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Abstract

The unequal distribution of dividends implies the unequal distribution of the profit
share of workers’ product of labor. In a Mirrleesian framework when dividends cannot
be expropriated, we show that a progressive distribution of dividends creates a positive
dividend effect on labor income taxes. Our numerical simulations show the dividend
effect to be approximately four percentage points. We analyze the dividend effect
under different market structures and its interplay with other forms of taxation.
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1 Introduction

In this paper, we present a new factor that has important implications for the design of
labor income tax policy. A non-zero profit share of national income (Barkai 2020; De
Loecker et al. 2020) implies that workers’ earnings are not equal to their product of
labor with the difference distributed in dividends according to workers’ ownership of
firm shares. Given that the top 10% of workers receive nearly all dividends (Saez and
Zucman 2016), it means that a part of poorer workers’ product of labor is apportioned
by richer workers through dividends, but not vice versa. We demonstrate that in the
presence of equity concerns, the unequal distribution of dividends calls for more
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redistribution and, thus, higher income tax rates even at the expense of production
efficiency.

We extend the standard Mirrlees (1971) framework with an additional consumption
good. This good is produced with a decreasing returns to scale technology, and its price
and resultant profits from its production are determined by the market equilibrium con-
dition. We assume profits are progressively distributed in the form of dividends, with
more productive workers receiving a larger share. The public authority designs the
optimal labor income tax schedule assuming that dividends cannot be fully expropri-
ated.!

Our analysis shows that in the presence of equity concerns, the unequal distribution
of dividends implies a binding market equilibrium condition in the optimum. The
public authority finds it optimal to suppress production, as otherwise less productive
and poorer workers can be disadvantaged because they obtain a lower share of profits
or, put differently, retain a smaller share of their product of labor. From a different
perspective and more intuitively, the public authority, motivated by equity concerns,
uses the price level as an additional redistributing tool. A price decrease benefits less
productive workers, as they can afford more consumption, but hurts more productive
workers, as they lose in profits. To control for the price level, the public authority
imposes higher marginal income taxes to decrease labor supply and earnings and,
consequently, demand for products and their prices.

We assess the effect of unequal distribution of dividends—or, for brevity, “the
dividend effect”—on labor income tax policy, using numerical simulations based on
the U.S. housing market. The housing market is suitable for illustrating our theoretical
results because the supply of housing is not perfectly elastic, housing costs constitute
the largest share of household expenditures, and the housing sector is also associated
with large profits. To estimate the size of the dividend effect, we compare the optimal
income tax schedule with the Mirrleesian tax schedule that arises in the self-confirming
policy equilibrium (Rothschild and Scheuer 2013). Using the calibrated model of the
housing market based on Miles and Sefton (2021), we find that the dividend effect
increases optimal marginal income taxes by approximately four percentage points on
average.

The results presented above are derived for the case of the competitive market.
Recent studies report increases in the degree of market concentration with resultant
increases in price markups and the profit share of national income (Barkai 2020; De
Loecker et al. 2020). Hence, we also consider an oligopolistic model with various
degree of market power. In our model, an increase in market power has two effects.
On the one hand, it strengthens the dividend effect due to increased profits, but on the
other hand it leads to under-production in the equilibrium. To offset under-production,
the public authority finds it optimal to stimulate labor supply and income and, thus,
aggregate demand by decreasing marginal income taxes. Hence, this non-competitive
effect works in the direction opposite to that of the dividend effect. We resort to
numerical simulations to assess the interplay between the two effects. For medium
and high degrees of equity concerns, we show that as the market structure varies,

! Forasimilar constraint, see Abraham et al. (2016). The problem of dividend taxation is cardinally different
from labor income taxation; for a recent exposition see, e.g., Koethenbuerger and Stimmelmayr (2022).
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changes in these two effects almost cancel each other out. Specifically, an increase
in the dividend effect due to market power is offset by the emergence of the non-
competitive effect, which leaves the optimal income taxation schedule unchanged
across market specifications.

Next, we investigate how commodity and profit taxation influences the dividend
effect on income taxation. For both competitive and oligopolistic markets, we show
that the introduction of commodity taxation changes the role of the dividend effect for
income tax policy but does not eliminate it. In our model, alongside income taxation,
commodity taxation plays a distinct redistributive role for extracting producers’ surplus
to the benefit of poorer workers. At the same time, if dividends are equally distributed
among workers, the introduction of commodity taxation is optimal only for the case of
oligopolistic markets, imposed to correct for production inefficiencies (see also Myles
1996). In an extension of our model with firm entry and exit, we show that profit
taxation, like commodity taxation, changes the role of the dividend effect for income
tax policy but again does not fully eliminate it.

The analysis of this paper is related to the seminal production efficiency theorem
of Diamond and Mirrlees (1971), which says that optimal income tax policy entails
efficient production. Scheuer and Werning (2016) provide an insightful connection
between this theorem and the income taxation model of Mirrlees (1971). The pro-
duction efficiency result holds only in the absence of profits or when profits are fully
taxed, which has been commonly assumed in the literature except in a few papers.
For instance, Stiglitz and Dasgupta (1971) show that production efficiency may not be
desirable when the maximum profit tax rate is limited. Dasgupta and Stiglitz (1972)
show that the government might not wish to tax away all profits in the economy with
non-identical consumers when lump-sum taxes are not allowed and that production
efficiency remains desirable if the government can set different profit taxes for differ-
ent producers. For more discussion, see Atkinson and Stiglitz (1976, 2015), Mirrlees
(1972), Munk (1978, 1980), and Naito (1999). The contribution our paper is to demon-
strate that not only the existence of profits, but also their distribution matters for the
production efficiency result.

Our paper also contributes to an emerging literature on the role of market structures
for tax policy. In the framework of monopolistic competition, Giirer (2022) studies
the role of profits and their taxation for income tax policy. Tarasov and Zubrickas
(2023) take into account the quantity and variety distortions arising from income tax
policy. Kaplow (2021) studies the influence of market power and firm markups on
income taxation. da Costa and Maestri (2019) study optimal income taxation in non-
competitive labor markets. They assume that firms’ ownership is spread uniformly
across agents, thus abstracting from the effect of firm profit distribution on optimal
income taxation, which is the main object of our analysis. Our paper also relates to
the work of Zubrickas (2022, 2023) concerned with the effect of income inequality on
labor supply and the role of this effect for income tax policy. Similarly to our paper,
Abraham et al. (2016) study the role of frictions of capital income taxation for labor
income tax policy.

The remainder of the paper is organized as follows. In Sect.2, we introduce the
model of labor income taxation. We solve the model and numerically assess the div-
idend effect on the optimal labor income tax schedule for the case of competitive
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markets in Sect. 3. In Sect. 4, we present our analysis for the case of oligopolistic mar-
kets. We study extensions in Sect.5 and Sect. 6 concludes the analysis of the paper.
The omitted proofs and additional extensions are provided in Appendix A.

2 Model

In this section, we present the details of our model, formulate the market clearing
conditions, and state the social welfare maximization problem of the public authority.

2.1 Supply side

There are good X and numeraire good G with their prices denoted by p and py,
respectively. Each good is produced in a separate industry with labor as the only
production input. In each industry, agents can earn the same wage for effective labor
hours supplied that we normalize to w = 1.

In the industry producing numeraire good G there are many firms, each of which
has a homogeneous of degree one production technology F¢(L) = L. Hence, the
total output of numeraire good G equals the total amount of labor supplied in the
industry. Any level of equilibrium labor demand LZ, is then consistent with the profit
maximization condition that has p, = w = 1 and zero profits.

In the industry producing good X there are M > 1 identical firms, each of which
has a production technology with decreasing returns to scale Fy. In the case of
competitive markets, the firms treat price p as fixed and maximize their profits as
maxy {pFy(L) — wL}. To ensure that the profit maximization problem has a well-
defined interior solution, we assume that production function Fy is differentiable,
strictly concave and satisfies the Inada conditions. The solution to the profit max-
imization problem for a given price p determines the aggregate equilibrium labor
demand L} (p) found from the first order condition

pFL(L* /M) =w = 1.

We can then denote the aggregate supply of good X as S(p) = M F,(L¥(p)/M) and
total profits as IT(p) = pS(p) — Li(p).

We will also consider a more general model of oligopolistic competition in Sect. 4.
To streamline the exposition, we postpone its details for later. Its analysis is, however,
similar to the analysis of the competitive market model except for different supply
function S(p) and profit function IT(p) that both depend on the form of market com-
petition.

