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Abstract

We study the incidence and the optimal design of nonlinear income taxes in
a Mirrleesian economy with a continuum of endogenous wages. We characterize
analytically the incidence of any tax reform by showing that one can mathe-
matically formalize this problem as an integral equation. For a CES production
function, we show theoretically and numerically that the general equilibrium
forces raise the revenue gains from increasing the progressivity of the U.S. tax
schedule. This result is reinforced in the case of a Translog technology where
closer skill types are stronger substitutes. We then characterize the optimum
tax schedule, and derive a simple closed-form expression for the top tax rate.
The U-shape of optimal marginal tax rates is more pronounced than in partial
equilibrium. The joint analysis of tax incidence and optimal taxation reveals
that the economic insights obtained for the optimum may be reversed when

considering reforms of a suboptimal tax code.
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Introduction

In this paper we study the incidence and the optimal design of nonlinear income taxes
in a general equilibrium Mirrlees (1971) economy. There is an aggregate production
function with a continuum of labor inputs and imperfect substitutability between
skills. Hence the wage, or marginal product, of each skill type is endogenous.

We connect two classical strands of the public finance literature that have so far
been somewhat disconnected: the tax incidence literature (Harberger, 1962; Kotlikoff
and Summers, 1987; Fullerton and Metcalf, 2002), and the literature on optimal
nonlinear income taxation (Mirrlees, 1971; Stiglitz, 1982; Diamond, 1998; Saez, 2001).
The objective of the tax incidence analysis (in our context with one sector and a
continuum of labor inputs) is to characterize the first-order effects of locally reforming
any given, potentially suboptimal, tax system on the distribution of individual wages,
labor supplies, and utilities, as well as on government revenue and social welfare. A
characterization of optimal taxes is then obtained by imposing that no such tax
reform has a positive impact on social welfare. We show in particular that the very
forces that drive the shape of the optimum tax schedule may lead to reverse policy
recommendations when the aim is to a reform suboptimal tax schedule, e.g., the
current US tax code.

We start by focusing on the incidence of general tax reforms. We extend the
existing literature by considering arbitrarily nonlinear taxes and a continuum of en-
dogenous wages. In partial equilibrium, the effects of a tax change on the labor supply
of a given agent can be straightforwardly derived as a function of the elasticity of la-
bor supply of that agent (Saez, 2001). The key difficulty in general equilibrium is
that this direct partial equilibrium effect impacts the wage, and thus the labor supply,
of every other individual. This in turn feeds back into the wage distribution, which
further affects labor supply decisions, and so on. Solving for the fixed point in the
labor supply adjustment of each agent is the key step in the analysis of tax incidence
and the primary technical challenge of our paper.

We first show that this a priori complex problem of deriving the effects of tax
reforms on individual labor supply can be mathematically formalized as solving an
integral equation. The mathematical tools of the theory of integral equations allow
us to derive an analytical solution to this problem for a general production function,
which furthermore has a clear economic meaning. Specifically, this solution can be

represented a series; its first term is the partial equilibrium impact of the reform,



and each of its subsequent terms captures a successive round of cross-wage feedback
effects in general equilibrium.

We proceed to the analysis of the two most commonly used production functions
in the literature, CES and Translog.! In the CES case, we show that the solution to
the integral equation takes a particularly simple closed form as a function of the labor
supply elasticities, the income distribution, and the elasticity of substitution between
skills in production, which is new to general equilibrium setting. In the Translog
case, which allows for a general pattern of elasticities of substitution, we specify a
functional form that formalizes the idea that workers with closer productivities are
more substitutable. For this “distance-dependent” specification, we analytically derive
an arbitrarily close approximation of the solution to the integral equation, and hence
of the incidence of tax reforms. In particular, the second order approximation implies
that the general equilibrium effects on agents’ labor supplies can be summarized by
a simple affine function of the cross-wage elasticity with a single “average” type.

We then focus on a particularly interesting baseline tax system, the “constant rate
of progressivity” tax schedule, that closely approximates the current U.S. tax code
(Heathcote, Storesletten, and Violante, 2014). We show two theoretical results for a
CES technology. First, the general equilibrium effects of any local (linear or nonlinear)
tax reform on aggregate revenue are equal to zero if the baseline tax schedule is linear.
Second, and more generally, if the baseline tax system is strictly progressive (as in
the U.S.), our incidence formula shows that the revenue gains of raising the marginal
tax rates on low incomes are lower than in partial equilibrium, and higher for high
incomes. In other words, starting from the U.S. tax code, the general equilibrium
forces raise the revenue gains from increasing the progressivity of the tax schedule.

At first sight this result may seem to be at odds with the familiar insight of Stiglitz
(1982) in the two-income model, which we generalize to a continuum of incomes in
our section on optimal taxation. Indeed, those results say that the optimal tax rates
should be lower at the top, and higher at the bottom, of the income distribution, rel-
ative to the partial equilibrium benchmark. That is, the optimal tax schedule should
be more regressive when the general equilibrium forces are taken into account. The
reason for this difference is that we consider here reforms of the current (potentially
suboptimal) U.S. tax code, with low marginal tax rates at the bottom. Instead, the

results about the optimum tax schedule use as a benchmark the optimal partial equi-

1See Bucci and Ushchev (2014) for a careful study of various production functions with a con-
tinuum of inputs and constant or variable elasticities of substitution.
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librium tax schedule, which features high marginal tax rates at the bottom (Diamond,
1998; Saez, 2001). Our insight is therefore that results about the optimum tax sched-
ule may actually be reversed when considering reforms of a suboptimal tax schedule.
This “trickle up result” for government revenue underlines the importance of our tax
reform approach, and leads us to conclude that one should be cautious, in practice,
when applying the results of the general equilibrium optimal tax theory.

Our second set of results concerns the derivation of optimal taxes in the general
equilibrium setting. For a general production function, we provide two complementary
proofs of the optimal tax formula. The first uses a mechanism design approach as
in Mirrlees (1971) (or Stiglitz (1982) in general equilibrium). The second approach
is based on variational arguments in the spirit of Saez (2001), and is an application
of our tax incidence analysis discussed above. The key step that allows us to reduce
the complexity of the optimal taxation problem consists of equating to zero the social
welfare effects of a specific combination of tax reforms, namely, a perturbation of the
marginal tax rate at a given income level with a counteracting reform that cancels out
the induced general equilibrium effects on labor supply. While this analysis of course
delivers the same formula as the mechanism design approach, it provides distinct
economic insights about the key economic forces underlying the design of optimal
taxes.

We then focus on the case of the CES production function, and extend two of the
most influential results from the Mirrleesian literature to our framework with endoge-
nous wages. The first is the optimal top tax rate formula of Saez (2001). We derive a
particularly simple closed-form generalization of this result in terms of one additional
sufficient statistic, namely, the (finite) elasticity of substitution between skills. Using
the values of this parameter estimated in the empirical literature immediately leads
to clear policy recommendations for the optimal tax rate on high incomes in the pres-
ence of “trickle-down” effects on wages. The second key result is the familiar U-shaped
pattern of optimal marginal tax rates first obtained by Diamond (1998). We show
that the general equilibrium forces not only confirm this pattern, but make it even
more pronounced, with a stronger dip in the bulk of the income distribution. This
has an interesting and unexpected implication: where marginal tax rates are increas-
ing (resp., decreasing) in the partial equilibrium model, they now increase (resp.,
decrease) faster, implying a more progressive (resp., regressive) pattern of optimal
tax rates above (resp., below) a certain income level. This qualifies the regressivity

implication of the two-type analysis of Stiglitz (1982), already described above, and
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highlights the importance of studying these forces within the workhorse model of
taxation.

Our final set of results is a quantitative analysis of both the tax incidence and the
optimal taxes in the general equilibrium setting. We first calibrate our model to the
U.S. tax code.” To meaningfully compare the general equilibrium optimal taxes to
the partial equilibrium optimum, we further construct a policy-relevant benchmark.
Specifically, we compare our policy recommendations to those one would obtain by
applying the analysis of Diamond (1998), calibrating the model to the same income
distribution, and making the same assumptions about the utility function. The sim-
ulations of optimal policies confirm our theoretical insights for the CES production
function and show their quantitative significance. Moreover, when the production
function is Translog and the elasticity of substitution is distance-dependent, we show
that our key results, both on tax incidence and optimal taxation, are not only con-
firmed but reinforced: the revenue gains from raising the progressivity of the U.S. tax
code, and the U-shaped pattern of optimal marginal tax rates, are more pronounced
than in the CES case. We finally compute, for a Rawlsian social planner, the wel-
fare gains from setting taxes optimally, relative to the partial equilibrium optimum
benchmark. These gains are quantitatively significant. Both for CES and Translog
production functions, with reasonable values of the elasticities of substitution, they

are up to 3.5% gains in consumption equivalent.

Related Literature. This paper is related to the literature on tax incidence (see,
e.g., Harberger (1962) and Shoven and Whalley (1984) for the seminal papers, Hines
(2009) for emphasizing the importance of general equilibrium in taxation, and Kot-
likoff and Summers (1987) and Fullerton and Metcalf (2002)) for comprehensive sur-
veys. Our paper extends this framework to an economy with a continuum of (labor)
inputs with arbitrary nonlinear tax schedules. Thus, we study tax incidence in the
workhorse model of optimal nonlinear labor income taxation of (Mirrlees, 1971; Dia-
mond, 1998), thereby contributing to the unification of the two major strands in the
taxation literature (tax incidence and optimal taxation).

The optimal taxation problem in general equilibrium with arbitrary nonlinear tax

instruments has originally been studied by Stiglitz (1982) in a model with two types.

2The calibration is based on Heathcote, Storesletten, and Violante (2014) who show that a two-
parameter tax function with contrant rate of progressivity can well approximate the U.S. tax code.
See also Guner, Kaygusuz, and Ventura (2014) and Antras, de Gortari, and Itskhoki (2016).
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The key result of Stiglitz (1982) is that at the optimum tax system, general equilib-
rium forces lead to a more regressive tax schedule. In the recent optimal taxation
literature, there are two strands that relate to our work. First, a series of important
contributions by Scheuer (2014); Rothschild and Scheuer (2013, 2014); Scheuer and
Werning (2015), Chen and Rothschild (2015), Ales, Kurnaz, and Sleet (2015) and
Ales and Sleet (2016) form the modern analysis of optimal nonlinear taxes in gen-
eral equilibrium. Specifically, Rothschild and Scheuer (2013, 2014) generalize Stiglitz
(1982) to a setting with N sectors and a continuum of (infinitely substitutable) skills
in each sector, leading to a multidimensional screening problem. Ales, Kurnaz, and
Sleet (2015) and Ales and Sleet (2016) microfound the production function by incor-
porating an assignment model into the Mirrlees framework and study the implications
of technological change and CEO-firm matching for optimal taxation. Our model is
simpler than those of Rothschild and Scheuer (2013, 2014) and Ales, Kurnaz, and
Sleet (2015). In particular, different types earn different wages (there is no overlap in
the wage distributions of different types, as opposed to the framework of Rothschild
and Scheuer (2013, 2014)), and the production function is exogenous (in contrast to
Ales, Kurnaz, and Sleet (2015)). Our simpler setting, on the other hand, allows us to
get a sharper characterization of the effects of taxes on individual and aggregate wel-
fare, and to directly compare our results to the (Mirrlees, 1971) benchmark. Finally,
our setting is distinct from those of Scheuer and Werning (2015, 2016), whose mod-
eling of the technology is such that the general equilibrium effects cancel out at the
optimum tax schedule, so that the formula of Mirrlees (1971) extends to more general
production functions. We discuss in detail the difference between our framework and
theirs in Section 3.2 below.

The second strand in the literature characterizes optimal government policy, within
restricted classes of nonlinear tax schedules, in general equilibrium extensions of the
continuous-type Mirrleesian framework. Heathcote, Storesletten, and Violante (2014)
study optimal tax progressivity in a model with tax schedules of the CRP form in
general equilibrium.® Ttskhoki (2008) and Antras, de Gortari, and Ttskhoki (2016)
characterize the impact of distortionary redistribution of the gains from trade in an
open economy using a linear or CRP tax schedule, allowing for imperfect substi-
tutability between the tasks performed by different agents. Their production func-

tions are CES with a continuum of skills or tasks, as in several parts of our paper.

3See also Heathcote and Tsujiyama (2016) for a detailed analysis of the performance of various
restricted functional forms to approximate the fully optimal taxes.
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Moreover, one of our key theoretical results, as well as our quantitiative analysis, use
the CRP schedule as an approximation of the current U.S. tax system. On the one
hand, our model is simpler than their framework as we abstract from idiosyncratic
risk and take skills as given, and we study a static and closed economy. On the other
hand, for most of our theoretical analysis we do not restrict ourselves to a particular
functional form for taxes. Our papers share, however, one important goal: to derive
simple closed form expressions for the effects of tax reforms in general equilibrium
Mirrleesian environments.

Our study of tax incidence is based on a variational, or “tax reform” approach,
originally pioneered by Piketty (1997) and Saez (2001), and extended to several other
contexts by, e.g., Kleven, Kreiner, and Saez (2009) (for the case of multidimensional
screening), and Golosov, Tsyvinski, and Werquin (2014) (for dynamic stochastic mod-
els). In this paper we extend this approach to the general equilibrium framework with
endogenous wages. Our resulting optimal tax formula coincides with the characteriza-
tion we also obtain using the traditional mechanism design approach, which is similar
to those derived by Rothschild and Scheuer (2013, 2014) and Ales, Kurnaz, and Sleet
(2015). However, using the variational approach uncovers different fundamental eco-
nomic forces and provides an alternative, arguably clearer, economic intuition for the
characterization of the optimum.*

Our paper revisits the key policy-relevant insights obtained in the partial equilib-
rium model by Diamond (1998) and Saez (2001), namely the closed-form formula for
the optimal top tax rate and the U-shape of optimal marginal tax rates. Our gen-
eralization of the optimal top tax rate to the case of endogenous wages is related to
Piketty, Saez, and Stantcheva (2014). They extend the Saez (2001) top tax formula
to a setting with a compensation bargaining channel using a variational approach,
and show that it increases optimal top taxes as bargaining is a zero sum game. More
generally, Rothschild and Scheuer (2016) study optimal taxation in the presence of
rent-seeking. In this paper we abstract from such considerations and assume that in-
dividuals are paid their marginal productivity. Finally, our quantitative analysis is in
the spirit of those of Feldstein (1973) and Allen (1982), who specified the production

function to simple functional forms, but focused on the case of linear taxes.

