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Abstract

We study an optimal income taxation problem in a Mirrleesian setting with endoge-

nous product prices and firm profits. When profits are progressively distributed among

taxpayers, we show that the public authority uses the price level as a redistributive tool

favoring lower prices in competitive markets. This leads to higher marginal income tax

rates in the optimum. Using simulations, we show that the price effect can add 4 per-

centage points to tax rates. In oligopolistic markets, efficiency concerns related to market

power prompt the public authority to lower income tax rates for stimulating aggregate

demand, but the strength of this non-competitive effect depends on the distribution of

firm profits. Using simulations, we show that the optimal income tax schedule almost

does not vary with the degree of market power for medium and high degrees of equity

concerns. We also analyze the price effect on optimal income taxation in extensions with

commodity and profit taxation, market aggregation, and multiple commodities.
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1 Introduction

The common assumption of perfectly competitive product markets is convenient for the anal-

ysis of income tax policy but is hardly an accurate description of most markets. According to

recent studies (Azar et al., 2018; Grullon et al., 2019; De Loecker et al., 2020), one third of U.S.

industries are highly concentrated and over 75% are operating in markets that are more con-

centrated than 20 years ago.1 When markets are not perfectly competitive, income tax policy

can also affect social welfare through changes in prices resulting from income redistribution.

In this paper, we study the role of pecuniary externalities for optimal income taxation.2

We consider the standard Mirrlees (1971) framework with a continuum of agents who differ

in their productivity types. Agents earn labor income and care about the consumption of

two goods: the numeraire good and the “main” good. The numeraire good is produced with

a constant returns to scale technology and has a perfectly elastic supply function, whereas

the main good is produced with a decreasing returns to scale technology and has a strictly

increasing supply function. As a consequence, the price of the numeraire good is constant and

the price of the main good is endogenously determined by the market equilibrium condition.

Also, firms producing the numeraire good have zero profits and firms producing the main good –

positive profits. Motivated by empirical evidence, we assume that firm profits are progressively

distributed among agents in the economy with more productive agents receiving larger profit

shares (see Alvaredo et al., 2013; Saez and Zucman, 2016).

The public authority’s problem is to design the optimal income tax schedule that maxi-

mizes a weighted sum of agent utilities subject to three constraints. The resource constraint

demands that the public authority raises a fixed level of public funds; the incentive compat-

ibility constraint requires agents reveal their productivity types; and the market equilibrium

condition determines the price level. We assume that the public authority has equity concerns

with low-productivity agents receiving larger social weights.

Our main result is that price endogeneity matters for redistributive tax policy when firm

profits are progressively distributed. The public authority, motivated by equity concerns,

uses the price level as an additional redistributing tool: a decrease in the price level benefits

low-productivity agents as they can afford more consumption, but hurts high-productivity

agents as their utility is mainly influenced by the resultant decrease in firm profits. The

public authority cannot, however, control the price level directly. Instead, it increases income

tax rates to suppress labor income and, in turn, market demand, which results in smaller

1Similar market structures are also observed in Europe, where, for instance, the top five food retailers
typically have a 43% to 69% share of the market (European Commission, 2015).

2The motivation for this paper can be traced to Atkinson (2012, p. 775) who offers an extensive discussion
of how the existing taxation literature mostly fails to take the underlying market structure and endogenous
prices into account. Two recent exceptions are da Costa and Maestri (2019) and Kaplow (2019). We provide
an extensive discussion of these and other relevant papers in the literature review section.
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prices in equilibrium. We illustrate our findings using numerical simulations based on the U.S.

housing market. We find that the price effect can increase optimal marginal income taxes by

4 percentage points on average.

We also consider markets with various forms of oligopolistic competition. As market power

leads to under-production, the public authority has an incentive to decrease marginal income

taxes to stimulate labor income and, in turn, market demand. We show that the strength of

this incentive depends on equity concerns and profit distribution or, put differently, on the

distribution of gains from tax stimulus. Our numerical simulations show that for medium and

high degrees of equity concerns, the optimal income tax schedule does not vary with the degree

of market power, the result that was not previously pointed out in the literature.3

Further, we investigate how commodity and profit taxation influence the price effect on

income taxation. For both competitive and oligopolistic markets, we show that the price effect

does not vanish when commodity taxation is also available for the public authority. This result

is similar in spirit to Naito (1999) who showed that the seminal result of “uniform commod-

ity tax under nonlinear income taxation” by Atkinson and Stiglitz (1976) no longer holds if

marginal costs of production are non-constant. At the same time, with firm profits equally

distributed, the combination of optimal commodity and income taxes can bring production to

its efficient level for all market structures (see also Myles, 1996). In an extension of our model

with firm entry and exit and profit taxation, we show that the price effect continues to play

a role for optimal income taxation. Other extensions of our model are concerned with market

aggregation, multiple goods, and non-homothetic preferences.

We want to highlight here that one should not regard our analysis to mean that income tax

design should correct for market inefficiencies. For this purpose the government might have

better instruments such as commodity and profit taxation. Instead, we want to emphasize

that the optimal income tax design should take into account market inefficiencies and market

structure even in settings where commodity and profit taxation are available.

We postpone a detailed literature review until Section 7 and, here, only briefly outline our

main contributions in relation to previous research. Compared to the growing literature on

optimal income taxation with endogenous wages in labor markets (e.g., Rothschild and Scheuer,

2013; Sachs et al., 2020), we consider endogenous prices in product markets. Though our model

can be rewritten in terms of endogenous wages (see Appendix A.3), the price effect in our model

is driven by the distribution of firm profits and by the presence of market power. These effects

are in contrast to general equilibrium effects studied in the literature on endogenous wages. In

relation to studies on optimal income taxation with externalities (e.g., Rothschild and Scheuer,

2014, 2016; Lockwood et al., 2017), agents in our paper do not impose any direct externality.

3To avoid any confusion, we want to highlight that for a large number of firms the oligopolistic model does
not converge to the standard Mirrleesian setting. Instead, the oligopolistic model converges to our competitive
model with upward sloping supply curve.
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Instead, they impose only pecuniary externalities. The welfare theorems imply that pecuniary

externalities do not limit the set of feasible outcomes in complete information markets. If agent

productivity is not perfectly observable and taxes are based on labor income, we show that a

Pareto optimum allocation is not generally supported by a competitive equilibrium. This leads

to a binding market equilibrium constraint and the price effect on optimal income taxation.

Finally, the literature analyzing taxation in the presence of imperfect competition is rather

thin. Kaplow (2019) considers income taxation for various market structures. He studies

income taxation policies in economies with exogenously given firm markups. Hence, he does

not consider the influence of income taxation policy on equilibrium product prices, which is the

main subject of our analysis. da Costa and Maestri (2019) study optimal income taxation in

non-competitive labor markets. They assume that firm profits are uniformly distributed among

agents, thus, abstracting from the effects of profit distribution that play an important role in

our analysis. There are also a few important papers on commodity taxation in oligopolistic

markets (Auerbach and Hines, 2001; Myles, 1987; Reinhorn, 2005). In contrast to these papers,

we consider an incomplete information setting and highlight the role of profit distribution for

optimal income taxation.

The remainder of the paper is organized as follows. We introduce the model in Section 2

and analyze the optimal income tax schedule for competitive markets in Section 3. We calibrate

our model and estimate the size of the price effect in Section 4. We present our analysis for

oligopolistic markets in Section 5 and consider some extensions in Section 6. We provide a

detailed literature review in Section 7. Section 8 concludes. The omitted proofs are given

in Appendix A.1. In Appendices A.2–A.4, we provide additional theoretical support for our

model and additional simulation results.

2 Model

There is a continuum of agents indexed by productivity type n and distributed over interval

[n, n] according to distribution F (n) with the probability density function f(n) > 0. Agent

n’s labor income is given by z = n`, where ` is the number of hours worked, and the cost of

labor is given by an increasing and convex function c(`). After-tax labor income is equal to

y = z − T (z), where T (z) is a tax schedule imposed by the public authority.

There are two goods: a numeraire good and good X (referred to as the main good in the

introduction). The numeraire good is produced with a constant returns to scale technology

resulting in a fixed price normalized to 1 and zero firm profits. Good X is produced with

a decreasing returns to scale technology resulting in an endogenously determined price p and

positive profits equal to Π(p) in total. Firm profits Π(p) are progressively distributed in the form
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of dividends with agent n receiving share ξ(n) ≥ 0, where
∫
ξ(n)f(n)dn = 1 and ξ′(n) ≥ 0.4

Agent n’s disposable income is given by the sum of after-tax labor income and dividends

ỹ(n) = y(n) + ξ(n)Π(p). Preferences for consumption are represented by indirect utility func-

tion v(p, ỹ). In the main model, we assume homothetic preferences to ensure that the single-

crossing property (Mirrlees, 1976) holds even with unequally distributed profits. This class of

preferences includes the constant elasticity of substitution (CES) preferences commonly used in

practical applications, which we also use in our numerical simulations.5 Homothetic preferences

imply linear indirect utility v(p, ỹ) = a(p)ỹ, where a(p) is a strictly decreasing function. Since

a(p) ≡ vy(p), we use expressions a(p) and vy(p) interchangeably. Section 6.6 also presents the

analysis with general non-homothetic preferences.

Letting U(p, ỹ, `) = v(p, ỹ)−c(`) stand for an agent’s net utility, we define the social welfare

function by

W =

∫
U(p, ỹ(n), `(n))ψ(n)f(n)dn, (1)

where ψ(n) is the welfare weight of an agent n and satisfies
∫
ψ(n)f(n)dn = 1. Assuming that

the public authority has equity concerns, we take ψ to be a decreasing function. The public

authority’s objective is to maximize social welfare W subject to three constraints. The first is

the resource constraint∫
T (z(n))f(n)dn =

∫
(n`(n)− ỹ(n) + ξ(n)Π(p)) f(n)dn ≥ R (2)

that ensures the public authority covers its expenses R ≥ 0, solely spent on the numeraire

good. The second constraint is incentive compatibility

U(p, z(n)− T (z(n)) + ξ(n)Π(p), `(n)) ≥ U(p, z(m)− T (z(m)) + ξ(n)Π(p), z(m)/n) , (3)

for all n,m ∈ [n, n], which ensures that agent n does not want to seek the labor income of

agent m.

The third constraint is a market equilibrium condition that determines price p. This con-

dition varies across market structures. In competitive markets (Section 3), where we assume

that firms are price-takers, the market equilibrium condition requires the market supply to be

equal to the market demand for good X. In oligopolistic markets (Section 5), where each firm

takes into account its influence on the price level, the market equilibrium is determined by the

firm profit maximization condition.

4Alternatively, one could assume that the distribution of dividends is a function of disposable labor income
(see, e.g., Kaplow, 2019). In this case, the endogenous choice of stock holding should be modeled using a
dynamic model. We avoid this route to keep the model tractable. For empirical evidence on progressive
distribution of dividends, see Alvaredo et al. (2013) and Saez and Zucman (2016).

5Homothetic preferences are consistent with the empirical findings of small income effects on individual labor
supply (Cesarini et al., 2017).
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It is the third constraint or, more generally, price endogeneity that distinguishes our model

from the classical model of Mirrlees (1971). In addition, in our model firms generate positive

profits that are progressively distributed among agents. The effect of endogenous prices and

profit distribution on optimal income taxation is the main subject of our analysis. Yet, we

adhere to the original Mirrleesian framework rather than the equivalent framework of Saez

(2001) based on income distribution. Our choice is determined by the observation that income

distribution is endogenous to equilibrium prices. Hence, the optimal income tax formulas

expressed using income distribution are hard to use in comparative statics of different price-

setting regimes.