2.2 Demand side
On the demand side of the economy, there is a continuum of agents indexed by pro-
ductivity type n and distributed over interval [, n] according to distribution F (n) with

the probability density function f(n) > 0. Agent n’s labor income is given by n¢,
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where ¢ is the amount of labor exerted. Following Saez et al. (2012) the labor cost is
represented by a power function ¢(£) = £6T1/¢¢ /(¢ 4+ 1) for some ¢ > 0.

Laborincome n/ is taxed according to schedule T (n£) with disposable labor income
givenby y = nl —T (nf). Positive profits in industry X are distributed among agents in
the form of dividends with agent n receiving share £ (n) > 0, where f En) f(n)dn = 1.
The distribution of dividend shares is determined outside the model. Motivated by
empirical evidence, we consider a progressive distribution of dividends when agents
with higher labor income possess a larger share of dividends &’(n) > 0 (see Saez and
Zucman 2016). Altogether, an agent’s disposable income consists of after-tax labor
income and dividends, which we express as y(n) = y(n) + £(n)I1(p).

Agents spend their income on numeraire good G and good X. Their locally
non-satiated consumption preferences are summarized by continuous utility function
u(x, g), where (x, g) are the consumed amounts of good X and numeraire good G,
respectively. The solution to the individual utility maximization problem determines
indirect utility function v(p, y) = max, g {u(x,g) s.t. px + g < y} so that an
agent’s net utility can be expressed as

Up.y,0) = v(p,y) —c(O). ey

When dividends are unequally distributed, indirect utility v(p, y) can violate the
single-crossing property (Mirrlees 1976). To avoid this problem, we assume that the
indirect utility is linear in income (e.g., arising from a Cobb-Douglas utility) and,
thus, can be expressed as v(p, y) = a(p)y, where a(p) is some strictly decreasing
function. Note that a(p) = vy(p, y), and we use both expressions interchangeably.
The assumption of linear indirect utility also implies that there are no wealth effects
on labor supply and the labor supply elasticity is constant and equal to ¢ = c¢/(£cee).
Appendix A.2 shows how our analysis changes in the case of a non-linear indirect
utility.

The Walrasian demand function for good X can be determined using Roy’s identity
asx(p,y) = —vp(p, y)/vy(p, y). The linearity of indirect utility implies that good X
is normal xy > 0 and we require its demand satisfy the law of demand x, < 0.2 The
demand for numeraire good G is then determined by the residual income y — px(p, y).

2.3 Market clearance
The solution to the individual utility maximization problem determines labor supply
£*(n, p) and consumption bundle (x*(n, p), g*(n, p)) foreach agent with productivity

n. In turn, these values determine aggregate labor supply and consumer demand for
both goods:

L*(p) Z/M*(n,p)f(n)dn, X*(p) Z/X*(n,p)f(n)dn,

G*(p) = / ¢*(n. p)f (n)dn.

2 1n particular, from Roy’s identity we have x(p, ) = d(p)¥, where d(p) = —a’(p)/a(p) is a decreasing
function, for which to hold function a (p) needs to be log-convex.
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The government collects taxes to cover its expenditures f T (nt*(n, p)) f(n)dn >
R. This resource constraint must be binding in the optimal income taxation policy.
We assume that the government spends money for the numeraire good only. In the
economy, three market clearing conditions must hold:

S(p)=X*(p). LI =G*(p)+R,  L*(p)=Li(p)+Li(p).

Recall that any level of labor demand Lz( p) is consistent with profit maximization
behavior in industry G. We now show that if we set Lz( p) = G*(p) + R, then the
first market clearing condition implies the third one. To establish this, note that the
budget constraint in the individual utility maximization problem implies

pX*(p)+G*(p) = /y(n)f(n)dn +I(p) = L*(p) — R+ I(p).
Using [(p) = pS(p) — L1 (p), S(p) = X*(p), and Ly (p) = G*(p) + R we obtain

L*(p) = pX*(p) + G*(p) + R— Tl = Li(p) + L§(p).

Overall, the only market clearance condition that the public authority needs to account
for in its tax policy design problem is the market clearance condition for good X.

2.4 Social welfare and taxation

The social welfare function is given by
W= [ UG5, o fondn @

where ¥ (n) is the welfare weight of agent n and satisfies [ ¥ (n) f (n)dn = 1. Assum-
ing that the public authority has equity concerns, we take function ¥ (n) to be
decreasing.® In our main analysis, we assume that the public authority uses only labor
income tax T (n€) to maximize the social welfare and is not permitted to tax dividends
or firm profits due to reasons outside the model. Otherwise, the full appropriation of
dividends or firm profits is optimal (unless firm entry and exit are endogenous; see
Sect.5.2).

The public authority maximizes social welfare W subject to three constraints. The
first one is the resource constraint

/ T(nem)) f (n)dn = / (n€(n) — 5(0) + E@WIL(P) f(dn = R. ()

3 To model equity concerns we follow the approach typically used in the microeconomics literature: agent
utility is linear in consumption and equity concerns are captured by welfare weights decreasing in con-
sumption. Alternatively, as typically considered in the macroeconomics literature, we could model equity
concerns by assuming that the public authority maximizes average expected agent utility, which is strictly
concave in consumption (e.g., Conesa et al. 2009).
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The second one is the incentive compatibility constraint

U(p.,y(n) +&mI(p), £(n)) = U(p, y(m) + &mI1(p), mt(m)/n) “)

forall n, m € [n, n], which ensures that an agent with productivity n does not seek the
labor income of an agent with productivity m. The third one is the market clearance
condition that determines price p

S(p) = fX(PJ(n))f(n)dn- (&)

Before we study the public authority’s maximization problem, let us simplify
incentive compatibility constraints (4). Denote agents’ utility from revealing their
productivity type truthfully as

u(n) =U(p, y(n) +Em)I(p), £(n)) = v(p, y(n) + EM)II(p)) — c(t(n)).

If the truthful revelation is optimal, then
u(n) = max v(p, y(m) +§mI(p)) — cmt(m)/n). (6)
We obtain from the envelope theorem the following first-order condition

u'(n) = cel(n)/n + a(p)§' (MT(p). (N

In comparison with the model of Mirrlees (1971), we find a more stringent incentive
compatibility condition because of profits. Hence, with only labor income taxes at its
disposal the public authority’s objective of achieving more equitable outcomes, i.e.,
having smaller u’(n), is further hindered by unequally distributed profits &' (n)I1(p).
The second-order condition ensuring optimal truth-telling is that labor income sched-
ule y(n) is non-decreasing as in the case without profits (Mirrlees 1976). This is due to
the linearity of indirect utility, which implies that dividends do not affect the incentive
constraint (for contrast, see the analysis of the non-linear case in Appendix A.2).

We characterize the public authority’s problem as finding the combination of price
p, income schedule y(n), and labor supply schedule £(n) that maximizes®

max /(v(p, y(n)) — c(l(n)))¥(n) f(n)dn subject to (3), (5), and (7).

P, (), £(n)

It is convenient to change maximization variables {p, y(n), £(n)} to {p, u(n), £(n)}
where utility is defined by u(n) = a(p)y(n) — c¢(£(n)). From the latter expression,

4 Note that we maximize over p because the price is implicitly determined by equation (5). If we had an
explicit price function, we could introduce it into indirect utility and maximize over (y(n), £(n)) alone.
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we can invert disposable income y and express it as y = r(p,u, ) = utc® The

maximization problem can then be written as “
max [ utwn fodn ®)
s.t.
/[ne(n) —r(p,un), £(n)) +§mI(p)1f(n)dn = R, ©)
S(p) — /X(p,r(p, u(n), £(n))) f (n)dn =0, (10)
u'(n) — a(p)&' (MT(p) — cel(n)/n = 0. (11D

Note that the above problem assumes that dividends cannot be directly taxed. If
unconstrained dividend or profit taxation is allowed, the public authority would impose
100% tax rate. The problem of optimal labor income taxation would then reduce to
the standard one analyzed by Mirrlees (1971). In Sect.5.2, we argue that 100% tax
rate on profits or dividends is implausible. We present an extension of our main model
where firms can enter and exit the market to show that the optimal profit tax must be
below the full extraction rate. The influence of firm profits and its unequal distribution
in the economy on the optimal income tax policy is the subject of our main analysis
that we present in the next sections. In Sect.3, we provide a solution to the above
maximization problem and estimate the change in the optimal marginal tax schedule
against the benchmark of the standard Mirrleesian model. In Sect. 4, we show how the
same maximization problem can be applied to analyze the optimal income tax policy
with oligopolistic markets.

