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Abstract

The standard economic view of the personal income tax is that it is a distortionary
way of raising revenue which nonetheless has value because of its desirable effects
on the distribution of income. However, when wages deviate from marginal product,
the laissez-faire (no-tax) equilibrium is inefficient, which can create an independent
efficiency rationale for income taxation. I study a setting of wage bargaining within
hierarchical teams, and show that the efficiency case for taxing managers depends on a
“job-creation” effect: if wages are too low and increased labour supply allows managers
to supervise larger teams and thus collect larger rents, they will have an incentive to
devote an inefficiently high amount of effort to creating jobs at their firm. It may
then be efficient to tax the “job creators” because of their job-creation activity. If
bargaining compresses the wage distribution for workers, the efficient tax schedule will
tend to be V-shaped, and numerical analysis of a calibrated model indeed finds a V-
shaped efficient tax schedule with a top marginal rate of more than 25%. For a planner
with redistributive motives, wage bargaining also causes optimal marginal tax rates to
increase at the top and bottom of the distribution and decrease in the middle.
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1 Introduction

The standard economic view of the personal income tax is that it is a distortionary way of
raising revenue which nonetheless has value because of its desirable effects on the distribu-
tion of income.! This view has shaped the optimal income taxation literature that started
with Mirrlees (1971), a literature that focuses on the simple setting of a perfectly competi-
tive labour market despite growing evidence that wages are not generally equal to workers’
marginal product.? However, if wages deviate from marginal product - due to wage bargain-
ing, for instance - the laissez-faire (no-tax) labour market is inefficient, and this changes the
normative consequences of income taxation; it is well known from the Theory of the Second
Best that introducing a new distortion into a market that is already distorted has ambigu-
ous welfare effects. In fact, there could well be an efficiency role for taxation, if marginal
taxes are used to offset a pre-existing bargaining distortion and return labour supply to the
efficient level, and thus the classic tradeoff between equity and efficiency could be altered,
and perhaps weakened or even eliminated in some cases.

In this paper, I consider non-linear income taxation in a general equilibrium setting
that accommodates the real-world divergence between employees’ wages and their marginal
product. I focus on production that takes place in hierarchical teams, in which lower-skill
workers match with higher-skill managers. This setting represents two essential features of
labour markets in developed countries: most individuals are employed in firms with two or
more levels, so that workers at the bottom of the hierarchy answer to people higher up, and
wages for the lower levels are set by managers at the top of the firm. The latter implies that
if wages deviate from marginal product, the managers at the top will also receive returns
which deviate from their actual contribution to output, so wage bargaining can generate
inefficiency across the entire income distribution.

I begin by investigating these issues within a general model. 1 use a standard definition of
efficiency as the maximization of net output, implying the usual result that the laissez-faire

equilibrium with competitive wages is efficient; introducing a model of hierarchical firms

'For example, Blomquist, Christiansen, and Micheletto (2010) note that “The common view seems to
be that marginal income taxes are purely distortive,” and Sandmo (1998) argues that “distortionary effects
of taxation...can only be justified from a welfare economics point of view by their positive effects on the
distribution of income.”

2See, for example, Manning (2003) and Manning (2011). The optimal income tax literature is surveyed
by both Mankiw, Weinzierl, and Yagan (2009) and Diamond and Saez (2011).



does not change this fundamental fact. An efficiency role for taxation is introduced if wage
bargaining causes the allocation to deviate from efficiency: a tax or subsidy can be used to
correct workers’ incentives. However, the main result is that the efficiency of taxing managers
depends critically on the extent to which managers can control the size of their teams: if
team size is fixed, there is no efficiency role for taxation of the manager at the top of the
firm. If the manager acts as a residual claimant, their incentives are correct once worker
labour supply has been set to the efficient value; there is one distorted margin, and thus one
tax instrument needed to fix it. However, if team size is increasing in manager effort, this
no longer holds, and if wages are below marginal product, efficiency will require a tax on the
manager. This result follows from a “job-creation” effect: by working harder, the manager
is able to accumulate more workers at the lower level of their firm’s hierarchy that they
can supervise and exploit for rents; therefore, if workers’ wages are too low, the manager’s
“wage” per unit of labour supply is too high regardless of the level of worker effort. As
a result, if wages are inefficiently low, the manager exerts too much effort in creating jobs
at their firm, so a positive marginal tax reduces their labour supply towards the efficient
level.? In other words, contrary to the common argument that taxes at high incomes should
be lowered to encourage job-creation,* we may want to tax the “job creators” because they
want to create too many jobs at their firm, and taxation of high-income individuals may be
efficient as well as equality-enhancing.

I then provide a general characterization of the efficient tax schedule: if wage bargaining
causes wages to be relatively flat with respect to skill, the efficiency-maximizing tax schedule
is likely to feature marginal taxes that are regressive for workers and progressive for managers,
generating a V-shaped marginal tax schedule. This suggests that a tax system in which low-
income workers face high tax-back rates on social benefits, followed by lower marginal taxes
at middle incomes and increasing marginal taxes near the top - as found in many developed
countries - might actually be justified on efficiency grounds. However, while useful for

highlighting the nature of the solution, the results of the general model are dependent on

3A management literature presents an alternative reason why managers may attempt to create too many
jobs at their firm, as described in Jensen (1986): managers may wish to grow the firm beyond the efficient
level in order to maximize the resources under their control and their resulting sense of power. Supporting
evidence for such an “empire-building” motive is presented by Hope and Thomas (2008).

4See Krugman (November 22, 2011) for a discussion of this point; Krugman points out that this argument
is dependent on high-income individuals not fully capturing the benefits that they produce for society. If
workers’ wages are below marginal product, the opposite may well be true.



a number of quantities for which there is no clear empirical counterpart. To understand
whether or not the efficient deviation from zero marginal taxes is economically significant,
we need a specific parametric model for numerical analysis.

Therefore, to illustrate the results from the general model, I focus on a specific parametric
case of the model in the second half of the paper. I use a model adapted from Antras,
Garicano, and Rossi-Hansberg (2006) which features endogenous hierarchical one-to-many
matching, in which lower-skill workers match with higher-skill managers to produce according
to the team’s ability to overcome problems encountered in production. I introduce labour
supply into this model, which makes team size an increasing linear function of the manager’s
effort, and I examine equilibrium outcomes under competitive wage-setting and a simple form
of wage bargaining between workers and managers. Given an underlying skill distribution,
wage bargaining compresses the wage distribution for workers, while increasing the dispersion
of returns received by managers.

I then consider the effects of taxation in a calibrated version of this model. I demonstrate
that efficiency can be restored to a labour market that features wage bargaining using a tax
that deviates significantly from zero, with a strong V shape that features rising marginal
taxes over most of the income distribution and a top marginal rate of at least 25%. Wage
bargaining causes equilibrium wages to deviate significantly from the efficient level, requiring
substantial corrective taxes, and significant positive marginal taxes at the top of the income
distribution can serve an important efficiency role in offsetting the bargaining power of the
highest-skill managers.

The majority of my analysis focuses on the efficiency impact of taxation, because it is
an important input into the optimal tax problem, as well as a being a useful baseline in
public debates about income taxation when participants may have widely varying tastes for
redistribution. However, to connect my results to those from the majority of the optimal
income tax literature, in the final section of the paper I evaluate the optimal tax schedule from
the perspective of a planner who cares about distribution. Specifically, I assume diminishing
marginal utility of income, and I use a perturbation method to derive optimal tax rates for
a utilitarian planner as a function of a direct redistribution effect, a distortion effect on the
marginal individual, and a new component measuring how taxes shift the wage distribution.
With competitive wage-setting, the optimal tax schedule takes an inverted-U shape with

near-zero taxes at the top, but with wage bargaining this changes considerably: the optimal



marginal tax rate increases significantly at the top and bottom, and drops in the middle
of the distribution. In contrast to the standard result in the literature, this result is not
sensitive to the magnitude of the labour supply response to taxation; what matters most is
the magnitude of the deviation of wages from the efficient level.

My paper contributes to an important growing literature on optimal taxation in non-
competitive labour markets. The majority of the optimal income taxation literature has
focused on a competitive wage-setting environment; Piketty, Saez, and Stantcheva (2014)
note that “There is relatively little work in optimal taxation that uses models where pay
differs from marginal product.” Varian (1980) is one of the very few early examples that
deviates from this setting, considering a case in which variation in income is generated by
random luck rather than effort. A more recent literature looks at taxation in the context of
search and matching models, starting with several papers which focus on ex-ante identical
populations: Boone and Bovenberg (2002) show how a linear wage tax can restore effi-
ciency in a search and matching model, while Robin and Roux (2002) find that progressive
taxation of workers can improve welfare by reducing the monopsony power of large firms.
An important contribution is made by Hungerbiihler, Lehmann, Parmentier, and van der
Linden (2006), who examine the effect of taxes on vacancy creation with wage bargaining.
They show that progressive taxes can reduce unemployment, with beneficial redistributional
effects; however, inefficiency in the laissez-faire equilibrium is assumed away.’

Three important recent papers, meanwhile, highlight a role for taxation in settings in
which wages do not capture the social return to labour supply.® Piketty, Saez, and Stantcheva
(2014) argue that most of the responsiveness of income to marginal taxes that has been
observed at high incomes comes from changes in rent-seeking rather than labour supply re-
sponses, and using rough estimates of those quantities, they find an optimal top tax rate

of 83%. Lockwood, Nathanson, and Weyl (2014) focus on the possibility that a few skilled

5Also, by focussing on a setting of directed segmented search, in which workers match with vacancies
in a continuum of separate labour markets, this paper ignores managers and executives and cannot say
anything about income taxation at the upper end of the income distribution. Lehmann, Parmentier, and
van der Linden (2011) subsequently extend the model to consider endogenous participation, and other related
papers include Jacquet, Lehmann, and van der Linden (2013), who consider both extensive and intensive
labour supply responses, and Jacquet, Lehmann, and van der Linden (2014), who consider endogenous
participation with Kalai bargaining.

6Several other papers have examined taxation in models in which wages are not necessarily equal to
marginal product, but these focus on very different settings; for example, Rothschild and Scheuer (2011)
examine a labour market with a separate rent-seeking sector, while Stantcheva (2014) considers optimal
taxation with adverse selection.



professions may generate important production externalities, and demonstrate that if those
professions tend to be concentrated at particular points on the income distribution, non-
linear taxation could internalize a portion of the externalities and improve efficiency. Fi-
nally, Rothschild and Scheuer (2014) present a very general framework of optimal taxation
with multidimensional skill heterogeneity and externalities between workers, and analyze the
deviation between the standard Pigouvian tax and the optimal corrective tax in this setting.

My most important contribution to this literature is to consider interactions between
workers and managers in a general equilibrium model of production in hierarchical firms.
In such a setting, if the wages of some workers deviate from marginal product, the ensuing
rents must be collected by other individuals, meaning that the return to effort of the latter
also deviates from their contribution to society. As my results highlight, it is important to
recognize the bargaining relationships between individuals across the income distribution:
my main result that managers should be taxed if they pay inefficiently low wages and can
exert effort to increase team size has no parallel in a hierarchy-free model. My use of a general
equilibrium model also differs from prior estimates of optimal taxes in this literature, which
have focused on special cases or portions of the income distribution; no other study that I
am aware of numerically evaluates the efficiency role for taxation in a non-competitive model
of the entire income distribution, analogous to the standard Mirrleesian analysis.

Additionally, the results in previous papers in this literature tend to be driven by the
introduction of a new margin impacted by income taxes: the results in Piketty, Saez, and
Stantcheva (2014) depend on the elasticity of rent-seeking with respect to taxation, while
Lockwood, Nathanson, and Weyl (2014) focus on externalities affecting other workers’ pro-
duction. My results present a new argument for efficiency-improving non-linear taxes: even
if managers respond to increased taxes entirely on the labour supply dimension, non-zero
marginal taxes on managers can improve efficiency if that labour supply leads to increased
team size. Meanwhile, my numerical analysis fits within the general Rothschild and Scheuer
(2014) setting: managers impose negative externalities on each other when wages are too
low, as they seek to poach each other’s workers to add to their own team. By focussing on
models that are more fully specified than the general framework in Rothschild and Scheuer
(2014), I am able to derive important new theoretical and numerical results.

I also contribute to a second literature that examines non-linear taxation in settings

of occupational choice, beginning with the examination of redistributive taxation in team



production with heterogeneous manager ability in Moresi (1998). More recent contributions
include Rothschild and Scheuer (2013), which evaluates redistributive taxation in the Roy
model; Ales, Kurnaz, and Sleet (2014), which looks at the implications of technical change
for tax policy in a task-to-talent assignment model; Boadway and Sato (2014), who examine
non-linear taxation in a model of extensive margin choice across occupations and uncertain
earnings; and Scheuer (2014), who considers the effects of allowing for differential taxation
of workers and managers. However, all of these papers assume efficiency in the labour
market, and thus only consider income taxes for the purpose of redistribution. A partial
exception is Scheuer (2013), who assumes adverse selection in the credit market used to
finance entrepreneurship; he finds that this motivates a tax on entrepreneurs that is less
progressive than the tax on workers. I abstract from credit markets and identify a force that
acts in the opposite direction: with bargained wages that rise slowly with skill, the corrective
tax that restores efficiency will generally be more progressive for managers than for workers.

The rest of the paper is organized as follows. Section 2 presents the general model of
team production, and characterizes efficient taxes. Section 3 specifies the parametric model
and describes the equilibrium under both competitive and bargained wages, and section 4
uses this model to estimate efficient taxes with wage bargaining. Finally, section 5 contains

estimates of optimal taxes with diminishing marginal utility, and section 6 concludes the

paper.

2 Taxation in a General Model of Team Production

I begin with a general model of production in two-layer hierarchical teams. This setting
is intended to represent two essential features of the real-world labour market. First of
all, most individuals are employed in firms with two or more levels, so that workers at the
bottom of the hierarchy answer to people higher up and, ultimately, to the executives at the
top. Second, wages for the lower levels are set, either through bargaining or subject to a
competitive labour market, by managers at the top of the firm; therefore, if wages deviate
from marginal product, the managers at the top of the firm will also receive returns which
deviate from their actual contribution to output.

The model is deliberately very general, in a style analogous to the general model of social

insurance in Chetty (2006). I do not specify the production function or the mechanism



through which individuals match into teams, leaving both in a general form. The goal of
this model is to show how much can be said about the efficiency impact of taxation in a
model with minimal assumptions. However, I also present and solve a few simple examples
in section 2.3, to demonstrate the applicability of the results from the general model.

I start by describing the model and defining the efficient allocation. If wages are subject
to bargaining, the labour market will generally deviate from the efficient allocation, and
I analyze the role of marginal taxes in restoring efficiency. My main result is that non-
zero taxes on managers can only be justified from an efficiency perspective if team size is
increasing in managerial effort, and I illustrate this result in settings of job poaching and
matching between unemployed workers and firms; results are altered somewhat when external
effects on the productivity of other teams are introduced in an example of a “reserve army”
of unemployed individuals.

In the final subsection, I provide a general characterization of the shape of the efficient
tax schedule: I show that, if wage bargaining causes the wage schedule for workers to be too
flat with respect to skill relative to the efficient schedule, the efficient tax will tend to feature

decreasing marginal rates among workers and increasing marginal rates among managers.

2.1 General Model and Efficiency
2.1.1 General Model

I assume that the population consists of a continuum of individuals with skill levels z from
some distribution F'(z) and associated density f(z); the distribution can be bounded or
unbounded. Individuals match into 2-layer hierarchical teams, where T denotes the set of

teams and 7 € T indexes a particular team. Each team consists of one (infinitesimally

T
m?

small) manager with skill level 27, matched with a set of workers of size n™ and skill level
.7 . : :

275" throughout the paper, I will use subscripts p (for production) and m to refer to workers

and managers respectively. Note that the assumption of continuity means that each team is

infinitesimally small, and thus both the manager and the set of workers are of measure zero;

however, the set of workers is n” times as “large” as the manager, so that a mass of such

managers of measure p would be matched with a mass of workers of measure un’.

"In the parametric model introduced in section 3, such perfect sorting of workers into teams will necessarily
occur in equilibrium. Here, I simply assume that the technology of production ensures such sorting in
equilibrium; for example, suppose each skill level of worker requires a different design of the production
mechanism, making it most efficient to only use workers of a single type.



Teams are formed according to some general matching mechanism that is determined
in equilibrium: 27, = m(z]), which can be a function or a correspondance. The nature of
the matching mechanism is deliberately left as general as possible; the critical assumption
is simply that production involves interactions between individuals in teams, an empirically
reasonable assumption in developed countries.

Output Y7 (in units of consumption good) of a team depends on the labour supplies

and skill levels of the manager and workers: Y7 =Y (L7 ,n"L7; 27 z7), where L represents

p) ~m> “p
labour supply;® in what follows I drop the 7 superscript except where necessary to distinguish
between teams. I allow for the possibility that the number of workers n may be an increasing
function of managerial labour supply: n/(L,,) > 0, as managers that work harder may be
able to increase their span of control and supervise more workers.

This model has been described in a very general way, but encompasses a variety of
settings, including the simple examples presented in section 2.3 and the parametric version
of the model presented in section 3. The essential features are simply that individuals match

in teams of two layers to produce, and that the manager in the top layer may be able to

control the size of their team by altering their labour effort.

2.1.2 Defining Efficiency

The optimal tax problem is typically described as a tradeoff between equity and efficiency. In
this context, efficiency is explicitly or implicitly defined as the maximization of net output, or
output net of labour effort costs,” which also defines the first-best allocation with quasi-linear
utility U(C, L) = C — V(L), where Vi, Vi, > 0.

I therefore use the same definition: I assume quasi-linear utility, and define the efficient

allocation to be the one that maximizes equally-weighted social welfare W

W = fRC(z) =V (L(2))dz = / (YT -V(L],) — TLTV(L;))dT.
f(z)>0 T

81 abstract from physical capital, but the efficiency conditions and efficient tax equations are identical if
capital is included in the model.