We do not model explicitly why firms that produce the numeraire good do not switch to

producing the more profitable good X. A lack of technology and/or patents may function as an

entry barrier. The high degree of profit and performance differences even among similar firms

is a well-documented phenomenon (see, for example, Syverson, 2011 for a survey). Finally,

for expositional reasons we do not consider explicitly profit taxation in the main theoretical

analysis. Yet, in our simulations we assume that firm profits are taxed at a fixed rate of

15%, which corresponds to the U.S. tax rate on qualified dividends at most income levels. In

Section 6.2, we investigate interaction between profit and labor income taxation in a model

with endogenous firm entry and exit.

3 Competitive Market

In this section, we analyze optimal income taxation in competitive markets, in which the price

of good X is determined by the market equilibrium condition

S(p) =

∫
x(p, ỹ(n))f(n)dn. (4)

On the left-hand side we have market supply S(p), and on the right-hand side the market

demand for good X, where x(p, ỹ) is the Walrasian demand of an agent with disposable income

ỹ. We consider an increasing supply function S ′(p) > 0 and zero fixed costs so that total firm

profits coincide with producer surplus: Π(p) =
∫ p

0
S(p̃)dp̃. The Walrasian demand function can

be determined using Roy’s identity as x(p, ỹ) = −vp(p, ỹ)/vy(p, ỹ). We assume that good X

is normal xy > 0 and that the demand for good X satisfies the law of demand xp < 0. In

Appendix A.2, we show how our model can be supported with a labor market. We also explain

why condition (4) clears both product and labor markets if the government expenditures are

spent solely on the numeraire good.

Before we study the public authority’s maximization problem, let us simplify incentive

compatibility constraints (3). Denote an agent’s utility from revealing his/her productivity
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type truthfully as

u(n) ≡ U(p, y(n) + ξ(n)Π(p), z(n), n) = v(p, y(n) + ξ(n)Π(p))− c(z(n)/n).

If the truthful revelation is optimal, then

u(n) = max
m

(v(p, y(m) + ξ(n)Π(p))− c(z(m)/n)) . (5)

We obtain from the envelope theorem the following first-order condition

u′(n) = c`z(n)/n2 + a(p)ξ′(n)Π(p). (6)

Note that the presence of firm profits does not change the incentive compatibility condition

when indirect utility is linear in income because profit shares can be taken out of the maximiza-

tion problem (5). Hence, the second-order condition that ensures truth-telling to be optimal

is that income schedule y(n) is non-decreasing as in the standard case (see Mirrlees, 1976). At

the same time, profit distribution ξ(n) does influence the level of agent utility u(n). This will

be an important factor for redistributive income tax policy.

The public authority’s problem is to find the combination of price p, income schedule ỹ(n),

and labor supply schedule `(n) that maximizes6

max
p, ỹ(n), `(n)

∫
(v(p, ỹ(n))− c(`(n)))ψ(n)f(n)dn subject to (2), (4), and (6).

It is convenient to change variables {p, ỹ(n), `(n)} to {p, u(n), `(n)} where utility is defined by

u(n) = a(p)ỹ(n)− c(`(n)). From the latter expression we can invert disposable income ỹ and

express it as ỹ = r(p, u, `) ≡ u+c(`)
a(p)

. The maximization problem can then be written as

max
p,u(n),`(n)

∫
u(n)ψ(n)f(n)dn (7)

s.t.∫
[n`(n)− r(p, u(n), `(n)) + ξ(n)Π(p)]f(n)dn ≥ R (8)

S(p)−
∫
x(p, r(p, u(n), `(n)))f(n)dn = 0 (9)

u′(n)− a(p)ξ′(n)Π(p)− c``(n)/n = 0. (10)

Let λ be the multiplier corresponding to budget constraint (8), ζ the elasticity of compen-

sated labor supply, ε = S ′(p)p/S the price elasticity of supply, and εh = H ′(p)p/H the price

6We maximize over p because the price is implicitly determined by equation (4). With an explicit price
function, we could plug it into indirect utility and maximize over (ỹ(n), `(n)).
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elasticity of aggregate Hicksian demand H(p). We define the price elasticity of utility v(p,m)

as εv = vpp/v and cumulative weights as Ψ(n) =
∫ n
n
ψ(m)f(m)dm, covariance between welfare

weights and profit shares as Cov(ξ, ψ) =
∫

(ξ(n)− 1)(ψ(n)− 1)f(n)dn, and the share of labor

income as sL =
∫
n`(n)f(n)dn/

∫
ỹ(n)f(n)dn. The optimal marginal income tax is determined

by the solution to the optimization problem stated above (see Appendix A.1 for details).

Theorem 1. In competitive markets, the optimal marginal income tax is determined by

t

1− t
= A(n)B(n) + Cov(ξ, ψ)

a(p)sL
λ

εv

ε− εh
, (11)

where

A(n) =
1 + ζ

ζ

1− F (n)

nf(n)
, B(n) =

a(p)

λ

Ψ(n)− F (n)

1− F (n)
.

The optimal marginal income tax formula (11) contains, in addition to the standard Mirrleesian

term A(n)B(n) (see Saez, 2001), a new term, which we refer to as the “price effect” term. This

term does not depend on ability n and changes ratio t
1−t for all incomes in the same way. Noting

εv < 0, ε > 0, εh ≤ 0, and multiplier λ > 0, we have that the price effect term has the opposite

sign of the covariance between welfare weights ψ(n) and profit shares ξ(n). If the planner has

equity concerns (ψ(n) is decreasing) and if agents with higher productivities possess a larger

share of firm profits (ξ(n) is increasing), covariance Cov(ξ, ψ) is negative and, accordingly, the

price effect term becomes positive. The price level p and the marginal value of public funds λ

are still endogenous in the optimum. However, they enter A(n)B(n) only through ratio a(p)/λ.

This ratio equals one in the Mirrleesian case (as λ = a(p)) and greater than one in the case

of endogenous prices (see the proof of Theorem 1 in Appendix A.1 for details). Overall, we

obtain higher optimal marginal income taxes in the economy with endogenous prices compared

to the standard Mirrleesian case.

For intuition, let us consider a change in the tax policy where a small interval of labor

incomes are subject to a small marginal tax increase. Using the terminology of Saez (2001),

this policy change results in mechanical and substitution effects, captured by standard term

A(n)B(n).7 In our model, an additional effect emerges. The substitution effect changes total

income in the economy, which also leads to a change in price proportional to 1/(ε − εh). It,

in turn, creates a pecuniary externality, captured by price elasticity of utility εv, but this

externality only relates to the utility of labor income a(p)sL. Pecuniary externalities, however,

play a role only if firm profits are unevenly distributed among agents. With the uniform

distribution of profits, there is no need for correcting pecuniary externalities—the classical

result in the general equilibrium theory.

7Saez (2001) also distinguishes the income effect, which is absent here due to homothetic preferences.
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For more intuition on the role of pecuniary externalities, let us consider how a small decrease

in product price influences agents’ welfare. The price change benefits low-productivity agents

because they can afford more consumption. At the same time, it hurts high-productivity agents

whose utility is mostly influenced by the resultant decrease in dividend income. Therefore, the

price level can serve as an additional instrument to redistribute welfare from high-productivity

to low-productivity agents. The public authority, however, cannot enforce the price level

directly. Instead, it uses additional marginal income tax to decrease labor supply. The decrease

in labor supply, in turn, lowers agent income and market demand for good X leading to a lower

equilibrium price p.8 Overall, the public authority uses the equilibrium price level on par with

income taxation to achieve its redistributive objectives.

In general, the emergence of the price effect term is a consequence of the failure of the second

welfare theorem in markets with incomplete information and a limited set of tax instruments.

Taxation that is solely based on labor income restricts the set of feasible outcomes that the

public authority can achieve. However, the market equilibrium condition is not binding (γ = 0)

if firm profits are zero Π(p) = 0. In this case, for any constrained Pareto optimal profile of agent

utilities and labor input {u(n), `(n)}, the public authority can find an income tax schedule that

supports this profile with equilibrium price p. The same conclusion holds if firm profits are

uniformly distributed ξ′(n) = 0 or the public authority has no equity concerns (ψ′(n) = 0), in

which case firm profits can offset pecuniary externalities. In these two special cases, the second

welfare theorem holds and the equilibrium price level has no influence on the optimal marginal

income tax schedule.

As the price effect of optimal income taxation can be viewed as a consequence of the failure

of the second welfare theorem, we explore the limits of this result in more detail. In Section

6.3, we show that if we assume that income tax is based on total income (labor income plus

dividends) instead of just labor income, the market equilibrium condition remains binding. In

this case, it becomes more difficult for high-income agents to deviate because they need to mimic

not only smaller labor income of low-productivity agents but also smaller dividend income.

This alleviates the incentive compatibility problem and leads to more progressive taxation in

the optimum. In Section 6.2, we also consider optimal profit taxation in an extension of our

model where firms have idiosyncratic fixed costs and can freely enter and exit the market. We

show that the optimal profit tax is below 100% and, as a consequence, firms earn positive

profits in the optimum. The presence of firm profits leads again to the failure of the second

welfare theorem and to the price effect on optimal income taxation.9 Overall, Theorem 1 and its

8A decrease in labor supply can also potentially influence the supply curve for good X. This channel is absent
in our setting because any change in labor supply is fully absorbed by the sector producing the numeraire good
(see Appendix A.2 for details).

9The second welfare theorem would be restored if the public authority could separately tax away all dividends
in our model. This could hardly be empirically relevant. A dynamic variation of our model, where firms require
agents’ investments at the first stage and agents receive returns from their investments in the form of dividends
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extensions studied below demonstrate that the analysis of optimal income taxation should take

into account the market structure in economies with incomplete information and progressive

distribution of firm profits.

Next, we analyze the optimal tax rate for top income earners using the asymptotic tax

rate formula of Saez (2001). He argues that the upper tail of U.S. income distribution is well

described by a Pareto distribution, which also corresponds to an upper Pareto tail of agent

productivity. Moreover, Pareto parameter a of income distribution corresponds to Pareto

parameter a(1 + ζ) of productivity distribution for high-productivity agents (see p. 218 in

Saez, 2001). Denote the asymptotic ratio of social marginal utility to the marginal value

of public funds as G∗ = a(p)
λ

limn→n
1−Ψ(n)
1−F (n)

. Then, term A(n) reduces to 1/(ζa) and B(n)

approaches 1−G∗. The top tax rate can be written as

ttop =
1−G∗ + PE ζa

ζa+ 1−G∗ + PE ζa
, (12)

where PE = Cov(ξ, ψ)(sLa(p)/λ)(εv/(ε−εh)) is the price effect term of optimal income taxation

from Theorem 1.

We observe that the optimal tax rate for top earners in a competitive economy with en-

dogenous prices coincides with the standard one when the public authority puts a smaller

social weight on top earners, i.e., G∗ → G∗ − PE ζa. This correction, however, is not solely

determined by the characteristics of the upper tail but rather depends on the parameters of the

whole population. Furthermore, we also note that unlike in the standard case, the tax rate for

top earners remains strictly positive even if the upper tail of productivity distribution becomes

thinner, i.e., a→∞.

4 Numerical Simulations

In this section, we illustrate the price effect on optimal income taxes using numerical simulations

based on the U.S. economy with housing as our good X.10 We consider the housing model

estimated by Miles and Sefton (2020) with a constant elasticity of substitution (CES) utility

function

u(xo, x) =
(
ex1−1/ρ

o + (1− e)x1−1/ρ
) ρ
ρ−1 , (13)

where x denotes the consumption of housing, xo denotes the consumption of other goods, e is

the weight on other goods (relative to housing consumption) in utility, and ρ is the elasticity

at the second stage, could establish that 100% dividend taxation cannot be optimal. We leave the analysis
of optimal dividend taxation outside the scope of this paper. See Chetty and Saez (2005, 2010) for more on
dividend taxation.