3 Competitive market

We analyze here the public authority’s problem introduced in the previous section. We
first derive the expression for the optimal income tax schedule in the presence of firm
dividends. Then, we estimate numerically the size of the dividend effect on optimal
income taxes.

3.1 Optimal income taxation

Before presenting the solution to optimization problem (8) — (11), we introduce
some further notation. Let A be the multiplier corresponding to budget constraint
(9), e = S'(p)p/S be the price elasticity of supply, and ¢, = H'(p)p/H be the price
elasticity of aggregate Hicksian demand H (p). Denoting the total utility due to prof-
its as Uri(p) = a(p)I1(p), we write its price elasticity as ey, = Uf(p) p/Un(p).
Cumulative weights are given by W (n) = f,f Y (m) f (m)dm, the covariance between
welfare weights and profit shares by Cov(§, ¢) = f(é(n) — DH(W(n) — 1) fm)dn,
and the profit share of total income by sy1 = I1(p)/ f y(n) f(n)dn.
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Theorem 1 In competitive markets, the optimal marginal income tax is determined by

IL — A(n)B(n) — Cov(&, ) (p)w (12)
—t E—&p
where
Aln) — 1+;1—F(n)’ B(n):ay(p) W(n) — F(n)
Iy nf(n) A 1 —F(n)

To analyze optimal marginal income tax formula (12), it is useful to establish the
benchmark of comparison — the marginal income tax schedule that arises in the self-
confirming policy equilibrium (Rothschild and Scheuer 2013). In this equilibrium, the
public authority falsely takes the levels of profits and prices as exogenously given and
imposes the standard Mirrleesian tax schedule as determined by A(n)B(n). At the
same time, the levels of profits and prices are set to satisfy the market equilibrium
condition, which would then falsely confirm the optimality of the self-confirming
policy equilibrium tax schedule. As we assume a constant elasticity of labor supply,
¢ = const, term A(n) does not depend on endogenous parameters. If the public
authority believes that income taxation does not influence prices and profits, it sets
a(p)/r = 1(seeequation (A.1)in Appendix A.1). Hence, in the benchmark case term
B(n) does not depend on endogenous parameters either. We refer to this benchmark
case as the “standard case.”

Compared to the optimal income tax formula in the standard case, tax formula
(12) contains an additional term, which we refer to as the “dividend effect.” This
term does not depend on ability n and changes ratio ﬁ equally for all levels of
income. Noting that elasticities ey; > 0, ¢ > 0, &, < 0, and multiplier A > 0, we
find that the dividend effect has the opposite sign of covariance Cov(&, v/).% If the
public authority has equity concerns (Y (n) is decreasing) and if agents with higher
productivities possess a larger share of profits (§(n) is increasing), the covariance is
negative and, accordingly, the dividend effect becomes positive. The price level p and
the marginal value of public funds X are still endogenous in the optimum, entering the
formula through ratio a (p)/A. This ratio is equal to one in the standard case and greater
than one in the presence of dividends (see equation (A.1) in Appendix A.1). Overall,
we obtain higher optimal marginal income taxes in the economy with a progressive
distribution of dividends compared to the standard 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

5 To obtain ey = 0, notice that Uf; (p) = a’(p)I1(p) + a(p)I'(p) = 0, which follows from

a’(p) a’(p)
S _EWP)g
C(p)p(p)z <) (p)-

' (p) = S(p) = /X(p W f(mydn = —ﬂ/ (n) f(n)ydn = —

Above, the first equation follows from IT1(p) = fop S(p)dp, the second from the market equilibrium
condition, and the third from Roy’s identity; the first inequality follows from the agents’ individual budget
constraints, and the second one from pS(p) > fop S(p)dp.
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standard term A (n) B(n).° In our model, an additional effect emerges. The substitution
effect changes total income in the economy, which also leads to a change in price p
proportional to 1/(e — €). This, in turn, creates a pecuniary externality, captured by
the price elasticity of utility of profits e¢;; weighted by the profit share of total income
s11. Pecuniary externalities, however, play a role only if profits are unevenly distributed
among agents. With the uniform distribution of profits, there is no need for correcting
pecuniary externalities, which is a known result in the general equilibrium theory.

From a different perspective, let us consider how a small decrease in price p influ-
ences agents’ welfare. The price change benefits low-productivity and poorer agents
because they can afford more consumption. At the same time, it hurts high-productivity
and wealthier agents whose utility is influenced mostly 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. As the public
authority cannot enforce the price level directly, it uses additional marginal income
tax to lower labor supply and, in turn, total income and market demand leading to
a lower equilibrium price p.” Hence, the public authority uses the equilibrium price
level through income tax policy to achieve its redistributive objectives.

We find that when restricted to labor income tax policy the public authority can-
not generally achieve any constrained Pareto optimal outcome. We demonstrate the
robustness of this finding when tax policy restrictions are alleviated. In Sect.5.2, we
consider optimal profit taxation in an extension of our model where firms have idiosyn-
cratic fixed costs and can freely enter and exit the market. We show that the optimal
profit tax is below 100% and, as a consequence of positive after-tax profits, the divi-
dend effect continues playing a role for tax policy.® In Sect. 5.3, we show that with tax
policy based on total income (labor income plus dividends), the market equilibrium
condition remains binding and, thus, the dividend effect remains part of the optimal
income tax policy.

We now consider an extension of our model to allow for foreign ownership of firm
shares and profits. This extension is motivated by empirical evidence that a substantial
share of equities is held by foreigners in many countries: the share of foreign equity
holdings amounts to 13.6% in the U.S. (U.S. Treasury 2017) and, on average, 38%
in European countries (Davydoff et al. 2013). We assume that foreigners have a zero
weight in the welfare function and spend their share of profits on the numeraire good
only, which leaves the market equilibrium condition intact. Letting [ &(n) f (n)dn =

6 Saez (2001) also distinguishes the income effect, which is absent here due to the assumption of linear
indirect utility.

7 A 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 Sect.2.3).

8 Similarly, we can also argue that the presence of the dividend effect remains robust to the extension of
tax policy with dividend taxation as 100% dividend taxation cannot be optimal. This could be established
by 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 at the second stage. The extension of total
income taxation examined in Sect.5.3 can be viewed as a special case of dividend taxation, where for
tax purposes the public authority does not discriminate between dividend and labor income. We leave the
analysis of optimal dividend taxation outside the scope of this paper. See Chetty and Saez (2005, 2010) or
Koethenbuerger and Stimmelmayr (2022) for more on dividend taxation.
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E < 1 and denoting the price elasticity of profits by e = IT'(p) p/T1, we obtain the
following extension of our main result.

Theorem 2 In competitive markets with foreign ownership, the optimal marginal
income tax is determined by

a(P))-dn eUn
P

%:A(n)B(n)—i—((l— )——C V(E. )

7 13)

with A(n) and B (n) as in Theorem 1, and Cov (&€, ) = f(w (n)—1(EMmM)—E) f(n)dn.

With foreign ownership, we obtain a welfare effect of dividend distribution that goes
beyond equity concerns. In the optimal tax formula in (13), the new term contains
an additional component, (1 — E)er;/A > 0, that takes into account the production
inefficiency related to foreign ownership. Specifically, the change in the labor supply
stemming from a tax policy change now contributes to profits that belong in part to
foreigners or, put differently, a share of workers’ labor product is lost from the social
welfare perspective. This implies that the competitive market equilibrium results in
production inefficiency (over-production) and welfare losses, to correct for which the
public authority imposes an additional income tax to suppress labor supply and thereby
bring the competitive market equilibrium outcome closer to the Pareto frontier.

Lastly, we analyze the optimal tax rate for top income earners using the asymptotic
tax rate formula derived by Saez (2001). He argues that the upper tail of the U.S.
income distribution is well approximated by a Pareto distribution, which also relates
to the upper tail of the productivity distribution. In particular, the Pareto parameter
a of the income distribution corresponds to the Pareto parameter a(l + ¢) of the
productivity distribution for high-productivity agents (see p. 218 in Saez 2001). We
denote the asymptotic ratio of social marginal utility to the marginal value of public
funds for the top income earners as g = “(” ) lim, 5 = WE") Then, in Theorem 1,
term A(n) reduces to 1/(¢a), B(n) approaches 1 — g, and the top tax rate can be
written as

stop _ 1-g+DE¢a (14)
{a+1—g+DE¢a’

where DE = —Cov(&, ¢) > a(p) S sghﬂ is the dividend effect of the optimal income tax
policy. We observe that the optlmal tax rate for top earners in a competitive economy
with unequal distribution of dividends coincides with the standard one when the public
authority puts a smaller social weight on top earners, that is, with ratio g reduced to
g — DE ¢a. 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, that is, a — o0.