9This definition is often implicit, but see for example Hungerbiihler, Lehmann, Parmentier, and van der
Linden (2006), who casually refer to “Efficient (i.e. net output-maximizing) values of gross wages, em-
ployment, and net output” on page 748. By identifying a single efficient allocation (subject to regularity
assumptions on the production function), this is a considerably more restrictive definition than Pareto effi-
ciency; in many models, there is an entire envelope of Pareto efficient allocations that can be achieved by
non-linear taxation, and indeed a tax schedule that maximizes any standard social welfare function must be
Pareto efficient, as a Pareto improvement would necessarily increase social welfare. This expansiveness of
the Pareto efficient space makes it a less useful definition of efficiency in an analysis of the efficiency-equity
tradeoff and the specific efficiency role of taxation.



Thus, for now, I completely abstract from any redistributive motive on the part of a social
planner (I will consider a desire for redistribution in section 5), and characterize the efficient
allocation and the tax system, if any, required to achieve it. This question is of considerable
significance given the centrality of the efficiency/equity tradeoff in the optimal income tax
problem; a better understanding of the efficiency consequences of taxation is an important
input into that problem, as well as a baseline for discussion among individuals who disagree
on the socially optimal degree of redistribution.

To solve for the efficient allocation, I must set % equal to zero for each individual. To
abstract from impacts of an individual on the output of people not currently on their team,

I make the following assumption:

Assumption 1. The marginal impact of each individual’s labour supply on total output is

equal to the partial derivative of their team’s output with respect to their own labour. That

d( I def)
dL;'.

is, for type j = {p,m} on team i,

of all other individuals, so that % I denotes the derivative holding all other labour supplies
J

constant (but allowing the matching allocation to change), and where Y,! = g{: > 0 and

I = in, where I_/;'» represents the labour supply

i — _OY*
)/P — on'L}

> 0 are the marginal products of manager and worker effort within a team.

I refer to this as the “no production externalities” assumption; it implies the standard
result that, if workers’” wages are equal to their marginal product at their firm, as in a
competitive market, the labour market achieves the efficient allocation. This assumption
allows me to abstract from other potential sources of inefficiency in the labour market, and
to focus on the inefficiency introduced by wage bargaining.! Assumption 1 is satisfied in
many standard models, including the model of section 3 of this paper, and the first two

examples in subsection 2.3 (but not in the “reserve army of unemployment” example in

0For Assumption 1 to hold, I require that (i) if a worker or manager works harder, they increase their own
team’s output, but their labour supply has no direct effect on the output of any other team, and (ii) if an
individual’s marginal change in labour supply triggers a reallocation of individuals across teams, this has no
first-order impact on the productivity of the reallocated individuals, implying no net impact on total output.
Part (i) is intuitive: since each individual is drawn from a continuum, they are all too small to have a first-
order impact on the output of individuals of other teams, and indeed this part of the assumption is already
embodied in the definition of the team production function. Part (ii) requires that the act of “creating” a job
at one firm does not raise the productivity of the new worker by a finite amount in comparison to their old
position, and is also an intuitive consequence of the continuum assumption: if the allocation of individuals
across positions is efficient subject to wages, a reallocation should shift workers to positions where they are
at most marginally more (or less) productive. Another way of putting this is that if the manager of team
1 works harder and thus is able to attract an additional worker from team 2, this reallocation raises the
output of team 1 and decreases the output of team 2, but these reallocation effects cancel out on aggregate,
leaving only the direct effect of the manager’s effort on team 1 output.



subsection 2.3.3, where a failure of Assumption 1 introduces an additional externality term
to the efficient tax equation even if workers’ wages are equal to marginal product within

their firm).

2.1.3 Solving for the Efficient Allocation and Market Equilibrium

With Assumption 1, I can solve for efficiency team-by-team, which means that I can focus
on one representative team (conditional on skill levels). Since the rest of my analysis will
be within-team, I now completely drop the 7 superscripts to simplify notation. I find the

following conditions for efficiency within a given team:

Vi, =Y, (1)
Vi =Y, (2)

Note that these are the standard conditions for allocative efficiency: marginal rate of sub-
stitution (here equal to marginal disutility of labour supply, since marginal utility from
consumption is unity) must equal the marginal rate of transformation for all individuals.
A necessary limitation of the general model is that these conditions are necessary but not
sufficient for efficiency; without ruling out nonconvexities in production, I cannot exclude the
possibility of (1) and (2) being satisfied at multiple allocations. However, in the examples
presented in subsection 2.3, the necessary conditions are uniquely sufficient.

Now consider the market equilibrium for this general model. I assume that the manager
is the residual claimant, whereas workers are paid a wage w(z,, Zm, L) per unit of labour
supply, where I describes the aggregate labour market allocation. The wage may either be
exogenously fixed from the perspective of the individual members of any team, or chosen by
the manager to maximize profits; all that I require is that changing L,, at the firm level does
not directly affect the wage at the firm, and that the wage is bounded away from zero and
infinity so that it is possible to use policy to set the after-tax wage to the efficient level. In
either case, in equilibrium the wage can be described as a general function of skill levels and
aggregate labour market outcomes.

All individuals choose their labour supply to maximize their expected utility U = C' —
V(L). Within any given team, workers’ consumption is C},, = wL,, and they will therefore

choose a value of labour supply defined by:

10



The manager’s consumption is C,, = Y (Ly,,n(Ly,)L,) — n(Ly)wl,, and so their utility-

maximizing choice of labour is defined by:
Ym + Lpn,(me}/P - w) = VLm' (4)

By working harder, the manager not only receives their marginal output Y,,,; they may also
be able to supervise a larger team, which they value if they obtain positive rents from their
workers, i.e. if Y, > w. If the wage is also a choice variable for the manager, there will
be an additional first-order condition for this choice, but this condition does not enter into
the analysis of efficiency, as the wage affects the efficiency of the market equilibrium only
through its effects on labour supplies. Thus, I leave the equation describing the equilibrium
wage in a general form as w(z,, zp, L).

Combining equations (1) through (4), I find the following necessary conditions for the
equilibrium to be efficient:

w=7Y, (5)
Y + Ln' (L) (Y, — w) =Y. (6)

Notice that one sufficient condition to satisfy equation (6) for efficiency of the manager’s
labour supply is Y, = w, exactly the same as the worker’s condition. For efficiency to be
satisfied, it is necessary that the worker’s wage be equal to marginal product, as it would in
a setting of perfect competition; this ensures that both the workers and the manager have
the right incentives, and rules out any efficiency role for taxation. However, if the wage is
set through some other mechanism, such as some form of bargaining, then the allocation will

generally be inefficient, raising the question of whether policy could restore efficiency.

2.2 Efficient Taxation

Suppose that wages are not set competitively, but rather are subject to some bargaining
process, and thus are generally not equal to marginal product. Further, suppose that the
policy-maker wishes to restore efficiency to the labour market, and has access to marginal
income taxes to do so. In principle, other policy instruments could fulfill the same role;
for example, if wages are a choice variable for the manager, an output tax combined with a
subsidy to the manager’s wage bill could replicate the effect of a positive marginal income tax

on the manager combined with a negative tax on the worker: both raise the after-tax return

11



to effort for workers, and lower the after-tax return for managers. In other words, other
policy instruments may well be identical in practical terms to income taxes, and my analysis
would then amount to finding the optimal wedges to impose between before- and after-tax
marginal returns. However, those other instruments could be more difficult to implement, if
outcomes such as output and the wage bill are harder to measure than individual incomes.'* I
therefore assume that marginal income taxes are the only feasible set of instruments available
to the policy-maker, as in the usual optimal income tax analysis.

I then assume that the policy-maker is able to implement marginal income taxes ¢, and
tm, on the workers and manager within each team,'? and I ask the question: what taxes must

they face in order to achieve the efficient allocation?

To answer this question, I solve for individual labour supply choices given marginal taxes:
( 1-— tp)w = VLp

(1 —tp) [Yon + Lpyn/ (L) (Y, —w)| =Y.

and combining with (1) and (2), I find the following conditions for efficiency:
(1—-t,)w=Y, (7)

(1= tm) Yo + Lpn' (L) (Y, — w)] = Y. (8)

Wages, once again, can either be exogenously fixed or variable from the perspective of the
manager, and in equilibrium they may depend on taxes as well as labour market outcomes:
w = w(2p, Zm, L, tp, tm); however, they may be efficient or inefficient, depending on the wage-
setting institution. By choosing a worker tax rate t, to make (1 —¢,)w =Y, the worker’s
labour supply can be set to the efficient level. Then t¢,, must be set to ensure efficiency of
the manager’s labour supply decision, and if firms are of fixed size, then n'(L,,) = 0 and (8)

simplifies to (1 —t,,)Y;, = Yy, and so ¢}, = 0. Since w is not an argument in Y, Y;, depends

HFor example, suppose a manager was able to “outsource” a job to an independent contractor, at least
on paper, while in fact continuing to provide supervision to the worker in question; are payments to the
contractor included in the wage bill, and does the output of the firm include the output of the contractor,
or is it net of the contractor’s output? Additionally, if wages were exogenously fixed from the perspective of
the manager, a wage bill subsidy would be ineffective at raising the workers’ marginal return.

12These marginal taxes are allowed to vary across the skill distribution, ¢,(z,) and t,,(zm), but as before
I focus on one team at a time and consider the marginal taxes that managers and workers within a team
must face in order to support the efficient allocation as an equilibrium. I abstract from issues of incentive-
compatibility and consider the taxes needed to restore the first-best allocation. Without income effects, only
the marginal tax rates matter for labour market allocations.
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on the wage only through the worker’s labour supply L,,, and therefore if ¢, is set to restore
L, to the efficient level, L,, will also be efficient, and there is no need for a non-zero t,,.
Only one margin of choice is distorted, and so only one tax instrument is required to correct
it.

If on the other hand n'(L,,) > 0, then the manager can acquire additional workers by
exerting more effort, and thus the manager’s level of labour supply depends directly on the
wedge between the worker’s wage and marginal product. If w < Y}, in equilibrium, then
the manager earns positive rents from their workers, and even if worker labour supply is
corrected using a subsidy, managerial labour supply will be inefficiently high: each manager
works too hard in order to accumulate additional workers in their firm, who they can then
exploit for rents. As a result, the efficient marginal tax ¢, on the manager is positive, and
vice-versa if the wage is higher than marginal product. This result is summarized in the

following proposition.

Proposition 1. With one-manager/n-worker teams, where the manager is residual claimant
and Assumption 1 (“no production externalities”) holds:

(i) if n is fized, then conditional on an efficient effort choice by the workers, the manager’s
effort choice is efficient;

(i) if n is fized, and the wage-setting mechanism is such that a tax or subsidy on the worker
can achieve the efficient worker labour supply, the efficient marginal tazx faced by the manager
1S Z€ero;

(7i1) if teams are not of fived size, with n increasing in the manager’s labour supply, the

efficient marginal taz faced by the manager takes the same sign as Y, — w.

Proposition 1 is the central result of the paper: it tells us that wage bargaining between
workers and managers does not by itself provide an efficiency argument for positive tax
rates at the top of the income distribution. Suppose that wages are below marginal product
(results are inverted if w > Y},): workers must be subsidized in order to restore efficiency, but
since the manager is assumed to be the residual claimant, their goal is to maximize surplus,
so once their workers exert the efficient labour supply, the manager does as well if they have
no power over team size. Non-zero marginal tax rates on the managers at the top of the
distribution can only be justified from an efficiency perspective by a “job-creation” effect:

because the manager receives rents from each worker they supervise, and because they can
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acquire more workers by working harder, their “wage” or private return to effort is too high
even if worker labour supply is efficient, and they exert too much effort in “creating” jobs at
their firm. A positive marginal tax reduces the manager’s labour supply towards the efficient
level.

A common argument among many politicians and in the media is that the tax system
should reward job-creation, but in fact my results suggest the opposite conclusion in the
presence of inefficiently low wages: we may want to tax high-income individuals or “job
creators” because of their (excessive) desire to create jobs at their firm. Note further that
this analysis could be extended to a multi-layer setting, and that this result does not depend
on where the extra workers on the team are drawn from; if I allow some teams to be of
size one and to feature a worker matched with themselves, the model could incorporate self-
employment (where the worker/team produces output) and unemployment (where labour
supply is search effort, and the output is the increase in future output from finding a job).
What matters is that, for the competitive allocation to be sustained as an equilibrium,
individuals’ incentives must be aligned with their effect on output: individuals who receive
a return to effort that is lower than their marginal product should be subsidized, while
individuals who seek the rents from individuals working below them in their firm should be
taxed.

This surprisingly strong conclusion is drawn only from the minimal assumptions of a very
general model. It can be further illustrated with the use of simple and specific examples,
which I pursue in the next subsection before returning to the general model for further

analysis.

2.3 Three Examples of Efficient Taxation

To further illustrate the general model, this subsection presents three simplified examples.
I show that the general results hold in both a setting of full employment, where increased
manager labour supply only attracts additional workers away from other teams, and in a
search and matching setting with unemployment, where teams of one worker and one man-
ager are formed according to search effort from both parties. In both cases, efficiency requires
both a subsidy to workers’ wages and a tax on managers in the presence of inefficiently low
wages. | conclude with a third example that demonstrates the limits of the general result: if

there is a large “reserve army” of unemployed workers, and workers can only provide effort
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if plucked out of unemployment by managers, manager effort provides a positive externality

to unemployed workers that must also be taken into account.

2.3.1 Example 1: Job Poaching

Suppose, for simplicity, that the economy consists of a mass of measure 1 of managers, and a

mass of measure 1 of workers. Within a team of one manager and a set of size n of workers,

Ly,
BE(Lm)’

output is Y = L,,, + nL,, and team size is also determined by managerial effort: n =
where E(L,,) is the average value of L,, among all managers. That is, workers are shared
among managers in proportion to their effort L,,, and as a result n'(L,,) = m > 0.3 1
also assume that utility takes the simple quasi-linear form U(C,L) = C — %L2, and therefore
the efficient allocation is simple: L,, = L, = 1.

Consider the market equilibrium when workers face a marginal tax rate of ¢, and managers
arate of t,,,. Assume for simplicity that the worker’s wage is fixed at w, and then the worker’s
labour supply is equal to L, = w(1 —t,). Meanwhile, the manager chooses L,, to maximize
U= (1~ty)(Ly+n(Ly)(1 —w)L,) — + L2 with a result of:

2m>

(1 t,) (1 " %) -1, 9)

and in equilibrium, all managers choose the same value of L,,, so the E(L,,) in (9) can be
replaced with L,,.

In this case, the efficient tax applied to workers is simple: ¢, must be set to make w(1—1t,)
equal to one, and therefore ¢, = “’T’l If the wage is set lower than the marginal product
of 1, the worker should receive a wage subsidy to encourage them to increase their labour
supply to 1. The tax applied to managers, t,,, can be found as the value that sets L,, =1
when L, = 1; solving (9), this leads to the expression ¢, = ;:—Z, and as for the worker, this
depends on whether or not the wage is equal to 1. If w < 1, so that the wage is inefficiently
low, restoring efficiency requires a subsidy to workers and a tax on managers, exactly as in
the general model. It is also easy to show that, if team size were fixed at 1, the manager’s
effort choice would be L,, = (1 — t,,) regardless of worker effort, and no tax on managers
would be required.

In both cases, the findings of the general model apply directly to this model. Here, the

“job-creation” by managers is only at the level of their firm; on net, no new jobs are created,

13T thank Casey Rothschild for suggesting a model of this type; the current example is a simplified version
of the model he suggested.
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as any increase in effort by one manager simply poaches workers from his competitors. In
the end, the allocation of workers across managers is the same as in the efficient allocation
- one worker per manager - but managers exert excessive effort and would all be better off
reducing their labour supply. But the intuition is the same: managers receive rents from
their workers, and thus work too hard in attempting to accumulate additional workers at

their firm in the absence of taxation.

2.3.2 Example 2: Search and Matching

As an alternative setting, consider a case of search and matching between prospective man-
agers and unemployed workers. This setting has previously been studied by Boone and
Bovenberg (2002); I will demonstrate that their model is a special case of my analysis.

Once again, assume that each group consists of a mass of measure 1. The model is a
one-shot game, with all individuals starting out unmatched and searching for a match on
the other side of the market. Each unemployed worker exerts effort L, towards job search,
and managers similarly undertake search L,,, with both groups receiving quasi-linear utility
UlC,L)=C-— %L'y. Matches are formed according to a standard Cobb-Douglas matching
function: M = LfnL}j_a, and each match produces an output equal to 1.

Net output is W = M — %y (L?n + Lg), and so the conditions for efficiency are simple;

M

defining matching rates as 6, = - and 0, = LM, they can be written as:
m P

(1-a)f,= Lg_l

ab, = L)t

With a continuum of individuals, each one is unable to affect the economy-wide average
values of L, and L,,. Thus, workers face a fixed 6, and their probability of finding em-
ployment is 0,L,; therefore, if a worker receives a fixed wage w if they succeed in finding
employment, and zero otherwise, their expected income is w6,L,. If this income is subjected
to a tax t,, their search effort choice will be given by Lz_l = (1 —t,)wh,. Meanwhile,
each manager obtains a match with a worker with probability 6,,L,,, and receives 1 — w if
a match is formed; if the manager faces a tax rate t,,, their search effort will be given by

L = (1—t)(1 = w)fin.

m

The efficient tax system is then straightforward to calculate: for the worker, the efficient

w—(1—a) l-a—w

7>—*. Again, the critical value of w

tax is ¢, = , and for the manager it is t,, =
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is defined by the marginal product of worker labour: if w < 1 — «, the worker should be
subsidized and the manager taxed. This result is related to the “Hosios condition”: Hosios
(1990) identified the condition on worker bargaining power that would need to be satisfied
for search equilibrium to be efficient, which in this case is w = 1 — «, and subsequent papers
have examined optimal tax policy when the Hosios condition is not satisfied. A prominent
example is Boone and Bovenberg (2002), who find that a tax on firms and a subsidy to
workers is efficient if the workers’ bargaining power is too low, as in that case there would be
both insufficient search by workers and excessive vacancy creation by firms.!* My analysis
demonstrates that this is in fact a special case of a more general result: in any setting in
which individuals are matched together at different levels of a productive enterprise, a “job-
creation” effect of one individual’s effort, combined with wages that deviate from efficiency,

is sufficient to require corrective taxes on multiple levels of the enterprise.