4Rothstein (2010) studies the desirability of EITC-type tax reforms in a model with heterogenous
labor inputs and nonlinear taxation. He only considers own-wage effects, however, and no cross-
wage effects. Further he treats intensive margin labor supply responses as occurring along linearized
budget constraints.



This paper is organized as follows. Section 1 describes our framework and defines
the key structural elasticity variables. In Section 2 we analyze the tax incidence
problem with a continuum of wages and nonlinear income taxes. In Section 3 we
derive optimal taxes in general equilibrium. Finally, we present quantitative results
in Section 4. The proofs of all the formulas and results of this paper are gathered in
Appendix B. Appendix C contains additional details and robustness checks for our

numerical simulations.

1 Environment

1.1 Equilibrium

Individuals have preferences over consumption ¢ and labor supply [ given by U (¢,1) =
u(c —wv(l)),” where u and v are twice continuously differentiable and satisfy u’, v' > 0,
u” <0, v” > 0. There is a continuum of types (productivities) 6 € © = [Q, (ﬂ C Ry,
distributed according to the p.d.f. fp (-) and c.d.f. Fy(-). Each type is composed of a
mass 1 of identical agents.

An individual of type 6 earns a wage w(), that she takes as given. She chooses
her labor supply [(6) and earns taxable income y(0) = w(#){(#). Her consumption is
equal to y (0) — T (y (0)), where T : R, — R is the income tax schedule imposed by
the government, which is twice continuously differentiable. The optimal labor supply
choice [ (0) is the solution to the first-order condition of the utility-maximization

problem:
v (L(0) = [1 =T (w(0)1(0))]w(6). (1)

We denote by U () the indirect utility and by L () =1 (0) fp (0) the total amount of
labor supplied by individuals of type 6.

There is a continuum of mass 1 of identical firms that produce output using the
labor of all types §. We represent the continuum of labor inputs £ = {L (0)},.¢

as a finite, non-negative Borel measure on the compact metric space (6,8 (0)).°

5Note that U implies no income effects on labor supply. This simplifying assumption is commonly
made in the optimal taxation literature. See, e.g., Diamond (1998).

6Thus, for any Borelian set B € B(0) (e.g., an interval in ©), .Z (B) is the total amount of
labor supplied by individuals with productivity # € B. Denote by M the space of such measures
Z. This construction follows Hart (1979) and Fradera (1986); see also Parenti, Thisse, and Ushchev
(2014) and Scheuer and Werning (2016).



We then define the production function as .Z (£) = F ({L(0)},.e) and write the
representative firm’s profit-maximization problem given the wage schedule {w (0)},co

as

max [ﬁ (Z) - /@ w () L(0) de].

We assume that the production function .# has constant returns to scale. In equilib-
rium, firms earn no profits and the wage w () is equal to the marginal productivity
of type-0 labor. Heuristically, we have w (6) = 8%@9 ({L(¢)}pce)- Formally, w (6)
is equal to the Gateaux derivative of the production function when the labor effort

schedule .Z is perturbed in the direction of the Dirac measure at 6, dy:

w(b) = lim - {F (L + o) = F (). ®)

It follows from definition (2) that the wage w (6) can be represented as a functional

w: 0 xR, x M — R, that has three arguments: the individual’s type 6 € O, her

labor supply L () € R,, and the measure . € M that describes all agents’ labor
effort:

wd)=w(0,L(0),2L). (3)

We make the following assumption throughout the paper:”

Assumption 1. The wage and earnings functions 0 — w(0) and 0 — y(0) are

continuously differentiable and strictly increasing.

We can then define the densities of wages and incomes, respectively, as f,,(w(f)) =
(w'(0))~" fo(8) and f£,(y(8)) = (¥/(8))~" fs(#), with corresponding c.d.f. F,,(-) and
Fy()

1.2 Social welfare

The government’s objective is weighted utilitarian. The schedule of Pareto weights
is represented by the p.d.f. fo (). If fy(8) = fs(0) for all & € O, the planner is

utilitarian. Social welfare is then defined by:

G = /@u [w (0) 1(0) =T (w(0)1(6)) — v (1(0))] fo (0)db. (4)

"We verify numerically that this assumption is satisfied.
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Denote by A the marginal value of public funds.® We define the social marginal welfare
weight (see, e.g., Saez and Stantcheva (2016)) associated with individuals of type 6

as

o [ (0) — v (L) s (9)
AU ©)

We finally denote by f, (y(8)) = (v (8))" fo(8) and g, (y (8)) = gs () the corre-

sponding schedules of Pareto weights and marginal social welfare weights on incomes.

9o (9) =

1.3 Elasticity concepts

Partial equilibrium labor supply elasticities. Consider an individual with type
0, income y = y(f), and marginal tax rate 7(0) = T’ (y (f)). We first define the
labor supply elasticity with respect to the net-of-tax rate along the linearized budget

constraint, keeping the wage constant, as:%°

dnl (0) v (1(0))

eLi—r (0) = Ol (1 —7(0)) |, LB (1(6) .

Second, we define the elasticity along the nonlinear budget constraint as the to-
tal labor supply response to a perturbation of the net-of-tax rate, keeping wages
constant.!'’ This elasticity accounts for the fact that if the baseline tax schedule is
nonlinear, a change in individual labor supply induces a change in the marginal tax
rate, and hence a further labor supply adjustment. Solving for this fixed point, we

obtain:

1-T"(y(9))

€1 (0) = L—T"(y(0) +e1(0)y(0)T" (y(0))

g1+ (0). (7)

Finally, we define the labor supply elasticity with respect to an exogenous per-
turbation in the wage along the nonlinear budget constraint, still ignoring the in-

duced general equilibrium effects. A change in the wage rate affects the wedge

8 At this stage, we do not take a stand on how the marginal value of public funds X is determined.
It can be defined exogenously as the social value of marginally increasing government revenue to
fund a public good, or endogenously by imposing that all the perturbations of the tax system that
we consider are revenue neutral, e.g., by redistributing lump-sum any excess revenue.

9See, e.g. Saez (2001), Golosov, Tsyvinski, and Werquin (2014). Note that Assumption 1 allows
us to write interchangeably €;1_, (0) or €,.1—, (y (6)) depending on the context, and similarly for all
the elasticities that we define.

10The formulas of this section are derived in Appendix B.2.1.

HSee, e.g., Jacquet and Lehmann (2016), Scheuer and Werning (2016).
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(1 —7(0))w (0) directly as in the case of an exogenous perturbation in the net-of-tax
rate, and indirectly through its effect on the marginal tax rate 7 () = 17" (w (0) [ (6)).

Therefore

_ 1T (y(0) —y () T (y(0))
L=T"(y(0)) +e,i—-(0)y (0) T (y (0))

E1w () ei1-r (0) . (8)

Wage elasticities. We now define the elasticity of the wage of type 0, w (6), with
respect to the labor supply of type €', L(0'). Heuristically, v (6,0") = 311;1—2”((;)) =
L(0') F5 g/ Fg. Formally, v (0,0') is defined as the Gateaux derivative of the func-
tional w (0, L (0),.Z) when . = {L (2)},co is perturbed in the Dirac direction &y .
Note that the function 6 — v (6, 6’) generally “jumps” when § = ¢’, i.e., when we con-
sider the impact of the labor supply of type-8’ agents on their own wage.'> We thus
define the cross-wage elasticity, for 0 # €', as 7 (6,60') = ~v(0,6¢'), and the own-wage

elasticity 4 (€', 0") as the difference between v (¢',0") and limg_,¢ 7 (6, 6").

Definition 1. Define the cross-wage elasticity as

7¥(0,0") = L(#") x lim 1 {lnw(0,L(0), %L+ ndy) —Inw(0,L(0), <L)}, (9)

p—=0 U

and the own-wage elasticity as

5 (6,0) = 1
The wage elasticity v (6,0'), for any (6,6') € ©2%, is then given by
7(670/) - ’7(€76,) +§/(6,76/) 69' ((9) : (11>

We assume throughout that the function 6 — 4 (0, 6’) is continuously differentiable.

General equilibrium labor supply elasticities. If wages are endogenous, the
partial equilibrium elasticities (6) to (8) do not fully capture the labor supply response
to a tax change. At a first step and for notational simplicity, we now introduce an

elasticity concept that takes into account the endogeneity of the wage w(#) to its own

12This is because the labor supply L (') appears only through .# in the arguments of
w(0,L(0),2) if ¢ #£ 6, while it also appears directly as the second argument of the functional
if 8/ = 6. See Section 1.4 for examples.
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labor supply L(0), keeping everyone else’s labor supply fixed:

- B SR (0) B = Elw 9)
EM*T(G)_1—”?((9,(9)51@(9)’and Ez,w(e)— —5(0,0) 510 (8)°

Intuitively, a percentage increase in the labor supply of type-6 individuals by &1, (0),

(12)

triggered by an increase in their net-of-tax rate, lowers their own wage by 7 (6, 0),
which in turn decreases their labor supply by 7 (0, 0) &, (f). Solving for this fixed
point yields the expression for Ey;_, (A) in (12).

1.4 Examples

In order to illustrate the wage and elasticity concepts introduced so far, we now

analyze the two most common production functions used in the literature, namely
CES and Translog.'?

Example 1. (CES technology.) The production function has constant elasticity
of substitution (CES) if

1/p
<¢HLw»%@=[Lawﬂwawﬂ , (13)

for some constant p € (—oo, 1]. The wage schedule is given by

1M@=a@MLWW”[Aa@ML@W%4#4, (14

which highlights its dependence on the three variables § € ©, L(0) € Ry, and
L ={L(0)}pco € M. The cross- and own-wage elasticities are given by

a (9’) L(#)"

7¥(0,0") = (1 — f@ L @) e and (0,0) =p— 1. (15)

Note that 7 (0,0) < 0 is constant. Moreover, 7 (6,6') > 0 does not depend on 0,

implying that a change in the labor supply of type 6" has the same effect (in percentage

[alnw(e)/w(e'))] !
II(L(0)/L)

the elasticity of substitution between any two labor inputs, we have o (0, 6') = =0

terms) on the wage of every type 6 # 6. Denoting by o (6,0") = —

3 The formulas of this section are proved in Appendix B.2.2.
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for all (0,0") € ©2. The cases ¢ = 1 and o = 0 correspond respectively to the Cobb-
Douglas and Leontieff production functions, and ¢ = oo is the partial equilibrium

case where wages are exogenous.

Our second main example is the Translog production function, which can be used
as a second-order approximation to any production function (see details in Chris-

tensen, Jorgenson, and Lau (1973)).

Example 2. (Translog technology.) The production function is transcendental

logarithmic (Translog) if

F ({L(0)}yeo) —a0+/ (0)InL(0)do+ ...

/5 (0,0) (In L (6))? d0+; B(6,6) (in L (0)) (in L (9')) d6de,

Ox0

(16)

where for all 0,¢', [, a(0')d0’ = 1, 36,0 =B(0,0), andﬁ (0,0) —f@ £(6,0")deo'.
These restrictions ensure that the technology has constant returns to scale. When
B(6,0") = 0 for all §,¢', the production function is Cobb-Douglas. The wage schedule
is given by

w (6) :iii) {a (0) + 5 (0,0)In L (0) + /@ 3(6,0)InL (9 d@'} ) (17)

The cross- and own-wage elasticities are given by

_ ACN _ 3(9,6)
¥(0,0) = x (0') + ,and ¥(0,0) = —1+ , 18
0.0) = x(0)+ =5 (6,6) 0 (18)
where y (0) = wggi}(f ) denotes the type-6 labor share of output. Whenever we specify

a Translog technology in the sequel, we assume the functional form:

22

3(0,0) = a(®)a(®) {c ~ exp (—i 0—0) )} (19)

where ¢, s are constants and « is a given function. Formula (18) then shows that the
cross-wage elasticities 7 (0, 0’) are increasing in the distance between the types 6 and
0'. This captures the economic intuition that two individuals are stronger substitutes

the closer their productivity.!?

14The expression for o (6, 8') is derived in Appendix B.2.2. Teulings (1995) obtains this property
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2 General tax incidence analysis

In this section we derive the first-order effects of arbitrary local perturbations (“tax
reforms”) of a given baseline, potentially suboptimal, tax schedule on: (i) individual
labor supplies, wages, and utilities; and (ii) government revenue and social welfare.
We analyze this incidence problem for a general production function in Sections 2.1

and 2.2, and for specific technologies (CES and Translog) in Sections 2.3 and 2.4.

2.1 Effects of tax reforms on labor supply

As in partial equilibrium (Saez, 2001), analyzing the incidence effects of tax reforms
relies crucially on solving for each individual’s change in labor supply in terms of
behavioral elasticities. This problem is, however, much more involved in general
equilibrium. In the former setting, without income effects, a change in the tax rate
of a given individual, say 6, induces only a change in the labor effort of that type
(measured by the elasticity (7)). In the latter setting, instead, this labor supply
response of type 6 affects the wage, and hence the labor supply, of every other agent
0’ # 0. This in turn feeds back into the wage of €, which further impacts her labor
supply, and so on. Representing the total effect of this infinite chain reaction triggered
by arbitrarily non-linear tax reforms is thus a priori a complex task.'