3.2 Numerical simulations

In this section, we numerically estimate the size of the dividend effect on optimal
income taxes. As the model’s market for good X we take the U.S. housing market
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because it is not a perfectly competitive market, while housing is the largest consump-
tion item accounting for about 25% of total household expenditure.? In our simulations,
we use the housing model estimated by Miles and Sefton (2021), which features the
constant elasticity of substitution (CES) utility function

P

o, x) = (exg ™7+ (1 = ex!=Ve) T (1)

where x denotes the consumption of housing, x, denotes the consumption of other
goods with their utility weight (relative to housing consumption) given by e, and p is the
elasticity of substitution between housing and other goods. Drawing on the numerical
estimation results of Miles and Sefton (2021), we take ¢ = 0.85 and p = 0.6. In our
simulations, this utility specification results in the absolute value of the price elasticity
of housing demand of 0.7 and the unit income elasticity of housing demand, which are
consistent with elasticity values estimated in the literature (e.g., Albouy et al. 2016).

We model the supply of housing using the constant price elasticity function S(p) =
spf, where s is a scale parameter and ¢ is the price elasticity of supply. The estimates
of the price elasticity of supply ¢ vary significantly across countries and even across
cities. In particular, Saiz (2010) shows that ¢ 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 ¢ = 1.75. We calibrate scale parameter s
to match the average share of housing expenditure of 25%, which renders s = 18.5.
In Appendix A.3, we present the simulation results for inelastic supply ¢ = 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 (e.g., the UK). We
also present results for the price elasticity of supply ¢ = 3, which is closer to the
estimates obtained by Epple and Romer (1991).

Following Saez et al. (2012), we consider the cost function c(¢) = 0*/4 with a
constant labor supply elasticity of ¢ = 1/3. We take the distribution of agent pro-
ductivities 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 5/ and 95"
percentiles follow the lognormal distribution with mean 2.757 and standard deviation
0.5611. The remaining top 5% levels of productivity follow the Pareto distribution
with the shape parameter of 2 obtained from a(1 4 ¢), where @ = 1.5 is the shape
parameter of the Pareto tail of the U.S. income distribution (Saez 2001; Diamond and
Saez 2011). We use a standard kernel smoother to merge the log-normal and Pareto
parts of the distribution. We set public expenditures at R = 0 and use welfare weights
W(n) =1—(1—F(n))*, where ¢ is a parameter for redistribution. If = 1, the public
authority has no equity concerns, and if ¢ > 1, public authority has equity concerns.

9 See Consumer Expenditure Survey, 2017, Table 1203. Income Before Taxes: Annual Expenditure Means,
Shares, Standard Errors, and Coefficients of Variation and Bureau of Economic Analysis, 2016, Table
2.3.5U. Personal Consumption Expenditures by Major Type of Product and by Major Function. Similar
numbers are also observed in the European Union, for which Eurostat (2016) reports that housing accounts
for 24.4% of household expenditure, on average.
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Table 1 The Distribution of Dividends in the U.S., 2012 . Source: Saez and Zucman (2016, Table B23)

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%

The table shows the percentage shares of dividends held by the U.S. population

Marginal taxes
T

T T

04 - Endogenous price|

- = SCPE

0 100 200 300 400
Labor income, in 000s

Fig. 1 Optimal income taxation with profits distributed as dividends. Note: The solid line presents the
optimal marginal income tax rates for an economy with a competitive market and unequal distribution
of dividends among agents (see Theorem 2). The dashed line presents the Mirrleesian tax rates in the
self-confirming policy equilibrium for the same economy

Following Rothschild and Scheuer (2013), we consider a moderate level of equity
concerns given by ¢ = 1.3.

Drawing on the domestic share of equity holdings in the U.S. (see U.S. Treasury
2017), we set the share of profits that is held by agents in our model at & = 0.85.
This share should be considered as an upper bound for developed countries, because
in Europe, on average, only 62% of equity shares are held by domestic investors; for
instance, it is 50% in the UK, 60% in France, and 70% in Germany (Davydoff et al.
2013).19 We approximate the distribution of dividends by the empirical distribution
of dividends across U.S. households in 2012, as presented in Table 1.1 Lastly, we
slightly depart from our theoretical analysis and impose a flat profit tax at 15% (which
corresponds to the U.S. dividend tax for most income levels). The proceeds from
this tax go to financing government expenditures and are included in the resource
constraint.

Figure 1 presents our main simulation results. The solid line shows the optimal
marginal income tax schedule with the dividend effect as determined by Theorem 2.

10 we ignore the presence of the domestic holdings of foreign shares and the influence of domestic taxation
policy on foreign countries. This could be a restrictive assumption if international coordination on taxation
policy is possible.

' The cumulative distribution of dividends is approximated by the functional form E(n) =

~ 1 ~

exp(b(—log F(n))2), where F(n) is the cumulative distribution of agent productivities and b = —18.1,
which yields the coefficient of determination equal to R? = 0.95. We take function £(n) as the derivative
of E(n) under normalization j E(n) f(n)dn = 0.85.
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The dashed line corresponds to the marginal income tax schedule in the self-confirming
policy equilibrium (SCPE). 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 (Saez 2001;
Mankiw et al. 2009). Due to the Pareto tail, at top income levels the optimal marginal
income taxes flatten out and are equal to approximately 62% with the dividend effect
accounted for and 59% in the SCPE case. Similarly to Mankiw et al. (2009), the
minimum of the optimal marginal income tax schedule is achieved at a labor income
of around $50, 000. Our numerical simulations show that the dividend effect adds on
average 4.2 percentage points to optimal marginal income tax rates. In Appendix A.3,
we show that the size of this effect is robust to other assumptions about the distribution
of productivities and also estimate its size for different values of the price elasticity of
housing supply.

Lastly, the overall increase in marginal income tax can be attributed to two factors:
the presence of progressive distribution of dividends £'(n) > 0, which leads to a tax
correction due to equity concerns, and the presence of foreign ownership & < 1,
which leads to a tax correction based on efficiency concerns. If we reestimate our
model without foreign ownership, that is, by setting E = 1, we obtain that the optimal
marginal income tax increases on average by four percentage points relative to the
SCPE outcome, which implies a rather small effect of foreign ownership for the U.S.
case.

4 Oligopolistic competition

In this section, we analyze the public authority’s problem of social welfare max-
imization for the case of oligopolistic market for good X. We consider M > 1
identical firms with each firm i having a convex cost function K (X;) of produc-
ing X; units of good X. We denote the inverse aggregate demand function by p(X),
where X = f x(p, ¥(n)) f(n)dn. The assumption x, < O ensures that the inverse
aggregate demand function p(X) is well defined. We consider only the case without
foreign ownership so that f E(n) f(n)dn = 1.

We can write firm i ’s profit as X; p(X)— K (X;), where the market clearing condition
ensures Zf‘i 1 Xi = X. To model various forms of oligopolistic competition, we
assume that when firm i maximizes profits it forms a belief, or a conjectural variation,
about the other firms’ responses to a unit change in its output level,

A}z X))

=60, where —1 <6 <M — 1. (16)
dX;

The conjectural variation was introduced by Bowley (1924) to capture a wide variety
of oligopolistic competition models. For instance, the competitive equilibrium corre-
sponds to 8 = —1 when firms expect the rest of the industry to absorb exactly its output
expansion; the conjectural variation 6 = 0 represents the Cournot-Nash model where
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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 leads to & = M — 1.1
The first-order condition for the profit maximization problem can be expressed by

pX) — K'(X)) + (1 +6)X; p'(X) =0. 7)

We assume that the profit maximization problem is well-behaved and has a unique
maximum. For the rest of our analysis, it is convenient to consider the price as an
independent variable. We also limit our attention to symmetric equilibria X; = X/M.
After the change of variable, the market equilibrium condition then reads as

) 1+6) X
p—K'(X/M)+ — X_,,_O’ (18)

where X, = f xp(p, ¥(n)) f(n)dn. We note that our assumption of linear indirect
utility implies that market demand X is a linear function of aggregate income. There-
fore, the price elasticity of market demand is a function of price only, 4 (p) = X, p/X.
Then the equilibrium condition can be transformed into a condition for the equilibrium
markup m(p)

a1+6) p

p—K'(X/M) =~ M er(p)

= m(p). 19)

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

S(p) = MK (p —m(p)). (20)

To be able to write formula (20), we assume p — m(p) is an increasing function,
which also implies S’(p) > 0. This property can be guaranteed in equilibrium, for
example, if ¢/,(p) < 0.3 This assumption is trivially satisfied for CES preferences
for which we have ¢/,(p) = 0. Note that the market clearing condition has to ensure
that the quantity supplied by all firms equals the market demand S( p) = X. We also
note that the total firm profit function is given by I1(p) = p§( p) — MK (§( p)/M)
with its derivative IT'(p) = §( p) + m( p)§/ (p). For oligopolistic markets, the public
authority’s problem can be then expressed as optimization problem (8) — (11) studied
for competitive markets after replacing supply S(p) with S( p) defined in (20).