2.3.3 Example 3: “Reserve Army” of Unemployed

I conclude this series of examples with one that does not fit the general model, to demonstrate
what is required for results to deviate from those presented in section 2.2. Suppose that,
as before, there is a mass of measure 1 of managers, but the mass of prospective workers is
very large, large enough that they cannot all be employed in equilibrium. A worker that is
matched with a manager chooses a labour supply L, and produces L, units of output, but
unemployed workers produce only an amount of home production which I normalize to zero.
Each manager chooses their labour L,,, and while this has no direct effect on output, their
team will be of size n = L,,; thus, by working harder, a manager plucks additional workers
out of unemployment and into productive employment.

The utility function is U(C, L) = C — }Y[ﬂ as above, and thus the efficient allocation is,
as usual, the one that maximizes net output:

11
W = LyLy — Ly~L) — =LY,
v

This gives the following expressions for the efficient allocation:

=1
1

Lyt=1,- -1
fy

14 A similar result is found by Cahuc and Laroque (2014), who consider a monopsonistic labour market
with only an extensive margin.
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1
and applying L, = 1 in the manager’s condition gives the result that L,, = (77_1) " must

be true at the efficient allocation.

Assume as before that workers and managers face taxes of ¢, and ¢,,. As in the previous
examples, I assume that the wage is fixed at w for simplicity, and then each worker will set
L7~ = w(1 —tp), and thus the efficient tax will be ¢, = “=1. The manager sets their labour
supply such that L)' = (1 —¢,,)(1 — w)L,, and thus if L, is set to 1 by the efficient worker

tax, the efficient manager tax must satisfy:

Therefore, the condition for efficient manager labour supply is w = %, which is not the same
as the worker’s efficiency condition of w = 1 if v > 1; the manager should only be taxed if
w < % In fact, for wages in between % and 1, both the worker and the manager will need
to be subsidized.

The way to understand this is to evaluate equations (7) and (8). The worker condition
for efficiency is exactly as in (7), given that Y, = 1 for any worker that actually exists
in the labour market. For the manager, there is a bit of flexibility in how the terms are
reconstructed, but the simplest is to say that Y,, = 0, as the manager’s labour effort does
not have any direct effect on output. Then, the left-hand side of (8), for the manager’s choice
of L,,, follows immediately since n’(L,,) = 1 and Y, —w = 1 — w. But efliciency requires
that this be set to %1, not Y,, = 0, and the reason is that the manager’s actions generate a
positive production externality for someone outside the team: each additional worker hired
by a manager is given a utility bonus of VT_l just due to their existence in the labour market.
However, the manager, having hired the worker, cannot extract that surplus with only a
wage at their disposal.!®

This demonstrates the limit of applicability of the general model: production externalities
between teams will alter the equation for optimal taxation. The competitive laissez-faire
outcome with worker wage equal to their marginal product is not efficient; an additional
motive for corrective taxation is introduced above and beyond the wage bargaining motive.

Comparison of this result to the one from the search and matching case illuminates a common

5However, a competitive wage of w = 1 combined with a lump-sum fee of 2=% paid by any worker to

their manager would achieve the efficient equilibrium; and in the presence of su(% a lump-sum job-finding
fee, a bargained wage below w = 1 would once again motivate a negative tax on workers and a positive tax
on managers.
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public debate about the top tax rate: if job-creation at a particular firm takes individuals
from other productive tasks, such as searching for a job (or from employment elsewhere),
then managerial labour supply expended in attempting to accumulate workers and their rents
is wasteful, motivating taxes on managers. On the other hand, if potential workers are made
discretely more productive through the actions of an entrepreneur, and if that entrepreneur
has no way of extracting that surplus from the worker, then this introduces a new motive
for subsidizing job-creation - in that case, the competitive equilibrium is already inefficient.
My analysis abstracts from the latter mechanism and focuses on the former, which fits many
existing models, including the two previous examples and the parametric model to come in

section 3.

2.4 Efficient Taxation Over the Skill Distribution

The idea that taxes can be used to offset pre-existing distortions in the labour market is
related to the Theory of the Second Best: introducing a new distortion may well improve
welfare when the market is already distorted. However, if I return to the general model with
a few added assumptions, I can make some additional statements about the shape of the
efficient tax schedule.

First of all, T assume that the equilibrium must feature what I call perfect positive
assortative matching: the matching process will take the form of a function, i.e. a one-
to-one mapping between worker skill level z, and manager skill level z,,, with less-skilled
agents (with z below some cutoff z*) becoming workers and more-skilled agents becoming
managers, and with the skill of a manager monotonically increasing in the skill of the workers
in their team.'® In the model presented in section 3, I prove that matching equilibrium must
necessarily take this form.

I also make a few standard assumptions about the team production function: I assume
diminishing marginal returns to both forms of labour, Y,, < 0 and Y,,,,, < 0, and comple-

mentarity of manager and worker labour supply, Y,,, > 0. Then, I can consider the tax

16Spanos (2013) finds evidence in favour of these assumptions in French data: he finds support for the
hypotheses that higher-ability workers tend to work in higher layers of the firm hierarchy, and that there
is positive assortative matching between layers. These findings rely on the Abowd, Kramarz, and Margolis
(1999) framework for estimating worker ability using fixed effects, and are subject to criticisms of this ap-
proach in Andrews, Gill, Schank, and Upward (2008) and Eeckhout and Kircher (2011). However, Andrews,
Gill, Schank, and Upward (2012) also find evidence in favour of positive assortative matching using German
social security records.
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schedule over the set of workers, and separately over the set of managers.

For workers, the efficient tax must satisfy:
(1—t))w=Y,

and so, differentiating with respect to z,:

dt 1
== (1 —1p)

dz, w

du _d,
dz, dz, |’

The sign of this derivative depends on the nature of the wage bargain. In many contexts,
including the model of section 3, wage bargaining will tend to compress the wage distribution
of workers, making wages rise slowly with skill. An extreme case consists of workers’ wages
being completely flat across the distribution, but wages are likely to rise more slowly than
marginal product in a variety of models and bargaining environments, if workers receive
some given share of the surplus but their actual relative contribution to that surplus rises
with skill. For example, appendix B proves analytically that Nash bargaining must flatten
wages for workers in a simplified version of the model from section 3.

Let me therefore assume that wages rise slowly with skill, so that j—;‘; will be relatively
small; then L, will rise slowly with skill and L,, will rise faster, as the managers are obtaining
increasing rents. Given my assumptions about the production function, this will tend to
make the marginal product of worker labour rise more quickly with skill, i.e. %/: will be
large. Therefore, with wages rising slowly with skill, E%’; will tend to be more negative, so
the marginal tax schedule will be more likely to be downward sloping with respect to skill
(and therefore presumably with respect to income).

Meanwhile, for managers, the efficient tax must satisfy:
(1= tm) Yo + Lpnt (L) (Y — w)] = Vi

and if I use p =Y, — w to denote the rents obtained by the manager, this can be rewritten

as:
. pLyn'(Ly,)
" Y+ pLyn/(Ly,)

Differentiating with respect to z,,, I obtain:

dzm dzm

i [Ym <£—fann’(Lm) + plep/(L,,) + prn"(Lm)M) — pLyn/(Ly) Lo

dzm (Yo + pLyn (L))
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Once again, the sign of this derivative depends on the nature of the wage bargain. First,
I simplify by assuming n”(L,,) = 0, which holds in the case of the model studied in section

3. Then flli_:; > ( will follow if and only if:

d dL dy,,
Y, (—pr + p—”> > pL, o™

dzm, dzm Pdz,,

This also appears more likely to be satisfied if wages of workers increase slowly with skill;

in that case, managers’ rents increase quickly with skill and -2~ will be large, and while

dzm
dLy

F - will be small, so will ‘%’:, because L, will rise slowly with skill and L,,, will rise faster,

reducing the marginal returns to manager effort.

These results tell us something about the efficient tax schedule: a bargained wage that
rises slowly with skill will likely lead to a non-monotonic efficient tax schedule, with declining
marginal rates among workers and increasing rates among managers. If the wage rises slowly,
lower-skill workers will tend to be overpaid, and higher-skill workers will tend to be overpaid.
This result will be mirrored for managers: the lowest-skill managers are matched with low-
skill workers who are overpaid, making the managers’ returns inefficiently low, whereas the
highest-skill managers extract rents from their underpaid high-skill workers. Wage bargain-
ing thus tends to compress the bottom of the income distribution, while raising the slope of
incomes with respect to skill at the top. The gap between wage and marginal product will
therefore be V-shaped, and as a result the efficient tax is also V-shaped: individuals at the
bottom and top of the overall distribution are overpaid and need to be taxed, while those in
the middle should receive a subsidy.

This suggests that a system in which low-income workers face high tax-back rates on
social benefits, followed by lower marginal taxes at middle incomes and increasing marginal
taxes near the top, similar to that found in many developed countries, might actually be
justified on efficiency grounds. However, there is a limit to what we can learn from this
general analysis; the equations depend on a variety of values on which there is no good
empirical evidence. To obtain further insight and to see how far efficient taxes might deviate
from zero, a parametric model of the labour market is required, and this is the focus of the

next section of the paper.
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3 Parametric Model of Hierarchical Teams

To provide further illustration of the general results presented in the previous section, I
now consider a specific parametric case of the general model. In particular, I use a model
of production in hierarchical teams adapted from Antras, Garicano, and Rossi-Hansberg
(2006). I will begin by presenting and explaining the model, and then I will solve for
the equilibrium under both competitive wage-setting and a form of wage bargaining, and
highlight the inefficiencies generated by wage bargaining. I will conclude the section with a

presentation of the calibration of the model to the U.S. economy.

3.1 Model Setup

The model features a continuum of agents with skill levels z € [0, 1], distributed according
to a continuous function F(z) and associated probability density function f(z), who match
in teams of one manager and a set of n workers (of infinitesimal size as before).!” The
workers specialize in production, while the managers supervise the production process, and
as before I use subscripts p and m to denote quantities attached to workers and managers
respectively. The matching process is endogenous, but any equilibrium must feature perfect
positive assortative matching; the proof of this result is presented in appendix A.

After agents form teams, wages are set, either competitively or as the result of a bargain-
ing process, and workers and managers choose their labour supply, L,(z,) and L, (zy); from
now on, I omit the z arguments from labour supply to simplify the notation. Then, during
production, each worker faces a problem of difficulty d drawn from a uniform distribution
over [0, 1], and can solve any problem with difficulty less than or equal to their own skill level
zp. If the worker can’t solve the problem, they communicate it to the manager, subject to a
managerial time cost h(z,) > 0, where h'(z) < 0; for the proof of uniqueness of equilibrium
in appendix A, I also need to assume h < 1 in the competitive case, though that assumption
is not required in the wage bargaining case.'® The manager must spend h(z,,)L, units of

time on each problem that is forwarded to them,!® and can solve problems with d < z,,. In

17As in Antras, Garicano, and Rossi-Hansberg (2006), I assume that self-employment is not feasible for
reasons outside the model. For example, suppose that, even in the case of quasi-linear utility, individuals
receive negative infinite utility when consumption is zero; this would ensure that nobody would choose
self-employment, given the risk of receiving an unsolvable problem and producing no output.

I8 There is also an upper bound on h to ensure existence of equilibrium in the competitive case, as described
in appendix A, which will be verified in numerical analysis.

19Workers who supply more labour are assumed to work on more aspects of production, and thus the
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Antras, Garicano, and Rossi-Hansberg (2006), the communication cost h is constant, but
allowing higher-skill individuals to be able to solve problems faster, as well as a larger set of
them, will later allow me to better calibrate the model to the long right tail of the real-world
income distribution.

If a particular worker’s problem is solved, L,, units of output are produced by that worker,
whereas workers with unsolved problems produce nothing. The manager therefore spends
h(zm)L,(1—2,) units of time in expectation on each worker, and given that the manager faces
a continuum of workers of size n, the manager faces no uncertainty and has a managerial

time constraint of nh(z,)L,(1 — 2z,) = L,,, and the team’s total output is nL,z,. Thus,

L

ey gt and so each manager’s team size is increasing
m pP\+t—~p

the equation for team size is n =
linearly in their labour supply.
Individuals receive utility from consumption C' and disutility from labour supply accord-
ing to a utility function U(C, L). A utility function with no income effect is common in the
optimal income tax literature;?® this implies that labour supply depends only on the marginal

after-tax wage rate. To allow for diminishing marginal utility of income or a social taste for
(c=207)""

redistribution, which will be relevant in section 5, I specify utility as U(C, L) = 7 ,

where 6 controls how fast marginal utility declines with income. In the efficiency analysis to
come later in this section and in the efficient tax analysis of section 4, I will assume 6 = 0
to focus on quasi-linear utility as before.

Workers choose their labour supply L, to maximize utility, so a worker receiving a wage
w(z,) will set L, = w(zp)ﬁ. The manager chooses the skill level of worker z, he wishes to

hire, which must be consistent with the equilibrium matching function, as well as labour

supply L,,. The manager receives total consumption of C(L,,) = nL,(z, — w(z,)) =
1
Loty and thus sets Ly = (255025) ™ 50 that r(an: 5) = C'(Ln) = 2,

which is the manager’s return per unit of time, can be thought of as the manager’s “wage.”

I can then solve for the matching function given a particular wage function w(z); since
each agent represents an infinitesimally small space on the skill distribution, both functions
will be continuous. If I denote z* for the cutoff skill level at which individuals are indifferent

between being a worker or manager, and m(z) as the skill level of the manager who supervises

problem they face takes longer for the manager to study.
20The same assumption is made in Diamond (1998) and Persson and Sandmo (2005), and is described as
a standard assumption by Lehmann, Parmentier, and van der Linden (2011).
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workers of skill z, equilibrium in the labour market requires:

[ serts = [t e v < 5

0)

L,
h(zm)Lp(1—2p)

[ 0= [ ] e RSO

and differentiating with respect to z, and rearranging, I find that the matching function is

defined by:

Since n = , this can be rewritten as:

(10)

s [(am(2) (1 = 2)w(x)]7T f(2)
m(z)‘[ m(z) —w(z) ] (=)

Although this differential equation has no simple analytical solution, there is a fairly
simple intuition behind it. m’(z) is increasing in both h(m(z)) and w(z): higher wages mean
higher worker labour supply, and both that and higher communication costs mean a larger
unit of managers is required to supervise a unit of workers. Meanwhile, m/(z) is decreasing
in z and m(z): higher-skill workers require less supervision, and higher-skill managers prefer
to work harder, so a smaller unit of managers is required per unit of workers. Finally, m' is
increasing in worker density and decreasing in manager density: this is a simple mechanical
effect, as higher density at a point means more individuals to be matched.

To solve for the equilibrium, the wage-setting mechanism must be described, and the

following subsection presents and compares the two alternatives that I consider.

3.2 Competitive vs Bargaining Equilibrium

I now close the model by explaining the wage-setting mechanisms. I begin with competitive
wages, and then describe the alternative of wage bargaining. Finally, I will contrast the
results in the case of a uniform skill distribution, to illustrate the implications of the model;
I show that, as expected, wage bargaining generates a wage function that is flatter for workers
than in the efficient competitive allocation, and returns that are steeper with respect to skill

for managers.

3.2.1 Competitive Wage Setting

The equilibrium will consist of two differential equations, one for the matching function and

one for the wage function w(z). As described above, in equilibrium, the manager’s choice
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of 7z, must be consistent with the matching function, so in the competitive case I assume

that the manager faces a wage function w(z) and must choose their preferred z,. Thus, I

differentiate the manager’s rents C' = Lmhé"_)fwl(f‘;)) with respect to z, and set the derivative
m D

equal to zero,?! solving for:
Zm — W(2p)

w'(z,) =
P 1—2,

Therefore, the equilibrium is defined by (10) and the equation describing the wage func-

tion:

along with the boundary conditions m(0) = z*, m(z*) = 1, and C(L,,(z*)) — %Lm(z*)”Y =

w(z*)Ly(2*) — }/Lp(z"‘)V7 which ensures that individuals at z* are indifferent between being a

z*—w(0)
h(z*)

worker or a manager, and which simplifies to w(z*) = . The equation for w'(z) has a
simple intuition: if a manager chooses a more skilled set of workers, they save on supervision
time and can supervise more workers, and the right-hand side expresses this gain, with the
surplus m(z) —w(z) scaled by one minus the worker skill level (with better workers, the gain
from saved time in terms of additional workers that can be hired is proportionately larger).
Meanwhile, the left-hand side captures the cost of increasing worker skill, in the form of

higher wages.

3.2.2 'Wage Bargaining

Alternatively, instead of a perfectly competitive labour market, I can also consider a simple
form of bargaining over the wage per unit of worker labour supply.?? Specifically, I assume
sharing of expected output between the worker and manager, where bargaining takes place
before production so that w = £z,,, and where (8 is set in equilibrium to clear the aggregate
labour market.?® Thus, bargaining takes place at the firm level, between the manager and

each worker, but using a worker bargaining power S that is equal across the population and

21 Essentially, the manager’s first-order condition tells us what the slope of the wage function must be for
w(z) to be an equilibrium.

22T assume, as is common in search and matching models for instance, that the institution of wage bar-
gaining is an unchangeable reality of the labour market, a social equilibrium that mandates managers and
workers to provide and accept the outcome of such a bargain. Thus, policy cannot simply replace this
institution with a competitive market.