The key step towards the general characterization of the economic incidence of
taxes, and our first main theoretical contribution, consists of showing that this prob-

16

lem can be mathematically formulated as solving an integral equation.”® Formally,

in an assignment model. More generally, the results of this paper go through if we interpret our
production function as the outcome of an task-assignment model, in which the assignment is invariant
to taxes. See Ales, Kurnaz, and Sleet (2015) and Scheuer and Werning (2015).

15One way to side-step this problem would be to define, for each specific tax reform, a “policy
elasticity” (as in Hendren (2015), Piketty and Saez (2013)), equal to each individual’s total labor
supply response to the corresponding reform. It would then be straightforward to derive the effects
of a particular tax reform on, say, social welfare, as a function of its policy elasticity variable (see
Section 2.2). However, the key difficulty of the incidence problem consists precisely of expressing this
total labor supply response in terms of the structural elasticity parameters introduced in Section
1.3. Doing so allows us to uncover the fundamental economic forces underlying the incidence of
taxation. It also allows us to represent the effects of any tax reform in terms of a common set of
structural elasticity parameters, without requiring the case-by-case evaluation of the policy elasticity
associated with each specific reform that one might consider implementing in practice.

16The general theory of linear integral equations is exposed in, e.g., Tricomi (1985), Kress (2014),
and, for a concise introduction, Zemyan (2012). Moreover, simple closed-form solutions can be
derived in many cases (see Polyanin and Manzhirov (2008)). Finally, numerical techniques are
widely available and can be easily implemented (see, e.g., Press (2007) and Section 2.6 in Zemyan
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consider an arbitrary non-linear tax reform of a baseline tax schedule 7" (-). This tax
reform can be represented by a continuously differentiable function A (-) on R,, so
that the perturbed tax schedule is 7' (-) + ph (-), where p € R. Our aim is to com-
pute the first-order effect of this perturbation h on individual labor supply, when the
magnitude of the tax change is small, i.e., as p — 0. This is formally expressed by
the Gateaux derivative of the labor supply functional 7"+ [ (0;T") in the direction h,
that is,'”

- 1

di(0,h) = lim — {Inl(6; T + ph) —Inl(6;7)}. (20)
u—=0 1

This expression captures the total change in the labor supply of type # in response

to the tax reform h, taking into account all of the general equilibrium effects due to

the endogeneity of wages.

Lemma 1. The impact of a perturbation h of the baseline tax schedule T' on individual

labor supplies, di(-7 h), is the solution to the integral equation

7 _ I ' (y (9» [ / — N 17 /0! /
A0.0) = ~Fir () o s + B 0) [ 3000l @ myd'. (21)
for all 0 € ©.
Proof. See Appendix B.3.1. O

Formula (21) is a Fredholm integral equation of the second kind. Its unknown,
which appears under the integral sign, is the function 6 — dl (0,h). Its kernel is
K1 (0,0) = Ep, ()7 (6,0). We now provide its intuition.

Due to the reform the net-of-tax rate of individual # changes, in percentage terms,

by —%. By definition of the elasticity (7), this tax reform induces a direct
percentage change in labor supply [ (#) equal to —&;1_, (6) lf—,T, This is the expression

we would obtain in partial equilibrium.'® In general equilibrium, type-0 labor supply
is also impacted indirectly by the change in all other individuals’ labor supplies.
Specifically, the change in labor supply of each type &', dl (0, h), triggers a change in
the wage of type 0 equal to v (6,0") x dl (0", h), and thus a further adjustment in her
labor supply equal to &, (6) v (0, ¢) dl (0',h). Summing these effects over ¢ € O, and

(2012)), leading to straightforward quantitative evaluations of the incidence of arbitrary tax reforms
(see Section 4).

"The notation di (0, h) ignores for simplicity the dependence of the Gateaux derivative on the
baseline tax schedule T

18See, e.g., p. 217 in Saez (2001).
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using equation (11) to disentangle the own- and cross-wage effects in the resulting
integral, leads to formula (21)."
The next step of our analysis of tax incidence consists of characterizing the solution
to (21).
Proposition 1. Assume that the condition [g, |K; (0,0)|° d8d0' < 1 holds, where
K1 (0,0") = Ep(0)7(60,0).2° The unique solution to the integral equation (21) is
given by
; ~ W (y (6)) / ~ h (y (0))
dl(0,h)=—-E1 ,0)————— | R(0,0)E 1, (0) ——=————db, (22
Ol = =B Oy =y gy~ Jo R OO B O Ty gy @ 2
where for all 0,0 € ©, the resolvent R (6,0') is given by the Neumann series of
iterated kernels { K, (0,0')},5,,

R(0,0') =Y K, (0,0), with K, (0,0) = /@ K, (0,0") K, (0",6/)do".  (23)

n=1
Proof. See Appendix B.3.2. O]

We now show that the abstract mathematical representation (22) of the general
solution to the integral equation (21) has a clear economic interpretation. The first
term in the right hand side of (22), —El,l_Tlf—/T,, is the direct (partial equilibrium)
effect of the reform on labor supply [ (6), weighted by the own-wage general equilib-
rium effects, as already described for equation (21). The second term, that depends
on the series (23), accounts for the infinite sequence of cross-wage effects in general
equilibrium.

Specifically, consider the first iterated kernel (n = 1) in the series (23), which

writes

N I / W (y (0/)) /
/@K1 (0,0") Eia—r (¢) T{y(@’))de : (24)

This integral expresses the fact that for any €', the percentage change in the labor
supply of 6" due to the tax reform (including the own-wage effects), dInl (0') =

19This last step ensures that the kernel of the integral equation features only the cross-wage effects
~(0,0"), and is thus smooth. The labor supply elasticities £,1_, () and £, ,, (0) are then weighted
by the own-wage effects 7 (6, 0) &1, (0), to yield Ej;_, () and Ej,, (8) defined in (11).

20We discuss this technical condition in the Appendix, and it can be verified numerically. It
ensures that the infinite series (23) converges. When it is not satisfied, we can more generally
express the solution to (21) with the same representation (22) but with a more complex resolvent
(see Section 2.4 in Zemyan (2012)).
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Ep_.(0) #0(/)), induces a change in the wage of type 6 equal to 7 (0,60") dInl (¢'),
and hence a labor supply change Ej,, (0) 5 (0,0")dInl (') = K, (0,0")dInl(¢'). The
integral (24) thus accounts for the effects of each type 6" on the labor supply of
through direct cross-wage effects.

The second iterated kernel (n = 2) in (23) accounts for the effects of each type
0" on the labor supply of #, indirectly through the behavior of third parties 6”. This

term writes

[{ [ meome ol b o) 220w e

For any ¢, the percentage change in the labor supply of ¢’ due to the tax reform,
dinl(0") = Ey1_, (0') %, induces a change in the wage of any other type 6”
given by 7 (0”,0')dInl (#'), and hence a change in the labor supply of 6" given by
dInl (0") = Ey, (0")7(0”,0')dInl (¢") = K, (8”,0")dInl (#'). This in turn affects the
labor supply of type 6 by the amount Ez,w (0)7(0,0")dInl (6") = K, (0,0")dInl (0").
Summing over types ¢ and 6" leads to the expression (25).

An inductive reasoning shows similarly that the terms n > 3 account for the effects
of each € on the labor supply of 8 through n successive stages of cross-wage effects,

eg,forn=3,0 —0"—0"—=0.

2.2 Effects of tax reforms on wages and welfare

Once the labor supply response dl (0, h) is characterized (Lemma 1 and Proposition
1), we can easily derive the incidence of a tax reform h on individual wages and
utilities, and on government revenue and social welfare. Corollaries 1 and 2 express
the effects of h as a function of this labor supply response. The corresponding Gateaux
derivatives da (8, h), dU (0, h), A% (T, h), d# (T, h) are defined similarly to di (6, k)
n (20).

Corollary 1. The first-order effects of a perturbation h of the baseline tax schedule

T on wages are given by

du (0, h) = (26)
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The effects on individual utilities are given by
A (0,h) =[=h(y (0)) + (1 = T"(y (0))) y (0) dwo (0, k)] u’ (6) . (27)

Proof. See Appendix B.3.3. m

Multiplying both sides of equation (26) by &, (¢) simply gives the adjustment
of type-6 labor supply, dl (0,h), as the sum of the partial equilibrium response,
—é’l,l,Tlf—/T,, and the general equilibrium effect induced by the wage change, &; ,,dw (6, h).
In equation (27), the first term on the right hand side, —u’(0)h(y(0)), is due to the
fact that the tax increase h (y (6)) makes the individual poorer and hence reduces her
utility. The second term accounts for the change in consumption, and hence welfare,

due to the wage adjustment dw (6, h).?!
Corollary 2. The first-order effect of a perturbation h of the baseline tax schedule T

on tax revenue s given by

d% (T, h) = / T' (y) [df (y, h) + dw (y, h)] yfy (y)dy.  (28)

R

h(y) £y (y)dy+/

R

The effect on social welfare, measured in terms of public funds, is given by

AW (T.h) =A% (T, 1) + / “h(y) + (1T () ydad (9. W) gy () f, () dy.  (29)

Proof. See Appendix B.3.3. m

The first term in the right hand side of (28) is the mechanical (or statutory) effect
of the tax reform h (-), i.e., the change in government revenue if individual behavior
remained constant. The second term is the behavioral effect of the reform. The
labor supply and wage adjustments di (y,h) and dw (y, h) both induce a change in
government revenue proportional to the marginal tax rate 7" (y). Summing these
effects over all individuals using the density of incomes f, (y) yields (28). Finally,
equation (29) expresses the effect of the tax reform on social welfare as the change in
tax revenue dZ% (T, h), plus the sum of changes in individual utilities (27), weighted
by the Pareto weights fy (y) and normalized by the shadow value of public funds A,

leading to the marginal social welfare weights g, (y) defined in (5).

2INote that by the envelope theorem, the change in labor supply induced directly by the tax
reform and indirectly by the implied wage change has a zero first-order impact on the individual’s
utility.
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2.3 CES production function

The solution to the integral equation (22), and hence the incidence effects of tax
reforms, can be simplified by specifying functional forms for the production func-
tion. We obtain the simplest expressions when the kernel of the integral equation,
Ky (0,0) = El,w (0)7 (0,0, is multiplicatively separable between 6 and ', i.e., of the
form k4 (0) ko (0"). This occurs in particular for a CES technology (Example 1), since

in this case the cross-wage effects 7 (6,0") = k2 (¢') depend only on €'.

Proposition 2. Suppose that the production function is CES. The solution to the
integral equation (21) is then given by:

GO = B () TGO g JoT0.0) B () e
) I, 1—7 1T (y (9)) law 1— fe El,w (6”) ,7 (9/’ 9/) 4o’

(30)

Proof. See Appendix B.3.4. Note that equation (30) requires [, B, (0)7(0,6") do" #

1, which is generically satisfied. In fact, suppose for simplicity that the baseline tax

e
1+e/o*

schedule T is linear and the disutility of labor is isoelastic, so that Ey, (8') =

We then have .

. € €
E @)~ (0,0)dd = — =

[ B )30.0)d0 = xS =

which is always strictly below 1 (unless the production function is Leontieff, i.e.,
o=0). O

Equation (30) shows that in the CES case, the integral term in (21), or the cumu-
lative sum in (22), which accounts for all of the general equilibrium effects on type-6
labor supply, reduces to the first iterated kernel (24), i.e., the direct impact of type-6’
labor supply on [ (6), appropriately discounted by the denominator in (30). To see
this, note that we can express the integral in (21) by multiplying each side of this
equation by s (6) and integrating:

] —— [k (0)E M)
/(;) K2 (9) di (9? h) df = /@ 2 (‘9) El,l—‘r (9) 1-—T ('!/ (9))d9

+ l / 1 (6) s () dﬁ] [ / o (61) AT (0, 1) O |
Q) o
Solving for [ k2 (6) dl (0, h)df and substituting in equation (21) yields expression
(30).
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One benefit of the tax incidence analysis of Proposition 2 over the more restrictive
optimal taxation approach (see Section 3) is that it gives us in simple closed form the
general equilibrium welfare effects of any local tax reform, around any, potentially
suboptimal, baseline tax system. A particularly interesting baseline tax system is
the CRP (“constant rate of progressivity”) tax schedule (see, e.g., Bénabou (2002);
Heathcote, Storesletten, and Violante (2014); Antras, de Gortari, and Itskhoki (2016))
defined as:

— 31

for p < 1. Formally, the parameter p is the elasticity of the net-of-tax rate 1 — 7" (y)

T) =y

with respect to income y. The tax schedule is linear (resp., progressive, regressive),
i.e., the marginal tax rates 7" (y) and the average tax rates T (y) /y are constant
(resp., increasing, decreasing), if p = 0 (resp., p > 0, p < 0). In addition to being
particularly tractable,”” the CRP tax schedule approximates very closely the U.S tax
and transfer system, thus allowing us to obtain sharp and policy-relevant insights.??

The following corollary provides a theoretical formula that characterizes the effects
of any nonlinear tax reform of the U.S tax code in general equilibrium. We focus
without loss of generality on the most natural class of nonlinear tax reforms, which
consists of perturbing the marginal tax rate at only one income level y* € R,.*
Formally, the perturbation is represented by the Dirac delta function A’ (y) = d,+ (),
so that the total tax liability increases by a uniform lump-sum amount above income

y*, Le., h(y) is the step function Lgys,.y.

Corollary 3. Suppose that the production function is CES with elasticity of substi-

tution o, that the disutility of labor is isoelastic, and that the baseline tax schedule is

22In particular, what allows to simplify (30) to derive (32) is that, assuming that the disutility of
labor is isoelastic with parameter ¢, the elasticities &1, (y) and &, (y) (as well as E;;_, (y)) are
e and G-Rk,
1+pe 1+pe

2Note in particular that all of the formulas derived in this section, including equation (32),
are closed-form expressions in which all of the variables (taxes, elasticities, density of incomes) are
empirically observable, since they are evaluated given the current tax system.