10Housing is the largest consumption item that accounts for about 25% of total household expenditure in the
US, see Consumer Expenditure Survey, 2017, Table 1203. Income Before Taxes: Annual Expenditure Means,
Shares, Standard Errors, and Coefficients of Variation
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of substitution between housing and other goods. Following Miles and Sefton (2020), we take

e = 0.85 and ρ = 0.6. In our simulations, this utility specification results in the absolute value

of the price elasticity of demand of 0.7 and the unit income elasticity of demand, which are

consistent with elasticity values estimated in the literature.11

We model the supply of housing using the standard constant price elasticity function S(p) =

spε, where s is a scale parameter and ε is the price elasticity of supply. This functional form

corresponds to the Cobb-Douglas production function (see, e.g., Epple et al. 2010). The

estimates of the price elasticity of supply ε vary significantly across countries and even across

cities. In particular, Saiz (2010) shows that ε highly depends on geographical and regulatory

constraints within U.S. metropolitan areas. Drawing on his estimates for the average U.S.

metropolitan area, we take ε = 1.75, which is also similar with the estimates of DiPasquale and

Wheaton (1994) and Harter-Dreiman (2004). In Section 6.4 we clarify under what conditions

several geographical markets can be modeled as one market with the average supply elasticity.

We calibrate scale parameter s to match the average share of housing expenditure of 25%,

which renders s = 18.5. In Appendix A.4, we present the results for inelastic supply ε = 0.01

that better describe housing supply in large U.S. coastal cities (e.g., Boston and San-Francisco)

and in countries with a rigid housing planning system like, e.g., the UK (Hilbert and Schöni,

2016). We also present results for the price elasticity of supply ε = 3 that are closer to the

estimates obtained by Epple and Romer (1991).

We follow Saez et al. (2012) to take labor cost function c(`) = `4/4, which renders a labor

supply elasticity of ζ = 1/3. We take the distribution of agent productivities from Mankiw

et al. (2009), who proxy it with the distribution of hourly wages in the U.S. Specifically, this

distribution consists of several parts. There is a 5% mass of agents with n = 0 which matches

the percentage of total employees on public disability insurance in the U.S. The productivities

of agents between the 5th and 95th percentiles follow the lognormal distribution with the mean

of 2.757 and standard deviation of 0.5611. The remaining top 5% levels of productivity follow

the Pareto distribution with the shape parameter of 2.12 We used a standard kernel smoother

to merge the log-normal and Pareto parts of the distribution together.

We set public expenditures at R = 0 and use welfare weights Ψ(n) = 1− (1−F (n))r, where

r is a parameter for redistribution. If r = 1 the public authority has no equity concerns and

if r > 1 public authority has equity concerns. Following Rothschild and Scheuer (2013), we

consider a moderate level of equity concerns r = 1.3. We approximate the distribution of firm

11For the U.S. housing market, the estimates of price elasticity of demand are in the range 0.3 to 1 in absolute
numbers and the estimates of income elasticity of demand are in the range of 0.4 to 1 (see Albouy et al., 2016).
For the European housing market, the corresponding estimates are in the range of 0 to 1.43 and 0.74 to 1.23,
respectively (see Arrazola et al., 2015). For other estimates of the CES model for housing, see Määttänen and
Terviö (2014) and Li et al. (2016).

12This shape parameter corresponds to a(1+ζ) derived by Saez (2001), where a = 1.5 is the shape parameter
of the Pareto tail of the U.S. income distribution (also see Diamond and Saez, 2011).

11



Distribution of dividends (in %) held by income percentiles:

Bottom Top Top Top Top Top Top
90% 10% 5% 1% 0.5% 0.1% 0.01%

0.4% 99.6% 95.9% 76.0% 67.1% 50.0% 31.2%

Table 1: The Distribution of Dividends in the U.S., 2012

Note: The table shows the percentage shares of dividends held by the U.S. population. Source: Saez
and Zucman (2016, Table B23).

profits among agents by the empirical distribution of dividends across U.S. households in 2012,

as presented in Table 1.13 To make our estimates more realistic, we slightly depart from our

theoretical analysis and assume a flat profit tax of 15% in line with the U.S. practice. The

proceeds from the profit tax go to financing government expenditures and they are included in

the resource constraint.14

Figure 1 presents our main simulation results. The solid line shows the optimal marginal

income tax schedule as determined by Theorem 1. In this case, the public authority fully

internalizes how income taxes influence the equilibrium price level and sets the optimal tax

schedule. The dashed line corresponds to the marginal tax schedule in the self-confirming policy

equilibrium (SCPE) when the public authority takes the price level in the economy as given.

In particular, the public authority assumes that the price level is fixed at some level p̂ and

imposes the standard Mirrleesian tax schedule, i.e., the marginal taxes are determined by term

A(n)B(n) in (11). Given the imposed income taxes, the resultant market equilibrium price has

to confirm with the public authority’s assumption of p̂. SCPE was originally developed and

applied by Rothschild and Scheuer (2013, 2016).

We note that the estimated optimal income tax schedules are of a shape similar to those

obtained by previous studies. The high tax rates at the bottom correspond to the phasing-out

of the guaranteed income level (Mankiw et al. 2009; Saez, 2001). Due to the Pareto tail, at top

income levels the optimal marginal income taxes flatten out and are equal to approximately

62% for the case with endogenous prices and 59% for the SCPE case with fixed prices. Similarly

to Mankiw et al. (2009), the minimum of the optimal marginal income tax schedule is achieved

around the labor income of $50, 000.

Our numerical simulations show that the endogenous price has an upward effect on optimal

marginal income tax rates, adding 4 percentage points on average. The price effect for top

earners is around three percentage points. In Appendix A.4, we also show that the size of the

13The cumulative distribution of profits is well approximated by functional form Ξ(n) = exp(̂b(− logF (n))
1
2 )

with b̂ = −18.1, yielding the coefficient of determination R2 = 0.95. We obtain function ξ(n) as the derivative of
Ξ(n). Our estimation results barely change if we approximate the distribution of profit shares by the distribution
of capital income (Saez and Zucman, 2016, Table B21) or the distribution of wealth (Wolff, 2017).

14Supplementary materials ”OIT simulation documentation.pdf” show how the first order condition changes
in the presence of profit tax.
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Figure 1. Optimal income taxation with endogenous prices.

Note: The solid line presents the optimal marginal income tax rates for an economy with a competitive
market and endogenous prices (see Theorem 1). The dashed line presents the Mirrleesian tax rates
in self-confirming policy equilibrium for the same economy.

price effect is robust to other assumptions about the distribution of productivity types. We

show that the price effect increases by an additional 0.2 percentage point if we remove the

Pareto tail and consider only the lognormal distribution of productivities.

5 Oligopolistic Competition

In this section, we consider market structures with various degrees of oligopolistic competition.

There are M ≥ 1 identical firms producing good X, indexed by i, and each firm i has convex cost

function K(Xi), where Xi is its production. We denote the inverse aggregate demand function

by p(X), where X =
∫
x(p, ỹ(n))f(n)dn. The assumption xp < 0 ensures that the inverse

aggregate demand function p(X) is well defined. We write firm i’s profit as Xip(X)−K(Xi),

where the market clearing condition ensures
∑M

i=1Xi = X.

To model various forms of oligopolistic competition, we introduce conjectural variation θ

(Bowley, 1924; Perry, 1982) or a profit-maximizing firm’s belief about the other firms’ responses

to a unit change in its output level:

d(
∑

j 6=iXj)

dXi

= θ, where − 1 ≤ θ ≤M − 1. (14)

The conjectural variation captures a wide variety of market structures. The competitive equi-

librium corresponds to θ = −1 when firms expect the rest of the industry to absorb exactly

its output expansion, conjectural variation θ = 0 represents the Cournot-Nash model where

each firm expects the output of the other firms in its industry to remain unchanged, and the

collusive behavior of firms maximizing their joint profits is captured by θ = M − 1.
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The first-order condition for the profit maximization problem can then be expressed by

p(X)−K ′(Xi) + (1 + θ)Xi p
′(X) = 0. (15)

We assume that the firm maximization problem is well-behaved and has a unique maximum.

We also limit our attention to symmetric equilibria Xi = X/M . For our analysis, it is conve-

nient to express the market equilibrium condition with the price being an independent variable

p−K ′(X/M) +
(1 + θ)

M

X

Xp

= 0, (16)

where Xp =
∫
xp(p, ỹ(n))f(n)dn. We note that the assumption of homothetic preferences

implies that market demand X is a linear function of aggregate income. Therefore, the price

elasticity of market demand is a function of price only, εd(p) = Xpp/X. Then the equilibrium

condition can be transformed into a condition for the equilibrium markup m(p)

p−K ′(X/M) = −(1 + θ)

M

p

εd(p)
≡ m(p). (17)

To relate the oligopolistic case to our previous analysis, we rewrite the last equation in

terms of the quantity produced by all firms in equilibrium

S̃(p) ≡M(K ′)−1 (p− m(p)) . (18)

To be able to write formula (18), we assume p − m(p) is an increasing function, which also

implies S̃ ′(p) > 0. This property can be guaranteed in equilibrium, for example, if ε′d(p) ≤ 0.15

This assumption is trivially satisfied for CES preferences as ε′d(p) = 0. Note that the market

clearing condition has to ensure that the quantity supplied by firms equals the market demand

S̃(p) = X. Lastly, the total firm profit function is given by Π(p) = pS̃(p) −MK(S̃(p)/M)

with its derivative Π′(p) = S̃(p) + m(p)S̃ ′(p). With this transformation, the public authority’s

problem for oligopolistic markets takes the same form as the problem (7)–(10) for competitive

markets with the only difference of S(p) in (9) replaced by S̃(p). We obtain the following result.

Theorem 2. In oligopolistic markets, the optimal marginal income tax is determined by

t

1− t
= A(n)B(n) + Cov(ξ, ψ)

a(p)sL
λ

εv

ε− εh
− m(p)S̃(p)

ỹ
(Cov(ξ, ψ)

a(p)

λ
+ 1)

ε

ε− εh
(19)

with A(n) and B(n) as in Theorem 1 and total income ỹ =
∫
ỹ(n)f(n)dn.

With oligopolistic markets, we observe that the price effect term contains an additional non-

15If the price satisfying (17) exists, we have 1− m′(p) = 1− p−K′

p − 1+θ
M

pε′d(p)

ε2d
≥ 0 if ε′d(p) ≤ 0.
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competitive component that is proportional to total markup m(p)S̃(p). Absent redistributive

concerns, Cov(ξ, ψ) = 0, this non-competitive component is negative and corrects for under-

production relative to the Pareto optimum. To obtain an outcome closer to the Pareto opti-

mum, the public authority stimulates market demand by lowering income tax rates. This result

is closely related to the previous studies in the commodity taxation literature where subsidy

is used in order to remedy production inefficiency (see Myles, 1989). However, redistributive

concerns, Cov(ξ, ψ) < 0, drive the non-competitive component in the direction opposite of

market demand stimulation when profits are not equally distributed. Hence, the sign and the

size of the non-competitive component are ambiguous and depend on the strength of social

concerns as we illustrate in the next subsection.