12 Perry (1982) gives an excellent overview of various conjectural variation parameters.
’ !
13 1¢ equilibrium price satisfying (19) exists, we have 1 — m/(p) = 1 — % — %%ﬁ(m > 0if

e;(p) <0.
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4.1 Optimal income taxation

With oligopolistic competition in the market for good X, the social optimum, deter-
mined by the solution to optimization problem (8) — (11), can be implemented by the
marginal income tax schedule presented below.

Theorem 3 With oligopolistic competition, the optimal marginal income tax is deter-
mined by

o B a(p)snevy  m(p)S'(p)p
7 = AMB) — Cove, ) =T = = 8 @

with A(n) and B(n) as in Theorem 1 and Y denoting total income in the economy.

In comparison to the case of competitive markets we find that with oligopolistic mar-
kets the optimal income taxation formula contains an additional component, which
exerts a downward pressure on tax rates. To understand its role, let us again perturb
the tax schedule and consider the effect of the pecuniary externality of income change
on the market outcome. Relative to the competitive market outcome, in oligopolis-
tic markets there will be a production inefficiency of m(p)S’(p). Thus, the public
authority corrects for this inefficiency by lowering income tax rates in proportion to
the monetary value of this inefficiency normalized by the size of the economy. This
result can be related to similar findings from the commodity taxation literature, where
subsidies are used in order to remedy production inefficiency (see, e.g., Myles 1989).
Importantly, the non-competitive component of the tax formula in (21) works in
the direction opposite to that of the dividend effect. However, we also note that the
dividend effect becomes stronger in the presence of market power because of larger
profits and, consequently, greater inequality of total income distribution. Next, we
numerically examine the interplay of these two effects on income tax policy.

4.2 Numerical simulations

We estimate optimal income tax rates for various market structures using the frame-
work introduced in Sect.3. For comparison reasons, we infer the production cost
function K (-) from the specification of the competitive market. Profit maximization
in the competitive market has p — K'( Mio) = 0, where X is equal to the equilibrium
market supply S(p) = sp® and My is some fixed number of firms. Thus, we obtain

1
the marginal cost function K'(X;) = (%) *, which yields
S(p) =s(p —m(p))*

where s = 18.5 and ¢ = 1.75, as used in our analysis of the competitive market. It is
not clear what is the most realistic number of firms M to consider for our simulations.
We take M( = 2 to have the largest non-competitive effect of profits on optimal income
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taxes, small equity concerns Marginal taxes, medium equity inal taxes, large equity concerns

0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
Labor income, in 000s Labor income, in 000s Labor income, in 000s

Fig.2 Optimal income taxation for various market structures and degrees of equity concerns. Note: The fig-
ure illustrates the optimal marginal income tax schedules for three market structures with 6 € {0, —0.5, —1},
where 6 = 0 stands for the Cournot-Nash competition model and 6 = —1 for perfect competition, and
three degrees of equity concerns: ¢ = 1.05 (small), = 1.3 (medium), and « = 2 (large)

taxation.'* One should have this in mind when interpreting our simulation results. The
non-competitive effect on optimal income taxation will have a smaller magnitude if
there is a greater number of firms in the market. All other parameters of the model
remain the same as in Sect. 3.

To understand how optimal income tax policy depends on the market structure and
to illustrate both the non-competitive and dividend effects, we consider the optimal
income tax schedules for various degrees of equity concerns: ¢ = 1.05 (small), =
1.3 (medium), © = 2 (large). For each case, we also vary the conjectural variation
parameter by setting & = —1 (perfect competition), # = —0.5, and & = 0 (Cournot-
Nash).

In the case of small equity concerns (the left diagram of Fig. 2), the dividend effect
is barely present. With the non-competitive effect dominant, we obtain lower optimal
marginal tax rates in less competitive markets to offset larger production inefficiencies.
For medium and large degrees of equity concerns (the middle and right diagrams of
Fig.2), the dividend effect starts playing a more important role. Unlike in the case
of small equity concerns, we do not observe much variation in tax rates when the
market structure changes. Specifically, more market power increases not only the non-
competitive effect due to larger production inefficiency, but also the dividend effect
due to larger profits. As our simulations show, these increases cancel each other, as the
two effects work in the opposite directions. As a result, for a sufficiently high degree of
equity concerns the optimal income taxation policy remains stable for various market
structures—a result that has not been highlighted in the previous literature.

5 Extensions
In the previous sections, we demonstrate the effect of dividend distribution on income

tax policy. In this section, we are interested in the question of whether this effect
persists if the public authority also applies other types of taxation. We extend our

14 Note that the price elasticity of supply ¢ = 1.75 is inconsistent with the market being monopolistic
My =1.
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analysis with commodity taxation in Sect. 5.1 and with profit taxation in Sect.5.2. We
explain how our analysis changes if we let the public authority tax total (labor and
dividend) income in Sect. 5.3.

5.1 Commodity taxation

Let the public authority impose a commodity tax b (or a subsidy if b < 0) paid by
producers for every sold unit of good X. We note that there is no loss of generality
if the public authority does not impose a commodity tax on the numeraire good, as
any production outcome in this case can be replicated with only a commodity tax on
good X and a non-linear labor income tax schedule. An individual firm’s profits read
as (p —b)X; — K(X;), and the analogue of the market equilibrium condition in (19)
becomes

p—b— K (X/M)=m(p).
The equilibrium quantity supplied by all firms can then be defined as
S(p,b) = M(K)'(p = b — m(p)).

Aggregate profits are given by I1(p,b) = (p — b)S(p, b) — MK(S(p, b)/M) and
their partial derivatives by IT, = =S+ m(p)S pand I1, = —S+ m(p)S;7 The public
authority’s maximization problem can be written as

max /w(n)u(n)f(n)dn

p.b.u(n).(n)
[ (@) —r(p.u(n), €(n))) f(n)dn + T(p, b) + bS(p, b) > R,

s.t. §(p, b) — fx(p, r(p,un), £(n))) f(n)dn = 0, (22)

u'(n) — a(p)§'(MT(p, b) — cel(n)/n = 0.

We note that, as before (see Sect.2.3), the public authority only needs to consider the
market clearance condition in the market for good X. Any additional demand for the
numeraire good coming from the commodity tax receipts is offset by the corresponding
reduction in firm profits and, thus, dividend income. The next theorem presents our
results about optimal income and commodity taxation.

Theorem 4 (Commodity taxation) With income and commodity taxation, the optimal
marginal income tax is determined by

A B() + Cov(e, yy TP X (m(p) —om) (23)
1—1¢ A &n
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where A(n) and B (n) as in Theorem 1, and sx = pg(p, b)/ f y(n) f (n)dn is the total
expenditure share of good X. The optimal commodity tax equals

b= —m(p)(l + Cov(é, 1//)%[7)>

a(p) (1 —m'(p)  sn— m’(l?))

A Eh

—pCov(§, ¥)

(24)

First, we find that with equity concerns and unequally distributed dividends,
Cov(&,¥) # 0, commodity taxation becomes optimal irrespective of the market
structure. Specifically, and in contrast to the seminal result of “uniform commodity
tax under nonlinear income taxation” by Atkinson and Stiglitz (1976), we show that
it is efficient to address redistributive goals through commodity taxation when profits
are unequally distributed. Second, we find that commodity taxation does not eliminate
the dividend effect on income tax policy, which, though, takes a different form from
those presented in Theorems 1 and 3.