23Bargaining thus takes place before workers choose their labour supply; managers can observe worker
labour supply, and thus can offer a wage based on the actual worker effort, eliminating any role for condi-
tioning wages on stochastic output.
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determined in equilibrium: the worker’s share of the output is the value that makes the
individual at the cutoff z* indifferent between becoming a worker or a manager.

In the absence of taxes, this is also the outcome of a Nash bargain over the surplus when
the worker and manager fallback values are set to zero. However, I will focus on the simple
output-sharing specification, for two reasons. The first is that the Nash bargaining solution
becomes far more convoluted when non-zero taxes are introduced, as wages shift with the
marginal and average tax rates faced by both the worker and the manager; computation of
optimal taxes in this setting proved difficult.?* More importantly, I actually want to abstract
from a response of bargained wages to taxes, to show that my results do not depend on this
feature; Piketty, Saez, and Stantcheva (2014) have already demonstrated that optimal taxes
can be raised by a strong response of rent-seeking to taxation - which is analogous to a
change in a bargained wage - but I show that efficient taxes can be non-zero even if the
response of incomes to taxes is driven by changes in labour supply.

With this output-sharing rule, the matching function simplifies to:

R [ 1 1C0) [ ) R (G I
1-p f(m(2))

This equation defines the equilibrium, along with the wage equation w(z) = fm(z), the

(11)

boundary conditions m(0) = z* and m(z*) = 1, and the condition of indifference at z*,

2*

eIk Thus, 8 adjusts in equilibrium to ensure that the marginal

which simplifies to § =

individual is indifferent between being a worker and a manager.

3.2.3 The Inefficiency of Wage Bargaining

In this model, the actions of the members of any particular team have no impact on the
productivity of individuals on other teams, as there is full employment and all individuals
are too small to affect equilibrium wages. Therefore, the laissez-faire equilibrium in the
competitive case is efficient. Wages in the bargaining case, however, will generally deviate
from the competitive wages, and thus it is clear that the allocation with wage bargaining
will be inefficient. With wages distorted from their efficient levels, labour supplies are also

distorted, with some workers (those with wages that are too low) supplying too little effort,

24Efficient taxes with Nash bargaining will deviate less from zero than with simple output-sharing, because
taxes shift after-tax wages faster; in the uniform-distribution case, the efficient top tax rate is 40.14% with
Nash bargaining, as opposed to 60.55% with output-sharing. However, optimal taxes with diminishing
marginal utility from income will tend to be more progressive with Nash bargaining, as progressive taxes
induce indirect redistribution by increasing wages at lower incomes.
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and some supplying too much, working beyond the point when their contribution to society
equals the marginal utility cost from effort.

A simple illustration can be provided by simulating the model with a uniform skill dis-
tribution and a constant value of h = 0.5, which is in the middle of the permissable values.?’
Here and for the remainder of the main numerical analysis of the paper, I assume a com-
pensated elasticity of taxable income equal to 0.25,2¢ implying that v = 5, and I use a
population with 10001 mass points at {0,0.0001, ..., 1} as an approximation to a continuous
distribution.

Figure 1 presents the results for both the competitive and bargaining cases. The wage
functions in (a) display workers’ wages w(z) up to z*, and then the managers’ “wages” r(z,,)
for values of z above z*; meanwhile, the figure for the matching function in (b) presents
m(z) up to z* and then the inverse matching function m~!(z) beyond that point. Starting
with panel (b), z* takes a value of about 0.8 in both cases, so that individuals with z above
that value become managers and individuals below z* become workers.?” One important
characteristic of the matching functions is that they flatten out as z approaches z*, indicating
that higher-skill managers are able to supervise more workers because both L,, and z, are
higher, the latter meaning that each worker can solve more problems and bothers the manager
less frequently. Meanwhile, both wage functions exhibit a kink at z*: the wage rises more
rapidly to the right of z*. This confirms that it is an equilibrium for individuals below z* to
become workers and those above z* to become managers: for a given skill level, the “wage”
earned as a manager is higher than that earned as a worker for z > 2* and lower for z < z*.

The matching functions look quite similar in the two cases, but we can see from panel
(a) that the same is not true of the wage functions: in the bargaining case, wages are flatter

with respect to skill for workers, and steeper for managers. As expected from the previous

ZWhen I calibrate a flexible h (along with the skill distribution) in the following subsection, I end up
with h that ranges from 0.20 to 0.61 in the competitive case and from 0.33 to 1.10 in the bargaining case,
suggesting that h = 0.5 is a reasonable compromise for this illustration, in which my goal is to compare
outcomes from competition and bargaining in the same parameterized model.

26 An elasticity of 0.25 is suggested by Saez (2001), and Saez, Slemrod, and Giertz (2012) select it as the
approximate midpoint of a range of plausible estimates from 0.12 to 0.4. I perform a sensitivity analysis on
my efficient and optimal tax results in appendix F.2, using a value of 1 for the elasticity of taxable income,
and show that my conclusions are robust to this modification.

27 Along with labour supplies being distorted, it is also possible that there are too many workers, or too
many managers; that is, that z* is too high or too low. In this case, the deviation of z* in the bargaining
case from its efficient value is small, because some managers work too hard while others work too little, with
the same also true for workers; the efficient z* is 0.800, whereas in the bargaining case the value is 0.796.
Therefore, there are slightly too many managers in the bargaining case.
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Figure 1: Wage and Matching Functions with Uniform Distribution & Constant h

(a) Wage Function w(z) (b) Matching Function m(z)
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section, wage bargaining generates a deviation between the market return per hour of labour
supply and the marginal product that is V-shaped over the skill distribution. Because wages
are too flat for workers, the lowest-skill workers are overpaid, while the highest-skill workers
- those with z just below z* - are underpaid. With perfect positive assortative matching,
the opposite is true for the managers. As a result, labour supplies also deviate from the
efficient levels, with middle-skill individuals working too little, and low-skill workers and
high-skill managers working too hard. This misallocation of labour can have significant
efficiency consequences; in this case, if utility is quasi-linear in consumption (i.e. # = 0),
the bargaining equilibrium features average utility that is 0.65% of mean consumption lower
than the first-best.

As indicated in section 2.4, this is a general result of many wage bargaining specifications.
Indeed, I prove analytically in appendix B that, in a simplified version of the current model,
my specification of simplified Nash bargaining must flatten the wage function for workers.
The intuition is as follows: complementarity of worker and manager effort makes the worker’s
marginal product, and thus the competitive wage function, convex with respect to worker
skill, whereas the bargained wage function is concave in skill due to a concave matching
function. Essentially, wage bargaining implies that workers receive some given share of the
surplus, whereas their actual relative contribution to that surplus rises with skill.

This simple analysis has used a uniform skill distribution and a constant value of the
managerial supervision cost h; however, such a parameterization, while useful for a first

illustration of the model, does not provide a good fit to reality. In the next subsection, I
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describe my calibration of the model to the U.S. income distribution.

3.3 Calibration of Model

In what follows, I present the calibration of the model; I begin by calibrating the wage
bargaining case of my model to the U.S. income distribution. As described in appendix C, I
use data from the 2013 March CPS to estimate the real-world income distribution, and for
any set of parameters I can evaluate the model’s income distribution. My goal is to match
the model’s distribution as closely as possible to that from the CPS, where both distributions
are smoothed using a kernel density.?® I assume that the baseline tax system is represented
by the approximation to the U.S. income tax used by Jacquet, Lehmann, and van der Linden
(2013): a linear tax at rate 27.9% and a lump-sum transfer of $4024.90, which they argue is a
good approximation to the real tax schedule of singles without dependent children according
to the OECD tax database.

I calibrate both the skill distribution f(z) and the managerial time cost h(z) in a flexible
way. Specifically, I allow the skill density to be a cubic spline across 11 nodes at {0,0.1, ..., 1},
whereas h takes a functional form with three parameters: h(z) = hyexp (—h2(2")). I then
search over the values of the density at the 11 nodes, and the three parameters of h(z), to
find the parameters that minimizes the sum of squares across the income distribution of a
function defined as the difference between the resulting kernel income densities multiplied
by income. The level of h, as determined primarily by hq, is identified from how spread-out
the distribution is, as a lower A means managers can hire more workers and receive larger
returns, while the curvature of h as the top, as determined by hy and hs, helps to fit the long
right tail to the income distribution. Meanwhile, a flexible skill distribution helps to match
the shape of the income distribution at a closer level.

Upon finding the combination of parameters that best match the bargaining case of the
model to the income distribution, I then perform the same calibration on the competitive

version of the model, but in this case I use the distribution from the calibrated bargaining

28] use a Gaussian kernel over log income to smooth the distributions. The CPS data surely contains
measurement error, and the model can only be a first-order approximation to reality, so it is not realistic to
attempt to match the distributions at a precise micro level; instead, I use kernel bandwidths that smooth
out all obvious spikes and irregularities in either distribution, which are 0.2 for the CPS data and 0.25 for
the model, and look for a good match for the overall shape of the income distribution. An alternative would
be to try to match income levels at specific quantiles of the distribution, which would not require any kernel
smoothing; results available upon request show that the match of my calibrated model to the data is also
quite good on this dimension.
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case as the target; since I will compare optimal tax schedules in the two cases later in the
paper, it is especially important that they provide a close fit to each other.

The procedure of calibration is described in further detail in appendix C. In the wage
bargaining case, the resulting function for A is 1.100 exp (—1.195(2%%4)),2% and the skill dis-
tribution and the fit to the real-world kernel density are displayed in Figure 2; the fit is very
good over most of the distribution, but the model generates slightly too few people at very
low incomes and too many at slightly higher incomes. Meanwhile, in the competitive case,
the calibration produces h(z) = 0.607 exp (—1.094(2%>%)), and the skill distribution and fit
to the bargaining case displayed in Figure 3.

Figure 2: Calibration Results with Wage Bargaining

(a) Calibrated Skill Density f(2) (b) Fit of Income Kernel Density
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4 Efficient Taxation

The analysis of the parametric model so far is consistent with the discussion in section 2.4: in
the simple uniform version of the model, Figure 1 demonstrated that with wage bargaining,
wages for workers tend to be too flat with respect to skill, whereas the returns for managers
rise too quickly, generating a V-shaped pattern for the gap between wage and marginal
product.

I can show that the exact same result holds in the calibrated version of the model. Using

the parameters of the bargaining calibration, I compute the bargaining equilibrium and the

29 As described in section 4, 1.1 is imposed as an upper bound for h;, to ensure that a competitive allocation
can be calculated as a target for efficient taxation.
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Figure 3: Calibration Results with Competitive Wages
(a) Calibrated Skill Density f(z) (b) Fit of Income Kernel Density
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counterfactual efficient competitive allocation. As demonstrated by the proof in appendix
A, while an equilibrium exists for any h with wage bargaining, a sufficiently high value of
h at z* can cause the competitive equilibrium to break down, by making the slope of the
wage function higher below z* than above, and this is true in the case of the parameters
from the bargained calibration. However, in this case, I can still compute what I call the
restricted competitive allocation, which is the equilibrium if individuals are forced to match
in a perfect positive assortative allocation. This allocation remains the efficient allocation
with wage bargaining: recall that the only possible equilibrium with wage bargaining is a
perfect positive assortative allocation - the proof in appendix A.2 is unaffected by taxation -
and all individuals are paid their marginal product in the restricted competitive allocation.?’
Figure 4 shows that, once again, wages are too high in the bargaining equilibrium for low-
skill workers and the most high-skilled managers, and too low in the middle. In this case,
there are also noticeably too few managers in the bargaining case, because many managers
face inefficiently low returns and work too little.

In such a setting, rather than being distortionary, marginal taxes can serve an efficiency
purpose: if a tax schedule can be chosen that sets each individual’s after-tax wage to the

efficient value, then individuals will all choose the efficient labour supply and the first-best

30The constraint on h ensuring existence and uniqueness of equilibrium in the competitive case is not
binding with wage bargaining, but I restrict the maximum value of h to be 1.1 in the bargaining calibration,
as this ensures that a restricted competitive allocation is feasible. I have further confirmed using the method
of calculating optimal taxes in the following section that the restricted competitive allocation is efficient with
wage bargaining - that is, that it does maximize quasi-linear social welfare with wage bargaining.
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Figure 4: Wage and Matching Functions with Bargaining Calibration

(a) Wage Function w(z) (b) Matching Function m(z)
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will be attained. Therefore, in this section, I introduce marginal income taxes, to examine
their quantitative role in maximizing efficiency in the current model.

Because the utility function exhibits zero income effects, each individual’s labour supply
depends only on their after-tax wage: L,(z) = [(1 — t(z))w(z)]ﬁ and L,,(z) = [(1 —
t(z))r(z)]ﬁ, where t(z) is the marginal tax rate faced by an individual with skill z. As a
result, the matching function with wage bargaining is defined by:

1
() = Bh(m(z))(1 = 2)) ( 1—1i(2) )] S
1-p 1—t(m(2)) f(m(2))

I first solve for the marginal tax rates applying to each individual which would restore

(12)

efficiency to the labour market; that is, the tax as a function of skill level that would cause
the wage bargaining allocation to be identical to the competitive one. For the moment, I
ignore the question of incentive-compatibility, and assume that the government is able to
tax individuals of different skill levels directly. I use a simple procedure in which I iterate
between choosing the marginal taxes that match labour supply to the competitive value at
each point along the skill distribution, and re-solving for equilibrium at the new taxes. The
results are displayed in Figure 5 as the blue solid lines in both panels (a) and (b).

Panel (a) presents efficient taxes as a function of skill z, while panel (b) displays the tax
schedule with income on the x-axis. The efficient taxes deviate from zero by a large amount,
with large positive taxes at the bottom of the distribution, negative marginal rates in the
middle, and rising tax rates at the top that reach more than 25%. This non-monotonicity

was predicted in section 2.4, and follows immediately from the pattern of distortions to wages
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Figure 5: Efficient Taxes with Wage Bargaining and Calibrated Model
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illustrated in Figure 4: wages rise slowly with skill, requiring a marginal tax schedule that
is declining for workers but progressive for managers. If the manager of a team is overpaid,
the workers are underpaid, so the pattern of efficient taxes for workers will be mirrored for
managers: if taxes on workers need to be positive at the bottom and negative at the top
to offset inefficiently flat wages, the opposite must be true for the managers. Appendix B
demonstrates the generality of this result by proving that, at least in a simplified version of
the current model, my simplified Nash bargain necessarily makes wages too flat relative to
the efficient allocation.

The blue lines in Figure 5 show the first-best efficient tax schedule if individualized
marginal tax rates could be assigned to each individual. In practice, this is generally re-
garded as infeasible: the standard assumption in the optimal taxation literature is that the
government cannot observe skill levels of individuals, meaning that taxes can only be levied
based on income. Therefore, the next question is: how close to efficiency can we come with
only a non-linear income tax? Analogous to the standard Mirrleesian analysis, an income
tax is equivalent to assigning marginal tax rates to particular skill levels conditional on two
constraints: an identification constraint requires that income increases with skill so that
the government can identify skill levels from observed income and impose the tax, and an
incentive-compatibility constraint requires that when presented with the tax schedule as a
function of income, each individual must prefer the labour supply and thus the income that

they would have chosen if faced only with the flat marginal rate assigned to them under the
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skill tax.®! These constraints are presented algebraically in appendix D.1.

However, unlike in the examples in section 2, when I check to see if the efficient skill
tax satisfies the constraints, I find that it fails the incentive-compatibility constraint over a
portion of the distribution; tax rates decline too fast at certain points of lower and middle
incomes, encouraging excessive labour supply. I therefore need to adjust the tax schedule to
fit inside the incentive-compatibility constraint. Given that I have a well-defined first-best
to aim for, I use a simple procedure to find the second-best, efficiency-maximizing tax within
an intuitive class of tax schedules: on every iteration I solve for the tax at each skill level
that returns labour supply to the value in the competitive allocation; then, I define a value
z, and to ensure that the constraints are satisfied, I hold #(2) fixed at the value that sets
that individual’s labour supply to the first-best value, and move left and right from there,
adjusting the tax to fit inside the boundaries imposed by the constraints. Therefore, each 2
defines a central fixed point in the adjustment of the efficient tax to satisfy the constraints,
and each Z thus defines a candidate tax schedule. I then search over Z to find the value and
accompanying tax schedule that maximizes quasi-linear welfare; further detail is provided
in appendix D.1. The main alternative would have been to use the perturbation method
presented in section 5.1 to find the optimal tax schedule with Us = 1;? however, the current
method is much simpler computationally.3?

The resulting second-best tax schedule is displayed as the red dashed lines in Figure 5.
As can be seen, the resulting tax schedule looks very similar to the first-best skill tax, with
minor differences concentrated at lower and middle incomes. With quasi-linear utility, the
welfare gain from moving from a 27.9% flat tax to this second-best efficient income tax is
equivalent to a substantial 3.60% of mean consumption, or nearly 99% of the efficiency gains
which would have been attained had the first-best tax been feasible.

This analysis confirms that non-zero marginal income taxes, for both workers and man-

31The incentive-compatibility constraint is analogous to that in the standard Mirrleesian analysis, in which
it must be the case that no individual wishes to “imitate” another worker and deviate from their prescribed
income. In such a setting, income increasing with skill is a necessary condition for optimal taxation; see
Mirrlees (1971).

#2Using equation (13), it is casy to see that 4% = 0 at the competitive laissez-faire: the gain from
redistribution is zero with quasi-linear utility; ¢; = 0, so the distortion term is zero; finally, the integral of
all L, C;fi" must be equal to zero because the competitive laissez-faire maximizes the integral of wL — %LV.

The latter implies that the integral of Lq% + w, C{lﬁf -
cancel out via the individual first-order condition.
33 Additionally, as described in section 5, the perturbation approach can only lead to an approximation to

the optimal tax schedule because of the complexity of the problem.