24This class of tax reforms has been introduced by Saez (2001). Any other perturbation can be
expressed as an appropriately weighted sum of such elementary perturbations. For instance, the
effect of a linear tax reform, which consists of an equal change in the marginal tax rate of every
individual, is equal to the sum of the effects of identical such perturbations at each income level.
See Golosov, Tsyvinski, and Werquin (2014) for details.

25Note that the function [fy>y=) is not differentiable. We can nevertheless use our theory to
analyze this reform by applying (30) to a sequence of perturbations {h],}, -, that converges to d;-,
which we formally do in the Appendix.

then constant, respectively equal to
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CRP. The effect on social welfare of the perturbation h (y) = Lyy>,~) is then given by:

dw (T,h) > Iy (V) v fy (y*) - T (y*)
T E W) / O e o e el ey o e e oy
B yfy(y) n(y)—n(y*) yfy()
F,(y *) EM_T /R+ 1T (y fR+ y'fy (y dy’

where we denote n (y) =T (y) (1 +&0) + (L =T (y)) 9y (y).

In particular, if the baseline tax schedule is linear, the effect of any nonlinear

(32)

perturbation on government revenue is the same as in partial equilibrium.
Proof. See Appendix B.3.5. O

The first line of formula (32) is the partial equilibrium effect of the perturbation on
social welfare (see Saez (2001)) that one would compute if one assumed that the wage
distribution is exogenous. The mechanical effect of the tax increase is normalized
to 1. The second term on the right hand side is the welfare effect, equal to the
sum of the marginal social welfare weights g, (y) of individuals with income y > y*,
whose consumption is reduced because their tax liability is higher. The third term
is the behavioral effect, which reduces government revenue due to the individual
labor supply adjustments, by dT" (y*) = T’ (y*)dy* < T’ (y*)&1--. This term is
multiplied by the hazard rate of the income distribution, which measures the fraction
of individuals whose labor supply is distorted, f, (y*), relative to those who pay the
higher absolute tax, 1 — F}, (y*).

The second line of (32) describes the additional effects of the tax reform generated
by the endogeneity of wages. First consider only the tax revenue change, i.e., set

gy (y) = 0 for all y. We can show that this novel term is equal to*°

@ ON T B8 [ ) Ty

This expression is intuitive. A change in the net-of tax rate at y* induces a labor

supply change at y* equal to the (constant) elasticity EM_T (y*). This in turn alters

26We obtain (32) from this expression by separating the cross- and own-wage effects using (11)
and the facts that 5 (y*,y*) = 0~ and 7 (y,y*) does not depend on y. In the Appendix we derive

yet another way of writing this equation: using (31), we easily obtain that the integral in (32) (with

gy (y) = 0) is equal to (1 + &) (1 — ]]EE%C ) where ¢ (y) =y — T (y) denotes individual disposable

income.
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the wage of individuals with income y by 7 (y, y*) E~’171_T (y*).?" This finally induces a
change in income y given by (1 4+ &, ()7 (v, %*) Er1_r (y*), of which a share T (y)
goes to the government. Thus, under the assumptions of Corollary 3, the general
equilibrium effects boil down to only one round of feedback effects (the first iterated
kernel in (23)). Moreover, this expression shows that if the baseline tax schedule is
linear, the impact of any nonlinear tax reform on government revenue is identical to
that in partial equilibrium. This is a consequence of Euler’s homogeneous function
theorem, which reads fR+ v (y, ") yfy (y) dy = 0, implying that the general equilib-
rium effects cancel out in the aggregate. Finally, the social welfare effects of the
perturbation are accounted for by the marginal social welfare weights g, (y) in the
definition of 7 (y), multiplied by the share 1 — 7" (y) of the wage change that accrues
to individual consumption.

To understand the direction in which these novel forces drive the effects of tax
reforms when the baseline tax schedule is nonlinear, consider the key term in the

second line of equation (32), still focusing on government revenue:

_/ T (y> -1 (y*)yfy (y) dy

1=1T"(y*)

Given that 7" (y) = 1— (1 — 7) y P, this term is strictly increasing in y*, first negative
(for y < y*) then positive (for y > y*) for a progressive baseline tax schedule (p > 0).
This implies that the tax revenue gains of raising the marginal tax rate at a given
income level y* are lower than in partial equilibrium for low y*, and higher for high y*.
In other words, starting from the U.S. tax code (represented by the CRP tax schedule
(31)), general equilibrium forces raise the benefits of increasing the progressivity of
the tax schedule. We illustrate this “trickle-up” effect on government revenue (or
Rawlsian welfare) in Figure 2 in Section 4.

At first sight this result may seem to be at odds with the familiar insight of Stiglitz
(1982) in the two-income model, which we generalize to a continuum of incomes in
Section 3. Indeed, these results say that the optimal tax rates should be lower at
the top, and higher at the bottom, of the income distribution, relative to the partial
equilibrium benchmark. That is, the optimal tax schedule should be more regressive
when the general equilibrium forces are taken into account. We explain in greater

detail this difference in Section 4, but we can already understand its reason. This

2"The term ' (#*) comes from changing variables from types to incomes in the integrals.
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is because we consider here reforms of the current (suboptimal) U.S. tax code, with
low marginal tax rates at the bottom. Instead, the results about the optimum tax
schedule use as a benchmark the optimal partial equilibrium tax schedule, which
features high marginal tax rates at the bottom (see Diamond (1998), Saez (2001)).
Thus, starting from a regressive tax code (at the bottom at least) leads to the opposite
signs for 7" (y) — 1" (y*) in (32), implying gains from raising tax rates at the bottom
and lowering them at the top. Intuitively, raising the marginal tax rates at the top
increases (resp., decreases) wages for high (resp., low) incomes. Since a fraction 7" (y)
of this income change accrues to the government, and a fraction (1 — 7" (y)) accrues
to the individuals, it follows that tax revenue (and Rawlsian welfare) increases by a
larger amount when the tax rates are low at the bottom and high at the top. The
key take-away from this section is thus that insights about the optimum tax schedule

may actually be reversed when considering reforms of the current U.S. tax code.

2.4 Translog production function

Suppose now that the production function is Translog, as defined in Example 2, with
the specific functional form (19). We use the fact that simple closed-forms for the
solution dl (0,h) to the integral equation (21) can be obtained when its kernel is
the sum of functions that are multiplicatively separable in 6 and &', i.e., of the form
Ki(0,0) =357 ki1 (0) Ki2 (0). In the Appendix, we show that a Taylor expansion
at any order of the right hand side of (19) as § — 6’ yields this property, and hence
a simple approximate solution for dl (0, h) at an arbitrary degree of precision. Here,

we focus on the second order approximation.

Proposition 3. Suppose that the production function is Translog with B (0,0') given
by (19). A second-order Taylor approximation of the kernel of the integral equation

(21) implies that its solution can be approzimated by

h' (y (0))
1=T"(y(9))

— By (0) |1 + 2 + 7 (0, é)] SNEE)

dl (8,h) ~— Ep, . (0) N0

where the constants (cy),~5 and 0, as well as a bound on the error in the approzima-
tion, are given in the Appendiz.

Proof. See Appendix B.3.6, where we derive more generally an approximation of the

solution at any order N. O
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In equation (33), the general equilibrium term is the product of the labor supply
clasticity E,, () with an affine function of two variables: the inverse of the labor
share y (f), and the cross-wage elasticity 7 (07 6’~> with an “average” type 6. In the
Cobb-Douglas case where 3 (0,6') = 0 for all 6, ', we already showed in (30) that the
corresponding term is given by 01E~'l7w (0). The term 5 (0, 9~> shows that, when the
distance between types affects their substitutability, the whole sequence of general
equilibrium effects on 6 can be summarized by a single round of cross-wage effects
from one average type 6. This simple and a priori surprising aggregation result is
due to our Taylor approximation which implies that in this case 3 (6, #') is linearly

increasing in the distance (6 — ).

3 Optimal income taxation

In this section, we study the optimal taxation problem. The government maximizes
social welfare subject to a resource constraint and the condition that wages and labor

supply form an equilibrium:

max /@U [w(8)1(6) =T (w (6)1(8)) — v (1(9))] fo (6) ¥ (34)
5.t /@[w (0)1(0) =T (w(0)1(0))] fo (8) dO < .F (Z) (35)
and (1), (2). (36)

We characterize the solution to this problem using a mechanism design approach in

Section 3.1, and a variational approach in Section 3.2.

3.1 Mechanism design approach

We first study the government problem (34)-(36) using mechanism-design arguments
to derive the optimal informationally-constrained efficient consumption and labor
supply allocations {c(0),1(0)},cq, subject to feasibility and incentive compatibility

of these allocations.
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3.1.1 Government’s problem

It is useful to change variables and optimize over {V(0),1(0)}sco, where V(0) =
c(@) —v (I(#)). The mechanism design problem then reads

. /@ u(V (0))fol6)d (37)
t. /@ V(8) + v(U(8))] fo(0)db < F (2) (33)

w(®)
w(®)

and  V(0) > V(0) +0 (@) —v (5(9') ) LV (0,0) €02 (39)
The incentive compatibility constraint (39) of type 6 can be expressed as a standard
envelope condition V'(0) = o' (1(6)) l(@)%, along with the monotonicity constraints
w'(0) > 0 and 3/(6) > 0.*® An issue with this envelope condition is that w’(6) is not
only a function of the control variable [(6), but also of its derivative I'(6).* We thus
define b(0) = I'(#) and maximize (37) subject to (38), the envelope condition

V0 — o (10 1) 2O, L)+ L0 T0) + b0)of6)] w2 [0.10)1o(0). 2

(40)

I(0) = b(9). (41)

This is now a well-defined optimal control problem with two state variables, V' (#) and
[(0), and one control variable, b(f) (see Seierstad and Sydsaeter (1986)).

3.1.2 Optimal tax schedule

We now characterize the solution to the government problem (37), (38), (40), (41).

Proposition 4. For any 0 € O, the optimal marginal tax rate T (0) of type 6 satisfies

28 As is standard in the literature, we assume that these monotonicity conditions are satisfied and
verify them ex-post in our numerical simulations.

29%From (3), we have w'(0) = w1 (0, L(0), L) + w2(0, L(0), L)L (0), where L' (6) = 1" (0) fo (0) +
L(8) fo (6).
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where p(0) = A f(f (1 — gg (x)) fo(x)dx is the Lagrange multiplier on the envelope con-
dition (40) of type 0.

Proof. See Appendix B.4.1. n

The first term on the right hand side of (42) is the formula for optimal taxes we
would obtain in partial equilibrium (see Diamond (1998)). The second term captures
the effect of a variation in type-6 labor supply on each incentive constraint.

To gain intuition, consider first a model with two types, as in Stiglitz (1982). In
this case, a decrease in the tax on the high type increases her labor supply, which in
turn decreases her wage rate; conversely a higher tax on the low type raises her wage.
This compression of the pre-tax wage distribution in general equilibrium is beneficial
as it relaxes the downward incentive constraint (39) of the high type. Therefore,
optimal taxes are more regressive in general equilibrium: the optimal marginal tax
rate on the high type is negative (rather than zero) and it is higher for the low type
than in partial equilibrium.

Now suppose that there is a discrete set of types, © = {6;}i=1.. n. An increase in
the wage w(#;) reduces the gap between w(6;,1) and w(6;), and therefore relaxes the
downward incentive constraint (39) of type 6;,1. Denoting by u(6;,1) the Lagrange

multiplier on this constraint, this perturbation has a welfare impact equal to

w(b;) ) 1(6;)
0; v (1 0; dw(6;) > 0. 43
b (10600 ) 0w (43)
On the other hand, the perturbation increases the gap between w(#;) and w(6;_,), and
therefore tightens the downward incentive constraint of type 6;, which has a welfare

impact equal to

By (zwi_owﬁgi;)) 160-0) 2 (6 <. (44)
Whether the perturbation increases or decreases welfare depends on whether (43)
or (44) is larger in magnitude. First, this depends on the relative size of the La-
grange multipliers, 1(6;41) — p(6;), that is, on which incentive constraint binds more
strongly. In the continuous-type limit © = [Q, ﬂ, this yields the term p/(z) in (42).
Second, it depends on the relative change in the values of deviating, captured by the
difference between v/ (Z(Qi_l)w(gi”» 1(0;_1) %=1 and o' (l(@i) w(6;) ) N0 Tn the

w(0;) w(0;)? w(0it1) ) w(Bit1)
continuous-type limit, this yields the term [v'(I(x))l(x)]" in (42).
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The optimal tax formula (42) is similar to those derived by Rothschild and Scheuer
(2013, 2014) and Ales, Kurnaz, and Sleet (2015). Rothschild and Scheuer (2013)
provide a condition in a two-sector model under which general equilibrium forces lead
to a more regressive tax schedule. As we show in Section 3.3, we can also derive
results about the shape of marginal tax rates if the production function is CES. In
the next section, we characterize the solution to the government problem using a
variational approach, i.e., by optimizing directly over tax schedules. This allows us

to shed a new light on the economic forces underlying the design of optimal taxes.

3.2 Variational approach

In this section we propose an alternative characterization of the optimal tax schedule,
using the variational techniques introduced in Section 2. Consider as in Saez (2001)
a tax reform h, (y) that consists of an increase in the marginal tax rate at income
level y*. This raises the tax bill of incomes y > y* by a uniform lump-sum amount.
Formally, this perturbation is the step function hy (y) = Igy>y+}, so that A} (y) =
dy+ (y) is the Dirac delta function at y*. Denote by 6* the type that earns y (%) = y*
in the baseline equilibrium.