For intuition, consider the case of competitive markets (m(p) = 0, m’'(p) = 0),
where the optimal marginal income tax is determined by

%_t = A()B(n) — Cov(é. w)ym

and the optimal commodity tax b by

b= —pCoviE, w@ (1 _ ”-“) =0

e &

as Cov(é,Y¥) < 0 and ¢ < 0. In line with the commodity taxation literature, the
size of the optimal commodity tax inversely depends on the price elasticities of supply
and demand, that is, on the producer and consumer tax burden with the latter adjusted
for the profit share sy of total income. We also note that a larger mismatch between
dividend distribution and equity concerns (larger |Cov (&, ¥)|) implies a larger optimal
commodity tax. With a larger mismatch, the public authority taxes the consumption of
good X more heavily in order to extract more producer surplus and, thus, more profits
and to redistribute those profits more evenly among the agents.!> If the commodity
tax b results in a higher consumer price p or, in other words, has a positive consumer
tax burden, the redistribution of commodity tax proceeds takes place through lower
marginal income taxes. More specifically, the dividend effect term of the optimal
marginal income tax turns negative with its size related to the consumer tax burden
part of the optimal commodity tax. In contrast, if the commodity tax b does not have
any consumer tax burden, i.e., if good X is perfectly elastic (¢, — —0o0), the dividend
effect term vanishes and the optimal marginal income tax coincides with the standard
Mirrleesian tax formula.

15 Relatedly, Iwamoto and Konishi (1991) show that in the presence of profits, the optimal commodity tax
also depends on the distributional characteristics of production activity.
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In the case of oligopolistic markets (m(p) > 0,m’(p) # 0), the optimal commodity
tax also corrects for market inefficiency along the same lines we discussed in Sect. 4.
Specifically, the public authority reduces the optimal commodity tax by the amount of
firm markup m(p) adjusted by equity concerns. Market power and non-zero markups
also have an effect on the consumer and producer tax burden that may affect the
size and even the sign of the commodity tax and the dividend effect of income tax
policy. Furthermore, the commodity tax does not disappear in the optimum even when
profits are equally distributed, £’(n) = 0. In this case, the optimal tax is the subsidy
b = —m(p) that brings the economy to the efficient level of production. This result
is similar to the one obtained by Myles (1996), who shows that a combination of
ad valorem tax and commodity tax can eliminate the welfare loss that arises from
oligopolistic competition.

5.2 Profit taxation

We extend the competitive market model with a unit continuum of firms and free
entry.'® Firms have the same marginal costs of production and, thus, the same indi-
vidual supply curve S;(p) = S(p), which is determined by the short-run profit
maximization condition of price equal to marginal costs. If firm i enters the mar-
ket, it supplies S(p) amount of good X and receives an accounting profit of w(p) =
fop S(p)d p.In addition, each firm has firm-specific fixed costs k; distributed according
to distribution function F over (0, co) with positive density f. We think about fixed
costs as firm owners’ opportunity costs, such as profit opportunities in another country
or earnings 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 profits. For convenience, we
normalize accounting fixed costs to zero.
At a profit tax rate T € [0, 1], firm i enters the market if and only if

A =o)7(p) = ki. (25)

Clearly, the 100%-profit tax cannot be optimal, as no firm would enter the market.
Let us denote the fixed costs of the marginal firm that enters the market by k* =
(1 — 7)7r(p). The market supply is then given by S(p)F (k*) and the total after-tax
profits by (1 — )7 (p)F (k*). As the firm shares have fé(n)f(n)dn = 1, total tax
revenue sums to

TR = f[nﬁ(n) — (M) +Em)(1 — D) (p)F (k") + T (p)F (k)] f (n)dn

= /[nﬁ(n) = Y(m) + 7 (p)F kM1 f (n)dn.

16 See Scheuer (2014) for a related analysis of optimal profit taxation under endogenous firm formation.
See also Giirer (2021), who explores the implications of rising markups for optimal income and profit
taxation in a model of monopolistic competition.
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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
F(k*) = F*sothat S(p, F*) = S(p)F*and T1(F*) = F~1(F*)F*. The expression
for tax revenue is then TR = f[nE (n)—yUm))+m(p)F*] f(n)dn and the condition
that T > 0 can be expressed as 7 (p) > F~!(F*) from the profitability condition (25).
We drop condition T < 1 as not binding. The public authority’s maximization problem
with profit taxation reads as

max fu(n)l/f(n)f(n)dn
p, F*,un), t(n)
[nl(n) —r(p,u(n), £(n)) + w(p)F*] f(n)dn > R,
S(p)F* — [x(p.r(p,un), £(n))) f(n)dn =0,

s.t.
u'(n) —a(p)&' (MI(F*) — cel(n)/n =0,

n(p)—F1F* =0.

Denoting the Lagrange multiplier for 7 (p) — F~1(F*) > 0 by B, we present the
following result.

Theorem 5 (Profit taxation) In competitive markets with optimal profit taxation, the
optimal marginal income tax is determined by

t B B a(P)«”l‘I_ IB EUn
7 = AmBE) — (Covig, L - 2o

with A(n) and B(n) as in Theorem 1 and elasticity eyy = 0Un/dp (p/Un), where
Un(p, %) = a(p)II(F*) is the total utility from profits.

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 4 for the case of competitive markets, we obtain that with
optimal profit taxation, the dividend effect of optimal income taxation turns negative
when Cov(¢, ¥) < O (since with optimal profit taxation we have ey; < 0 unlike
before, whereas we have 8 > 0 by the Kuhn-Tucker conditions). The dividend effect
again plays the redistributive role of the profit tax revenue.

5.3 Competitive markets: taxing total income

Here, we consider the case when the public authority can tax total (labor and dividend)
income z(n) = nl(n)+&(n)I1(p). Under total income taxation, disposable income is
given by y(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
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must change working hours to £ = (m€(m) + (§(m) — &(n))I1(p))/n, yielding utility
U(p, y(m), z(m), n) = v(p, y(m)) — c((z(m) —Em)I1(p))/n).
Letting u(n) = U (p, y(n), z(n), n), for truthful revelation to be optimal we have
u(n) =U(p, y(n),z(n),n) =0 = u(m) — U(p, y(n), z(n), m), (26)
which leads to the following first-order condition:

£(n) +§/(n)1'l(p).
n

u/(n) =U,=c¢c

27)

The latter condition coincides with the standard one when profits are zero IT(p) = 0
or&’(n) = 0. Also, notice that the standard single-crossing condition is satisfied when
total income is taxed:

0
onom

c((z(m) = Em)II(p))/n) < 0.

Hence, the second-order condition for truth-telling coincides with the one in the stan-
dard case; that is, z(n) must be increasing. The first-order condition for maximizing
(26) implies vy §'(n) — cez’(n)/n = 0 or that total income z(n) is increasing if and
only if disposable income y(n) is increasing, as we had before.

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

max )/u(n)l/f(n)f(n)dn
p.u(n),ln

[ntn) —r(p,un), £(n)) +&mTI(p)]f(n)dn = R,
s.t.y S(p) = [x(p,r(p,un), £(n))) f(n)dn =0,

W () — e LOHEONE) _ ¢

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

Theorem 6 (Total income taxation) In competitive markets with total income taxation,
the optimal marginal income tax is determined by

L AmB®) +/n(qJ(m) _Fm)® (m)ie(e(m))dm fUn__ oM

It 8—£h1—dn’
where
A(n) = <1+¢+s’<n>n<p>/an)> L= F) o alp) W) = Fn)
¢ nf(n) A 1—F(n)
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When tax is based on total income, it becomes more difficult for high earners to
deviate due to their higher profits; hence, incentive compatibility becomes a lesser
problem. Unlike in Theorem 1, the standard incentive term A(n) is now influenced
by the distribution of profits. With progressive distribution of profits £&'(n) > 0, the
public authority can impose more progressive income taxes, also used as a means of
taxing profits after accounting for the labor incentives captured by labor supply £(n)
in A(n). As &’(n) > 0 and ey > 0, the last term in the optimal income tax formula
is again positive when the public authority puts more weight on lower income earners
(W (n) — F(n) = 0). Overall, the optimal income tax is again larger compared to the
standard Mirrleesian formula.