Numerical Simulations: Oligopolistic Competition

Next, we consider the numerical simulations of optimal income tax rates for various market

structures, using the framework introduced in Section 3. We infer production cost function

K(·) from the supply function from the competitive market. The profit maximization problem

in the competitive market leads to p−K ′( X
M0

) = 0, where in equilibrium the quantity demanded

X is equal to the market supply given by S(p) = spε and M0 is a fixed number of firms. Thus,

we obtain the marginal cost function K ′(Xi) =
(
XiM0

s

) 1
ε and, hence,

S̃(p) = s(p− m(p))ε

with s = 18.5 and ε = 1.75 as used in our analysis of the competitive market. As the degree

of competition is fully characterized by conjectural variation parameter θ, we set M0 = 2. All

other parameters of the model remain the same.

To illustrate how optimal income tax policy depends on the market structure, we consider

optimal income tax schedules for various degrees of equity concerns: r = 1.05 (small), r = 1.3

(medium), r = 2 (large), as shown in Figure 2. In all three cases, we also vary the conjectural

variation parameter θ = −1 (perfect competition), θ = −0.5, and θ = 0 (Cournot-Nash).

In the case of small equity concerns (the left diagram of Figure 2), we obtain smaller op-

timal marginal tax rates in less competitive markets (larger θ). The public authority lowers

income tax rates to offset production inefficiencies in non-competitive markets. For medium

and large levels of equity concerns (the middle and right diagrams of Figure 2), redistribution

offsets efficiency considerations, thus, lessening the overall role of the non-competitive com-

ponent for income taxation. As a result, with sufficiently large equity concerns, the optimal

income taxation policy remains intact for various market structures – the result that has not

be highlighted in the previous literature.
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Figure 2. Optimal income taxation for various market structures and several degrees for
equity concerns of public authority.

Note: The figure illustrates the optimal marginal income tax schedules for various market structures
by θ ∈ {0,−0.5,−1}, where θ = 0 stands for the Cournot-Nash competition model and θ = −1 for
perfect competition. The three diagrams depicts optimal marginal income tax schedules for three
degrees of equity concerns: r = 1.05 (small), r = 1.3 (medium), and r = 2 (large).

6 Extensions

In the previous sections, we demonstrate that the optimal income tax policy has to take into

account the market structure and the distribution of firm profits. The question then arises as

to whether the price effect survives in the presence of other types of taxation. We study the

problem of optimal commodity and income taxation in Section 6.1 and the problem of optimal

profit and income taxation in Section 6.2, where we extend our model with endogenous firm

exit and entry.

In addition, we explain how our analysis changes if we let the public authority tax agents’

total (labor and dividend) income in Section 6.3. Section 6.4 clarifies under what conditions

several geographical markets can be modeled as one market with the average supply elasticity.

Section 6.5 shows how our analysis extends to the model with two consumption goods. Finally,

Section 6.6 derives the optimal income tax schedule for the general case of non-homothetic

preferences.

6.1 Commodity Taxation

We use the framework from Section 5 which allows us to consider simultaneously the cases of

competitive markets (m(p) = 0) and oligopolistic markets (m(p) = −1+θ
M

p
εd(p)

> 0). Assume

that the public authority can impose a commodity tax b paid by producers for every sold unit

of good X. Negative commodity tax b < 0 is interpreted as a subsidy. An individual firm’s

profits read as (p− b)Xi−K(Xi) and the analogue of the market equilibrium condition in (17)
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becomes

p− b−K ′(X/M) = m(p).

The equilibrium quantity supplied by all firms can then be defined as

S̃(p, b) = M(K ′)−1(p− b− m(p)).

Aggregate firm profits are given by Π(p, b) = (p− b)S̃(p, b)−MK(S̃(p, b)/M) and their partial

derivatives by Πp = S̃ + m(p)S̃p and Πb = −S̃ + m(p)S̃b. The public authority’s maximization

problem can be written as

max
p,b,u(n),`(n)

∫
ψ(n)u(n)f(n)dn (20)

s.t.



∫
(n`(n)− r(p, u(n), `(n))) f(n)dn+ Π(p, b) + bS̃(p, b) ≥ R,

S̃(p, b)−
∫
x(p, r(p, u(n), `(n)))f(n)dn = 0,

u′(n)− a(p)ξ′(n)Π(p, b)− c``(n)/n = 0.

The next theorem presents our findings about optimal income and commodity taxation.

Theorem 3 (Commodity taxation). With income and commodity taxation, the optimal

marginal income tax is determined by

t

1− t
= A(n)B(n)− Cov(ψ, ξ)

pa ′(p)

λ

m′(p)− sΠ

εh
, (21)

where A(n) and B(n) as in Theorem 1 and sΠ = Π(p)/
∫
ỹ(n)f(n)dn is the share of profits in

agents’ total income. The optimal commodity tax equals

b = −m(p)
(

1 + Cov(ξ, ψ)
a(p)

λ

)
− Cov(ξ, ψ)

pa(p)

λ

(
1− m′(p)

ε
− sΠ − m′(p)

εh

)
. (22)

When profits are positive Π(p) > 0 and unequally distributed ξ′(n) 6= 0, commodity taxation

and the price effect of income taxation coexist in the optimum. This result is similar in

spirit to Naito (1999), who showed that the seminal result of “uniform commodity tax under

nonlinear income taxation” by Atkinson and Stiglitz (1976) no longer holds if marginal costs

of production are non-constant. We extend the findings of Naito (1999) by showing that in

addition to demand and supply properties, the distribution of firm profits plays an important

role in determining optimal income and commodity taxes.

For competitive markets (m(p) = 0,m′(p) = 0), commodity tax b is positive in the optimum

b = −Cov(ξ, ψ)
pa(p)

λ

(
1

ε
− sΠ

εh

)
> 0
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as Cov(ξ, ψ) < 0. We note that a larger mismatch between profit distribution and equity

concerns (larger |Cov(ξ, ψ)|) implies a larger optimal commodity tax. In this case, there is

a larger conflict between profit distribution and equity concerns. The public authority uses

a higher commodity tax to get a larger tax revenue that it then redistributes to people of

smaller productivity types. The size of the optimal commodity tax inversely depends on the

price elasticities of supply and demand. The sign of the price effect term in (21) becomes now

negative. Thus, the role of the price effect changes to correcting for the consumer deadweight

loss of commodity taxation.

For oligopolistic markets (m(p) > 0, m′(p) 6= 0), the optimal commodity tax corrects for

market inefficiency along the same lines as discussed in Section 5. Specifically, the public

authority reduces the optimal commodity tax by the amount of firm markup m(p) adjusted by

equity concerns. The commodity tax does not disappear in the optimum even when firm profits

are equally distributed, ξ′(n) = 0. In this case, the optimal tax is the subsidy b = −m(p) that

exactly brings the economy to the efficient level of production. This result is similar to the one

by Myles (1996), who showed that a combination of ad valorem tax and commodity tax can

eliminate the welfare loss that arises from oligopolistic competition. Finally, the presence of

market power also has an effect on the size and even the sign of the price effect.

6.2 Profit Taxation

To analyze firm profit taxation, we extend the competitive market model with a unit continuum

of firms and free entry.16 Firms have the same marginal costs of production and, thus, the

same individual supply curve Si(p) = S(p), which is determined by the short-run firm-profit

maximization condition of price equal to marginal costs. If firm i enters the market, it supplies

S(p) amount of good X and receives an accounting profit of π(p) =
∫ p

0
S(p̃)dp̃. In addition,

each firm has specific fixed costs ki distributed according to distribution function G over (0,∞)

with positive density g. We think about fixed costs as firm owners’ opportunity costs such as

profit opportunities in another country or earning potential in the labor market. These costs

can also be frictions and risks associated with entering the market that cannot be accounted

for in the firm’s balance sheet or, put differently, they enter economic but not accounting firm

profit. For convenience, we normalize accounting fixed costs to zero.

At a profit tax rate τ ∈ [0, 1], firm i enters the market if and only if

(1− τ)π(p) ≥ ki.
17 (23)

Clearly, the 100%-profit tax cannot be optimal as no firm would enter the market. Let us denote

16See Scheuer (2014) for a related analysis of optimal profit taxation under endogenous firm formation.
17See also a follow up paper by Gürer (2021), who explores the implications of rising markups for optimal

income and profit taxation in a model of monopolistic competition.
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the fixed costs of the marginal firm that enters the market by k∗ = (1 − τ)π(p). The market

supply is then given by S(p)G(k∗) and the total after-tax firm profits by (1 − τ)π(p)G(k∗) =

k∗G(k∗). As the total firm shares have
∫
ξ(n)f(n)dn = 1, total tax revenue sums up to

TR =

∫
[n`(n)− ỹ(`(n)) + ξ(n)Π(p, τ) + τπ(p)G(k∗)]f(n)dn =

=

∫
[n`(n)− ỹ(`(n)) + π(p)G(k∗)]f(n)dn.

In the public authority’s maximization problem, it is analytically convenient to express the

supply and profits through price p and the share of firms entering the market G(k∗) ≡ G∗

so that S̃(p,G∗) = S(p)G∗ and Π(G∗) = G−1(G∗)G∗. The expression for tax revenue is then

TR =
∫

[n`(n) − ỹ(`(n)) + π(p)G∗]f(n)dn and the condition that τ ≥ 0 can be expressed as

π(p) ≥ G−1(G∗) from the profitability condition in (23). We drop condition τ ≤ 1 as not

binding. The public authority’s maximization problem with profit taxation reads as

max
p,G∗ ,u(n), `(n)

∫
u(n)ψ(n)f(n)dn

s.t.



∫
[n`(n)− r(p, u(n), `(n)) + π(p)G∗]f(n)dn ≥ R,

S(p)G∗ −
∫
x(p, r(p, u(n), `(n)))f(n)dn = 0,

u′(n)− a(p)ξ′(n)Π(G∗)− c``(n)/n = 0,

π(p)−G−1(G∗) ≥ 0.

If we denote Lagrange multiplier for π(p)−G−1(G∗) ≥ 0 as β, we obtain the following result.

Theorem 4 (Profit taxation). In competitive markets with optimal profit taxation, the op-

timal marginal income tax is determined by

t

1− t
= A(n)B(n)−

(
Cov(ξ, ψ)

a(p)sΠ

λ
− β

λG∗

) εv

ε− εh

with A(n) and B(n) as in Theorem 1.

Similarly to the problem of commodity and income taxation studied earlier, the public authority

can affect market supply through profit tax and market demand through labor income tax. As

in Theorem 3, we obtain that with optimal profit taxation the price effect of optimal income

taxation is negative when Cov(ξ, ψ) < 0 (since εv < 0 and β ≥ 0). Absent redistributive

concerns Cov(ξ, ψ) = 0, the price effect term does not disappear as multiplier β is then strictly

positive as demonstrated in the proof of Theorem 4. The transversality condition β(π(p) −
G−1(G∗)) = 0 then implies that we must have π(p) − G−1(G∗) = 0 or zero profit tax τ = 0.

With uneven profit distribution and redistributive concerns Cov(ξ, ψ) < 0, the public authority
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has an incentive to introduce a profit tax τ > 0 and use the profit tax proceeds to relax the

budget constraint in favor of lower income taxes.

6.3 Total Income Taxation

Here, we consider the case when public authority can tax total (labor and dividend) income

z(n) = n`(n) + ξ(n)Π(p). Under total income taxation, disposable income is given by ỹ(n) =

z(n) − T (z(n)). Differences in profit shares make it harder for agents to pretend to have

different productivity levels compared to the case when taxes are based on labor income only.

If an agent of type n wants to pretend to be of type m, he must change working hours to

` = (m`(m) + (ξ(m)− ξ(n))Π(p))/n, yielding utility

U(p, ỹ(m), z(m), n) = v(p, ỹ(m))− c((z(m)− ξ(n)Π(p))/n).