Now, consider a counteracting perturbation hs (y) such that the general equilib-
rium effects of hy 4+ hy on labor supply (given by (22)) are the same as the partial
equilibrium effects of h;. This implies in particular that the labor supply of all types
0 # 0* stays constant.®’ An optimality condition is then obtained by imposing that
the tax reform h; + hs has no first-order effect on social welfare.?!

The key step consists in using our key integral equation (21) to derive the coun-
teracting perturbation hy that cancels out the general equilibrium effects on labor
supply. We do so formally in Appendix B.4.2. Here we provide a sketch of the
derivation. In order to leave the labor supply of individual 6 # 6* unchanged, i.e.,
dl (0, hy + hy) = 0, we must ensure that the net-of-tax-wage (1 — 1" (y (0))) w (0) re-

_ _&Ga--(¥)

30The labor supply response to this perturbation is given by dInl (§) = T,@*)H{g:@*}.

31Note that our tax reform approach in Section 2 immediately delivers a characterization of the
optimum tax schedule, by equating the welfare effects of any tax reform h to zero in (29). The
reason we analyze instead a combination of two perturbations in this section is that, setting to zero
the sum of the effects of h; and ho leads to a substantially simpler formula for the optimum than
we would obtain from the simple analysis of hy, as all of the general equilibrium effects on labor
supply that we analyzed in Section 2.1 are by construction equal to zero. This also implies that
the numerical computation of the optimum is much simpler, as we do not have to solve the integral
equation (21) for each hi-reform at each iteration.
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mains unchanged, i.e., that the tax change exactly compensates the wage change:
din(1—-T"(y(#))) = —dInw (6). (45)

To find the reform hy that satisfies (45), we first compute the right hand side. The

combination of perturbations h; + hy induces a change in Inw () given by

él,lf‘r (9*)

ey 9

dlnw (6) = [ 7(6.6)dnl @) a8 =~ (f @) 7 (6.6

e
where the second equality follows from the fact that, by construction, the labor supply
of all agents 0" # 0* remains unchanged.?? If the baseline tax schedule T' were linear,

the exogenous perturbation hs would impact the net-of-tax rate at y (6) simply by

: Rl (y(6 oy —1 w E1. (07
—hY (y(0)), so that (45) would require % = —((0%) ~(9,0 )%
Instead, for a nonlinear tax schedule, the change in income [ () dw () induced by
the perturbation hy also triggers an indirect endogenous marginal tax rate adjustment.

The relation between d1In (1 — 7”) and hj, is thus given by

_hhy (y(0) +T" (y(9))1(8) dw ()
1 =T (y(0)) '

dIn (1 —-T"(y(9))) = (47)

Equations (45), (46), and (47) then imply that the counteracting perturbation is given
by:33

B0 =~ 0D 0T - ) ). ()

We can now derive the welfare effect of h; + hy and equate it to zero to characterize

the optimal tax schedule.

32The term (y/ (9*))71 results from a change of variables, from incomes to types, in the integral.

33This counteracting tax perturbation is able to undo all of the general equilibrium effects on
labor supply thanks to Assumption 1, i.e., agents who earn the same income y have the same wage
and identical wage elasticities 7 (y,y*). In a multidimensional screening model with heterogeneity
conditional on income, as in Rothschild and Scheuer (2014), the perturbation hy would not be a
flexible enough tool to cancel out everyone’s labor supply response to h;.
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Proposition 5. The optimal tax schedule satisfies**

") 1 e (A )
1—T (y*)  &1-r (%) (=3, ))( y*fy (y*) )

. /R+ {(1 5 W) (1y*_fyF ?;*y))) (11—_ 73,((@;({"))) y} | %d%

1&%’8}) dy' is the average marginal social welfare weight above

(49)

where g, (y) = [~ g, (¢')
mcome y.

Proof. See Appendix B.4.2 and B.4.3. In Appendix B.4.4, we prove that formula (49)

is equivalent to the expression (42) derived in the mechanism design problem. ]

The first line of (49) is the partial equilibrium formula for optimal tax rates (Saez

(2001)): the marginal tax rate at income y* is proportional to the inverse elasticity

1-Fy(y*)

of labor supply &;;_,(y*) and to the hazard rate of the income distribution Ty

and is decreasing in the average marginal social welfare weight g(y*).*

We now provide a heuristic proof of the second line of (49). Recall that the
perturbation hy; + ho has two distinct effects on individuals 6 # 6*: first, their wage
changes by (46); second, the labor supply effects of this wage change are neutralized

by raising their marginal tax rate by (48).

Effects of the wage change. The change (say, the decrease) in §’s wage by dw ()
induces a change in income y (6) by [ (6) dw (#), which in turn impacts individual
welfare and government revenue. First, individual 6 loses a share 1 — 71" (y (0)) of
her income change w (0) 1 (0) dInw (6), which affects her utility and hence aggregate
welfare by

/@gy (y () [(1—=T"(y(6))) y (0)] x dInw (6) fo (0) db

- T% eyt [ W) =T )7 () 08y ()

34We show in Appendix B.4.5 that a simple transformation of this equation allows us to rewrite it
as an integral equation in 1 — 7" (-) that can be analyzed, both theoretically and numerically, using
the same techniques as in Section 2.

35The intuition for each of these terms is the same as in formula (32). Note that the density of
incomes f, (as well as the labor supply elasticity) in formula (49) is now evaluated at the optimum
tax code.
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by construction of the marginal social welfare weights and equation (46). The other

share T" (y (¢)) accrues to the government, whose revenue changes by

_%’((yy)) (' ()" /R+ T ()7 (y.y") yfy (y) dy.

Since the production function has constant returns to scale, Fuler’s homogeneous
function theorem reads fR+ v (y,y*)yfy (y)dy = 0 for all y*. We can thus replace
T'(y) by 1 — T’ (y) in the integrand of the previous equation. Summing the welfare

and revenue effects, we obtain that social welfare changes by

€1+ (V") -1 .

T (o W (67) / (=g, () A =T"(W)v (. y") ufy (y)dy.  (50)
1=T"(y*) R,

Effects of the counteracting marginal tax rate change. The compensating

marginal tax rate decrease at income y (), h} (y (6)), which ensures that the labor

supply of individual # does not change, uniformly decreases the tax bill of individuals

with income above y (). This lowers government revenue by

hs (y (0)) (1= F (y(9)))

- SR 6 (= ) T ) ) (L F (0 8),

(51)

This revenue gain is valued (1 —g(y(0)))hb(y(9)) (1 — F(y(0))) by the planner,
where g (y) is the average marginal social welfare weight on individuals with income
above y. Summing over incomes y () gives the change in social welfare from the
counteracting perturbation.

Collecting (50) and (51) implies that the general equilibrium forces impact social

welfare by

Eii=r V") [, ) ey -1 y
P o [ 0= e ) 0= 0)w,0)

—(1=g,() A =T (y) —yT" (v)) (1 = F ()| (v, ") dy.

Note finally that the term in brackets is the derivative of the function (1 — g, (y)) x
(1-T"(y))y x (1 — F(y)), leading to formula (49).
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We end this section by discussing the relationship between our paper and Scheuer
and Werning (2015, 2016). They analyze a general equilibrium extension of Mirrlees
(1971) and prove a neutrality result: in their model, the optimal tax formula is the
same as in partial equilibrium, even though they consider a more general production
function than Mirrlees (1971).% The key modeling difference between our framework
and theirs is the following. In theirs, all the agents produce the same input with
different productivities . Denoting by A () = 01 (0) the agent’s production of that
input (i.e., her efficiency units of labor), the aggregate production function then
maps the distribution of A into output. In equilibrium, a nonlinear price (earnings)
schedule p (-) emerges such that an agent who produces A units earns income p (\),
irrespective of her underlying productivity 6. Hence, when an (atomistic) individual
0 provides more effort [ (), her income moves along the non-linear schedule | —
p (0 x 1); e.g., in their superstars model with a convex equilibrium earnings schedule,
her income increases faster than linearly. By contrast, in our framework, different
values of # index different inputs in the aggregate production function; for each of
these inputs, there is one specific price (wage) w (), and hence a linear earnings
schedule | — w () x I. Therefore, when an individual # provides more effort [ (#), her
income increases linearly, as her wage remains constant (since her sector 6 doesn’t
change). In their framework, Scheuer and Werning (2015, 2016) show that the general
equilibrium effects exactly cancel out at the optimum tax schedule, even though they
would of course be non-zero in the characterization of the incidence effects of tax
reforms around a suboptimal tax code. In our framework, as in those of Stiglitz
(1982); Rothschild and Scheuer (2014); Ales et al. (2015), these general equilibrium

forces are also present at the optimum.

3.3 CES production function
3.3.1 Optimal marginal tax rates

We show in the Appendix that formula (49) dramatically simplifies in the case of a
CES production function. Using definition (11) to disentangle the own-wage effects

7 (y*,y*) and the cross-wage effects 7 (y, y*) in the integrand, we prove the following

corollary:

36The policy implications can nevertheless be different. For instance, in Scheuer and Werning
(2015), the relevant earnings elasticity in the formula written in terms of the observed income
distribution is higher due to the superstar effects.
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Corollary 4. Assume that the production function is CES with elasticity of substi-

tution o > 0. Then the optimal marginal tax rate at income y* is given by

T(y) _ 1 o (1—Fy (y*)> g9y (") — 1
e s R T Ao B 2
Proof. See Appendix B.4.5. m

Equation (52) highlights the two main differences between the partial equilibrium
and the general equilibrium optimal taxes. The first novel effect is driven by the
own-wage effects 4 (y*, y*), and is captured by the inverse of the elasticity El,l_T (y*),
replacing &1 (y*) in the partial equilibrium formula. This general equilibrium cor-
rection satisfies Ey1_, (y*) < &.1_- (y*) and hence tends to raise optimal marginal tax
rates. This is because increasing the marginal tax rate at y* leads individuals 6* to
lower their own labor supply, which raises their wage and thus dampens the initial
behavioral response.

The second novel effect, which works in the opposite direction, is driven by the
cross-wage effects 4 (y,y*), and is captured by the term 1_97(1’*) in (52). The lower
labor supply at type 60* lowers the wage, and hence the labor supply, of all the other
types 6 # 6*. Suppose that the government values the welfare of individuals 6*
less than average, i.e., ¢ (y*) < 1.>” This negative externality on # induced by the
behavior of #* implies that the cost of raising the marginal tax rate at y* is higher
than in partial equilibrium, which tends to lower the optimal tax rate. Conversely,
the government gains by raising the optimal tax rates of individuals y* whose welfare
is valued more than average, i.e., g (y*) > 1. This induces these agents to work less
and earn a higher wage, which makes them strictly better off, at the expense of the
other individuals in the economy, whose wage decreases.

Formula (52) generalizes the partial equilibrium optimal tax formula of Diamond
(1998) and Saez (2001) to a CES production function, and the general equilibrium
analysis of Stiglitz (1982) to the workhorse framework of taxation, with a continuum of
types and arbitrary nonlinear taxes. It allows us to go beyond the purely qualitative
insights obtained in the two-type framework and make operational the theory of
optimal tax design in general equilibrium. In particular, we show in the next two

subsections how the key results obtained in partial equilibrium are affected, namely,

37Since lump-sum transfers are available to the government, the average marginal social welfare
weight in the economy is equal to 1.

31



the characterization of the optimal top tax rate and the U-shape of marginal tax

rates.

3.3.2 Top tax rate

In this subsection we derive the implications of equation (52) for the optimal top tax

rate.

Corollary 5. Assume that the production function is CES with elasticity of substitu-
tion o > 0 and that the elasticity of labor supply is constant and equal to . Assume
moreover that in the data, incomes are Pareto distributed at the tail with coefficient «,
and that the top marginal tax rate that applies to these incomes is constant. Assume
finally that the marginal social welfare weights at the top converge to g. Then the
optimal top tax rate satisfies

Ttop l-g 1—-g 1-3

= - . 53
1 — Tiop aE + ao o (53)

In particular, we have % < =8 where =2 is the optimal top tax rate in the partial
top age ag

equilibrium model.

Proof. See Appendix B.4.6. The non-trivial part of the proof consists in showing
that for a CES production function, if the income distribution has a Pareto tail in
the data, then it has the same Pareto tail at the optimum, even though the wage

distribution is endogenous. O]

Formula (53) generalizes the familiar top tax rate result of Saez (2001) to a CES
production function. There is one new sufficient statistic, the elasticity of substitu-
tion between skills in production o, that is no longer restricted to be infinite. This
proposition implies a strictly lower top marginal tax rate than in partial equilibrium.*®
Back-of-the envelope calculations of the optimal top tax rate illustrate the power of

this formula. Suppose that g = 0, a = 2, ¢ = 1/2, and 0 = 1.5.* We immediately

38Note that perhaps surprisingly, the own-wage effects imply that the general equilibrium cor-
rection is stronger (so that the top tax rate should be reduced by a larger amount, relative to the
partial equilibrium benchmark) when inequality at the top is lower, i.e. when « is higher, and when
the average welfare weight g at the top is lower. Moreover, since the solution for 7, is concavely
increasing in the right hand side of (53), this formula implies that the optimal top tax rate is more
sensitive to the labor supply elasticity ¢ than in partial equilibrium.

39These values are meant to be only illustrative, but they are in the ballpark of those estimated
in the empirical literature. See our calibration in Section 4 below.
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obtain that the optimal tax rate on top incomes is equal to Ty, pr = 50% in partial
equilibrium, and falls to 7, = 40% once general equilibrium forces are taken into

account. Figure 1 shows more comprehensive comparative statics.*’

Figure 1: Top tax rate: o = 1.4 (left panel) and € = 0.33 (right panel)
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3.3.3 U-shape of optimal marginal tax rates

We finally analyze the impact of general equilibrium on the familiar U-shape of opti-

mal tax rates derived by Diamond (1998) in the partial equilibrium framework.