6 Conclusion

In this paper, we argue that a redistributive labor income tax policy needs to consider
the distribution of the profit share of workers’ product of labor or, put differently,
the distribution of dividends. We study how the distribution of dividends affects the
optimal income taxation policy under different market structures and in the presence
of other forms of taxation. In a Mirrleesian framework, we establish that a progressive
distribution of dividends creates a positive dividend effect on labor income tax rates.
In oligopolistic markets, market power not only increases the dividend effect, but also
creates an additional non-competitive effect on income tax policy, which works in the
direction opposite of the dividend effect. Using numerical simulations, we show that
for a sufficiently high degree of equity concerns, the non-competitive effect is offset by
the increase in the dividend effect, resulting in the invariance of the optimal income tax
schedule to different market structures. In general, our numerical simulations show that
the dividend effect can be of a considerable size and, thus, of relevance for tax policy
design. Future research could expand the model in different directions. An important
expansion would be a dynamic model with an endogenously determined distribution
of dividends. Another expansion could be into the domain of a larger product space
and more general demand structure. It could provide additional insights on the role of
the distribution of dividends for income and commodity tax policy.

A Appendix
A.1 Proofs

Proof of Theorem 1 Let X, y, and 1 (n) be multipliers corresponding to constraints (9),
(10), and (11), respectively. After integration by parts and taking the transversality con-
dition p(n) = u(n) = 0 into account, we express the Lagrangian of the maximization
problem as

/ {[u(n)w(n) + A(nt(n) — r(p, u(n), £(n)) + £m)I(p) — R)
+y(S(p) — x(p, r(p, u(n), L)) ] f(n) — ' (n)u(n)
— 1) (0,8 (DT () + con)/n) |dn.
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Note that r, = 1/vy, r¢ = ¢¢/vy, and r, = —v,/vy = x. Let H(p) denote the
aggregate Hicksian demand function and its slope H'(p) = f (xp + xyx) f(n)dn.
Given a(p) = vy, the first-order conditions can then be written as

A
u(n) : [wm) AT ”y] Fn) — () =0, (A1)
a(p)
o+ yxy
) ; [xn - M] F(n) — () (ep + ceel(n))/n =0, (A2)
a(p)
py(S'(p) — H'(p) — @(p)T(p)) / w(m)E (nydn = 0. (A3)

The linearity of indirect utility implies that expression (A +yxy)/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 w(n) = wu(n) = 0. The same first-order condition yields
the formula @ (n) = W (n) — F(n), where W (n) = fn" Y (m) f(m)dm, n € [n, n], are
cumulative weights. Taking this expression into account and integrating by parts, we
obtain

f W (n)dn = —Cov(E, V). (A4)

where covariance Cov (&, ¥) = f (Em)—1)(Y (n) —1) f (n)dn. Noting that individual
utility maximization implies the optimal marginal income tax t(nf) = 1 — c¢/(nvy),
we find from first-order condition (A.2)

e R R A5
ce anf A
Next, we show that 1 + €cge/ce = (1+¢)/¢, where ¢ is the elasticity of compensated
labor supply.!” Denoting net wage w = (1 — £)n and implicitly differentiating the
individual utility maximization condition vy w — c¢¢(£) = 0 with respect to w, we
obtain ¢/0w = wvy/cge. Thus, we find { = w/€(0£/0w) = c¢/(Lcge) or, after
rearrangement, 1 + £cge/co = (1 +¢)/¢.
From first-order condition (A.3) and equation (A.4) we find multiplier

(@(p)(p))

=-C V)
S T T

Using the definitions of price elasticities ¢, ¢;,, and ey and that S(p) = H(p), we
can express multiplier y as

17 The compensated elasticity of labor supply coincides with the uncompensated one in the absence of
income effects (linear indirect utility).
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a(p)Il(p) euy

Yy = _COV(‘%_? lﬂ) S(p) PP
— _Cov(e, wf‘(fﬂ%,
y

where to obtain the last expression we use that S(p) = x, f y(n) f (n)dn due to the
linearity of indirect utility. Substituting the derived expression for y together with
u(n) = W¥(n)— F(n)in (A.5), we obtain the tax formula in Theorem 1. O

Proof of Theorem 2 The public authority’s optimization problem for competitive mar-
kets with foreign ownership is the same as without foreign ownership (8)—(11). The
first-order conditions with respect u(n) and £(n) remain unchanged. The first order

—

condition with respect to price p is slightly different due to [ &(n) f (n)dn = 8 < 1

p: M=S(p)+ EN(p) +y(S'(p) — H'(p)) — (a(p)H(P))//M(n)E/(n)dn =0.

Given that IT'(p) = S(p), the statement of the theorem follows from the same steps
as in the proof of Theorem 1. O

Proof of Theorem 3 With an oligopolistic market for good X, 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 p is

p: A=S(p)+ () +yE'(p) — H'(p) — (a(p)1(p)) / ()€’ (n)dn = 0.

Given that IT'(p) = S( p) + m( p)§’ (p), the statement of the theorem follows from
the same steps as in the proof of Theorem 1. O

Proof of Theorem 4 The first-order conditions with respect to u(n) and £(n) remain
the same as before (see (A.1) and (A.2)). The conditions with respect to price p and
commodity tax b are

P Am(p) +b)S, +y(S, — H'(p) — (a(p)T1(p. b)), f (g (nydn = 0,
(A.6)

b a(m(p) + b)Sp + ¥ Sy — a(p)Tp(p, b) f ()&’ (n)dn = 0. (A7)

Recalling that f uw(mE& (n)dn = —Cov(€, ¥) (see (A.4)) and EP =—(1- m’(p))gb,
we multiply the second equation by 1 — m’(p) and add the two equations to obtain

y(=H'(p)) + Cov(, v)(a (P +aTl, +ally(1 —m'(p)) =0
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or, given that I1, = S+ m(p)§p and 1, = -S+ 1n(p)§b,

@' (p)T(p, b) + a(p)n! (p)S(p, b)

= —Coves, A8
y = —Cov(§. ¥) T AS)
Therefore, the corrective term is equal to
Yo = _Cov(E, ¥) a'(p(p. b) + a(p)m' (p)S(p, b) <_ a/(p))
A A —H'(p) a(p)

Our notation is I1(p, b) = si1 [ (n) f(n)dn and §(p, b) = [x(p,r(p, u(n), £(n)))

fm)dn = —aa/(([f)) [ ¥(n) f(n)dn, ey = pH'(p)/H (p). Therefore,

a'(p)T(p, b) = sna’(p) / F(n) f(m)dn = —sna(p)S(p. b)

and
v __CovE ) a(3(p. b)(—sn +m'(p) @' (p)
2 A H'(p) a(p)
— Cov(t, w)a()f)) sx(m'(p) — dn)’
Eh

where to obtain the last expression we use the expenditure share of good X given by

sx = pxy [ () f(n)dn/ [ 5(n) f(n)dn = —pa’(p)/a(p). The tax formula then
follows from algebraic transformations similar to those in Theorem 1. To obtain the
expression for b, we substitute the expression for y in (A.8) into (A.7). O

Proof of Theorem 5 (Profit taxation) We obtain the following first-order conditions
with respect to price p and the share of firms F*

Py (p)F* = H'(p)) +a'(p)II(TF")Cov(E, ¥) + BS(p) =0, (A.9)
F* 1am(p) +yS(p) + a(p)II'(F)Cov(E, ) — B/F' (k") =0, (A.10)

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. Equation (A.9) together with x, = — ‘;/((5)) and H(p) = S(p)F* imply

AT e—ep a(p) S(p)F*

Y. _ d/(PIF")Cov(E, ) + BS(p)d'(p) P

Now, ey reduces toa’(p)p/a(p) and a’(p)I1(F*) = —sna(p)S(p)F*. This results
in the following expression for the corrective term in the tax formula

y (. a(pon | B\ s
Xxy—< Cov(&, ¥) . +A5*>8—ah' (A.11)
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The remaining tax formula then follows from algebraic transformations similar to
those used in proving Theorem 1. O

Proof of Theorem 6 (Total income taxation) The first-order conditions with respect to
labor £(n) and price p are, respectively, given by
(A+yx y)CZ

Uy

¢ [An - ] £ = o) (e + eee®n) + & (PN ) /n =0,

§( )Ce

Py (S (p) = H'(p) = T(p) / () =0,

The first-order condition with respect to u(n) remains intact,

At yxy

u(n) : [W(n) )

] f@n) —p'(n)=0.