Lyt ‘fﬁf must equal zero, and the latter two terms
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agers, can improve efficiency. In particular, the efficient tax schedule takes exactly the V
shape predicted in section 2.4, and the deviations from zero are quantitatively large. In ap-
pendix F, additional numerical analyses demonstrate the robustness of these results: efficient
taxes are V-shaped and quantitately large both when the simple uniform parameterization is
used, and when the model is calibrated to a much higher elasticity of taxable income of one.
In fact, in both cases, the efficient top tax rate is even higher than in the current analysis.
I therefore conclude that the efficiency role of marginal income taxation in a setting with

wage bargaining in hierarchical teams is indeed economically significant.

5 Optimal Taxation with Diminishing Marginal Utility

My analysis to this point has focussed on efficiency, and the taxes needed to reach the
efficient allocation. As described earlier, this is because the efficiency impact of taxation
is an important and understudied input into the optimal tax problem. Efficiency is also a
useful baseline in public debates about income taxation, where the participants may have
widely varying tastes for redistribution.

However, it is likely that a policy-maker will also care about distribution, and thus
will be interested in the optimal tax schedule when the utility function U(C, L) exhibits
diminishing marginal utility from income. Therefore, in this final section of the paper, I
consider a utilitarian planner searching for the optimal non-linear tax schedule, and present
a method for approximating the optimal tax schedule. I will show that the insights from
the previous section are robust to such an analysis: the effect of wage bargaining on optimal
taxes is V-shaped, with the optimal marginal tax rate rising at the top and bottom, and
falling in the middle of the distribution.

One standard method for solving for an optimal income tax schedule is the Mirrleesian
method, in which all constraints are specified and the optimal allocation is characterized
subject to these constraints. In the current setting, with matching between workers at
different points in the distribution and general equilibrium adjustments, the analysis is more
complicated. Rothschild and Scheuer (2014) show how to evaluate the optimal tax schedule
in a complex setting with multidimensional skills and externalities, and our model fits their
general setting; however, they do not perform a numerical analysis, and in the context

of my model, their method is computationally infeasible. Rothschild and Scheuer present
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their solution in two steps: the “outer problem” consists of finding the optimal vector of
aggregate efforts, as this allows the wage function to be solved; then, the “inner problem”
solves for the optimal allocation given that vector (and thus given a wage function). In
my context, the vector of aggregate efforts is replaced by the matching function m(z), as
in both the competitive and bargaining cases knowledge of m(z) is sufficient to allow a
solution for the wage function. Given a matching function, I can indeed solve the inner
problem for the optimal allocation of labour supplies and utilities (with a constraint requiring
labour supply to be consistent with the matching function), which would allow me to back
out a tax schedule; however, the outer problem is infinite-dimensional, requiring a search
over continuous matching functions. Even in practical computational terms with a skill
distribution with 10001 mass points as in this paper, the problem is infeasible without
parametric or other ad-hoc assumptions on the matching function.

Therefore, I will instead use the other common method for solving for an optimal income
tax schedule: the perturbation method, as in Saez (2001). In this method, I consider a small
change to the tax schedule at one point; at the optimum, this must have no first-order impact
on welfare. I can calculate the derivative of social welfare with respect to taxes at each point
on the distribution, as a function of a set of sufficient statistics. Then, by simulating the
model and finding the values of the sufficient statistics generated by the model, I can find
the tax schedule that comes closest to setting all the welfare derivatives to zero, subject

34 As will be discussed below, this approach necessarily involves some

to the constraints.
simplifying assumptions as well, and thus my results can only be approximations, but the
necessary assumptions seem more sensible and transparent than those that would be required
in the Mirrleesian method. My goal, therefore, is to use the perturbation method to provide
the best possible approximation to the optimal tax schedule.

In appendix G, I also present an optimal income tax analysis of a simple 2-type matching
model, where the complications discussed above no longer exist and the Mirrleesian method

is feasible. The numerical results there are completely consistent with the intuition from

the results to come in section 5.2: the optimal marginal tax rate (in the sense of a wedge

34 A perturbation method is based on small changes to the tax schedule at a particular point on the income
distribution; however, in a general equilibrium model the income distribution is not necessarily isomorphic
to the skill distribution. Thus, while I can calculate an expression for the welfare impact of a small change
to taxes at a point on the income distribution, I can only practically implement a small change to taxes at a
point on the skill distribution, and thus constraints become relevant because tax changes facing a particular
skill level may not be feasible or incentive-compatible.
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between marginal rate of substitution and marginal return to labour supply) faced by lower-
skill workers increases with the difference between their wage and the efficient wage, while the
marginal rate faced by higher-skill managers decreases with the same gap. This model also
further clarifies the difficulties of using the Mirrleesian method when the matching function

is not exogenous to tax rates.

5.1 Optimal Taxation Using Perturbation Method

I can solve for the derivative of social welfare with respect to taxes at each point on the
distribution in a very general setting, and thus my results will be applicable not only to
the model presented in section 3, but to a far more general class of models. To simplify
the algebra I consider a population of ) individual mass points, denoted by ¢ = {1, ..., @},
with mass f(z,) at skill levels z, = {21, 29, ..., 2¢ }; if 2z is bounded within [0, ], a perfectly
continuous case is the limit as () — oo and the gap between mass points goes to zero. I
assume that the government chooses a tax schedule T'(y) that is piecewise linear, consisting
of () marginal tax rates, one for each individual mass point, where the first applies to income
up to and including the lowest-skill individual’s income y;, and each subsequent tax rate ¢,
applies to the income between y,_1 and y,.*> Given a tax schedule over income, individual
labour supply choices will ensure that income is increasing in skill. In the limit as () — oo,
this will approach a continuous tax schedule.

Managers’ “wages” C’(L,,) will be denoted w just like those of production workers, to
ensure that my results will apply generally to a wide variety of models, including traditional
models with wages set competitively. Then I consider the effect on individuals across the
distribution when the government changes one of the tax rates t;; all individuals will receive
a change in the lump-sum transfer, and a change in wages as the labour market equilibrium
adjusts, while individuals at and above 7 will also pay higher taxes on Ay; = y; — y;—1. |
combine these effects in appendix E, and additionally make the standard assumption that
there are no income effects, with a utility function of U = U (C’ — ,—i[ﬂ), to arrive at the

result summarized by the following proposition.

35To be precise, I apply each tax rate t, to (y,—1 + €,y + €], where € is very small, so that I can evaluate

the derivative ‘(ig? without having to be concerned about behavioural changes shifting an individual into a

different tax bracket.
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Proposition 2. The welfare gain from raising t; is given by:
aw Yi li

dtl AyzQz [ (UCq) - E<UC’q|q > Z)] - f(Zz) ('7 _ 1) 1 — tiE(ch)
+ Zf Zq {—t E(UCq) (1- tq)UCq % (13)
where Q; = Zq:i f(zq)-
Proof. See appendix E. n

This equation can easily be understood as the sum of three effects. The first term in (13)
is the redistribution effect: the total tax revenues collected are multiplied by the marginal
welfare gain from taxing high incomes and redistributing to everyone through a lump-sum
transfer. The second term is the distortionary effect of the tax, the lost tax revenues from
the reduced labour supply of individual 7. These first two terms represent the standard
tradeoff in optimal taxation between redistribution and distortionary effects. However, the
final term is a new component, a wage-shifting effect: the effect of the tax t; on wages
is valued both for its redistribution effect, where it is weighted by each Ug,, and for its
efficiency effect, where multiplied by E(Ug,). This term provides an alternative way of
thinking about the distortion-offsetting effects of taxation: if a particular individual’s wage
is too high, then taxing them will tend to increase average wages by shifting the matching

36

function in an efficiency-enhancing direction.”® In particular, notice that if all taxes are

initially zero and utility is quasi-linear, the final term simplifies to Zqul f (zq)L which

a7
is simply the effect of any wage changes on total output; effects through labour supply cancel
out of utility via the envelope theorem, except for the effect for individual ¢ which shows up
in the distortionary term. Increases in total output that occur holding labour supplies fixed
clearly represent increases in efficiency. It is also easy to generalize (13) to a continuous
distribution, as demonstrated in appendix E.

If T write R, = Ay,Q; [E(Ucq) — E(Ucylq > 1)) for the redistribution term and S; =
Zqul f(zg)Lq | 5755t E(Ucq) + (1 = tg)Ucq| dw‘l for the wage-shifting effect, at the optimal

36 A simple thought experiment shows why taxes must shift wages if they are not equal to marginal product,
even in a fixed-team-size setting: a manager’s “wage” is the sum of their actual contribution to society plus
the rents they collect from workers divided by their labour supply. If a tax is imposed on the workers, they
will work less and thus provide fewer rents to the manager, changing the hourly return the latter receives.
Meanwhile, in a variable-team-size model, the manager can hire additional workers to achieve the same
overall worker labour input, but reallocation of workers across teams will change who works for whom, thus
changing the rents each manager obtains.
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tax rate ¢; it must be true that:

Yi t;

Ri+5¢=f(zz‘),y_11_ti

E(UCq)

and rearranging, this gives:

(v = DR + 5i)
fG)YEUcq) + (v — 1)(Ri + Si)

Equations (13) and (14) look like a new set of “sufficient statistics” conditions for welfare

ti:

(14)

analysis of taxation, a generalization of the results in Saez (2001) and Diamond and Saez

(2011). Note that, if I make the same assumptions as in the analysis of the optimal top tax

rate in Diamond and Saez (2011), which are S; =0, Q; = f(z:), E(Ugylq > ) = 0, and the
AYi—1

Pareto tail assumption which implies that y; = =5+, where « is the Pareto parameter, my

1

expression simplifies exactly to theirs: ¢; = 5 Ton

for the top tax rate, where e = ﬁ is the
elasticity of taxable income. When S; is not equal to zero, there is an additional term on
the top and bottom, and the optimal tax rate t; is increasing in S;: a more positive effect
on average wages (weighted by labour supply and marginal utilities as stated in the formula
for S;) raises the optimal tax rate.

However, while (13) and (14) can be applied in a wide variety of situations, beyond
the team production setting studied in this paper, their practical applicability is limited
by the fact that they require us to be able to measure not only marginal utilities, but also
individual wages w, and changes in those wages with taxation. Observation of wages is
generally ruled out in analyses of optimal taxation; in the usual competitive labour market
setting, wages are equivalent to skill levels, and thus observation of equilibrium wages would
make redistributional lump-sum taxes feasible. However, (13) and (14) can be used with any
specific model, regardless of the wage-setting mechanism; by simulating the model, we can

calculate the sufficient statistics and plug them into (13) to obtain the effect of changing ¢;

on social welfare. Therefore, they can be used with the parametric model from section 3.

5.2 Approximate Optimal Tax Schedules

I can now present the optimal income tax schedules with diminishing marginal utility of
income. Specifically, I assume ¢ = 1, which implies U(C, L) = In (C — %L7>. I will present
results using the skill distributions and h(z) from section 3.3, which have been calibrated to

the U.S. economy; results with a uniform distribution can be found in appendix F'.1.
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The government’s objective is to maximize average utility, by choosing a non-linear con-
tinuous income tax T'(y) to finance lump-sum transfers and a quantity of required government
spending denoted by G; the value used for G is $12207, as this is the amount that balances
the government budget given a baseline marginal tax of 27.9% and a minimum income of

$4024.90. Therefore, the government’s problem is:

rjgg§<W:/O U(C(z), L(2))f(2)dz s.t./o T(y(z))f(z)dz=G

where I allow 7'(0) to represent any lump-sum transfer or tax.

As discussed before, labour supply depends only on the after-tax wage, and the matching
function is altered to account for this, with (12) giving the matching function in the wage
bargaining case, and the following equation for the competitive case:

(o) = [(BL=2) () ( 1 — t(y(2) )} T f()
m(z) —w(z) \1—t(y(m(z))) f(m(z))

To solve for optimal taxes in this setting, [ need to evaluate the welfare impact of changing

taxes at each point in the distribution, using equations (13) and (14). I use an iterative
procedure in which I start at a baseline tax schedule and use (14) and my model to gradually
approach the optimal schedule.?” At the baseline tax schedule, I solve my model for the values
of R and S across the distribution, and input these into (14) to find the implied optimal
tax rate tf for each individual (where I continue to use a population of 10001 individual
mass points at skill levels {0,0.0001, ...,1}). Then I calculate the upper and lower bounds
t; and t; for each individual that ensure that the identification and incentive-compatibility
constraints are satisfied; finally, I assign each individual their constrained optimal tax rate
tr* = min{¢;, max{t;, t;}}. In practice, the constraints are often binding, so the tax schedule
adjusts slowly towards the optimum; on the next iteration, the new tax schedule is treated
as the baseline, and the process is repeated. The iterative procedure is described in further
detail in appendix D.2.

This procedure can be path-dependent, as each shift in the tax schedule at one point

affects outcomes and thus estimated optimal tax rates across the rest of the distribution;

37An alternative is to parameterize the tax schedule, as a cubic spline for instance, and perform a grid
search for the optimum. However, this approach is computationally time-consuming, and I encountered
severe difficulties in ensuring convergence: the tax can either be defined over income, in which case the
model must be solved iteratively for the income distribution and marginal tax rates faced by each individual,
or defined over skill and then translated into an equivalent income tax. The former is very difficult in its
iterative solution, whereas the latter presents the difficulty of trying to search for a global optimum over a
high-dimensional space defined by the constraints.
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therefore, adjusting a tax rate to satisfy a constraint at one point on the distribution can shift
the constraints and the estimated optimal tax at another point. To ensure the robustness of
my results, in each case I start from 4 different baseline tax schedules: flat marginal taxes
of zero and of 27.9%, a concave quadratic tax schedule given by ¢t = z — 22, and the convex
schedule given by 0.25 minus the concave schedule. I solve for the best approximation to
the optimal tax schedule from each starting schedule, and select the one that provides the
highest average utility, although all four are generally similar. This approach provides the
best approximation to the optimal tax schedule that I am capable of, given the complexity
of the matching model. As described earlier, appendix G solves for optimal taxes using a
version of the Mirrleesian method in a simple 2-type model; results are qualitatively similar
to those in this section, but the same method is not computationally feasible with the full
general equilibrium matching model.

The competitive results are presented in Figure 6;® the optimal marginal tax rates
roughly follow an inverted-U shape. Moving from the baseline flat tax to the optimum
produces welfare gains equivalent to a 4.04% increase in each individual’s consumption, due

to gains from redistribution.®”

Figure 6: Optimal Tax Schedule with Log Utility and Competitive Wages

(a) As Function of Skill (b) As Function of Income
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The reason for the inverted-U shape of the optimal tax schedule is simple: it is primarily

38In this figure, and in all optimal tax figures in the paper, the cutoff between workers and managers is at
the visible point of non-differentiability of the tax schedule.

39That is, if W; is welfare at the optimum and {Cig, Cao,...} is the vector of baseline consumption for
all individuals, then holding each individual’s labour supply constant, I find the value r that sets W7 =
W(Cio(1+7),Co(l+7),...).
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driven by a redistribution effect that is generally in the shape of an inverted-U itself, as
can be seen in Figure 7, which displays the values of R and S at baseline taxes. The gains
from redistribution are zero at the top and bottom of the income distribution, because a
marginal tax at the top raises no revenue and a tax at the bottom cannot perform any
redistribution; however, gains from redistribution are positive in between. There is a sharp
spike upwards in the gains from redistribution at the cutoff skill level z*, because the income
distribution becomes thinner at that point, but this is largely offset by the wage-shifting
effect, which is positive at low incomes but drops abruptly to a large negative value above
z*. The latter occurs because a positive tax at any point in the distribution reduces labour
supply at that point, shifting the matching function accordingly; thus, a tax on workers
below z* has beneficial effects on welfare because it shifts workers to higher-skill managers

and increases their wages, while a tax on managers has the opposite effect.

Figure 7: Values of R and S for Competitive Wages and Baseline Taxes

(a) Value of R (b) Value of S
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The results with wage bargaining can be found in Figure 8. The results are now a
cross between the efficient tax with wage bargaining found in Figure 5 and the competitive
results with log utility above: for the thick part of the income distribution, at low-to-
moderate incomes, optimal taxes are still generally V-shaped, but after rising to nearly
80% at a fairly high income, the optimal marginal rate declines to about 30% at the top.
The resulting welfare gains from moving to the optimal tax are equivalent to a 4.62% increase
in consumption.

The reason for this roughly S-shaped result can be found in the forms of R and S

displayed in Figure 9. The gains from direct redistribution are positive but small for workers
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Marginal Tax Rate

Figure 8: Optimal Tax Schedule with Log Utility and Wage Bargaining

(a) As Function of Skill
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below z* (who occupy a very small space on the income distribution), but large and generally

inverted-U-shaped for managers, justifying high taxes at relatively high incomes but declining

rates at the very top. Meanwhile, the wage-shifting effect takes a U-shape over most of the

distribution, and this explains why marginal taxes do not go to zero at the top: high taxes at

the very top of the distribution, by offsetting the bargaining power held by those highest-skill

managers, improve efficiency.

Redistribution Effect R

Figure 9: Values of R and S for Wage Bargaining and Baseline Taxes
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To highlight the effect of wage bargaining on the optimal tax schedule, the two optimal

schedules can be presented in the same figure, specifically in Figure 10. Given the findings

of section 4 on efficient taxes, the results are exactly as one would expect: the optimal tax
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schedule in a setting of wage bargaining features considerably larger tax rates at the bottom

of the distribution, lower in the middle, and higher at the top.

Figure 10: Optimal Tax Schedules with Log Utility

(a) As Function of Skill (b) As Function of Income
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The results in this section demonstrate that the effect of wage bargaining on optimal
income taxes is substantial. In particular, the results on efficient taxes in the previous
sections of the paper apply robustly here as well: because wage bargaining tends to flatten
wages for workers and increase the slope of returns for managers, it introduces a motive
for taxes that are regressive among workers and progressive among managers. This is true
regardless of whether the planner has a desire for redistribution.