Corollary 6. Assume that the production function is CES with elasticity of substi-
tution o > 0 and that the social planner is Rawlsian, i.e. g,(y(0)) = 0 for all § > 6.

If the partial equilibrium optimal tax formula®!

1 1-F@0)
Eyy—-(0) y(0) £, (y(6))

implies a U-shaped pattern of marginal tax rates, then the additional term —1 /0 leads

to a general equilibrium correction for T'(-) that is also U-shaped.

Proof. In this case the cross wage term (g, (y*) — 1) /o in (52) is constant and negative
for all & > 6. Given that the marginal tax rate is concavely increasing in the right
hand side of ((52)), the result immediately follows. O

Corollary 6 follows straightforwardly from equation (52) and is a simple but eco-

nomically important result as it implies that the general equilibrium forces tend to

408ee also Green and Phillips (2015) who study quantitatively the size of the optimal top tax rate
in a two-sector model.

4INote that this “partial equilibrium” formula is computed given the wage distribution at the
optimum general equilibrium tax schedule.
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reinforce the U-shape of the optimal marginal tax rates. This implies in particular
a more pronounced dip, so that the marginal tax rate on intermediate incomes falls
by more than that on top incomes. Therefore, while the two-type model of Stiglitz
(1982) suggests that optimal tax rates should be more regressive (i.e., higher at the
bottom and lower at the top) than in partial equilibrium, we see here that this insight
must be qualified once we extend it to an environment with a continuum of incomes:
taxes should be more regressive for incomes below the bottom of the U, but more
progressive in the region where optimal marginal tax rates were already increasing.

We illustrate this result quantitatively in Section 4.3.

4 Numerical simulations

In this section we provide a quantitative analysis of our results. We parametrize our
model in Section 4.1. We then analyze the incidence of tax reforms around the U.S.
tax code in Section 4.2, and compute the optimal tax schedule in Section 4.3. We
reconcile these two sets of results in Section 4.4 and show how our results extend to

a Translog production function in Section 4.5.

4.1 Calibration

We assume that preferences are quasilinear with isoelastic disutility of labor, U (¢, 1) =
c—lHé/ (1 + %), with e = 0.33 in our benchmark calibration (Chetty, Guren, Manoli,
and Weber, 2011). To match the U.S. yearly earnings distribution, we assume that
fy (+) is log-normal with mean 10 and variance 0.95 up to income y = $150, 000, above
which we append a Pareto distribution with coefficient a = 1.5 (Diamond and Saez,
2011) (see Appendix C.1 for details). We take a CRP tax schedule defined in (31)
with p = 0.151 and 7 = —3 (Heathcote, Storesletten, and Violante, 2014). We can
then calibrate the resulting wage distribution from the agents’ first-order conditions
(1) (Saez, 2001). Assuming a CES production function as a benchmark with values for
the elasticity of substitution o € {0.6,1.4,3.1}, taken respectively from Dustmann,
Frattini, and Preston (2013), Katz and Murphy (1992) and Borjas (2003), and Card

and Lemieux (2001),% we finally obtain the values of a(f) in (13) using the values of

42Dustmann, Frattini, and Preston (2013) is the most relevant study for our analysis, as they
do not classify workers according to their education level (as opposed to Katz and Murphy (1992),
Card and Lemieux (2001), Borjas (2003)) but according to their position in the wage distribution,
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[(f) and w(#) at each income level.

4.2 Tax incidence

We first study the incidence of tax reforms on government revenue, based on the
theoretical analysis of Section 2. The reforms that we consider are those that increase
the marginal tax rate at a single income level y* (Saez, 2001). We thus plot the values
of dZ(y*)/(1 — F,(y*)), as defined in (28), as a function of the income y* where tax
rates are perturbed.”® Figure 2 illustrates the result for ¢ = 0.6 and o = 3.1 (blacked
dashed curves), and for the partial equilibrium case 0 = oo (red bold curves). In
line with the result of Corollary 3, we observe that raising the marginal tax rates
for intermediate and high incomes (starting from about $100,000) is more desirable,
in terms of government revenue, when the general equilibrium effects are taken into
account, while the opposite holds for low income levels. Hence the partial equilibrium
model significantly underestimates the revenue benefits (i.e., Rawlsian welfare with

0 = 0) of increasing the progressivity of the tax code.*!

Figure 2: Tax incidence: ¢ = 0.6 (Dustmann, Frattini, and Preston (2013), left
panel) and o0 = 3.1 (Card and Lemieux (2001), right panel)
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i.e., by type 6.

43A value of 0.7, say, at a given income level y*, means that for each additional dollar of tax
revenue mechanically levied by the statutory increase in the marginal tax rate at y*, the government
effectively gains only 70 cents, while 30 cents are lost through the behavioral responses of indviduals
to the tax reform. That is, the marginal excess burden of this tax reform is 30%.

4“In Appendix C.3 we extend this analysis to the welfare effects for a utilitirian planner.
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4.3 Optimal taxation

Throughout this section we consider a Rawlsian social objective, which consists of
maximizing the utility of agents with zero income, i.e., the lump-sum component of
the tax schedule. In Appendix C.3 we consider the case of a utilitarian planner; the

results are very similar.

4.3.1 Partial equilibrium benchmark

We start by constructing a policy-relevant partial equilibrium benchmark to analyze
how the normative prescriptions for optimal taxes are affected by the general equi-
librium effects. We define the marginal tax rates that a partial equilibrium planner
would set from Diamond (1998), using the same data to calibrate the model, and
making the same assumptions about the utility function, but wrongly assuming that

the wage distribution is exogenous:

Tee(f) 1 1 — F(wa(0))
—1—TPE<9>‘<” )f$<wd<e>>wd<e>’ 54

3

where F4(w4(6)) is the wage distribution in the data, i.e., obtained from the observed

income distribution and the first-order conditions (1).*°

4.3.2 Simulation results

The role of the elasticity of substitution. The right panel of Figure 3 plots

46 for three different values of

the optimal marginal tax rates as a function of types
the elasticity of substitution, and for the partial equilibrium planner defined in (54).
The latter schedule has a familiar U-shape (Diamond, 1998; Saez, 2001). In line with
our theoretical results of Section 3.3, the top tax rate is lower in general equilibrium
and decreasing with ¢. Moreover, the optimal marginal tax rates are reduced by an

even larger amount at income levels close to the bottom of the U (around $100,000),

45An alternative would consist of defining a self-confirming policy equilibrium as suggested by
Rothschild and Scheuer (2013, 2016), where the resulting wage distribution would be consistent with
the planner’s beliefs.

46The scale on the horizontal axis on the left panel is measured in income; e.g., the value of
the optimal marginal tax rate at the notch $100,000 is that of a type 6 who earns an income
y (6) = $100, 000 in the calibration to the U.S data. The income that this type earns in the optimal
allocation is generally different (see the right panel). In Appendix C.2, we plot the optimal tax
schedules as a function of income at the optimum.
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and are higher at low income levels (below $40,000).*” This implies that the U-shape

obtained in partial equilibrium is reinforced by the general equilibrium considerations.

Figure 3: Optimal marginal tax rates as a function of o and ¢
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The role of the elasticity of labor supply. The right panel of Figure 3 plots the
optimal marginal tax rates for two different values of the elasticity of labor supply
e with ¢ = 1.4, and compares them with the partial equilibrium optimum (54). In
line with our theoretical results of Section 3.3, we observe that (i) the magnitude of
the correction due to general equilibrium forces is increasing in the structural labor
supply elasticity; and (ii) optimal marginal tax rates in general equilibrium are more

sensitive to the value of the elasticity.

Welfare gains. The left panel of Figure 4 plots the welfare gains of moving from
the optimal partial equilibrium taxes to the optimal general equilibrium taxes, as a
function of the elasticity of substitution o. These gains are expressed in consumption
equivalent, which (given our welfare criterion) corresponds to a uniform increase in
the lump sum transfer. Naturally these gains are decreasing in o and converge to
zero as 0 — 00. For low values of o, they can be as high as 3.5 percent, and they

remain nontrivial for the whole range of plausible values of the elasticity.*®

47Since the partial equilibrium tax rates are already very high at those low income levels, the
general equilibrium corrections are quantitatively very small (at most 1.8 percentage points).

48For our specifications of the Translog production function, these gains are in the same ballpark,
see Appendix C.5.
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Figure 4: Welfare gains (left panel) and Tax incidence for PE optimum (right panel)
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Proposition 6 and Figure 10 in Appendix B.4.7 propose a theoretical and quantita-
tive “general equilibrium wedge accounting” decomposition of the difference between
the partial equilibrium benchmark (54) and the general equilibrium optimum (52). It
highlights the roles of the three key general equilibrium corrections coming from the
own-wage effects, the cross-wage effects, and the endogeneity of the hazard rates of

the wage distribution.

4.4 Reconciling the tax incidence and optimal taxation results

As we already discussed in Section 2.3, the results of Sections 4.2 and 4.3 may seem
contradictory at first sight. On the one hand, Corollary 3 and Figure 2 show that the
general equilibrium forces make it desirable, for a Rawlsian planner, to increase the
marginal tax rates on high incomes, relative to the partial equilibrium benchmark,
if we start from the current U.S. tax system. On the other hand, Corollary 5 and
Figure 3 implies that the optimal tax rates on high incomes are strictly lower, for
high incomes, than in the partial equilibrium optimum (54).

To reconcile these two sets of results, we compute in the right panel of Figure 4
the incidence of the tax reforms h(-) = d, (-), starting from the optimal partial
equilibrium tax schedule (54).% This graph shows that when the low-income marginal
tax rates are high (as in the partial equilibrium optimum) rather than low (as in the
U.S. tax code), the general equilibrium forces call for lower tax rates for intermediate

and high incomes, and higher marginal tax rates for low incomes. Importantly, this

49In this figure, we set ¢ = 1.4 and ¢ = 0.33. The red bold line plots the effects of the tax reform
on government revenue in partial equilibrium (see (54)). These effects are uniformly equal to zero
by construction.
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graph helps understanding the more pronounced U-shaped in the optimum through
the lens of the tax incidence analysis. Starting from the partial equilibrium optimum,
the gains from perturbing the marginal tax rates are U-shaped and negative, except

at the very bottom of the income distribution.

4.5 Translog Production Function

We now consider the case of a Translog production function, where the elasticities
of substitution are distance-dependent (see Section 1.4). Our primary goal is to
compare the policy implications of this production function®® to those obtained with
a CES technology. We start by plotting in Figure 5 the values of the wage elasticities
¥(y,y*) for y* = $250,000. The dashed-dotted black line is the benchmark Cobb-
Douglas case, for which 5(,6*) = 0 for all §: it shows that a change in the labor
supply of 8* has the same impact, in percentage terms, on the wage of every agent
0 # 6*. The bold red and dashed blue curves show the wage elasticities ¥(y, y*)
for two different Translog specifications (19). We chose the function «(f) such that
for all y*, (y*,y*) is equal to 50% (resp., -10%) of its value in the Cobb Douglas
case in Case 1 (resp., Case 2). For both cases we choose the parameter s such that
Y(y*, y*) = —1 for y* = $250,000, which implies that the cross-wage effects from a
labor supply change of an individual who earns $250,000 are the same on average as

in the Cobb-Douglas case.’

Figure 5: 7(6,0*) with y(6*) = $250,000 (left panel) and tax incidence (right panel)

x10*
v 1

\ —-—-Cobb Douglas
16F ——Translog Case 1 | 0.95|
\ - — Translog Case 2 ’

-------- Parital Equilibrium
==-=-Cobb Douglas
——Translog Case 1
= = Translog Case 2

F(y*, $250,000)

0 100 200 300 400 500 0 100 200 300 400 500
y* in $1,000 Y

50Here we show two such examples, and two more in Appendix C.5.

5In Appendix C.5, we consider cases where s is chosen such that 5(y*,y*) = —1 for y* = $80, 000
as an alternative specification. In all cases, we set the parameter ¢ to 0.5. Varying this parameter
only slightly influences the results.
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In the right panel of Figure 5 we evaluate the incidence of the tax reforms d,- (-)
starting from a CRP tax schedule, as we did in Figure 2 for a CES technology. This
graph not only confirms, but actually reinforces, the results obtained in Proposition 3
and Figure 2 regarding the benefits on government revenue of increasing the progres-
sivity of the tax schedule. The ideal comparison here is the value at y* = $250, 000
(represented by a vertical line), for which the average wage effects are the same as
in the Cobb Douglas case,”” which allows us to isolate the effects of the distance-
dependence. We see that the revenue gains from raising the marginal tax rate at
this income level are higher when the production function is Translog. Moreover, the
stronger the distance-dependence of the cross-wage effects (i.e., going from the bold
red to the dashed blue curves), the higher the revenue gains from raising the progres-
sivity, relative to the partial equilibrium benchmark. For incomes y* > $250, 000, the
difference between the Translog and CES cases is even larger. In Appendix C.5, we
confirm these insights for different specifications of the Translog production function.
We moreover plot the optimal tax rates and show that the U-shape pattern is again

more pronounced than in partial equilibrium, confirming our results of Section 4.3.

5 Conclusion

In this paper we jointly study the incidence and the optimal design of nonlinear income
taxes in general equilibrium with a continuum of endogenous wages. Our method-
ological contribution is to characterize this problem using the variational approach
and the theory of integral equations. The analysis of tax incidence delivers novel
economic insights about the optimum, and reveals that the implications of general
equilibrium can be reversed when considering reforms of suboptimal tax codes. The
revenue gains from increasing the progressivity of the U.S. tax schedule are larger,
and the U-shape of optimal marginal tax rates is more pronounced, than in partial

equilibrium.