Letting u(n) ≡ U(p, ỹ(n), z(n), n), we have for truthful revelation to be optimal

u(n)− U(p, ỹ(n), z(n), n) = 0 ≥ u(m)− U(p, ỹ(n), z(n),m), (24)

which leads to the following first-order condition

u′(n) = Un = c`
`(n) + ξ′(n)Π(p)

n
. (25)

The latter condition coincides with the standard one when profits are zero Π(p) = 0 or ξ′(n) = 0.

We also notice that the standard single-crossing condition is satisfied when total income is

taxed:
∂

∂n∂m
c((z(m)− ξ(n)Π(p))/n) < 0.

Hence, the second-order condition for truth-telling coincides with the one in the standard case,

i.e., z(n) must be increasing. The first-order condition for maximizing (24) implies vyỹ
′(n) −

c`z
′(n)/n = 0 or that total income z(n) is increasing if and only if disposable income ỹ(n) is

increasing as we had before.

The maximization problem of the public authority can be written as follows

max
p,u(n),`(n)

∫
u(n)ψ(n)f(n)dn

s.t.



∫
[n`(n)− r(p, u(n), `(n)) + ξ(n)Π(p)]f(n)dn ≥ R

S(p)−
∫
x(p, r(p, u(n), `(n)))f(n)dn = 0

u′(n)− c` `(n)+ξ′(n)Π(p)
n

= 0.
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The first order conditions of the above problem give us the following result.

Theorem 5 (Total income taxation). In competitive markets with total income taxation,

the optimal marginal income tax is determined by

t

1− t
= A(n)B(n) +

∫ n

n

(Ψ(m)− F (m))
ξ′(m)c`(`(m))

λm
dm

εv

ε− εh
,

where

A(n) =

(
1 + ζ + ξ′(n)Π(p)/`(n)

ζ

)
1− F (n)

nf(n)
, B(n) =

a(p)

λ

Ψ(n)− F (n)

1− F (n)
.

When tax is based on total income, it becomes more difficult for high earners to deviate due

to their higher profits and, hence, incentive compatibility becomes a lesser problem. Unlike

in Theorem 1, the standard incentive term A(n) is now influenced by the distribution of firm

profits. With progressive distribution of profits ξ′(n) > 0 the public authority can impose more

progressive income taxes, also used as a means of taxing firm profits after accounting for the

labor incentives captured by labor supply `(n) in A(n). As ξ′(n) > 0 and εv < 0, the last

term in optimal income tax formula is positive. Overall, the optimal income tax is again larger

compared to the standard Mirrleesian formula.

6.4 Aggregation

In our simulations, we considered the aggregate US housing market rather than a union of

regional markets with different supply elasticities. In this section, we clarify under what con-

ditions several geographical markets can be modeled as one market with the average supply

elasticity.

Consider two geographic regions, A and B, and let ∆ denote the share of population living

in region A and 1 − ∆ in region B. Population shares are endogenously determined by the

equilibrium condition that no agent finds it optimal to reallocate to another region under the

assumption of perfect labor mobility. We also assume that the propensity to reallocate is

independent of productivity, which implies the same relative distribution for productivities in

each region, fA(n) = ∆f(n) and fB(n) = (1 −∆)f(n). We allow for distinct regional supply

curves, denoted by Sj(p) and its elasticity by εj in region j, while agents share total profits in

the economy, Π̃(p) = ΠA(p) + ΠB(p), irrespective of the region they live.

Since the public authority apply the same labor income taxation in both regions, the as-

sumption of perfect mobility implies the same regional prices in the equilibrium. Otherwise,

agents would have an incentive to move to the region with a lower price. Taking this into
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account, the public authority’s maximization problem can be expressed as follows.

max
p,u(n),`(n),∆

∫
u(n)ψ(n)f(n)dn (26)

s.t.∫
[n`(n)− r(p, u(n), `(n)) + ξ(n)Π̃(p)]f(n)dn ≥ R (27)

SA(p)−∆

∫
x(p, r(p, u(n), `(n)))f(n)dn = 0 (28)

SB(p)− (1−∆)

∫
x(p, r(p, u(n), `(n)))f(n)dn = 0 (29)

u′(n)− a(p)ξ′(n)Π̃(p)− c``(n)/n = 0. (30)

If we denote the average supply elasticity as ε = ∆εA+(1−∆)εB, we show the following result.

Theorem 6 (Aggregation). With two geographic markets and perfect labor mobility, the

optimal marginal income tax is determined by

t

1− t
= A(n)B(n) + Cov(ξ, ψ)

a(p)sL
λ

εv

ε− εh
, (31)

where

A(n) =
1 + ζ

ζ

1− F (n)

nf(n)
, B(n) =

a(p)

λ

Ψ(n)− F (n)

1− F (n)
.

The only difference between tax formulas (11) and (31) is the presence of the average price

elasticity of supply. Hence, under the assumption of perfect labor mobility, the result of

Theorem 1 extends to several geographical markets by replacing the price elasticity of supply

with its average across the geographical markets.

6.5 Multiple Goods

In this section, we show how our previous analysis extends to an economy with one numeraire

good and two consumption goods X1 and X2. We assume that each good Xj, j = 1, 2, is traded

on a competitive market with its price, supply, and price elasticity of supply denoted by pj,

Sj(pj), and εj, respectively, and with profits given by Πj(pj) =
∫ pj

0
Sj(p̃)dp̃. Disposable income

is given by ỹ(n) = z(n)−T (n)+ξ(n)Π(p1, p2), where Π(p1, p2) = Π1(p1)+Π2(p2) is total profits.

Agents have the homothetic preferences represented by indirect utility v(p1, p2, ỹ) = a(p1, p2)ỹ

with demand for good j given by xj(p1, p2).

22



The public authority’s maximization problem can be written as

max
p1,p2,u(n),`(n)

∫
u(n)ψ(n)f(n)dn (32)

s.t.∫
[n`(n)− r(p1, p2, u(n), `(n)) + ξ(n)Π(p1, p2)]f(n)dn ≥ R (33)

S1(p1)−
∫
x1(p1, p2, r(p1, p2, u(n), `(n)))f(n)dn = 0 (34)

S2(p2)−
∫
x2(p1, p2, r(p1, p2, u(n), `(n)))f(n)dn = 0 (35)

u′(n)− a(p1, p2)ξ′(n)Π(p1, p2)− c``(n)/n = 0. (36)

We denote the price elasticity of Hicksian demand for good j with respect to price pk as

εhjk =
∂Hj
∂pk

pk
Hj

and the price elasticity of utility with respect to price pj as εvj = ∂v
∂pj

pj
v

. In the

optimum, we obtain the following result.

Theorem 7 (Multiple goods). With two consumption goods X1 and X2 and competitive

markets, the optimal marginal income tax is determined by

t

1− t
= A(n)B(n) + Cov(ξ, ψ)

a(p)sL
λ

E,

where

A(n) =
1 + ζ

ζ

1− F (n)

nf(n)
, B(n) =

a(p)

λ

Ψ(n)− F (n)

1− F (n)
, E =

εv1(ε2 − εh22 + εh12) + εv2(ε1 − εh11 + εh21)

(ε2 − εh22)(ε1 − εh11)− εh12εh21
.

Again, we see that our initial results on optimal income taxation with endogenous prices

generalize to multiple markets. The only difference between the tax formulas presented above

and in Theorem 1 is the term E, which aggregates elasticities across markets.

6.6 Non-Homothetic Preferences

In this section, we consider the general case of non-homothetic preferences or non-linear indirect

utility. Thus, we impose vyy < 0. We start with revising incentive compatibility. If truthful

revelation is optimal, then

u(n) = max
m

U(p, y(m) + ξ(n)Π(p), z(m), n). (37)

The envelope theorem implies the following first-order condition

u′(n) = Un + Uyξ
′(n)Π(p). (38)

23



We note that the single-crossing condition does not generally hold when indirect utility is non-

linear. Hence, we need to derive the second-order condition for the optimality of truth-telling.

Proposition 1. Condition (38) ensures that truth-telling is an optimal solution of (37) if and

only if schedule {y(n), z(n)} satisfies for each n

[c``z(n)/n+ c`
n

vy
c`

+ vyyξ
′(n)Π(p)

]
y′(n) ≥ 0. (39)

The first term in (39) is always positive because the cost function c(`) is increasing and convex.

The second-order condition reduces to non-decreasing income schedule y(n) if profits are either

zero Π(p) = 0 or equally distributed ξ′(n) = 0. When both Π(p) > 0 and ξ′(n) > 0, the second

term in (39) is negative because the indirect utility function is concave, vyy < 0.

The public authority’s maximization problem takes the same form as the initial problem in

(7)-(10). Assuming the second-order condition (39) is satisfied, we can prove

Theorem 8. In competitive markets with endogenous prices and non-homothetic preferences,

the optimal marginal income tax is determined by

t

1− t
= A(n)B(n) +

γ

λ

(
x(n)
y + A(n)v(n)

y

∫ n
n
x

(m)
y Emn/v

(m)
y f(m)dm

1− F (n)

)
,

where

A(n) =

(
1 + ζu(n)

ζc(n)

+ n
v

(n)
yy

v
(n)
y

ξ′(n)Π(p)

)
1− F (n)

nf(n)
,

B(n) =
v

(n)
y

1− F (n)

∫ n

n

Emn

v
(m)
y

(
1− ψ(m)v

(m)
y

λ

)
f(m)dm,

γ =

∫ n
n
ξ′(n)V (n, p)

∫ n
n
λEmn/v

(m)
y (1− ψ(m)v

(m)
y

λ
)f(m)dmdn

S ′(p)−H ′(p)−
∫ n
n
ξ′(n)V (n, p)

∫ n
n
Emnx

(m)
y /v

(m)
y f(m)dmdn

.

We note that under non-homothetic preferences the optimal marginal tax formula becomes

more complicated, involving income effects and the interplay of different effects endogenously

expressed. Furthermore, the price effect is not uniform as before but depends on income level.

The tax formula reduces to the one of Theorem 1 when v(p, y) = a(p)y. In this case, xy, vy,

and V (n, p) = (a(p)Π(p))′p do not depend on productivity n and Emn = 1.
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7 Literature Review

The results of the present paper are connected to several strands in the literature. First,

our analysis is closely related to the study of optimal income taxation in the presence of

endogenous wages in labor markets. Stiglitz (1982) was one of the first to consider a setting in

which workers are not perfect substitutes in production. In this case, the general equilibrium

effects imply that the optimal tax policy should subsidize high-talent workers and tax low-

talent workers. Extending this analysis to a setting where workers have two-dimensional skill

characteristics and an occupational choice, Rothschild and Scheuer (2013) found that the ability

of workers to select their occupation involves a more progressive tax schedule than a model

without occupational choice. Ales et al. (2015) use a related multi-task assignment model with

finite one-dimensional agent types to study a change in optimal income policy in response to

a technical change. In a study of the continuum of one-dimensional agent types and general

constant returns to scale production functions, Sachs et al. (2020) show that the optimal

labor supply in an equilibrium is determined by a complicated integral equation. Using this

equation, they analyze the incidence of a tax reform with the actual U.S. tax code as a starting

point. We show that our model can be equivalently parameterized through endogenous wages

(see Appendix A.3). In contrast to endogenous wages literature, however, the price effect in

our model arises because of the distribution of firm profits among agents and the presence of

market power, rather than general equilibrium effects studied in this literature.

