffont and Martimort, 2002), one can show that, in equilibrium, there

are two binding incentives constraints (the ones such that a higher type want to mimic a lower type)

and one binding participation constraint (the one of low types). From these binding constraints we

derive the equilibrium prices. Hence, the supplier maximizes the following problem

max
(qi,pi)

π = ∑
i=L,M,H

vi ((1− ti) pi − cqi) , (29)

s.t. pH = uH +uM +uL −uML −uHM, (30)

pM = uM +uL −uML, (31)

pL = uL, (32)

where ui ≡ u(qi,θi) for each i = L,M,H, and ui j ≡ u
(

q j,θi

)

for each i, j = L,M,H with i ̸= j.

Hence, we derive the following first-order conditions

∂π

∂qH
:= vH

(

∂uH

∂qH
(1− tH)− c

)

= 0, (33)

∂π

∂qM
:= vH

(

∂uM

∂qM
−

∂uHM

∂qM

)

(1− tH)+ vM

(

∂uM

∂qM
(1− tM)− c

)

= 0, (34)

∂π

∂qL
:= vH

(

∂uL

∂qL
−

∂uML

∂qL

)

(1− tH)+ vM

(

∂uL

∂qL
−

∂uML

∂qL

)

(1− tM)+ vL

(

∂uL

∂qL
(1− tL)− c

)

= 0.

(35)

Totally differentiating the above equations and taking into account that cross-profits derivatives are

zero ( ∂ 2π

∂qi∂q j
= 0 for i, j = L,M,H with i ̸= j), we find that

∂qH

∂ tH
=−

∣

∣

∣

∣

∣

∣

∣

∣

∣

∂ 2π

∂q2
L

∂ 2π

∂qL∂qM

∂ 2π

∂qL∂ tH

∂ 2π

∂qM∂qL

∂ 2π

∂q2
M

∂ 2π

∂qM∂ tH

∂ 2π

∂qH∂qL

∂ 2π

∂qH∂qM

∂ 2π

∂qH∂ tH

∣

∣

∣

∣

∣

∣

∣

∣

∣

H
=−

∂ 2π

∂q2
L

∂ 2π

∂q2
M

∂ 2π

∂qH∂ tH

H
≤ 0,

where H is the determinant of the Hessian matrix, which is negative by second order conditions,

∂ 2π

∂q2
i

< 0 for i = L,M,H also by second order conditions, and ∂ 2π

∂qH∂ tH
= −vH

∂uH

∂qH
< 0. Following

similar steps, we find that the derivatives of qM and qL with respect to tH are, respectively, such that

sgn
(

∂qM

∂ tH

)

= sgn
(

−vH

(

∂uM

∂qM
− ∂uHM

∂qM

))

≥ 0, sgn
(

∂qL

∂ tH

)

= sgn
(

−vH

(

∂uL

∂qL
− ∂uML

∂qL

))

≥ 0 .
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These signs follow from the assumption that ∂ 2u
∂q∂θ

> 0. This establishes that the effect of the ad

valorem tax applied to the H-bundle is such that the quantity of the other two bundles increases,

reducing the distortion applied by the supplier.

Similarly, the derivatives of the equilibrium quantities with respect to tM and tL are such that

∂qH

∂ tM
= 0, sgn

(

∂qM

∂ tM

)

= sgn
(

−vM
∂uM

∂qM

)

≤ 0, sgn
(

∂qL

∂ tM

)

= sgn
(

−vM

(

∂uL

∂qL
− ∂uML

∂qL

))

≥ 0,

∂qH

∂ tL
= 0,

∂qM

∂ tL
= 0, sgn

(

∂qL

∂ tL

)

= sgn
(

−vL
∂uL

∂qL

)

≤ 0.

B.2 Duopoly

We consider two symmetric suppliers, indexed by s ∈ {1,2} and four consumer types, indexed

by i ∈ {H1,L1,H2,L2}, differing in (i) their intensity of preferences for the good and (ii) their

preference for the two suppliers. The utility when buying from supplier s is us (q,θi)− p, where

p is the price and θi is the preference parameter. Let vi be the share of consumers of type i, with

∑i=H1,L1,H2,L2
vi = 1, and assume that each consumer buys from at most one supplier. We assume the

utility function satisfies the following conditions:

u1 (q,θH1
)> u1 (q,θL1

)> u1 (q,θL2
)> u1 (q,θH2

) = 0, ∀q > 0,

u2 (q,θH2
)> u2 (q,θL2

)> u1 (q,θL1
)> u1 (q,θH1

) = 0, ∀q > 0,

∂u1

∂q
(q,θH1

)>
∂u1

∂q
(q,θL1

)>
∂u1

∂q
(q,θL2

)>
∂u1

∂q
(q,θH2

) = 0, ∀q > 0,

∂u2

∂q
(q,θH2

)>
∂u2

∂q
(q,θL2

)>
∂u2

∂q
(q,θL1

)>
∂u2

∂q
(q,θH1

) = 0, ∀q > 0.

These conditions imply a perfect correlation between the preference for one supplier and the intensity

of preference for the good it supplies (Spulber, 1989). For simplicity, we assume only the ªlowº

types are willing to buy from either supplier, whereas the ªhighº types do not get any utility from

buying from their least preferred supplier.