To further confirm the robustness of my results, appendix F presents an additional set of
numerical results. First of all, appendix F.1 presents results with a uniform skill distribution
and constant h, and finds very similar results, with even higher efficient and optimal tax
rates at the top in the wage bargaining case.

My analysis to this point has used an elasticity of taxable income of 0.25, which is
a standard estimate from the empirical literature. However, earlier studies often found
considerably higher elasticities; Feldstein (1995), for example, finds a value of at least 1, and
Weber (2014) argues that most previous estimators of this elasticity are inconsistent due to
mean reversion of income, finding an elasticity of 0.858 with a new estimator.*® Therefore, in

appendix F.2, I redo the analysis with a considerably higher elasticity of taxable income of

40 Additionally, recent research has indicated that macro-level long-run elasticities of labour supply could
be larger than the standard micro-level estimates; Keane and Rogerson (2012) find that micro estimates
could understate the true preference parameter by a factor of about two.

44



1, and I find that my conclusions are largely unaltered: efficient taxes may actually be larger
at the top end, and while the optimal competitive taxes drop considerably, the effect on
optimal taxes with wage bargaining is relatively modest, leaving the qualitative conclusions
about the impact of wage bargaining unaffected.

One notable feature of the results presented above is the strong decline of the optimal
marginal tax rate above about $400 thousand. This is primarily due to the fact that there
is a finite top to the income distribution, a necessary component of my model given that
z = 1 means that an individual can solve all potential production problems. A finite top
to the income distribution eliminates the redistributional role of marginal taxes at the top
of the distribution, because a marginal tax at the top raises no revenue. In appendix F.3,
I perform a robustness check in which I assume that there is a Pareto tail of individuals at
very high incomes outside my model; in this case, there is still a strong redistributive role for
marginal taxes at the top of my skill distribution, and the optimal tax rates remain around
70% near the top of the distribution. However, the tax schedules are otherwise very similar
to those in Figure 10, and the effect of wage bargaining on the optimal tax schedule remains
V-shaped.

Finally, in appendix F.4, I present optimal bracketed taxes, with thresholds set at ap-
proximately the levels facing a single taxpayer in the U.S. both in the baseline calibrated
setting and in the alternative calibration with an elasticity of taxable income of 1. While
the results are coarser, the general results of this section are confirmed, as wage bargaining

causes the optimal tax rates to rise in the bottom and top brackets, and drop in the middle.

6 Conclusion

In this paper, I have studied the efficiency role of taxation in a context of wage bargaining
within teams. Using a general model of two-layer team production, I show that non-zero
marginal taxes on high-skill managers can only be justified from an efficiency perspective if
team size increases in manager effort; in other words, a “job-creation” effect is required, in
which high-skilled managers exert effort in trying to accumulate workers and the rents that
come with them. I show that efficient marginal taxes are likely to be decreasing for workers
and increasing for managers.

I then turn to a specific parametric model of team production in general equilibrium.
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Using the latter, I find that a highly right-skewed income distribution can be generated
without a skewed skill distribution when rents from workers are captured by high-skill team
managers. | demonstrate that in this setting, the deviation between wages and marginal
product is V-shaped with wage bargaining, and thus the efficient marginal tax schedule is
also V-shaped with a top rate of at least 25%. Marginal taxes that deviate significantly from
zero can play an important role in improving efficiency. Finally, I apply an optimal income
tax analysis to the model, and show that wage bargaining dramatically alters the optimal
tax schedule to feature reductions in tax rates at middle incomes and increased tax rates
near the top and bottom of the distribution.

Given the small number of papers which attempt to address issues of the use of income
taxes to offset labour market distortions, I believe this subject holds the promise of numerous
important future contributions to our understanding of the welfare consequences of income
tax policy. My analysis indicates that there are few general results when it comes to efficient
or optimal taxation in labour markets affected by wage bargaining: specific parametric
models are required, and so future work could include testing alternative models to further
our understanding of the relationship between wages and marginal product. Additionally,
previous research, both theoretical and empirical, has commonly assumed that top tax rates
have no effect on individuals further down in the income distribution. My analysis shows
that this may be incorrect, which implies that groups that are not directly affected by tax
changes may not be good control groups when estimating elasticities of taxable income;

future empirical work on this question would fill an important gap.
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A Proof of Perfect Positive Assortative Matching

In this appendix, I present the proof that any equilibrium of my model from section 3 must feature
perfect positive assortative matching, which I define as a one-to-one mapping between worker and
manager skill with a single cutoff skill level z* between lower-skill workers and higher-skill managers,
with manager skill monotonically increasing in worker skill. I also show that such an equilibrium
must exist in the wage bargaining case, and exists in the competitive case as long as communication
costs are not too high. I will start with competitive wage-setting, followed by the proof with wage
bargaining.
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A.1 Proof with Competitive Labour Market

In the competitive labour market, much of the proof is identical or very similar to that in Antras,
Garicano, and Rossi-Hansberg (2005); thus, I present my deviations from that proof here, and for
any sections of the proof that are completely identical to Antras, Garicano, and Rossi-Hansberg
(2005), I will simply refer to the relevant section of the proof in that paper.

I first need to prove that the mapping between worker skill z, and manager skill z,, will be
one-to-one, so that I can use a matching function. This proof is presented in appendix B of
Antras, Garicano, and Rossi-Hansberg (2005), where the first step in Lemma B.1 is identical to
mine: a particular manager can not be matched with an interval of workers, since each manager
is infinitesimally small. Then I need to prove that a particular worker type cannot be matched
with several different manager types; the analysis proceeds as on page 46 of Antras, Garicano, and
Rossi-Hansberg (2005). The problem of a manager of type z,, who hires I different types of workers
is:

I I
1
U= mnazxz niLi(zm — w(z)) — ;L?n + AL — h(zm) Y niLi(1 — )]
=1 i=1
and therefore the first-order conditions for each 7 are:

Li(zm —w(zi)) — A(zm)Li(1 — ;) =0
—n;iLyw'(2;) + M(zm)niLi = 0.

Combining these expressions, I find that:

Zm — w(z;)

1) —
w(ZZ) 1_Zi

as in Antras, Garicano, and Rossi-Hansberg (2005). And as in Lemma B.2 of the latter paper, this
implies that a worker type z, matched with two different manager types z,, and z,, > z, must
satisfy:

Zm — W(zp) _ 2 — w(2p)

w/(zp) = =
1—-2, 1—2

but z/, > z,,, which contradicts the final equality. Therefore, any given worker type can only be
matched with one manager type, and a matching correspondance m(z) must exist. As in Lemma
B.3 of Antras, Garicano, and Rossi-Hansberg (2005), this correspondance must be continuous, since
maximization takes places on a continuous function over a compact set.

To complete the proof that m(z) is a one-to-one function, all that is needed is that each manager
hires only one worker type. The proof for this is very similar to that for Lemma B.4 in Antras,
Garicano, and Rossi-Hansberg (2005); we know from the first of the first-order conditions above
that:

Zm = w(2i)) + Ah(zm) (1 — 2;).

Therefore, for any manager z,, that hired two worker types z; and ze > 21, it must be true that:
w(z2) —w(z1) = A(zm) (22 — 21).
Thus, this manager z,, would also be willing to hire any individual z € [z1, 29| if:
w(z) = w(z) = w(z1) + A(zm) (2 — 21).

Since manager z,, only hires z; and zy, it must be the case that w(z) > w(z) for all z € [z1, 22].
This implies that there must be some interval H between z; and 29 for which the slope of the wage
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function is greater than Ah(z,), and some interval L for which it is lower. Take a manager z./

hiring workers from point Zf in interval H, where the slope of the wage function is s > Aha(z,).
By definition of the fact that this manager hires workers at this point, they must be willing to hire
workers of other abilities z if:

w(z) = QI}H(Z) = w(zf) + s(z — zf)

and this implies that @ (z2) > w(z2), and thus manager 2! would like to hire workers at zz and

pay them w(z2) + € for a small enough e, contradicting the assumption that manager z,, hires
workers at both z; and zo. Therefore, managers will only hire one worker type, and I can use a
matching function z,, = m(z,) to describe the matching equilibrium.

Next, I must prove that m(z) exhibits positive assortative matching; that is, that m’(z) > 0.
The proof follows the same form as that for Theorem 1 in Antras, Garicano, and Rossi-Hansberg

(2005), but is slightly more complicated. Managers choose their workers optimally to maximize their
Zm—w(2p) or(zZm;zp)

h(zm)(1—2p)’ 0z

this expression, I find that:

“wage” r(zm; zp) = and so we know that in equilibrium = 0. Differentiating

0%r(zm;zp)
0zm, _ 022
02y PrCmiz)
0zp0zm

The manager’s second-order condition tells us that the numerator is negative, so for m’(z) > 0, we
need the denominator to be positive. This can be shown as follows:

0%r(zmizp) _ O (h(zm) — W (zm) (z2m — w(zp))>
02,0zm 02 h(zm)?(1 — zp)
_ W) w'(2p) (1 — 2p) + h(zm) — P (z2m) (2m — w(zp))
a h(zm)?(1 = 2p)?
TR — )2
Therefore, the matching function is increasing: m’(z) > 0.

All that remains to be proved is that the equilibrium consists of a single cutoff z* above which
individuals become managers, and below which individuals become workers. That is, I need to rule
out consecutive disjoint sets of workers and managers. Suppose that the latter was true: suppose
that individuals from z; to zo and z3 to z4 were workers, while individuals from 25 to z3 and zy4
to z5 were managers, where z5 > z4 > z3 > 29 > z1. We know that m(z1) = 22 and m(z2) = z3,
and so forth. For this to be an equilibrium, several necessary conditions must be satisfied. First,
defining the wage functions for workers and managers as wi3(z) and r13(z) between z; and z3, and
wss(2) and 735(2) between z3 and z5, I need ri3(z3) = wss(23); that is, it must be the case that
individuals at z3 are indifferent between being workers and managers.

I also need lim_4, 67”(19732(2) < lim, |, awgz Z), as otherwise a manager at z4 who is currently
matched with a worker at z3 would like to hire someone at z3 — € at a better wage than the latter
currently makes as a manager. I find that the partial derivative on the left-hand side takes the
following form:

or13(2) _ h(zm) — 1 (zm) (2m — w(zp)) - 1
- Wen?(1—2) = (1= 2)

>1

where the first greater-than sign follows if 2'(2) < 0, and the second follows if h < 1. As in Antras,
Garicano, and Rossi-Hansberg (2005), consider two different cases for the derivative of wss: one in
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which wi3(2z2) > 22, and one in which wi3(22) < z2. In the first case, since 871})732(2) > 1, it must be

the case that r13(z3) = ws5(23) > 2z3. Then I find that:

8’[1)35(2’) _ zZ4 — w35(23) < 1
0z 1— 23

because z4 < 1 and wss(z3) > 23. Thus, if wi3(22) > 22, I have lim 4, arg’z(z) > 1> lim,,, awgz(z),

which contradicts the assumption of disjoint sets of workers and managers.
If, on the other hand, wi3(z2) < z2, we know that

lim 811)35(2) _ Z4 — w35(23) _ Z4h(23)(1 — 22) — Z3 + w13(22)
zlzs Oz 1— 23 (1 —2z3)h(z3)(1 — 22)

and thus, to prove that such an equilibrium cannot exist, I need that:

1 S Z4h(2’3)(1 — 22) — 23+ w13(2’2)
h(2’3)(1 — ZQ) (1 — Zg)h(Zg)(l — 22)

which simplifies to:
Z4h(2’3)(1 — 22) — 23+ w13(22)
(1 — 23) '

The latter follows if z4h(23)(1 — 22) + wi3(z2) < 1, which can rearranged to form:

1>

1 —wi3(22)
h(2’3)(1 — 2’2)

and since wi3(22) < 22, h(z3) < 1, and z4 < 1, the left-hand side is less than one while the right-
hand side is greater than one, which completes the proof. Therefore, if h(z) < 1 Vz, an equilibrium
with multiple sets of workers and managers is impossible; the only possible equilibrium is one with
a single cutoff z* between workers and managers.

To prove that such an equilibrium exists is simple: we need 7/(z*) > w'(z*), and the latter is

equal to 1—11:];*)7 while 7/(2*) > ﬁ as proven above. Using w(z*) = r(z*) = Z*h_(;‘i()o) to substitute

24 <

for w(z*) in the expression for w'(2*), I find that the following is a sufficient condition for this
equilibrium to exist:
h(z*) — z* + w(0)

1—2*
which is satisfied if h(z*) + w(0) < 1, and given that w(0) < 1, this is satisfied as long as h is
small enough. In practice, I find that an equilibrium exists in the uniform case with constant h
for h < 0.916. If h is larger, communication is sufficiently costly that no matching equilibrium can
exist,.

I have confirmed that, if h(z) < 1, any competitive equilibrium must feature a matching function
with m/(z) > 0, with a single cutoff 2* between lower-skill workers and higher-skill managers, and I
have proved that such an equilibrium must exist if A(z*) is small enough. Therefore, I can conclude
that a competitive matching equilibrium in my model must feature perfect positive assortative
matching.

1>

A.2 Proof with Wage Bargaining

The proof with wage bargaining is somewhat different. With a fixed output-sharing rule of w = Sz,
all workers want to work for the highest-skill manager available; and the manager gets the same
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rent of (1— )z, per unit of worker time no matter what their skill level, but must spend more time
h(zm)(1 — z,) on lower-skill workers, so they also strictly prefer the highest-skill worker possible.
Therefore, the equilibrium must feature a one-to-one mapping between z, and z,,, with positive
assortative matching between individuals in the set of workers and those in the set of managers,
as otherwise a profitable deviation would exist. In the interior of the set of workers, the matching
function follows equation (11).

Additionally, there must be workers at the bottom of the distribution; otherwise, some point
in the distribution features workers matched with a zero-skill manager and receiving zero income,
and those workers would be strictly better off matching amongst themselves. Similarly, there must
be managers at the top of the distribution; otherwise, the top individual could hire someone with
z = 1 — € and receive arbitrarily large rents as € goes to zero. Therefore, the equilibrium must
either feature perfect positive assortative matching with a single cutoff z*, or consecutive disjoint
sets of workers and managers.

To prove that the latter is impossible, consider a situation in which individuals with skill up to
z1 are workers, those between z; and z9 are managers, those between zo and z3 are workers, and
so on with any number of alternating blocks of workers and managers. Denote wages as wp1(z) on
the first segment and wgs3(z) on the third segment, with the manager’s wage denoted as r12(z) on
the segment in between. If this is an equilibrium, it must be true that:

wo1(21) = 712(21)
lim Lwol(z) < lim 737“12(2)
zTz1 0z zlz1 0z
lim Oria(2) < lim M
zTz2 0z zlz2 0z

The first equation requires that individuals at z; are indifferent between being workers and man-
agers, and can be written simply as Szo = (1,;(5 1))2 L or, more useful for what follows, B ﬂzfé) = j—; The
two inequalities ensure that individuals marginally above and below the relevant cutoffs become
workers or managers as required: if the first condition is not satisfied, a manager at zo would like
to hire a manager at z; + € to become their worker, while if the second is not satisfied, a manager
at z3 would like to hire a worker at zo — €.

Assume that the equality is true, and consider the two inequalities. The first important point
to notice is that awglz(z) = 8w§i(z) = 0; from the perspective of a fixed manager z,,, the wage that
must be offered to workers of different skill levels is constant at 5z,,. This simplifies the problem
considerably; we simply need to test whether or not lim,|,, argzz(z) > 0 and lim,q,, 6”82;3) <0. Itis
easy to show that the first condition is always satisfied while the second is never satisfied, because

the partial derivative of r is always positive:

Ori2(z) h(z)

B B (2)z 1-5
P Y P eTe 2

m 1) = @A —m ()

This result implies that no equilibrium with multiple alternating blocks of workers and managers
can exist, because any point where individuals to the left become managers and individuals to the
right become workers is infeasible: a manager at a higher skill level would always like to hire a
worker from the pool of managers slightly below the cutoff. Therefore, the only possible equilibrium
features perfect positive assortative matching with a single cutoff z*. And such an equilibrium must
exist, because the proof of the first inequality applies to any z1, including the z* in the perfect
positive assortative matching equilibrium.
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B Proof of Flat Bargained Wages in Simplified Model

The full model from section 3 is more complicated than that from Antras, Garicano, and Rossi-
Hansberg (2006), as it includes a labour supply dimension, which also makes a proof of the effect of
bargaining on the slope of wages difficult because the matching function is not constant. Therefore,
in this appendix I will consider a simplified version of the model, corresponding to the original model
in Antras, Garicano, and Rossi-Hansberg (2006), but with wage bargaining as well as competitive
wages, to prove that, at least in this simplified setting, Nash bargaining necessarily makes the wage
function flatter with respect to skill.

In this simplified model, the labour supply of each individual is exogenously fixed at 1, and I
assume that h is a constant across skill levels, along with a uniform skill distribution. Therefore,
the matching function does not depend on the wage-setting mechanism, and since n = m when

labour supplies are set to 1, I can solve as follows:

/Zp f(z)dz = /m(zp) ;f(z)dz Vz, < 2*
0 B © h1—=m71(2)) PeT

m

Differentiating with respect to z, and rearranging, the matching function is defined by:
m/(z) = h(1 — 2)

along with the boundary conditions. This can be solved for a closed-form solution for the matching

function: h
m(z) = hz — 522 + 2"
where the cutoff z* is:
. h+1—vh2+1
ZF = .
h

Next, I can solve for the wage functions; for clarity, I will denote the bargained wage function
as wp,(z), and the competitive wage function as w.(z). In the bargaining case, the wage function is
the simplified Nash bargain from section 3.2.2: w,,(z) = Bm(z), where = hi% The competitive

m(z)=we(z) T want to prove that

wage also takes the same differential equation as before: wy(z) = ==

wh(z) <wh(z) Vz € [0, 2%].