The literature with endogenous wages in labor markets also studies the impact of external-

ities on the optimal income tax schedule. Rothschild and Scheuer (2016) study the corrective

role of income taxation in a setting where agents can engage in rent-seeking activity whereby

private returns are different from social returns. Lockwood et al. (2017) integrate tax con-

siderations into an assignment model of agents to professions in which high-paying professions

have negative externalities and low-paying professions have positive externalities. They esti-

mate that the welfare gains from an optimal income taxation policy targeted to compensate for

these externalities are small. See also Rothschild and Scheuer (2014) for a unifying framework

to analyze the effects of externalities on optimal income taxation.18 Compared to this litera-

ture, agents do not impose direct externalities in our model. Instead, agents impose pecuniary

externalities. Pecuniary externalities do not influence the set of feasible outcomes when agent

types are perfectly observable - the consequence of the second welfare theorem. When agent

types are not perfectly observable and tax policy can be based only on labor income (or total

income), the second welfare theorem fails. In this case, a Pareto optimum allocation cannot be

generally supported with competitive product prices. A similar effect of pecuniary externalities

arises in the analysis of the optimal taxation of profits and labor income by Scheuer (2014).

18Stantcheva (2014) also studies how adverse selection in labor markets influences optimal income taxation.
Stantcheva (2017) provides a joint analysis of optimal income tax and optimal human capital policies.
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Our analysis is also closely related to the seminal production efficiency theorem of Diamond

and Mirrlees (1971), who assert that optimal income taxation entails efficient production in

equilibrium. This seminal result holds, however, only in the absence of firm profits or when firm

profits are fully taxed.19 The contribution of the present paper is to analyze optimal income

taxation in the Mirrleesian setting in the presence of progressively distributed firm profits.

Only a few papers consider models in which firm profits are not fully taxed. Stiglitz and

Dasgupta (1971) were among the first to show that production efficiency may not be desirable

when the maximum profit tax rate is limited.20 Dasgupta and Stiglitz (1972) show that the

government might not wish to tax all profits away in the economy with non-identical consumers

when lump-sum taxes are not allowed. Guesnerie and Laffont (1978) and Iwamoto and Kon-

ishi (1991) analyze the optimal commodity tax rule in a setting with firm profits and many

consumers. In contrast to these papers, we consider an incomplete information environment of

optimal income taxation. We both derive analytically and estimate numerically the influence

of firm profit distribution on the optimal income tax schedule. We also establish that the

government does not want to tax all profits when firms have idiosyncratic costs and can freely

enter and exit the market.

Further, the absence of firm profits is an important assumption in the commodity taxation

literature. Under this assumption, Atkinson and Stiglitz (1976) establish that commodity

taxation is unnecessary in the presence of optimal income tax given weak separability of utility

between labor and all consumption goods (see also Mirrlees, 1976). Naito (1999) shows that this

result depends on the assumption of marginal cost of production being constant. Similarly, we

show that once this assumption is abandoned and firm profits are progressively distributed, the

commodity taxation plays an important role on par with income taxation for both competitive

and oligopolistic markets.

We also want to mention an important paper by Scheuer and Werning (2017) who consider

an assignment model to study the taxation of top income earners.21 They establish that the

conditions for the efficiency of a marginal tax rate schedule do not depend on the production

technology even when firm profits are not fully taxed. However, for a given social objective

function, the optimal marginal tax policy does depend on the production technology and the

distribution of firm profits. Scheuer and Werning (2017) also do not consider endogenous

product prices, which is the main subject of our analysis.

As mentioned in the introduction, there is almost no literature relating optimal income

19See Scheuer and Werning (2016) for an insightful connection between the seminal model of Diamond and
Mirrlees (1971) on commodity taxation and Mirrlees (1971) on income taxation. Dasgupta and Stiglitz (1972)
establish that production efficiency is desirable if the government can set different percentage profit taxes for
different producers; see also Mirrlees (1972).

20See also Atkinson and Stiglitz (1976, 2015), Diamond and Mirrlees (1971), Munk (1980), and Kopczuk and
Slemrod (2006).

21See also Ales and Sleet (2016), Kleven et al. (2013), Piketty et al. (2014), and Shourideh (2014) for analyses
of optimal taxation of top labor income and capital income.
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taxation to various market structures. One exception is a recent work by Kaplow (2019) who

studies the influence of market power on income taxation. One major difference between his

approach and ours is that the former analyzes income taxation in an economy with exogenously

given firm markups. Hence, Kaplow (2019) does not consider how income taxation policy

influences equilibrium prices and firm markups, which is the main subject of our analysis.

The other exception is da Costa and Maestri (2019) who study optimal income taxation in

non-competitive labor markets. They assume that firms’ ownership is spread uniformly across

agents, thus abstracting from firm profit distribution effect on optimal income taxation, the

main subject of our analysis.

Our paper is also related to a small body of literature focused on analyzing commodity

taxation in oligopolistic markets. Auerbach and Hines (2001) and Myles (1987, 1989) show the

benefit of a corrective subsidy to offset producer markups in the presence of market power (see

also Reinhorn, 2005, 2012). Similar to a corrective subsidy, a decrease in marginal income tax

stimulates market demand that brings the equilibrium consumption closer to a Pareto-efficiency

frontier. Though our results can be seen as an extension of the previous analysis to optimal

income taxation settings, we also study the distributional effect of firm profits, a consideration

that is absent from previous papers. We also establish that the price effect influences optimal

income tax schedule even in the presence of optimal commodity taxation.

Our paper is also closely related to an important strand of literature focused on the effects

of relativity concerns on optimal income taxation; see Boskin and Sheshinski (1978), Oswald

(1983), Ireland (2001), Jinkins (2016), Kanbur and Tuomala (2013). These papers are typically

motivated by empirical observations showing that people care not only about their absolute

level of consumption but also how it compares with that of others. In our paper, relativity

concerns arise endogenously through equilibrium product prices. A similar idea according to

which individuals may seek a more equal income distribution in order to improve the terms of

trade is explored by Zubrickas (2012).

8 Conclusion

In this paper, we consider how endogenous prices affect optimal income taxation policy in both

competitive and oligopolistic markets. In a Mirrleesian framework with imperfectly observable

agent productivities, we establish that a progressive distribution of firm profits can lead to a

price effect on optimal income taxation. Our numerical simulations show that the price effect

can be of a considerable size and, thus, of relevance for tax policy design.

The presence of market power in oligopolistic markets can result in an additional non-

competitive effect on optimal income taxation. The strength of this effect also depends on

the distribution of profits. Using numerical simulations, we show that for medium and large
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degrees of equity concerns this effect is of little consequence for optimal income taxation or,

put differently, the optimal income tax schedule is invariant to the market structure. We also

expand our findings to settings with commodity and profit taxation, regional markets, multiple

goods, and non-homothetic preferences.

Our study of the price effect is only the first step in incorporating an underlying market

structure into the analysis of optimal income taxation. One research direction could be to

further develop and calibrate a model with several goods and industries. In another research

direction, one could assume the intensity of consumption of various goods varies with income.

For instance, one could consider an economy with two “main” goods, where poorer agents con-

sume mostly the first and richer agents consume the second main good. It could be interesting

to see how such market structure could have an effect on the income tax schedule.

Many sectors, including healthcare, can be better described with dynamic models (Gross-

man, 1972). Hence, combining the literature on dynamic optimal income taxation (e.g., Al-

banesi and Sleet, 2006) and the insights of the present paper to analyze the interaction between

market structure and income taxation in a dynamic model will be an important exercise. Fi-

nally, we want to highlight that endogenous prices in product markets should be an important

consideration beyond income taxation policies. The welfare assessment of subsidies, welfare

benefits, pensions, and the minimum wage, etc., would be biased unless the public authority

takes into account the price effect analyzed in this paper.
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A Appendix

A.1 Proofs

Proof of Theorem 1. Let λ, γ, and µ(n) be multipliers corresponding to constraints (8),

(9), and (10), respectively. After integration by parts and taking the transversality condition

µ(n) = µ(n) = 0 into account, we express the Lagrangian of the maximization problem as∫ {
[u(n)ψ(n) + λ(n`(n)− r(p, u(n), `(n)) + ξ(n)Π(p)−R) +

γ(S(p)− x(p, r(p, u(n), `(n))))]f(n)− µ′(n)u(n)− µ(n)(vyξ
′(n)Π(p) + c``(n)/n)

}
dn.

Note that ru = 1/vy, r` = c`/vy, and rp = −vp/vy = x. Let H(p) denote the aggregate Hicksian

demand function and its slope H ′(p) =
∫

(xp + xyx)f(n)dn. Given a(p) = vy, the first-order

conditions can then be written as

u(n) :

[
ψ(n)− λ+ γxy

a(p)

]
f(n)− µ′(n) = 0, (A.1)

`(n) :

[
λn− (λ+ γxy)c`

a(p)

]
f(n)− µ(n)(c` + c```(n))/n = 0, (A.2)

p : γ(S ′(p)−H ′(p))− (a(p)Π(p))′
∫
µ(n)ξ′(n)dn = 0. (A.3)

The assumption of homothetic preferences implies that expression (λ + γxy)/a(p) is constant

and it is equal to 1, which is obtained by integrating first-order condition (A.1) and using the

transversality conditions µ(n) = µ(n) = 0. The same first-order condition yields the formula

µ(n) = Ψ(n) − F (n), where Ψ(n) =
∫ n
n
ψ(m)f(m)dm, n ∈ [n, n], are cumulative weights.

Taking this expression into account and integrating by parts, we obtain∫
µ(n)ξ′(n)dn = −Cov(ξ, ψ), (A.4)

where covariance Cov(ξ, ψ) =
∫

(ξ(n) − 1)(ψ(n) − 1)f(n)dn. Noting that individual utility

maximization implies the optimal marginal income tax t(z) = 1 − c`/(nvy), we find from

first-order condition (A.2)

t

1− t
=

(
1 +

`c``
c`

)
a(p)µ(n)

λnf
+
γ

λ
xy. (A.5)

Next, we show that 1 + `c``/c` = (1 + ζ)/ζ, where ζ is the elasticity of compensated labor

supply.22 Denoting net wage w = (1 − t)n and implicitly differentiating the individual utility

22The compensated elasticity of labor supply coincides with the uncompensated one in the absence of income
effects (linear indirect utility).
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maximization condition vy w − c`(`) = 0 with respect to w, we obtain ∂`/∂w = vy/c``. Thus,

we find ζ = w/` (∂`/∂w) = c`/(`c``) or, after rearrangement, 1 + `c``/c` = (1 + ζ)/ζ.

From first-order condition (A.3) and equation (A.4) we find multiplier

γ = −Cov(ξ, ψ)(a(p)Π(p))′

S ′(p)−H ′(p)
.

Noting that Π′(p) = S(p) = xy
∫
ỹ(n)f(n)dn due to homothetic preferences and xy = −a ′(p)/a(p)

due to Roy’s identity, we can rewrite the derivative

(a(p)Π(p))′ = −a ′(p)
∫
n`(n)f(n)dn,

where we also use that
∫
ỹ(n)f(n)dn = Π(p) +

∫
n`(n)f(n)dn. Using ε = S ′(p)p/S(p) and

εh = H ′(p)p/S(p) (and that S(p) = H(p)) and substituting the derived expressions together

with µ(n) = Ψ(n)− F (n), n ∈ [n, n], into (A.5), we obtain the tax formula in Theorem 1.

Proof of Theorem 2. With oligopolistic markets, the first-order conditions with respect to

u(n) and `(n) remain the same as with competitive markets. The first-order condition with

respect to price is

p : λ(−S̃(p) + Π′(p)) + γ(S̃ ′(p)−H ′(p))− (a(p)Π(p))′
∫
µ(n)ξ′(n)dn = 0.

Given that Π′(p) = S̃(p)+m(p)S̃ ′(p), the statement of the theorem follows from the same steps

as in the proof of Theorem 1.