52That is, the own-wage effect is 7 (6*,6*) = —1, and hence, by Euler’s theorem, the average
cross-wage effects [ 7 (0,60%) y (6) fo () df is the same as in the CES case.
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Appendix

A A primer on tax incidence

In this section we summarize some of the classical results on tax incidence in a framework with one
good, two factors of production (typically labor and capital, see e.g. (Kotlikoff and Summers, 1987;
Salanie, 2011)), and linear taxation of these two factors. We consider instead the case where the
two factors are high-skilled and low-skilled labor, as our primary goal is to study a model with a

continuum of labor inputs. The proofs of this section are gathered in Section B.1.

A.1 Equilibrium

Individuals have preferences over consumption ¢ and labor supply [ given by U (¢, 1) = u (¢ — v (1)),
where the functions u and v are twice continuously differentiable and strictly increasing, u is concave,
and v is strictly convex. In particular, note that there are no income effects on labor supply. There
are two skill levels 0y < 05, with respective masses F} and F, =1 — F}.

An individual of type 6; earns a wage w(6;), which she takes as given. She chooses her labor
supply {(0;) and earns taxable income y(6;) = w(0;)I(0;). The government levies linear income taxes

7; on income of type i € {1,2}. Individual 6; therefore solves the following problem:
1(0;) = argmax u[(1—7)w(0;)l—v()].
leRy

The optimal labor supply [ (6;) chosen by an individual 6; is thus the solution to the first-order

condition:

L v (L(6))
) =gy (55)

We denote by U (6;) the indirect utility function attained by individual ;. Finally, the total amount
of labor supplied by individuals of type 6; is denoted by L (6;) = [ (6;) F;. Equation (55) defines a
decreasing “supply curve” in the plane (w,1).

There is a continuum of identical firms that produce output using both types of labor 64, 6s.

The resulting aggregate production function .# is defined as:
Y =7 (L(61),L(62)).

We assume that the production function has constant returns to scale. The representative firm
chooses the (relative) demand of inputs (labor of each type), taking as given the wages w (6;), to

maximize its profit
2
max | (Ly, Lo) — Zw (0;) L;

Lyi,Ls =

As a result, in equilibrium the firm earns no profits and the wage w (6) is equal to the marginal
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productivity of the type-6 labor, i.e.,

w(0;) = F{ (L (61),L(62)), (56)

for all ¢ € {1,2}, where .%/ denotes the partial derivative of the production function with respect to
its it" variable.
The equilibrium wages and quantities are derived by equating (56), which are infinitely elastic

demand curves and (55) which are increasing supply curves.

A.2 Elasticity concepts

We first define the structural labor supply elasticity €; = ;1 (6;) as the change in the labor supply

of individuals of type ; when the tax rate on their income, 7;, is increased.”® We let, for ¢ € {1,2},

~ 0Inl(0;) AU
A —7) | o 16 (L (6) (57)

, )
T oM )| L0V (1(6)

Note that this is a elasticity in partial equilibrium, since the change in labor supply is computed for
a constant individual wage.
Next, we define the wage elasticity v;; = 7 (6;,0;) as the effect of a marginal increase in the
labor supply of type 6, L (6;), on the wage of type 0;, w (6;), keeping the labor supply of type k # j,
L (6x), constant. That is, for (i,j) € {1,2} ,

_Olnw(8) L(0;) Z; (L (61),L(02))
YT amL(9,)  Z(L0).L(6)

A.3 Tax incidence

To analyze the tax incidence problem in the simple two-type model laid out in this section, we start
by deriving the general effects of arbitrary infinitesimal perturbations (“tax reforms”) (dr,drs) of
the baseline tax system (71, 72). Denote by di; = 1_1 and dw; = d“ii the implied percentage changes
in labor supplies and wages induced by the tax reform. We show in the Appendix that we can

express the labor supply effects as

7 1 -1 dry
div '\ _ _ 1 0 [ 1 Mz o (58)
7 - 1 dro
dlsy 0 = Y21 Y22 T—rg
and the wage effects as
diy \ _ [y m2 dly (59)
dibg Y21 Y22 dly

53Note that with the utility function U that we consider, the Marshallian (uncompensated) and
Hicksian (compensated) elasticities are identical.
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The impact on individual welfare is given by

dr; .
dU; = (1 — ;) y:U! { : _TT‘ + dwi] . (60)
Finally the impact on government revenue is given by
2 2 2
A% =Y (Fuyi)dri+ Y (Firys) dl+ Y (Firyy,) dib;. (61)
i=1 i=1 i=1

Equation (58) shows that the changes in labor supplies (dl],dl}), induced by the changes in
marginal tax rates (dr,drs), are given by the sum of: (i) the partial equilibrium effects, captured
by the diagonal matrix of labor supply elasticities £; and 5 in equation (58); and (ii) the general
equilibrium effects, coming from the fact that the initial labor supply changes trigger own- and
cross-changes in wages, which in turn affect labor supplies, etc. This infinite sequence of feedback
effects between equilibrium wages and labor supplies is captured by the inverse of the matrix of wage
elasticities ('Vij)uje{m} in equations (58) and (59).>*

Equation (60) shows that individual utilities are affected in two ways. First, their income (and
hence utility) is directly affected by the changes in taxes dr;, holding wages and labor supply fixed.
Second, their income is indirectly affected, holding labor supply fixed. Note that the endogenous
change in labor supply has no first-order impact on utility by the envelope theorem.

The first term in (61) is the mechanical effect of the perturbation, i.e. the change in government
revenue due to the change in tax rates, assuming that both labor supply behavior and wages remain
constant. The second term is the behavioral effect, due to the change in labor supplies which
induces a change in government revenue proportional to the marginal tax rate 7;. The third term is
the general equilibrium effect, coming from the fact that perturbing the marginal tax rates impacts
individual wages and hence government revenue directly. The analysis so far thus shows that the size
and the sign of the impacts of a particular tax reform (dr, d72) depends generally on the baseline tax
rates (71, 72), individual preferences (through the elasticities (€1, £2)), and the production technology
(through the elasticities (y11, 712, V21, ¥22))-

We now focus on the particularly simple case where one of the factors, say the labor supply
of type 05, is in fixed supply, i.e. €2 = 0. More precisely, we consider the limit of the previous
expression as the elasticity of labor supply of type 65 is positive but small, so that [5 is always paid
its marginal productivity. Suppose in addition that we perturb only the tax on the elastic factor,
[ (61). This amounts to reducing the model we have analyzed so far to its partial equilibrium limit,
where the effects of the tax on 6 affect only the quantity of that factor (since 65 is in fixed supply).
In this case, we show in the Appendix by directly inverting the matrix in (58) and letting e5 — 0
that we obtain the following familiar result (see equation (2.6) in Kotlikoff and Summers (1987) and

51Using the matrix equality (I — A= Yoo o A™ (assuming that the norm of the matrix is
smaller than 1), we can solve equation (58) to express (dlAl, dfg) as an infinite sum, the economic

interpretation of which is the sequence of feedback effects on labor supply coming from the general
equilibrium wage effects. This expression parallels (22) in Section 2 for the case of a continuum of
labor inputs and general nonlinear tax reforms.
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Section 1.1.1 in Salanie (2011)): the impact on the wage of types 6; and 05 is given by

N €1 dm
din = —_—

Moreover, the impact on the labor supply of type 61 is given by

—1
~ d
dllzLﬂ_li ) (63)
7’)/11 1 —T1

Formula (62) shows that the effect on the own wage w; of an increase in the tax rate 7 on factor
01, depends on the elasticity of supply of factor 1, 1, and the elasticity of the demand of factor 1,
—1/y11 > 0.%° This expression implies that the gross wage increases all the more that demand is less
elastic relative to supply. In other words, when labor supply of a given type is much less elastic than
labor demand (g; < }711 | ), the cost of labor hardly changes and workers of type 6; bear almost the
full burden.

B Proofs

B.1 Proofs of Section A

We start by evaluating the incidence effects of a general perturbation (dr1,dm) of the baseline tax

system.

Proof of equations (58) to (61). The perturbed individual first-order condition of individual 6; writes
(1 — T; — de) 1?)1 = ’U/ (ll —+ dlz) ,
where the perturbed wage rate w; satisfies, to a first-order in (dry, dms),

’Lbi ((11 + dll) F1, (12 —|— dlg) FQ) — w; (llFl, ZQFQ)
=F! (L +dly) Fy, (I + dlz) Fp) — Z] (1 Fy, 1o F»)

2 2 2
LELFL, .
= E (llFla 12F2) Fhdl, = E y/ Fi—0— I E : 27i7"dln'

n=1 n=1 n=1

— Wi —w,

Denoting by dw; = “—%, this is a linear system of two equations (indexed by i € {1,2}) with two

unknowns (dwn, dibs), Wthh can be rewritten as

d’UAjl = ")/7;71(1[1 + "YLleAQ, Vi € {17 2},

551 /411 is the standard elasticity of demand when the supply of factor 0y is fixed, as it is con-
structed as the change in the labor supply [ (61) induced by a change in the wage w (61), keeping
[ (65) fixed.
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which immediately leads to the matrix form (59).

We thus get, to a first order in (dr, dr2),

(1 — Ti) Ww; =+ (1 — T,') (12)1 — w,-) — ’LUZ‘dTi = 1)/ (lz) + ’UN (lz) dli,

i.e., using the first-order condition at the baseline tax system,

2
widr; = (1 — 1) (0 — wy) — 0" (L) dl; = (1 — 1) Z Wiy mdly, — Liv" (1) di;

n=1

[(1 - Ti) WiYin — lﬂ}” (lz) H{n:i}] din
1

2
n=

Using the formula (57) for the labor supply elasticity, we can rewrite this equation as

2 2
dTZ‘ lﬂ}” (ll) ~ lﬂ)” (l,) ~
= wn —1 n=i dln = in I n=i dln
l—m 2 [V’ —r)w; }] ,; [W’ v ) Y

n=1

1 ~
[V gt }]

M-

n=1

This is a linear system of two equations (indexed by i € {1,2}) with two unknowns (dly, dl5), which

1 . A dr
(’71,1 - ) dly + 7 ,2dly = !
€1 1-— T1

. 1 N dr
vY2,1dli + (’72,2 — ) dly = 2 )
IS 1— T2

can be rewritten as

and hence, in matrix form, as

mome \ [ & 0 di, _ —
Y21 Y22 0 = dly T4

the left hand side is invertible, we immediately

—

Assuming that the matrix in square brackets on

obtain (58).
The utility of individual 6; changes, to a first-order in (dr1,dm), by

. dTi R ~ v (lz) 7 !
=(1—m)wl; T + dw; + dl; i—r)w dl; | U (1 — 1) wil; —v (L)) .

But the individual’s first order condition (55) implies (11’7,?% =1, so that we obtain (60).
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Government revenue changes, to a first-order in (dry,drs), by
2 2

i=1 i=1
Ti

2 dr;
:ZTiwili (l + dUA}z + dll> Fi,
=1

which implies (61).

Next we focus on the partial equilibrium case.

Proof of equations (62) and (63). With two types, we can easily invert explicitly the matrix in equa-

tion (58) to obtain

. — - N 1 dr
( dly > _ ( Y11 — é Y12 ) ( 1‘1_7;1 ) _ Y21 QS B =

7 1 d
dly 721 22 T o, 1—77722 (’Yll - i) (722 - é) — 712721

Consider a perturbation of 75 only, i.e., dro = 0. Then the previous expression implies that the

changes in labor supplies are given by

Y22 — é dr €222 — 1 dr
( dly ) —721 ton B —£2721 o

dly (’Yll - é) (722 - é) — 712721 (’711 - é) (52722 - 1) — €2712721

Now take the limit as type-62 labor supply becomes inelastic, i.e., o5 — 0. We get

~ dr _ 1 dr
diz -\ 0 dly = 0,

which shows (63). Finally, (59) implies that

N > 71,1 dm
diy = ypdh = — 3 —1——
5 " ul—n
and dwy = 72’1d[1 = %dwl. The Euler’s homogeneous equation theorem states that

wiLy +woLlo = F (Ly, La)

so that 9 9
w w

w1Y1,1 + Waye1 = LlaiLl + L287L2 =0,
1 1

and hence diy = —%duﬁl.
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B.2 Proofs of Section 1

B.2.1 Proof of equations (6), (7), and (8)
We first derive the expressions for the labor supply elasticities.

Proof. We first derive the labor supply elasticity along the linear budget constraint (6). Rewrite
the first-order condition (1) as

v (1(0) = (1—7(0)w(B),

where 7 (0) = T" (w (0) 1 (0)) is the marginal tax rate of agent 6. The first-order effect of perturbing
the marginal tax rate 7(0) by drp on the labor supply [(6), in partial equilibrium (i.e., keeping
w (@) constant), is obtained by a Taylor approximation of the first-order condition characterizing

the perturbed equilibrium,
v (1(0) +dlp) = (1 —7(0) —dre)w (9),

around the baseline equilibrium. We obtain

v (1))

v (1(0)) + 0" (1(0)) dlp = (1 =7 (0)) w (0) — w(6) drg = v' (1(6)) — =70

dTg,

and thus
dl@ 1}/ (l (9)) dTg

1O) Lo ((O)1—-7(8)

which immediately leads equation (6).

Next we derive the labor supply elasticity along the non-linear budget constraint (6), keeping

the wage constant. The perturbed individual first-order condition writes
o (1(0) + dlg) = [L = T' (w (8) (1 (8) + dlg)) — drg] w (6).
A first-order Taylor expansion implies
v (1(0)) + " (1(0)dlp = (1= T (w(9)1(6)) w(9) = T" (w (9) 1(0)) (w (9))* dlg — w (0) o,

ie.,

d’l‘g

1(1(6)) w (0) T (w (0) 1(0))
1(9))) d(1—7(0))
HO)T" (w(6)1(0)) 1 —T" (w(0)1(6))’

_ 11— ‘r()(l_T/(
L=T (w(@)1(8) +e1 (0w

which yields equation (7).