From the condition with respect to £(n), we obtain

Xy.

to_ (1 +¢ +$/(n)H(P)/€(n)>M(n)vy

Y
1—1t ¢ Anf(n) A

From the first-order condition with respect to p we obtain

n &' (m)c (L(m))
v BT A (p)p
AT &—¢&p a(p)

Using Uy = a(p)T1(p), and (a(p)T1(p))’ = —a’(p)(1 — s11)Y we obtain

A rm e—e¢epl—op

The tax formula then follows from similar algebraic transformations as used before.
]

A.2 Competitive markets: non-linear indirect utility

In this section, we consider the general case of non-linear indirect utility. Let us again
denote an agent’s utility from revealing his productivity type truthfully as

u(n) =U(p, y(n) +EmI(p), £(n)) = v(p, y(n) +EMII(p)) — c(£(n)).

If revealing the agent’s type truthfully is optimal then
u(n) = max v(p, y(m) +&mI(p)) — cmt(m)/n). (A.12)
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The envelope theorem implies the following first-order condition
u'(n) = cel(n)/n + vyy&' (M (p). (A.13)

We note that the single-crossing condition does not generally hold when the indirect
utility is non-linear. Hence, we need to derive the second-order condition when truth-
telling is optimal.

Proposition A1 Condition (A.13) ensures that truth-telling is an optimal solution of
(A.12) if and only if schedule {y(n), £(n)} satisfies for each n

|:cu€(n) +cp vy

2 vyys%n)n(p)] V() = 0. (A.14)

Proof Letus assume that y(n) and £(n) are differentiable. We also denote Uy, U, and
U, to be the partial derivatives of function U with respect to its first, second, and third
arguments, respectively. The second-order condition for maximization (A.12) is

u”(n) — Upy — (Uyy&" (mTI(p) + 2Uy,)E ()T (p) — Uy&" (m)I1(p) = 0.
(A.15)

Taking the derivative of (A.13) with respect to n we obtain

u"(n) = Upn + Uny(y'(n) + &' (M)T1(p)) + Unz (nl(n))’
+ Uyn + Uyy (y/(n) + &' (m)T1(p))
+ Uy (n€(n))E (m)T1(p) + Uy&" (m)T1(p).

Hence, condition (A.15) is equivalent to
Unyy' (1) + Upz (n€(n)) 4 (Uyyy' (n) + Uy (n€(n)))&" (m)T1(p) = 0.
Given our separable utility specification, this reduces to

V4
DL ()Y + gy )8 ) (p) 2 0.

Maximization problem (A.12) implies vyy'(n) — c¢(n€(n))’/n = 0, which allows
rewriting the previous inequality in the form of (A.14). O

Note that the first term in (A.14) is always positive because the cost function c(¥) is
increasing and convex. Hence, the second-order condition reduces to income schedule
y(n) being non-decreasing if either profits are zero I1(p) = 0 or profits are equally
distributed £’(n) = 0. When both IT(p) > 0 and £’(n) > O the second term in (A.14)
is negative because the indirect utility function is concave.

Assuming the second-order condition (A.14) is satisfied, we express the public
authority’s maximization problem as
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max /u(n)w(n)f(n)dn

p-u(n),t(n)
s.I.

/[nﬁ(n) —r(p,u(n), £(n)) +§mI(p)]f(n)dn = R,

S(p) — /.X(p, r(p,u(n), £(n)) f(m)dn =0,

u'(n) = vy(p, r(p, u(n), L)E" (MT(p) — cel(n)/n = 0.

Having the same notation for Lagrange multipliers as before, we write the first-order
conditions as

u(n) : [w( ) — +UV ’}f(n)—u’(n)—u(n)%é’(n)n@)=o, (A.16)
y y
A !
E(n):[kn—(ﬂ;ﬂ]ﬂ) ju(n) 22t & (TL(P) = () ee+ceebm)) /=0,
y

(A.17)

py(S(p)— H’(p))—f w(mE () ((yp+vyyX)I(p)+v, 1T (p))dn=0.
(A.18)

To calculate the optimal marginal income tax, we consider the individual utility
maximization problem max, (v(p, nl — T (nf) + £(n)I1(p)) — c(£)) as before. The
first-order condition with respect to £ yields #(nf) = 1 — c¢¢/(vyn). Using equation
(A.17) we can then write

o pmuy 14+2%0n) ny n p(n)vyyé'(MI(p)
1—1t anf £¢(n) rf
where ¢ (n) is the elasticity of the uncompensated labor supply, {€(n) is the elas-
ticity of the compensated labor supply, and we exploited that 1 + lcgp/ce = (1 +
¢"(n)/¢ (n).
Lagrange multiplier (n) is determined by first-order linear differentiation equation
(A.16)

, (A.19)

W (n) + C(m)u(n) = D(n).

where C(n) = (,l)é (n)T1(p) and D(n) = (1//(11) — H{;ﬁyl)) f(n) and superscript

(n) means that functlons are evaluated at productivity n. Taking into account the
transversality condition p(n) = u(n) = 0, we find its solution given by

n n A+ yxl (m)
w0 == [ EnDman = [ By (S~ yn) ) e,
n n Uy

where E,u, = exp([" C(m")dm') = exp(I1(p) [ v%}; - (m")ydm").
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Lagrange multiplier y is then determined by equation (A.18). Denoting G (n, p) =
(vy (n) + v(") I (p) + v(”)l'I’(p), we have

(o

y(S'(p) — H'(p)) =/ G(n, p)é/(n)/ Ejnn =) —w(m))f(m)dmdn-
n Uy

n

Therefore,

S G, pIE @) [T A 0 (1 = L9 )
CS(p) = H'(p)— [ G, p)E' () [ Emnxy’")/v(’")ﬂm)dmdn'

Substituting the above expressions in (A.19), we obtain the following result.

Theorem A1 In competitive markets, the optimal marginal income tax is determined
by

(m) (m)
% = A(n)B(n) +% ( "+ Ao} o dn 53" Enn /0y f(m)dm> 7

1 — 1 —F(n)
where
_ (et u<”) 1 — F(n)
(n) T (m)
vy % l/f(m)v

STE DG, p) [T 3B/ (1 = L% £y
CS(p) — H'(p) — [3 E'@)G . p) [} Eyxy™ /0" f (m)dmdn

Note that the optimal marginal tax formula is more complicated and depends on many
endogenous variables in contrast to the case of linear indirect utility. The dividend
effect now depends on the income level when the indirect utility is non-linear. We can
check that the formula reduces to the one of Theorem 1 when v(p, y) = a(p)y. In
this case, xy and vy, do not depend on productivity, (A + yxy)/vy =1, E;y, = 1, and
G(n, p) = (vy(P)TL(P))),.-

A.3 Numerical simulations: further results
Here, we provide additional numerical simulations of the effect of dividend distribution
on optimal income tax rates. Within the same framework of the U.S. housing market,

we study the robustness of the dividend effect to different forms of housing supply
and to income distribution.
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Table2 The optimal vs

. . L e =0.01 e =1.75 e=3
Mirrleesian marginal income tax

At 16.2% 4.2% 2.7%

The average change between the optimal marginal income tax rates
and the Mirrleesian tax rates that arises in self-confirming policy equi-
librium for various elasticities of housing supply

Marginal taxes

Endogenous price
0.6 - = SCPE 1
0.5 1
\
04r =
S —ean wm e = R Rm R E S E e s e e = e =
0 100 200 300 400

Labor income, in 000s

Fig.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 (see Theorem 2). The
dashed line presents the Mirrleesian tax rates in the self-confirming policy equilibrium for the same economy

In Sect.3.2 we consider the competitive market with supply function S = sp® and
price elasticity € = 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 dividend effect for the cases of (i) inelastic supply ¢ = 0.01
and (ii) elastic supply with e = 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 Schoni 2016). In the second case, we
draw on the estimates of the price elasticity of the U.S. housing supply obtained by
Epple and Romer (1991).

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 supply elasticities of housing.'® For the case of inelastic supply & = 0.01,
we note a massive increase in the size of the dividend effect compared to ¢ = 1.75
from Sect. 3.2. 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,
¢ = 3, we see a reduction in the size of the dividend effect compared to ¢ = 1.75 as
changes in demand lead to smaller changes in price.

18 We calibrate parameter s of supply function S(p) = sp® in order to match the average expenditure share
of housing of 25%. In particular, we have s = 15.5 for ¢ = 0.01, s = 18.5 for ¢ = 1.75, and s = 21.7 for
&£ =3.
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Lastly, we also reestimate the dividend effect for the lognormal distribution of agent
productivities with the parameter values of mean m = 2.757 and standard deviation
o = 0.5611. We adjust parameter s = 16.2 of supply function S(p) = sp®, e = 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 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 4.4%,
which is slightly larger than what we obtain in Sect. 3.2.
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