Proof of Theorem 3 (Commodity taxation). The first-order conditions with respect to

u(n) and `(n) remain the same as before. The conditions with respect to price p and commodity

tax b are

p : λ(m(p) + b)S̃p + γ(S̃p −H ′(p))− (a(p)Π(p, b))′p

∫
µ(n)ξ′(n)dn = 0, (A.6)

b : λ(m(p) + b)S̃b + γS̃b − a(p)Πb(p, b)

∫
µ(n)ξ′(n)dn = 0. (A.7)

Recalling that
∫
µ(n)ξ′(n)dn = −Cov(ξ, ψ) (see (A.4)) and S̃p = −(1−m′(p))S̃b, we multiply

the second equation by 1− m′(p) and add the two equations to obtain

γ(−H ′(p)) + Cov(ξ, ψ)
(
a ′(p)Π + aΠp + aΠb(1− m′(p))

)
= 0

30



or, given that Πp = S̃ + m(p)S̃p and Πb = −S̃ + m(p)S̃b,

γ = −Cov(ξ, ψ)
a ′(p)Π(p, b) + a(p)m′(p)S̃(p, b)

−H ′(p)
.

The tax formula then follows from algebraic transformations similar to those in Theorem 1.

To obtain the expression for b, we substitute the last expression into (A.7).

Proof of Theorem 4 (Profit taxation). We obtain the following first-order conditions with

respect to price p and share of firms G∗

p : γ(S ′(p)G∗ −H ′(p)) + a ′(p)Π(G∗)Cov(ξ, ψ) + βS(p) = 0, (A.8)

G∗ : λπ(p) + γS(p) + a(p)Π′(G∗)Cov(ξ, ψ)− β/G′(k∗) = 0, (A.9)

where k∗ is the fixed costs of the marginal firm entering the market. The first-order conditions

with respect to utility u(n) and `(n) remain the same as in the initial problem. The tax formula

then follows from algebraic transformations similar to those used in proving Theorem 1.

To show that Cov(ξ, ψ) = 0 implies β > 0. Assume in this case β = 0, then γ = 0 from

(A.8). It then implies λ = 0 from (A.9), which is not possible.

Proof of Theorem 5 (Total income taxation). The first-order conditions with respect to

labor `(n) and price p are, respectively, given by

`(n) :

[
λn− (λ+ γxy)c`

vy

]
f(n)− µ(n)

(
c` + c``(`(n) + ξ′(n)Π(p))

)
/n = 0

p : γ(S ′(p)−H ′(p))− Π′(p)

∫
µ(n)

ξ′(n)c`
n

dn = 0.

The first-order condition with respect to u(n) remains intact. From the condition with respect

to `, we obtain
t

1− t
=
(1 + ζ + ξ′(n)Π(p)/`(n)

ζ

) µ(n)vy
λnf(n)

+
γ

λ
xy

and from the condition with respect to p we obtain multiplier γ. The tax formula in the

theorem then follows from similar algebraic transformations as used before.

Proof of Theorem 6 (Aggregation). Let γA and γB be multipliers corresponding to con-
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straints (28) and (29), respectively. The first-order conditions are given by

u(n) :

[
ψ(n)− λ+ (∆γA + (1−∆)γB)xy

a(p)

]
f(n)− µ′(n) = 0, (A.10)

`(n) :

[
λn− (λ+ (∆γA + (1−∆)γB)xy)c`

a(p)

]
f(n)− µ(n) (c` + c```) /n = 0, (A.11)

p : γA(S ′A(p)−∆H ′(p)) + γB(S ′B(p)− (1−∆)H ′(p)) + (a(p)Π̃(p))′Cov(ξ, ψ) = 0 (A.12)

The first-order condition with respect to ∆ implies that γA = γB = γ, using which we obtain

from first-order condition (A.11)

t

1− t
=

(
1 +

`c``
c`

)
a(p)µ(n)

λnf
+
γ

λ
xy. (A.13)

From first-order condition (A.12) we find multiplier

γ = − Cov(ξ, ψ)(a(p)Π̃(p))′

S ′A(p) + S ′B(p)−H ′(p)
.

Homothetic preferences imply Π̃′(p) = Π′A(p)+Π′B(p) = SA(p)+SB(p) = xy
∫
ỹ(n)f(n)dn. Us-

ing xy = −a ′(p)/a(p) and
∫
ỹ(n)f(n)dn = Π(p) +

∫
n`(n)f(n)dn we can rewrite the derivative

(a(p)Π̃(p))′ = −a ′(p)
∫
n`(n)f(n)dn.

Given this expression, Sj(pj) =
∂xj
∂y

∫
ỹ(n)f(n)dn, j = A,B, and the definitions of elasticities,

we obtain

γ =
Cov(ξ, ψ)a(p)sL

xy

εv

∆εA + (1−∆)εB − εh
.

By substituting the above expression into (A.13), we obtain the result of the theorem.

Proof of Theorem 7 (Multiple goods). Let γ1 and γ2 be multipliers corresponding to

constraints (34) and (35), respectively, and Hj(p1, p2) denote the aggregate Hicksian demand

function for good j with its derivative
∂Hj
∂pk

=
∫

(
∂xj
∂pk

+
∂xj
∂y
xk)f(n)dn for j, k = 1, 2. The first-
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order conditions are given by

u(n) :

[
ψ(n)−

λ+ γ1
∂x1
∂y

+ γ2
∂x2
∂y

a(p1, p2)

]
f(n)− µ′(n) = 0, (A.14)

`(n) :

[
λn−

(λ+ γ1
∂x1
∂y

+ γ2
∂x2
∂y

)c`(`(n))

a(p1, p2)

]
f(n)− µ(n) (c` + c```(n)) /n = 0, (A.15)

p1 : γ1

(
S ′1(p1)− ∂H1

∂p1

)
− γ2

∂H2

∂p1

+
(
a(p1, p2)Π(p1, p2)

)
p1

Cov(ξ, ψ) = 0, (A.16)

p2 : γ2

(
S ′2(p2)− ∂H2

∂p2

)
− γ1

∂H1

∂p2

+
(
a(p1, p2)Π(p1, p2)

)
p2

Cov(ξ, ψ) = 0. (A.17)

Optimal marginal income tax formula t(z) = 1− c`/(nvy) and equation (A.15) imply

t

1− t
=

(
1 +

`c``
c`

)
a(p1, p2)µ(n)

λnf
+
γ1

∂x1
∂y

+ γ2
∂x2
∂y

λ
. (A.18)

From first-order conditions (A.16) and (A.17) we find multipliers

γ1 = −

(
a(p1, p2)Π(p1, p2)

)
p1

(S ′2(p2)− ∂H2

∂p2
) +

(
a(p1, p2)Π(p1, p2)

)
p2

∂H2

∂p1

(S ′1(p1)− ∂H1

∂p1
)(S ′2(p2)− ∂H2

∂p2
)− ∂H2

∂p1

∂H1

∂p2

Cov(ξ, ψ)

γ2 = −

(
a(p1, p2)Π(p1, p2)

)
p2

(S ′1(p1)− ∂H1

∂p1
) +

(
a(p1, p2)Π(p1, p2)

)
p1

∂H1

∂p2

(S ′1(p1)− ∂H1

∂p1
)(S ′2(p2)− ∂H2

∂p2
)− ∂H2

∂p1

∂H1

∂p2

Cov(ξ, ψ)

Homothetic preferences imply Π′j(pj) = Sj(pj) =
∂xj
∂y

∫
ỹ(n)f(n)dn and

∂xj
∂y

= −apj
a

for j = 1, 2.

Using
∫
ỹ(n)f(n)dn = Π(p1, p2) +

∫
n`(n)f(n)dn we obtain

(a(p1, p2)Π(p1, p2))pj = −apj
∫
n`(n)f(n)dn.

Given the above expression, Sj(pj) =
∂xj
∂y

∫
ỹ(n)f(n)dn, j = 1, 2, and the definitions of elastic-

ities, we obtain

γ1 =
a(p1, p2)

S1(p1)

εv1(ε2 − εh22) + εv2ε
h
21

(ε2 − εh22)(ε1 − εh11)− εh12ε
h
21

Cov(ξ, ψ)

∫
n`(n)f(n)dn

γ2 =
a(p1, p2)

S2(p2)

εv2(ε1 − εh11) + εv1ε
h
12

(ε2 − εh22)(ε1 − εh11)− εh12ε
h
21

Cov(ξ, ψ)

∫
n`(n)f(n)dn

By substituting the above expressions into (A.18), we obtain the result of the theorem.

Proof of Proposition 1. Let us assume that y(n) and z(n) are differentiable. The second-

33



order condition for maximization (37) is then

u′′(n)− Unn − (Uyyξ
′(n)Π(p) + 2Uyn)ξ′(n)Π(p)− Uyξ′′(n)Π(p) ≥ 0. (A.19)

Taking the derivative of (38) with respect to n we obtain

u′′(n) = Unn + Uny(y
′(n) + ξ′(n)Π(p)) + Unzz

′(n)+

(Uyn + Uyy(y
′(n) + ξ′(n)Π(p)) + Uyzz

′(n))ξ′(n)Π(p) + Uyξ
′′(n)Π(p).

Hence, condition (A.19) is equivalent to

Unyy
′(n) + Unzz

′(n) + (Uyyy
′(n) + Uyzz

′(n))ξ′(n)Π(p) ≥ 0.

Given our separable utility specification, this reduces to

c``z(n)/n+ c`
n2

z′(n) + vyyy
′(n)ξ′(n)Π(p) ≥ 0.

Maximization condition (37) implies vyy
′(n)− c`z′(n)/n = 0, which allows rewriting the previ-

ous inequality in the form of (39).

Proof of Theorem 8. Having the same notation for Lagrange multipliers as before, the

first-order conditions are given by

u(n) :

[
ψ(n)− λ+ γxy

vy

]
f(n)− µ′(n)− µ(n)

vyy
vy
ξ′(n)Π(p) = 0 (A.20)

`(n) :

[
λn− (λ+ γxy)c`

vy

]
f(n)− µ(n)

vyyc`
vy

ξ′(n)Π(p)− µ(n)(c` + c```(n))/n = 0 (A.21)

p :γ(S′(p)−H ′(p))−
∫
µ(n)ξ′(n)((vyp + vyyx)Π(p) + vyΠ

′(p))dn = 0. (A.22)

To calculate the optimal marginal income tax, we consider the individual utility maximization

problem max` (v(p, n` − T (n`) + ξ(n)Π(p)) − c(`)) as before. The first-order condition with

respect to ` yields t(z) = 1− c`/(vyn). Using equation (A.21) we can then write

t

1− t
=
µ(n)vy
λnf

1 + ζu

ζc
+
γxy
λ

+
µ(n)vyyξ

′(n)Π(p)

λf
, (A.23)

where ζu is the elasticity of the uncompensated labor supply, ζc is the elasticity of the com-

pensated labor supply, and we exploited that 1 + `c``/c` = (1 + ζu)/ζc.

Lagrange multiplier µ(n) is determined by first-order linear differentiation equation (A.20)

µ′(n) + C(n)µ(n) = D(n).
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where C(n) =
v
(n)
yy

v
(n)
y

ξ′(n)Π(p) and D(n) =
(
ψ(n)− λ+γx

(n)
y

v
(n)
y

)
f(n) and superscript (n) means that

functions are evaluated at productivity n. Taking into account the transversatily condition

µ(n) = µ(n) = 0 its solution is given by

µ(n) = −
∫ n

n

EmnD(m)dm =

∫ n

n

Emn (
λ+ γx

(m)
y

v
(m)
y

− ψ(m))f(m)dm,

where Emn = exp(
∫ m
n
C(m′)dm′) = exp(Π(p)

∫ m
n

v
(m′)
yy

v
(m′)
y

ξ′(m′)dm′).