First, let me solve for the second derivative of each wage function. Given that m’(z) = h(1—2z),
I know that w!,(z) = Bh(1 — z), and therefore w! (z) = —Sh. Meanwhile, the second derivative of
the competitive wage function is:

= h.

") = (1 —2)(m/(2) —w'(z)) + m(z) —w(z) _ m'(2)
c 1 2)2 1—2

Therefore, the competitive wage function must be convex with respect to skill, while the bargained
wage must be concave.

Finally, consider the starting value of the competitive wage function, w.(0). There are three
possible cases: w:(0) > w,(0), w.(0) = wy,(0), and w.(0) < wy,(0). Start with the equality case;
then w/(0) = (1 — B)m(0) = (1 — 5)z*, and since 1 — 5 = ﬁhz*, this means that w/(0) = h}f;.
Meanwhile, w/,(0) = Sh = h’f; = w’,(0). Therefore, if the starting wage at z = 0 is equal for the
competitive and the bargained wage functions, the slopes of the wage functions are also equal at
that point, but the second derivative is higher everywhere in the competitive case. However, this

is impossible, because it implies that w(z*) > wy,(2*), and yet we know that wy,(z*) is the wage
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that makes a person at z* indifferent between being a worker or manager given a starting wage of
W (0) = we(0), so the labour market does not clear in the competitive case: too many people want
to be workers.

This suggests that the starting wage must be lower in the competitive case, but for completeness
let me first consider the case when w.(0) > w;,(0). In this case, the starting slope of the wage
function would be lower in the competitive case, but it is easy to show that this case is infeasible
as well. Consider the wage slopes at any given value of z < z*: w/, (2) = fm/(z) = hl=2)=" *and

h+z*
wh(z) = %f‘(z) Let me replace w.(z) with wy,(z) 4 X, where y represents the amount by which

the competitive wage is larger than the bargained wage at z, which can be positive or negative.
Then w',(z) = (I_Bi%, which is larger than w!, (2) if and only if:

ho hz— 0224 2 X h(1 —2)z*

>
h+ z* 1—=2 1—=z h+ z*

h h
i hz—§z2—|—z*—z*(1—z)2 > X.

Because h > 0 and z* € (0, 1), the left-hand side is strictly positive: ﬁ > 0, and both hz > %22
and z* > 2*(1 — 2)? because z < 1. Therefore, as long as Y = we(2) — wy(2) is less than some
positive number, w.(z) > w},(z). This means that, by continuity, if w.(2) > w,(2) for some value
Z > 0, the competitive wage can never drop below the bargained wage for any z > 2, because as
we(z) approaches wp,(z) from above, it must enter a region where w..(z) > wl,(z), forcing the gap
between the two wages to expand once again. Therefore, if w.(0) > w,,(0), then it must also be
true that we(z*) > wn,(2z*); however, since the starting competitive wage is assumed to be higher
than the starting bargained wage, the lowest-skill manager receives a lower wage than w,,(z*) with
competitive wages, and thus the labour market does not clear in this case either.

Therefore, the competitive equilibrium must feature a wage function that starts at a lower value
than the starting bargained wage: w.(0) < wy,(0). Then:
hz* ,

wl(0) = m(0) = we(0) > (1 = Bym(0) = "> = i, (0)

and because w!!(z) > wi (z) for all z < z*, this implies that w],(z) < w.(z) Vz € [0, z*], and the
desired result has been proved. The competitive wage function must start at a lower level than the
bargained wage, and is convex because of complementarity in manager and worker labour inputs.
Meanwhile, the bargained wage is concave because total surplus depends on manager’s skill, which
is concave in worker skill according to the matching function.

C Calibration of Skill Distributions

For the calibration, I use data from the 2013 March CPS; I use the earnings of full-year, full-time
individuals aged 25 to 64 who report earning at least a full year’s federal minimum wages in 2012,
and I exclude government employees, whose “firms” are not expected to fit the description of the
model. Individuals are weighted using the March supplement weights. The data file is the 2013
ASEC Public Use file from the Census Bureau website, in which incomes above the topcode value
are swapped rather than censored at the topcode, allowing for a reasonable approximation of the
right tail of the income distribution.

To calibrate the wage bargaining case, I start at h(z) = 0.5exp (—0.5(h*?)) and a flat skill
distribution. Then, I test small changes in the parameters of h and in the density at 11 points
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along the skill distribution, {0,0.1,...,1}, where the distribution is defined as a cubic spline across
these points, and adjust the parameters of h and the spline nodes in the direction that reduces an
objective function. Taking kernel densities of the real-world and model income distributions, using
a Gaussian kernel over log income with a bandwidth of 0.2 for the data and 0.25 for the model,
I define ¢(y) as income y times the difference between the kernel densities at y; I then define the
objective function as the sum of squares of ¢(y) evaluated at evenly spaced points an interval of 5%
of mean income apart, from 25% to 26 times mean income. To prevent very low densities, which
could cause my matching algorithm to function poorly, I impose a minimum value of f(z) = 0.1 for
the distribution. I also impose the restriction that h(z) < 1.1 in the wage bargaining calibration,
to ensure that a restricted competitive allocation (as defined in section 4) can be computed for the
purposes of calculating the efficient tax schedule.

In the competitive case, the same procedure is followed, except that the income distribution is
calibrated to the wage bargaining case, to provide as close a match as possible between the two. No
restrictions on the maximum value of h are required, as an unrestricted calibration always selects
parameters for h that ensure existence and uniqueness of equilibrium. Kernel bandwidths of 0.25
are used for both distributions.

D Solution Methods

In this appendix, I describe the method used to solve for efficient taxes within the class described
in section 4, as well as the more complex method used to solve for optimal taxes in all settings.

D.1 Solution Method for Efficient Taxes

As stated in section 4, an income tax is equivalent to assigning marginal tax rates directly to skill
levels conditional on an identification constraint and an incentive-compatibility constraint. These
constraints can be expressed algebraically as follows, where for simplicity the managers’ “wage”
r(z) is written w(z) to correspond with that of the workers. First, let income at skill level z be
written as y(z) = w(z)L(z), and write the tax function as T'(z); then the identification constraint
requires that y'(z) > 0, which simplifies to:

A1 = T/ ()

T"(2) < o(2)

Meanwhile, the incentive-compatibility constraint requires that utility is maximized at the L(z)
chosen under the skill t2ax; in the simulations, I check this globally, but the local condition is that
the second derivative % < 0, or:

—(y =1L

T"(2) > 5

w
Therefore, the marginal tax rates cannot increase so fast as to make individuals choose income
levels that decrease with skill, but they must also not decrease so fast as to encourage workers to
exert excessive effort.

In the efficient taxation analysis, the first-best taxes are not incentive-compatible, as the
marginal tax rates decline too quickly below z*. Therefore, at each iteration, I apply an ad-
justment in which taxes are made to fit inside the boundaries imposed by the constraints. This
procedure provides an approximation to the efficiency-maximizing tax schedule; the alternative is

o6



to use equation (13) to calculate the optimal tax with § = 0, but as described in section 5, this pro-
cedure is very complicated and itself is only capable of providing an approximation to the optimal
tax. The method described in this appendix is a simple way of providing a close approximation.

In each case, I begin by choosing a value Z for a central fixed point in the tax schedule; after
each iteration, the tax rate at this point is held at the value that sets the labour supply of Z to the
value in the first-best allocation, and I then move both left and right from there, taking any tax
rates that do not satisfy the constraints and assigning the maximum (to the left of 2) or minimum
(to the right) tax rate that satisfies the constraint. The adjustment is itself performed iteratively:
after each round of adjustments, I re-solve for equilibrium and test the constraints again, adjusting
any that are still not satisfied.

For any selected value of Z, there is a resulting candidate tax schedule t.(z;2). 1 perform
a numerical search for the value of Z that provides the highest welfare W (t.(z;Z2)), where W is
the average quasi-linear utility; the optimal values of Z are 0.67 in the uniform case, 0.50 in the
main calibration, and 0.46 with an elasticity of taxable income equal to one. This method finds
the efficiency-maximizing tax schedule within a class of tax schedules that set labour supplies as
close as possible to their efficient values subject to the incentive-compatibility and identification
constraints. In the uniform case, the welfare gains are nearly identical to those from the first-best
skill tax, while they are nearly 99% of the first-best welfare gains in the calibrated case. With an
elasticity of taxable income equal to one, the first-best taxes deviate further from the constraints,
but the second-best efficiency gains are still at least two-thirds of the first-best gains.

D.2 Solution Method for Optimal Taxes

To solve for the optimal tax schedule, I use equation (14) following an iterative procedure. Each
round of iteration involves the following steps:

e [ go through each individual one at a time and find the optimal tax rate within the bounds
imposed by the identification and incentive-compatibility constraints, as described in section
5.2;

e [ then re-solve for equilibrium, and the constraints change slightly;

e [ then check the constraints, and adjust the tax rates to fit within the updated constraints,
starting the adjustment from 0.99z* (0.9z* in the flat-distribution case, as well as in the
bargaining case when ETI = 1), and moving left and right from there;

e | repeat this process until the resulting tax schedule is entirely within the constraints.

In practice, the tax schedule adjusts very gradually towards the optimum, because the bounds
imposed by the constraints are narrow but shift with the tax schedule.

Solving for the wage-shifting term S is the most time-consuming step, so I perform some number
q of rounds of iteration at one time, and only re-solve the S term after all ¢ rounds in order to
save time; additionally, I solve S at 101 points, z = {0,0.01,...,1}, and use Tth-order smoothed
polynomials on each side of the threshold skill level z* to approximate the function (with an
elasticity of taxable income equal to one, I instead use one 13th-order smoothed polynomial across
the whole distribution to prevent spikes).

At the end of each block of ¢ rounds, before solving for the values of S for the next round,
I also smooth the tax schedule using a polynomial best fit, as otherwise S becomes unstable and
poorly behaved; I use a 13th-order polynomial below z*, a 7th-order polynomial between z* and
z = 0.9, and finally a Tth-order polynomial defined over income and not skill above z = 0.9, to
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allow for considerable flexibility.*! Then I go through the tax rates and adjust them as needed to
ensure that they fit inside the bounds imposed by the constraints. I allow g to decline over time
as the tax schedule converges, and the process concludes when ¢ reaches 5 and the squared sum of
shifts in the tax schedule over 5 iterations drops below 0.005 (which corresponds to a shift of about
0.0007 per individual).

E Derivation of Optimal Tax Equation

In this appendix, I consider the effect on individuals across the distribution when the government
changes one of the tax rates ¢; in the general model from section 5.1; I will separately consider the
impact on individuals in {1,...,4 — 1} and {4, ..., Q}.

Impact of t; on Individuals ¢ = {1,...,7 — 1}:

When the government raises the tax rate on individual ¢, there are only two effects on individuals
at lower skill (and income) levels: there will be a change in the lump-sum transfer 7'(0), and their
wages may change as the labour market equilibrium adjusts. Utility of individual q is:

Ug = U (wqLq — T(wqLg), L)

so if I denote b = T'(0), the effect of a change in ¢; is:

dU, db dw dL dr
= — 4+ (1—tg) | Lg—2 1 —.
a, Vo {dti + (1 =tg) < a Vg )] ULy,

Using the individual’s first order condition —Ur, = Ugqwy(1 — tg), this simplifies to:

dU,
dt; Ucq

db dw,

where the two terms in square brackets directly reflect the change in consumption due to changes
in the lump-sum transfer b and in the wage wy.

Impact of t; on Individuals ¢ = {i,...,Q}:

Individuals at or above the skill level of individual ¢ again receive a change in the lump-sum
transfer and face a change in wages, but they also pay higher taxes; since the tax t; applies to
income from (y;_1,y;], the reduction in after-tax income resulting from a one-unit increase in ¢; is
Y; — Yi—1, which I will denote as Ay;. Therefore, the effect of a change in t; is:

v,
dt;

= ch

db dw
— — Ay + (1 —t,) L= ] .

Total Effect of t; on Welfare:

If I denote welfare as W = Zqul f(2g)Uy, then the total impact of ¢; on welfare is:

daWw & db dw,] &
it = Z Ucqf(2q) dt; +(1- tq)Lthi - Z Ucqf(2q)Ay;. (15)
q=1 q=t
Finally, I need to solve for %' Given a government budget constraint that requires that net

tax revenues must be equal to some exogenous quantity of spending G (where the size of G does

41Since the income distribution is more compact in the uniform case, I only use two 13th-order polynomials
in that case, one below z* and one above.

o8



not directly affect the optimal tax formula, only affecting the marginal utilities), this is equal to
the derivative of the total tax revenues collected by the government with respect to t;, so:

db dyq Q
dt; = Z f(zq)tqditi + Ay; Z f(zq)
g=1 q=1
where ‘flgf can be expressed as:
dyq dw, dL,
=L,—* .
at,  Can, Vg

To solve for %, I use the first-order condition for labour supply: (1 — t,)w, =

where s is the marginal rate of substitution. Then I differentiate to obtain:

dw dt dC dL
L dwe o dtg o dC dLg
(1=1) a,  Wag, ~ SCag Tl

where %‘z =1 for ¢ =i and is zero otherwise. Substituting into (17), I find:

dy,

wq] dwg wg dty  wescy dcy

SLq

Finally, substituting this into (16), I obtain the following equation for %:

dti  spq dt; Spg dt;

(16)
(17)
-U
Uchq =S¢

SN

b wy \ dwy,  wescq dC, < w3
dat. = E f(Zq)tq [<Lq +(1—- tq)> at, dt; ] + Ay; E f(zq) = f(2i)ti SLi (18)
q=1

SLq SLq

q=t

If T define ZqQ:i f(2zq) = Q4, (15) and (18) can be combined to give:

i

dwq
dt;

dw 2
< w,
+ Z f(zg) [tq (Lq +(1— tq)gj}) E(Ucq) + (1 — tq)LyUcy
q=1
Q . quch U dc,
_;f(zq) q SLq ( C’q)diti.

This equation is very complicated, depending not only on marginal utilities and incomes, but
also on wages, changes in consumption, and derivatives of the marginal rates of substitution. To
simplify somewhat, let me make a common assumption from the optimal income tax literature and
assume away income effects; I make the same assumption in the analysis of the model in section

3. In particular, let me assume that the utility function takes the form U =

scg=0and spq = (v — 1)L3_27 so the equation simplifies to:

aw L
g, = AiQi [E(Ueq) — E(Ucqlg 2 8)] = /(=) (Wy_ 11 i t;

Q
+ ; f(2¢)Lq [ﬂ_lth(UCq) +(1— tq)ch] =

29

U (C _ %LV). Then

E(UCq)



This equation is the result stated in Proposition 2.
This expression can also easily be generalized to a continuous distribution: the only variables
whose meaning depends on the number and spacing of mass points in the distribution are f(z),

Ay;, and (%‘1, where the latter depends on the size of the interval affected by the tax increase

t;. Therefore, if I divide the equation above by z; — z;_1 and let () go to infinity so that the gap

F(z)—F(zi—1)

between mass points goes to zero, the f(z) terms become lim,, |, , which turns into

Z2i—Zi—1
a density f(z) rather than a mass, and Ay; is replaced by lim,, .. % = j—i. Finally,
dwq
lim,, |, P _dz — can be denoted as lim %}Zf’, and the expression for %TV[: can be written in continuous
terms:
dW  dy ) y(zi)
= —=Q;|E(Ugqy) — E(U >1)] — ; EU
T = g @B (Ucy) ~ BUcla 2 )] = () L2 1 BlUey)
1
. dw
" / f(2q)Lq [thE(UCq) + (1 — tg)Ucq| lim tdq

where ¢,i € [0,1] and Q; = fil f(zq)dg.

F Additional Numerical Results

I now present a series of additional numerical and graphical results. Subsections F.1 and F.2
present sensitivity analyses, showing that the main results are not sensitive to the use of a flat skill
distribution or a larger elasticity of taxable income, while section F.3 shows that the effect of wage
bargaining on optimal taxes is similar when a Pareto tail is added above my distribution. Finally,
section F.4 presents optimal bracketed taxes, which are qualitatively similar to the full non-linear
taxes.

F.1 Sensitivity Analysis with Uniform Distribution

In this appendix, I present the efficient and optimal taxes with a uniform skill distribution and
h = 0.5. This numerical exercise should not be taken literally, as there is no reason to believe that
these assumptions are appropriate, but it provides a simple demonstration of the robustness of my
general findings to an alternative calibration

I solve for the efficient taxes - both the first-best and the second-best within the class defined
in section 4 - as before, and the results are displayed in Figure 11. Once again, the efficient taxes
deviate from zero by a large amount, but with a slightly different pattern this time, featuring
smaller positive taxes at the bottom of the distribution, and larger tax rates at the top that reach
as high as 60%. With a uniform skill distribution and flat h, the cutoff between workers and
managers is higher than in the calibrated results, and so the top managers can obtain larger rents
from their workers, who are both more highly skilled (and thus easy to supervise) and significantly
underpaid, necessitating larger taxes at the top. The second-best tax schedule is nearly identical
to the first-best skill tax; in fact, it seems to coincide almost perfectly over the vast majority of the
distribution, with a very small difference between z = 0.5 and z = 0.8.

T also use the same procedure as in section 5 to solve for the optimal taxes in both the competitive
and wage bargaining frameworks, for G = 0.12, which is a bit less than 20% of average income
prior to taxes in both the competitive and bargaining frameworks, and thus meant as a rough
approximation to total tax revenues as a percent of GDP in the U.S. The results can be found
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Figure 11: Efficient Taxes with Wage Bargaining and Uniform Distribution & Constant h

(a) As Function of Skill
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in Figure 12, where we can observe that, as in the main analysis, the optimal marginal tax rates
roughly follow an inverted-U shape with competitive wages, but V-shaped at the bottom with
bargained wages, then rising to about 70% before declining to about 40% at the top. Moving from
zero marginal taxes to the optimal taxes generates welfare gains that are equivalent to a 6.37% and
7.37% increase in consumption respectively in the two cases.