Let (qi, pi) denote the bundle that a supplier proposes to consumers of type i. Given the condition

that consumers self-select on the intended bundle, there is no loss in proceeding under the assumption

that supplier 1 only offers bundles intended for the couple of consumer types that prefer its product,

i.e. H1 and L1, whereas supplier 2 only serves H2 and L2. We are now going to state the constraints
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that the suppliers face regarding each type of consumer. Considering a supplier s, we have the

following incentives and participation constraints that apply to the Hs-bundle:

us (qHs
,θHs

)− pHs
≥ us (qLs

,θHs
)− pLs

, s = 1,2, (36)

us (qHs
,θHs

)− pHs
≥ us′

(

qLs′
,θHs

)

− pLs′
, s,s′ = 1,2, s′ ̸= s, (37)

us (qHs
,θHs

)− pHs
≥ us′

(

qHs′
,θHs

)

− pHs′
, s,s′ = 1,2, s′ ̸= s, (38)

us (qHs
,θHs

)− pHs
≥ 0, s = 1,2. (39)

Constraint (36) must hold in order for Hs types not to choose the bundle offered to Ls consumers by

the same supplier . The next two constraints, (37) and (38), must hold to avoid that Hs types buy

any of the bundles offered by the other supplier, s′. Finally, (39) must hold for Hs types to prefer the

bundle intended for them to not participating in the market at all.

Symmetrically, the constraints that apply to the Ls-bundle are as follows

us (qLs
,θLs

)− pLs
≥ us (qHs

,θLs
)− pHs

, s = 1,2, (40)

us (qLs
,θLs

)− pLs
≥ us′

(

qLs′
,θLs

)

− pLs′
, s,s′ = 1,2, s′ ̸= s, (41)

us (qLs
,θLs

)− pLs
≥ us′

(

qHs′
,θLs

)

− pHs′
, s,s′ = 1,2, s′ ̸= s, (42)

us (qLs
,θLs

)− pLs
≥ 0, s = 1,2. (43)

Constraint (40) must hold in order for Ls types not to choose the bundle offered to Hs consumers

by supplier s. The next two constraints, (37) and (38), must hold to avoid that Ls types buy from

the other supplier. Finally, (39) must hold for Ls types to prefer the bundle intended for them to not

participating in the market at all.

Given the differentiated ad valorem tax rates we consider in the baseline setting, the problem of

supplier s is

max
qHs ,pHs ,qLs ,pLs

π = vHs
[(1− tH) pHs

− cqHs
]+ vLs

[(1− tL) pLs
− cqLs

] , s = 1,2, (44)

subject to constraints (36)-(43).

We are now going to solve supplier s’s problem characterized above, focusing on symmetric

equilibria. Our first step is to establish which constraints are going to be binding in equilibrium to

determine equilibrium prices. Given us′
(

qLs′
,θHs

)

= us′
(

qHs′
,θHs

)

= 0, constraints (37) and (38)
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cannot be binding, because of the participation constraints in (39). Furthermore, given (43), and that

us (qLs
,θHs

)> us (qLs
,θLs

), constraint (39) cannot be binding either. Hence, the equilibrium must be

such that (36) is binding. We have

pHs
= pLs

+us (qHs
,θHs

)−us (qLs
,θHs

) , s = 1,2. (45)

Given (45), we can write the constraints (40), after some rearrangements, as

us (qHs
,θHs

)−us (qLs
,θHs

)≥ us (qHs
,θLs

)−us (qLs
,θLs

) , s = 1,2,

which must hold strictly by the assumption that ∂us

∂q
(q,θHs

) > ∂us

∂q
(q,θLs

). Hence, these constraints

cannot be binding. Consider now the constraints (42). These can be rewritten, using (45) and after a

few rearrangements as

us′
(

qHs′
,θHs′

)

−us′
(

qLs′
,θHs′

)

− pLs
≥ us′

(

qHs′
,θLs

)

−us (qLs
,θLs

)− pLs′
, s = 1,2.

In a symmetric equilibrium (where pLs
= pLs′

and qLs
= qLs′

), this inequality must hold strictly by

the assumption that
∂us′

∂q

(

q,θHs′

)

>
∂us

∂q
(q,θLs

) >
∂us′

∂q
(q,θLs

). Therefore, the only constraints that

can be binding are (41) and (43). We have

pLs
= us (qLs

,θLs
)−max

(

0,us′
(

qLs′
,θLs

)

− pLs′

)

s,s′ = 1,2,s′ ̸= s. (46)

Given (45) and (46), we can therefore write the the problem of supplier s as

max
qHs ,qLs

πs = vHs

[

(1− tH)
(

us (qLs
,θLs

)−max
(

0,us′
(

qLs′
,θLs

)

− pLs′

)

+us (qHs
,θHs

)− (qLs
,θHs

)
)

− cqHs

]

+(47)

+vLs

[

(1− tL)
(

us (qLs
,θLs

)−max
(

0,us′
(

qLs′
,θLs

)

− pLs′

))

− cqLs

]

, s,s′ = 1,2,s′ ̸= s.

Observe that us′
(

qLs′
,θLs

)

− pLs′
does not depend on qHs

nor on qLs
. The first-order conditions of

this problem are
∂π

∂qHs

:=
∂us (qHs

,θHs
)

∂qHs

(1− tH)− c = 0 s = 1,2, (48)

∂π

∂qLs

:= vHs

(

−
∂us (qLs

,θHs
)

∂qLs

+
∂us (qLs

,θLs
)

∂qLs

)

(1− tH)+vLs

(

∂us (qLs
,θLs

)

∂qLs

(1− tL)− c

)

= 0 s= 1,2.

(49)

The key observation is that these equations have the same form as (10) and (11), which implies that

the effects of taxation must be also be the same, and so are the implications for optimal policy.
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