Lagrange multiplier γ is then determined by equation (A.22). Denoting V (n, p) = (v
(n)
yp +

v
(n)
yy x(n))Π(p) + v

(n)
y Π′(p), we have

γ(S ′(p)−H ′(p)) =

∫ n

n

V (n, p)ξ′(n)

∫ n

n

Emn(
λ+ γx

(m)
y

v
(m)
y

− ψ(m))f(m)dmdn.

Therefore,

γ =

∫ n
n
V (n, p)ξ′(n)

∫ n
n
λEmn/v

(m)
y (1− ψ(m)v

(m)
y

λ
)f(m)dmdn

S ′(p)−H ′(p)−
∫ n
n
V (n, p)ξ′(n)

∫ n
n
Emnx

(m)
y /v

(m)
y f(m)dmdn

.

Substituting the above expressions in (A.23), we obtain the tax formula stated in the theorem.
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A.2 Supporting Equilibrium Model

In this section, we show that our model of competitive markets can be supported with a

labor market and a consumer’s utility maximization problem. In particular, we consider two

competitive industries: one producing the numeraire good G and the other producing good X.

We label these industries as G and X respectively. We assume that agents can earn wage w for

effective labor hours supplied (i.e., n`(n)) in both industries, the price of the numeraire good

is normalized to pg = 1, and the price of good X is equal to p.

Industry G has Ng firms with each having a homogeneous of degree one production technol-

ogy Fg(L) ≡ L. Hence, the total output equals the total amount of labor involved in industry

G. As the price of the numeraire good is normalized to 1, the profit maximization condition

implies that w = pg = 1, zero profits, and any level of the equilibrium labor demand Ldg.

Industry X has Nx firms with each having a production technology with decreasing returns

to scale Fx(L). Hence, if Lx is the total amount of labor involved in industry X, the total output

of product X equals NxFx(Lx/Nx). To ensure that the firm profit maximization problem has a

well-defined interior solution, we assume that Fx is differentiable and strictly concave, and that

it satisfies the Inada conditions, e.g., Fx(Lx) = ALax, where 0 < A, 0 < a < 1 are constants.

Hence, the firm profit maximization problem

max
Lx

pFx(Lx)− wLx.

The solution to this maximization problem leads to the equilibrium labor demand Ldx(p)

in industry X. If the production function is Fx(Lx) = ALax, we have Ldx(p) = Nx(aAp)
1

1−a

(taking into account w = 1). The equilibrium market supply of good X then equals Sx(p) =

NxFx(L
d
x(p)/Nx) and total firm profits equal Π(p) =

∫ p
0
Sx(p̃)dp̃. Firm profits are distributed

among agents according to some distribution function ξ(n) with
∫
ξ(n)f(n)dn = 1.

On the demand side of the economy, we assume that an agent’s preferences can be summa-

rized by utility function u(cx, cg)−c(`), where (cx, cg) are the amounts of good X and numeraire

good G consumed by the agent, respectively. Utility u is a continuous function representing

locally non-satiated preferences. We also assume that the government spends all its resources

R on numeraire good G.

Consider an agent with productivity n who works ` hours. With equilibrium wage w =

pg = 1 and tax schedule T (n`) taken into account, her income equals n` − T (n`). Hence, the

agent’s maximization problem is
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max
cx, cg , `

u(cx, cg)− c(`) (A.24)

s.t. pcx + cg ≤ n`− T (n`) + ξ(n)Π(p).

The solution to the above problem is labor supply `∗(n, p) and consumption bundle (c∗x(n, p), c
∗
g(n, p)).

Overall, aggregate labor supply and consumer demand equal

Ls(p) =

∫
n`∗(n, p)f(n)dn, Cx(p) =

∫
c∗x(n, p)f(n)dn, Cg(p) =

∫
c∗g(n, p)f(n)dn.

The economy must satisfy three market clearing conditions:

Sx(p) = Cx(p) (A.25)

Sg(p) = Cg(p) +R (A.26)

Ls(p) = Ldx(p) + Ldg(p), (A.27)

where market clearing condition (A.26) requires market supply for good G to equal the sum of

the market demand for G and the extent of government spending.

Let us show that condition (A.25) is the only one that we should consider in the optimal

income taxation problem. As the constant return to scale technology for the numeraire good

ensures that any level Ldg(p) satisfies the firm maximization problem (when w = pg = 1), we

are free to choose Ldg(p) = Ls(p) − Ldx(p) to clear the labor market. Taking into account that

Sg(p) = Ldg(p) and Π(p) = pSx(p)− Ldx(p), we can rewrite condition (A.26) equivalently as

Ldg(p) + Ldx(p) = Cg(p) + pSx(p) +R− Π(p).

Given conditions (A.25) and (A.27) this is equivalent to∫
n`∗(n, p)f(n)dn = Cg(p) + pCx(p) +R− Π(p).

This condition follows from the budget constraint of the agent’s maximization problem (A.24)

when the government spending constraint is binding
∫
T (n`∗(n, p))f(n)dn = R (as we assume).

Overall, the only independent market clearing condition that we should take into account in

the optimization problem is (A.25) – the market clearing condition for good X.
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A.3 Optimal Income Taxation with Endogenous Wages

In this section, we consider how the framework of our paper can be reformulated using a model

with endogenous wages. For this purpose, we assume that agents have a homogeneous of degree

one utility function. Except for this assumption, we mainly follow our supporting equilibrium

model of Appendix A.2.

We consider two competitive industries: one producing the numeraire good G and the other

producing good X. We label these industries as G and X respectively. Industry G has Ng firms

that have a homogeneous of degree one production technology Fg(L) ≡ L. Hence, the total

output of product G equals the total amount of labor supplied to industry G, which we denote

as Lg. Industry X has Nx firms with each having a production technology with decreasing

returns to scale Fx(L). Hence, if Lx is the total amount of labor supplied to industry X, the

total output of product X equals NxFx(Lx/Nx) that we denote as M(Lx). To ensure that the

firm profit maximization problem has a well-defined interior solution, we assume that M is

differentiable and strictly concave, and that it satisfies the Inada conditions.

We assume that an agent’s preferences can be summarized by utility function ũ(cx, cg) −
c(m(`x, `g)), where (cx, cg) are the amounts of goods consumed and (`x, `g) are the amounts

of labor supplied to both industries. Utility ũ is a continuous function representing locally

non-satiated preferences. We assume that ũ is homogeneous of degree one. We also assume

that labor inputs are perfect substitutes with ` ≡ m(`x, `g) = `x + `g. This implies that labor

wages in both industries have to be the same in equilibrium. We denote labor wage as w.

The individual utility maximization problem pins down the ratio of product prices ũx(cx,cg)

ũg(cx,cg)
=

px
pg

. Using the assumption that utility ũ is homogeneous of degree one, this expression can be

rewritten in terms of aggregate parameters

ũx(Cx/Cg, 1)

ũg(Cx/Cg, 1)
=
px
pg
, (A.28)

where Ci =
∫
ci(n)f(n)dn for i = x, g. Firm profit maximization problem also imply

w = pg, w = pxM
′(Lx). (A.29)

Note that equilibrium conditions (A.28) and (A.29) allow for several equivalent parameteriza-

tions. We can normalize w = pg = 1 and treat p ≡ px as endogenous variable, as we did in

the main text. In this case, since M ′(Lx) is strictly decreasing, price p uniquely determines

Lx. Hence, price p pins down production M(Lx) and, hence, aggregate consumption Cx. Con-

sumption Cg is then determined by equation (A.28). Labor supply in each industry Lx and Lg

and total labor supply L = Lx + Lb =
∫
n`(n)f(n)dn can also be uniquely recovered.

Alternatively, we can normalize px = 1 and treat w as endogenous variable. In this case,
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wage w uniquely determines Lx. Hence, the production of good X, which is M(Lx), and

its consumption Cx are uniquely determined. Consumption level Cg can then be uniquely

recovered from (A.28) taking into account that pg = w. Labor supply in each industry Lx and

Lg and total labor supply L = Lx + Lb =
∫
n`(n)f(n)dn can also be similarly recovered.

Overall, our main model with endogenous prices can be equivalently reformulated using a

model with endogenous wages as in some previous papers in the literature (Rothschild and

Scheuer 2013, 2016). Note that one could consider alternative parameterizations in terms of

Cx, Cg, Lx, Lg, or L. In our model with symmetric firms, these parameterizations are equiva-

lent. Note that to establish the equivalence we assumed that agent utility is homogeneous of

degree one. The equivalence might no longer hold if more than one parameter determines the

equilibrium outcome (as in the case of heterogeneous firms).
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A.4 Numerical Simulations: Further Results

In this appendix, we provide additional numerical simulations of the size of the price effect

on optimal income tax rates. Within the same framework of U.S. housing market, we study

the robustness of the price effect to different forms of housing supply and to productivity

distribution.

In Section 4 we consider the competitive market with supply function S = spε and price

elasticity ε = 1.75 which corresponds to the price elasticity of the average U.S. metropolitan

area (Saiz, 2010). However, as also noted earlier, the price elasticity of housing supply widely

differs across various countries and regions and, therefore, we reestimate the size of the price

effect for the cases of (i) inelastic supply ε = 0.01 and (ii) elastic supply with ε = 3. The first

case better describes housing supply in large U.S. coastal cities (e.g., Boston, San-Francisco)

and in countries with a rigid housing planning system, e.g., the UK (see Hilbert and Schöni,

2016; Saiz and Salazar, 2017). In the second case, we draw on the estimates of the price

elasticity of U.S. housing supply obtained by Epple and Romer (1991).

ε = 0.01 ε = 1.75 ε = 3

∆t 15.8 4.0 2.6

Table 2: Housing elasticity and tax change

Note: The table reports the average change in percentage points between the optimal marginal income
tax rates and the Mirrleesian tax rates that arises in self-confirming policy equilibrium for various
elasticities of housing supply.

Table 2 reports the average change between the optimal marginal income tax rate (as in

Theorem 1) and Mirrleesian tax rate that arises in self-confirming policy equilibrium for various

elasticities of housing supply.23 For the case of inelastic supply ε = 0.01, we immediately note

a massive increase in the size of the price effect compared to ε = 1.75, considered in Section

4. Intuitively, with fixed supply any change in aggregate demand is solely translated into price

change, which calls for stronger price corrective measures on the part of the public authority.

In contrast, in the case of an elastic supply of housing, ε = 3, we see a reduction in the size of

the price effect compared to ε = 1.75 as changes in demand lead to smaller changes in price.

Lastly, we also reestimate the price effect for the lognormal distribution of agent produc-

tivities with the parameter values of mean m = 2.757 and standard deviation σ = 0.5611. We

adjust parameter s = 16.2 of supply function S(p) = spε, ε = 1.75, in order to match the

average housing expenditure share of 25%. Figure 3 presents our findings. Compared to the

lognormal-Pareto case, the removal of Pareto tail leads to a decline of marginal tax rates at

23In our simulations, we calibrate parameter s of supply function S(p) = spε in order to match the average
expenditure share of housing of 25%. In particular, we have s = 16.1 for ε = 0.01, s = 18.5 for ε = 1.75, and
s = 21.7 for ε = 3.
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high income levels, which is in line with the previous literature (Saez, 2001). At the same time,

the average change between the optimal marginal income tax rates and Mirrleesian tax rates

in SCPE becomes equal to 4.2 percentage points, which is slightly larger than what we obtain

in Section 4.

0  100 200 300 400

0.4

0.5

0.6

Marginal taxes

Figure 3. Optimal income taxation with lognormal distribution of productivities.

Note: The solid line presents the optimal marginal income tax rates for an economy with a competitive
market and endogenous prices (see Theorem 1). The dashed line presents the Mirrleesian tax rates
in self-confirming policy equilibrium for the same economy.
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