Figure 12: Optimal Tax Schedules with Uniform F'(z), Constant h & Log Utility
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The results in this appendix demonstrate that the findings in sections 4 and 5 with the calibrated
skill distribution are robust to the assumption of a uniform distribution; the efficient tax schedule
remains strongly V-shaped, and the effect of wage bargaining on optimal taxes with log utility is
also V-shaped.
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F.2 Sensitivity Analysis on Elasticity of Taxable Income

In this appendix I redo all of the numerical analysis of sections 4 and 5 using a higher value of
the elasticity of taxable income (ETI). The correct value of this elasticity has been the subject
of a significant controversy, with many of the earlier estimates being considerably larger than the
0.12-0.4 range stated as plausible by Saez, Slemrod, and Giertz (2012).42 A dramatic example is
Feldstein (1995), who finds that the ETI is at least one; therefore, in this appendix, I assume an
elasticity of one, or a value of v = 2.

I calibrate h and the skill distribution to the U.S. income distribution using the same procedure
as before. The efficient taxes with wage bargaining can be found in Figure 13, and a comparison of
this figure with Figure 5 demonstrates that the conclusion about efficient taxes with wage bargaining
is unaffected by a higher value of ETI: the overall shape is the familiar V, and the efficient top
tax is even higher than before, at over 40%. The welfare gain from implementing the efficient
tax schedule is a very large 15.20% of mean consumption. The optimal unconstrained tax both
drops and rises faster than is incentive-compatible, and the adjustment for the constraint means
that individuals around a spike in the skill distribution near z = 0.1 are taxed too little and work
too hard; therefore, more managers are required due to the constraint, z* declines, and the top
managers are matching with less skilled workers, which is why the top income drops considerably.

Figure 13: Efficient Taxes with ETI = 1, Wage Bargaining and Calibrated Distribution
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The optimal taxes with log utility are in Figures 14 and 15. The solution procedure was
more complicated in the bargaining case, with the concave and convex baseline tax schedules both
multiplied by 0.5, and the final tax schedule is smoothed using a triangular moving average. The

42Furthermore, some research has indicated that the ETI may not be a constant, with Gruber and Saez
(2002) finding larger values at higher income levels, and Keane and Rogerson (2012) highlight the difference
between the standard micro-level estimates and a long-run macro labour supply elasticity. Additionally, in a
recent paper, Weber (2014) argues that most recent estimators of ETI are inconsistent; she finds an elasticity
of 0.858 with a new estimator.
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level of the optimal tax schedule drops considerably with competitive wages, but the drop at the
top is much smaller in the wage bargaining case, compared to the ETI = 0.25 case. The welfare
gains are 1.04% with competitive wages and 5.66% with wage bargaining in Figure 14, and 0.71%
and 6.44% respectively in the Pareto tail analysis in Figure 15.

Figure 14: Optimal Tax Schedules with ETI = 1 and Log Utility

(a) As Function of Skill (b) As Function of Income
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Figure 15: Optimal Tax Schedules with ETI = 1, Log Utility and Pareto Tail

(a) As Function of Skill (b) As Function of Income
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This appendix has demonstrated that the case for an efficient V-shaped tax is not sensitive
to the elasticity of taxable income; meanwhile, the optimal tax schedule with wage bargaining
is only moderately altered, even while optimal taxes with competitive wages drop significantly.
Furthermore, the welfare gains from optimal taxes might even increase with a higher value of ETI.
The reason for these results is quite simply that the efficiency role of marginal taxes with wage
bargaining does not depend directly on the responsiveness of individual behaviour to taxes; what
matters is how far the wage deviates from the efficient level, and this deviation remains large with
a higher ETT.
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F.3 Optimal Taxes with Pareto Tail

The results for optimal income taxes presented in section 5.2 feature a strong decline above about
$400 thousand, due primarily due to the fact that there is a finite top to the income distribution.*3
A finite top to the income distribution eliminates the redistributional role of marginal taxes at
the top of the distribution; however, a Pareto tail to the income distribution generates a positive
optimal asymptotic top rate, as seen in Diamond and Saez (2011). I cannot solve for an asymptotic
top tax rate in my model, because computationally, the model must have a top, a highest income
for the highest-skill individual.**

However, an approximation can be provided if we assume that there is some positive mass of
very-high-income individuals outside our model. Assume that their incomes are so large that the
planner acts as if their marginal utilities of income are zero, and thus they are not considered
as part of the measure of welfare; they are only a source of revenue when considering taxes on
individuals within our model. Then, if fgi1 is the size of this population, we simply need to
add Ay; fo+1E(Ucq) to equation (13), to capture the value of the additional revenues from the
super-rich.*> Diamond and Saez (2011) find that the first percentile of the U.S. income distribution
was at about $400 thousand in 2007, whereas the top of my model’s distribution is at about $1.2
million; assuming a Pareto tail with shape parameter 1.5, as in Diamond and Saez (2011), this
implies that about 20% of the top percentile had incomes above the top of my model, and therefore

fo+1 = %. The resulting optimal tax schedules are presented in Figure 16.
Figure 16: Optimal Tax Schedules with Log Utility and Pareto Tail
(a) As Function of Skill (b) As Function of Income
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The results for optimal taxes are very similar to Figure 10 across most of the distribution, as is
the pattern of effects of wage bargaining relative to competitive wages. However, the decline in tax

43 Additionally, I am using a general equilibrium model, and thus taxes generate general equilibrium effects
somewhat like those in Stiglitz (1982), whereby taxing managers at the top reduces their labour supply and
thus forces workers to be supervised by less talented managers, with redistributional costs from lower wages
further down the distribution.

4 Note that having z > 1 is meaningless given that problems can only be of difficulty 1 or less. Since skill
z only has meaning relative to its place in the distribution of problems d, the latter can always be normalized
to be uniform between zero and one, so that z € [0, 1] represents the fraction of problems that can be solved.

45To prevent discontinuous results, I set Ay; = Ays, assuming that the bottom tax rate only raises revenue
on a small amount of income rather than all income from zero to y(z1).

64



rates at the top is much less pronounced, with optimal top rates of about 70%. The top tax rate
is again higher with wage bargaining, though by less than in Figure 8, because the redistribution
term dominates and taxes cannot be raised as much from a high level. The welfare gains from
implementing the optimal tax now increase to 5.56% in the competitive case and 6.19% with wage
bargaining.

F.4 Optimal Bracketed Taxes

To complement the full non-linear optimal taxes calculated earlier, I now present the optimal tax
schedule when marginal taxes are restricted to be constant within brackets. I have fixed the brackets
at values close to the existing tax brackets facing single taxpayers in the U.S. (counting the personal
exemption and standard deduction): less than $50k, $50-100k, $100-200k, $200-400k, and $400k—+.
In the current federal tax code, the marginal tax rates facing individuals over most of these ranges
are, respectively, 15%, 25%, 28%, 33%, and 39.6%.

I search numerically for the set of marginal tax rates that maximize welfare, smoothing the
tax rates near the thresholds to prevent discontinuous jumps (this does not prevent large numbers
of people from clustering near the threshold). The results are presented below in Tables 1 and
2, for each of 4 cases: competitive and wage bargaining in both the baseline calibrated setting
and the calibration with an ETI of one. Table 1 presents the results from the standard approach,
while Table 2 adds the Pareto tail approximation. The results are less dramatic than in the fully
non-linear case because individuals at the top and bottom of the distribution, where most of the
variation in optimal tax rates occur, are collected together into relatively large brackets, but they
continue to show the usual results: optimal taxes with competitive wages are generally in the shape
of an inverted U, whereas they are more V-shaped with wage bargaining, higher at the top and
bottom and lower in the middle. The final column in the table presents the welfare gains as a
percentage of consumption as before; in every case, the gains are at least 50% as large as those
from the full non-linear tax.

Table 1: Optimal Bracketed Taxes

$0-50k  $50-100k  $100-200k  $200-400k  $400k+ Welfare Gain

Competitive (Baseline) 41.09%  45.34% 51.51% 68.38%  60.02% 3.67%
Bargaining (Baseline) 50.43%  37.00% 48.81% 70.95%  65.55% 4.02%
Competitive (ETTI = 1) 22.62%  23.82% 17.90% 23.46% 22.25% 0.60%
Bargaining (ETI = 1) 41.92% 13.81% 12.42% 37.00% 47.04% 4.50%

Table 2: Optimal Bracketed Taxes with Pareto Tail

$0-50k  $50-100k  $100-200k  $200-400k  $400k+ Welfare Gain

Competitive (Baseline) 41.01%  45.40% 53.73% 74.14%  64.97% 5.26%
Bargaining (Baseline) 51.93%  37.80% 49.55% 74.89%  66.54% 5.69%
Competitive (ETI = 1) 23.26%  23.29% 19.66% 31.74% 31.22% 0.55%
Bargaining (ETT =1) 41.26%  14.10% 13.51% 35.21% 47.60% 5.05%

65



G Optimal Taxation in the Mirrleesian Method: A
Simple 2-Type Model

The optimal income tax analysis in section 5 uses a perturbation method, analogous to that pro-
posed by Saez (2001). The use of a Mirrleesian method, in which the optimal allocation of con-
sumption and labour supply (or income) is solved subject to incentive compatibility constraints,
is computationally infeasible for the reasons described at the beginning of section 5. However, to
illustrate the method, I now present a simple 2-type model of matching in which the complications
preventing the use of the Mirrleesian method are no longer present.

The model is related to the one presented in section 2.3.1, but with occupation as a choice
rather than exogenously fixed. The economy consists of individuals of two skill types, zo > 21 > 1,
with a mass of measure 1 of each. Individuals decide whether to become workers or managers, and
each manager receives a team size equal to n(L;) = %, where E(L,,) is the average labour
supply among managers. Within a team of one manager and n workers, team output is given by
Y = 2 (2mLm + n(Lm)E(2pLy)), where E(z,L;) is the average among the workers in the team.

I assume that individuals working alone receive only z;L;, so each individual is always weakly
better off working in a team. Production efficiency then requires that type-2 individuals become
managers and type-1 become workers.?6 Alternative matching patterns can easily be shown to lead
to lower output; thus, switching to the efficient allocation, holding labour supplies and consump-
tion fixed, would lead to additional revenues to the government, which could be used to increase
consumption for one or both types. Therefore, I will focus on the equilibrium with type-2 managers
and type-1 workers, and I will need to consider the incentive-compatibility constraints that ensure
that such an equilibrium holds with taxation.

As in the models throughout the paper, the manager is assumed to be residual claimant, and
pays a wage to the worker. Clearly, each type-1 worker’s marginal product per unit of labour supply
is equal to z9z1, and this is true regardless of the tax system, so any competitive equilibrium will
feature a wage fixed at w = 292;1. I will also consider inefficient bargaining allocations in which the
wage is exogenously fixed at a different value.

Individuals receive utility from consumption and disutility from labour supply, U = U(C, L),
where the marginal utilities are Uz > 0 and U, < 0. The planner is a utilitarian with equal weights
on all individuals, and thus wants to maximize:

V =U(C1,L1) +U(Cy, L)

subject to a set of incentive-compatibility constraints, as in the standard Mirrleesian problem; I
will also need to verify that income is higher for type 2, as in the identification constraint in my
model. However, in this case, I assume that the planner chooses C and L, rather than C' and income
(which I will denote as y), because the manager’s income depends on the wage and on both types’
labour supply. The tax system that implements the optimal allocation can then be backed out, with
T(y1) = y1 —C1 and T(ys) = y2 — Ca, where y; = wlLi and yo = 25 Ly + (2221 —w) L1 in equilibrium
(as n = 1 for all managers in equilibrium). The marginal taxes are not well defined in the usual
sense, since with only two types and thus two income levels, I only need to define the tax schedule
at two points. However, I define marginal tax rates in an implicit sense as in Stiglitz (1982): if the

46Qutput is unchanged if only some fraction of type-2 individuals become managers, while the rest join
the type-1 individuals as workers. However, I assume that this is inefficient for reasons outside the model.
For example, suppose each team produces a slightly different variety, and the number of produced varieties
enters positively into utility up to a maximum of one unit of varieties; then if fewer than one unit of teams
are formed, utility decreases.
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tax schedule T'(y) was differentiable, any individual with wage w; would set géz = —w;(1-T"(y;)).

Therefore, I can define the marginal tax rate faced by type i as t; = 1 + wijrj}é at the optimal

allocation.

Finally, I need to define the incentive-compatibility constraints. The planner chooses consump-
tion Cy and Cs, and labour supply L; and Lo, but what they can actually observe is income ¥
and g9, and they assign consumption C; to individuals producing income y;. Therefore, each type
faces a choice of whether to produce an income of y; = wlLj or y» = Z%LQ + (2221 — w)Lq, and
whether to do so by becoming a worker or a manager. The welfare-maximizing choices of C' and
L must therefore be consistent with type-1 individuals becoming workers and providing income 1,
and type-2 individuals becoming managers and providing income g». Thus, each type faces three
incentive-compatibility constraints.

Consider first the type-1 individuals. They must prefer being a worker at income y; over the
three alternatives, which imply the following constraints:

(I) to reach income y; as a manager, a type-1 individual would require a labour supply equal to
L; = m; holding consumption C; fixed, I need that L; > L1, or w > z%+%(z%—w);
o reach income y9 as a worker, a type-1 individual would require a labour supply equal to
Im) ¢ h i ki t 1 individual 1d i lab 1 1t
Li; = £; therefore, I need that U(Cy, L) > U (Cg, %),

w !
(ITI) to reach income yo as a manager, a type-1 individual would require a labour supply equal to

Lirr = 12— therefore, I need that U(Cy, L) > U (CQ7 2+Ly72
21

47k (2 —w) (2 -w)
However, constraints (I) and (II) imply that constraint (III) is satisfied, since w > 2% + %(z% —w)
implies that L;rr > Lir; therefore, I only need constraints (I) and (II).
A similar set of constraints can be presented for the type-2 individuals:

(IV) to reach income y9 as a worker, a type-2 individual would require a labour supply equal to
Ly = £ holding consumption Cy fixed, I need that Lyy > Lo, or w < 22 + %(zQzl —w);

(V) to reach income y; as a worker, a type-2 individual would require a labour supply equal to
Ly = % therefore, I need that U(Cy, Ly) > U (Ch, £ );

w
(VI) to reach income y; as a manager, a type-2 individual would require a labour supply equal to

Ly = —+——; therefore, I need that U(Cq, Ly) > U <C’1, 2+Ly—1
22

T
z%—&—ié(zgzl—w L—;(zgm—w)

Once again, only two of these constraints are relevant: if w < z% + %(2221 —w), then Ly > Ly,
and I only need constraints (IV) and (VI).
Some of the constraints can be further simplified; (I) can be rearranged simply to give w > zf,

while (IV) similarly can be rewritten as w < %, thus creating a range of feasible values of

w. Finally, constraint (VI) can be simplified to give U(C2, La) > U (C’l, %) If G is the resource
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requirement of the planner, then the full planner’s problem can then be written out as follows:

Cl,?ll?g;,sz = U(Cl, L1) + U(Cz, LQ)

st w > zf
Y2
U(Cl7 Ll) 2 U (027 7)
w
ZQ(LlZl + LQZQ)
L+ Lo

U(Ca,Lo) > U <Ch y;h)
2

(N —=C1)+ (2 —C2) 2G

>w

where y; = wlLi and yy = Z%LQ + (2221 — w)L; as stated above, and where I also need to verify
that yo > 1.

At this point, it would be possible to derive the first-order conditions, and characterize the
solution depending on which constraints are binding. However, in this case which constraints are
binding is likely to depend on the wage, and the first-order conditions are quite complicated because
of the matching structure; thus, the insight available from an analytical solution is limited. For a
numerical solution, I will instead solve the problem as explicitly presented above: I search for the
vector {C4, L1, Ca, Lo} that maximizes V' while satisfying all of the constraints. I consider a case
in which U(C, L) = log (C — %LV), with v = 5 as before; T also set 21 = 1 and 23 = 1.5, and the
revenue requirement is set to G' = 0.88, which is approximately 20% of total output at the optimum
when the wage takes the competitive value of w = 1.5.

The wage is varied between 1.2 and 1.8, and the resulting optimal taxes are calculated, both

the average tax paid %

U, | Figure 17 presents the

and the implicit marginal tax rate t; = 1+ wilic-

result, with the average taxes in panel (a) on the left and the marginal taxes in panel (b) on the
right; in every case, yo > y1 is satisfied along with all of the incentive-compatibility constraints.
The results are exactly analogous to those from section 5: the optimal marginal tax rate on the
type-1 workers increases with their wage, while the tax rate on the type-2 managers decreases with
w. At the efficient wage of w = 1.5, the optimal marginal rate on the workers is positive, while that
on the managers is essentially zero; however, if the wage is inefficiently low, the workers should face
a lower tax, and in fact a negative tax rate if w is sufficiently low, whereas the managers should
face an increased tax, to offset the distortions to both of their labour supplies. As usual, the reverse
applies if the wage is inefficiently high.

This analysis demonstrates that the main result from section 5 - that optimal marginal income
taxes should go up for individuals receiving inefficiently high wages, and down for those receiving
too little - is unchanged in this analysis. However, this appendix also allows us to see even more
clearly why the Mirrleesian method is infeasible with the full general equilibrium matching model
of section 3: to be able to write down the incentive-compatibility constraints, I need to know the
wages faced by agents at the optimum. Strong assumptions in the current model pin down these
wages and ensure that I can write out the incentive-compatibility constraints, though even here
they are relatively complicated due to matching. Once those strong assumptions about fixed wages
are removed, the difficulty of the problem is greatly increased: to find out what wages would be at
the optimum, I would need to know who is matching with whom, but solving the “outer problem”
(in the terminology of Rothschild and Scheuer (2014)) to find the optimal matching function is
simply not computationally feasible in the main model of section 3.
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Figure 17: Optimal Taxes from 2-Type Model
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