9
(=T (w (B)1(9) 0" (1(6) +
(¢
(¢
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Finally, we derive the partial equilibrium labor supply elasticity with respect to the wage along

the non-linear budget constraint (8). The perturbed individual first-order condition writes
v (L(0) +dlp) =[1 =T ((w(0) + dwp) (L(8) + dlp))] (w (0) + dws) .
A first-order Taylor expansion then implies

o' (1(0)) + 0" (L(0)) dlg = (1= T" (w(8) L(6))) w(8) = T" (w (8) L (6)) (w (8))" dlo
= T" (w(0)1(0)) w(0) 1(0) dwe + (1 =T (w (0) 1(0))) dw,

B dly _(L=T' (w()1(6)) —w(O) L(O)T" (w(®)1(6))w(0) duwy
L) v (1(0)) + (w (0))* T (w (0) 1 (9)) w (0)1(6)
(=T w(O)1(0) ~w (@) L) T" (w (0)10))) ity duw
(1 =T (w (0)1(8))) +w (0) L (0) rizremqpmy T (w (6)1(8)) w (6)°

which implies (8).

B.2.2 Proofs for Examples 1 and 2

We first provide algebra details for the CES technology. It is straightforward to show that the

cross-wage elasticities are given by (15). We have

700 = (1= ) A
(C]

which implies, for all § € ©,
1
/ ¥(6,07)do* =1—p=—.
[e) g

Moreover, denoting interchangeably by ¥ (y,y*) = 7 (0, 0*) where y = y () and y* = y (6*), Euler’s

homogeneous function theorem writes
[0y 5o 0)d0 =0,
which can be rewritten as
[ 36.05(6) 12 0)d0 367,05 6%) o 67) =0

or equivalently,

/ Y,y ) yfy () dy — (L—=p)y™ fy (y°) dyﬁ;g*) =0.
R
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Since 7 (y,y*) = 7 (0, 0*) does not depend on y (or ), this implies

- (9*) (9*2%/ yfy(y)dy—(l—[))y*fy(y*)%:07
@

f@ a(r)L (x)p dz fR+ yfy (y)dy do
Substituting in expression (15), we hence get

y(9°) fy (y (67)) dy (07)

¥ (y,y(07) =(1-p) I uf,(dy  do
Ry Yy

We now provide the algebra details for the Translog production function.

Proof First, we show that if the conditions 6,¢', [y a (6')d¢' =1, 3(0,0') = 3(#',0), and B(6,0) =
— Jo B(0,0")df’ hold, then the production function (16) has constant returns to scale. Indeed, we

can then write
1 = _
InZ(\¢)=n7 (L) + (/ agdH) InA+ = (In >\)2 (/ Bo,0d0 + 69’9/d9d9’)
<) 2 <) ox0

+1nA ( / agdf + / Bo.oIn L (0)do + oo In L (6) d9d9’)
[S] (]

OxX0O

which is equal to In.Z (£) + In A.

Second, we derive expression (17) for the wage. We have
F (L + pog-) —InF (L)
1 [ =
= / ag [In (L (6) + pdo- (6)) —In L (0)] dO + 5 / Bo.o [In® (L (0) + ud- (9)) — In* L (0)] do
e e

+ % o 659,0’ [In (L (0) + udg~ (0))In (L (0") + pde= (0")) —In (L (0))In (L (6"))] dOd’.

A first-order Taylor approximation of the right-hand side as u — 0 yields

In.Z (L + pdp-) —In F (&)

B 1 = InL(0)
o M/(aaemag* 0) d9+u/@ﬁgﬁm(sg* (6) do

1 ; In (L (9')) SO
+ 5/_1, oo 69)0/ |:(59* (9) W + 59* (9 ) L(Q’):| dhde’” + 0(/1)
Qg+ ln ’
ZM{L( >+50 0" /59 T 0* d9 /599*7 }-&-O(M)»
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Thus the wage of type 6* is equal to

wO) = iy (5 (L + )~ F (2)
f((gg*;) {010* +E€*,9* IHL(Q*) +/6/§9*70/, In (L (9//)) d0/1}7

where the second equality follows from the symmetry of {5979/ Note that the same expres-

}(0,0')6(—)2'
sion can be obtained heuristically by computing the derivative of .Z ({L (6")}4.ce) With respect to
L (6%):

F (L) 0 F ({L(0")}yco)

w®) =T dInL (0%

Third, we derive the cross-wage elasticities and own-wage elasticities (18). For simplicity we
derive these formulas heuristically by directly evaluating the derivatives; they can be easily obtained

rigorously following the same steps as above for the wages. For the cross-wage elasticities, suppose
that 6 # 6’. We have

_ oln (ZF (L) /L (6)) . 3ln{a9 —|—,§979 In L (6) —|—f@ 59,9// lnL(Q")dH”}
Oln L (0") Oln L (0")

—+ 0,0 InL (0/) + / 69/79// InL (9/1) d@”} +
S}

(0 (58 o

69,0’
g+ Bogn L (0) + [o Bo.gr In L (6”) do”

Il
N =2l
Q
<
1}

)

Similarly, the own wage elasticities are given by:

dln (Y (&) /L (6)) Oln {ag + 5979 InL(9) + f@ 59,9” InL(6") d@”}
dIn L (0) - dIn L (0)
_ 59,9 — 14 (

ag + Bo.o L (0) + [y Boor In L (0”)d0" T (Z)

5(979) =

- ’7(079)

Finally, note that

. ( w (6) > o (L(H’)) L ﬁg,elnL () + [o Bo.on In L (8" dO"
w (6) L(0) g+ Boro L (/) + [, Boror I L (67) d9”

1 ( I (9/)) L +WL() {800+ Jo Boord8" } + [ Boor (n L (8") —In L (6)} do”
= 1In + n — _ —
ag- +InL (8 {59,,9/ + /s ﬂggewd@”} + [ Borgr (N L (07) — In L (6)} 6"

(L) el Boar In (L (6") /L (6)) do"”
Q0+ Jo B W (L (07) /L (89) d”
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so that the elasticities of substitution are given by:

1 Ol (w(0) /w(0"))
o (0,0 dln(L(8)/L(0)
-1 Bo.or _ Bor0
0o+ Jo Boor tn (5550 ) 40w+ fo Boror tn (450 ) do
4 _ Bo.or B Bor.6

a9+ BooInL(0) + [o Bogr InL(07)d0" g + Boro In L (67) + Jo Boror In L (67) d6”
w@LO\ " (w@)LO)\ | -
“l‘l( so) *(“Fe) ]5“"

This concludes the derivations of the wage elasticities for a general Translog production function.

]

B.3 Proofs of Section 2

B.3.1 Proof of Lemma 1

Proof. Denote the perturbed tax function by T (y) = T (y) + ph (y) (later we let o — 0). Denote
by di (0, h) the Gateaux derivative of the labor supply of type 6 in response to this perturbation, and
let AL (0,h) = dl (0, h) fo (6). The labor supply response dl (6, h) of type 0 is given by the solution

to the perturbed first-order condition:

0 =0’ (1(6) + pdl (6, h))
— {1 =T"[@(0) x (1(0) + pdl (6, h))] — ph' [ (8) x (1(0) + pdl (0,h))]} @ (0),  (65)

where @ (0) is the perturbed wage schedule. Heuristically, @ () satisfies
W (0) —w(0) = Fp ({LO) + pdl (0, h)) fo (') }grco) — Frio) ({L(O) fo ()} grco)

(9/) // ,
=/ 7 0y.(0y1dlL (6, ) fo (6) d6' + 0 (1) =u9£(9)/ #dl (', h)do’ +o(n),
© C] L(9)

so that, to a first order as u — 0,
@ (0) — w (0) = pw () / ~(0,0')dl (0", h)de'. (66)
S

To derive this equation formally, denote by d.% (h) € M the measure on © defined by the Gateaux
derivative of the measure .# in the direction h. We have d.# (h) = [y dL (¢, h)de:df’. We then
have

w(0)—w ) =w{0,L(O)+pdL(0,h),L+pdZ (h)}—w(d,LH),2).
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The right hand side of this equation is equal to

wo (0,L(0),.2) udL (6, h) + / (WO, LO), %+ pdL (0, h)d) —w (0,L(8),.2)} do’

—5(6,0) %MdL(é),h)Jr/@ 6,6 ((Z)) dL (¢, 1) dO' + o (u)

—w (6) {‘(9 0)di (0, 1) + /@ﬁ(@,@’)df(@’,h) d@’} Fo(u),

which leads to expression (66).

Next, for any function g, we have, to a first order as p — 0,

g[w (0) (1(0) + pdl (8, h))] — g [w(0)1(0)]
={[@ (0) —w (0)]1(0) +w (0) udl (6,h)} g' (w (0) 1 (6))

:M{/@W(G,e’)di(e/’h) de’ +di(9,h)}w(9)l(9)g’ (w (0)1(8)).

A first-order Taylor expansion of the perturbed first-order conditions (65) around the baseline

allocation then yields:

0 =" (1(0)) pdl (6, 1) + ph” (w (0)1(6)) w (6)
—{[@ () —w ()] (1 =T (w (0)1(9))) — [T" (@ (6) (L (0) + udl (8, h))) = T" (w (0) 1 (6))] w (6)} -

Using (66), we obtain

0 :Wudf(ﬁ,h) b (w (6)1(8)) — [/@7(9,9’)df(6’7h) 4’| (1 =T (w(0)1(0)))
+ U@y (0,0")dl (0", h) o' + df(@,h)] w(0)1(0) T (w(9)1(8)).

Solving for dl (0, h),

ai (0.1) = [1-T"(y(0)) - (9 )T (y (0))] [ 7 (0,0) AL (0", h) do’" — 1’ (y ()
(1= 77 (5 (0))) WG90 4y (O) T (w (9))] = 11 =T (y (8) ~ y (O) T (y ()5 (6,6)
T QI y(<%)>T;§fT(9)<) wycii-r (0)
_ "(y(0))+e1,1--(0)y "y T _ INETI7 Y ’
Tl TGO OTG@) g5 (g g) / 7 (0,67) dL(E", h) d
=T (y(0) +er1-- (0)y(0)T" (y()) “L1—7 \W) VY,
R FeR OGO e
=T (y(@)Fer.1_-(0)y(O)T" (y (0 ,
- n' (y (0))
1T (y(6)—y(O)T" (y(9)) - ’
L= =@ e @@ oy - (0) 7 (0.9)

which leads to equation (21).
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B.3.2 Proof of Proposition 1

We now derive the general solution (22) of the integral equation (21). Assume that the condition
o | K1 (0,67 dd6’ < 1 holds.

Proof. For ease of exposition, denote by A’ () = %7 and g (0) = di(0,h). The integral
equation writes

0(0) = — Brar (0)1(0) + /O K (0.0)) g (0') de'.

where K, (0,0") = Ej., (0)7(0,0'). Substituting for g (#’) in the integral using the r.h.s. of the

integral equation yields:
9(6) == Era—r () (6) + / K1 (6,0') {—El,u (00 (¢) + /@ K (9’,9”>g<9”)d9”}d0’
- {El,l - / K1 (0,0") Epa—r (0) 1 (0) dQ/}
/{/ Ky (0,0YK.(0',0") ¢ (0”)d0”}d0’.
Applying Fubini’s theorem yields
{ /Kl YEi . (0N (6”)d9’}
/ { / K1 (0,0) KL (0, 9”)d0’}g(6”)d0”
=_ { /Kl ) B T(9)h’(9)d9’} /K2 (6.0)9(8') de',
where K (0,0") = [o K (0,0"”) K (8”,0")d#"”. A second substitution yields:
00 =~ { B @F 0+ [ 50,00 Brae @)1 @) a0
+/®K2 (9,9’){-@1714 YA /K1 0',0") g (68" d&”}d@’
which can be rewritten, following the same steps as above, as
g(0) =— {EM_T (0) ' (0)+/@K(6,9’)El71_T AN (9’)d9’+/@K2 0,0 Er 1. (0)) 1 (0’)d0’}
—i—/ng (0,0") g (0")do’,

where K3 (0,0') = [5 K2 (0,0") K (6”,0')d8"”. By repeated substitution, we thus obtain: for all
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g(0) =— {El,“ (0) ' (0) + Z/ K (0,0 Ep1_, (0)) ' (0") d9’}
i=179©

+ / Koi1 (0.0') g (8') 6,

where for all n, K, 11 (6,0") f@ (0,0") K1 (6”,0")d9". Now the last step is to show that that
Jo Kny1(6,60") g (6") do’ converges to zero as n — oc.
Now, applying the Cauchy-Schwartz inequality to the interated kernel yields

Kpin (0,0) (/ K, (0,07 d9”) </ Ky (07, 0)] d9”>

Integrating this inequality with respect to 6’ implies
/\Kn+1 (9,9')%9'5(/ K, (0,0”)|2d9"> (//u{1 (9”,0’)2d9”d0’>
© © eJoe
= ||y )2 x/ 1K, (6,0")] 0"
(S}
By induction, we obtain
[ s 0,00 do” < a3 x [ 13 0,07 0"
O ©

We thus have, using the Cauchy-Schwartz inequality again,

2

i1 (0,0 Eyq o (0') R (0) do’

< (Z Koia 0,007 a0 ) ([ [Biacr @) @)

- ~ 112
<1 ([ 1 @ a0 ) < B

2
d(,,/>

Thus, for all § € O,

<

/ Ki (6,0 Ep1_, (0") ' (0)de’
S)

By 0 |K1 (0,672 do" | x || K, |5 -
2\ Je

= / K, (0.6)) By ()1 (6) 6.
=179

Denote by

Since ||K]|, < 1, the previous arguments imply that the sequence {x, (¢)},~; is dominated by a

convergent geometric series of positive terms, and therefore it converges absolutely and uniformly
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to a unique limit x (6) on ©. Similarly, we have

lim =0.
n— 00

/ Kos1 (0,6') 9 (8') do’
€]

Therefore, we can write
9(0) = — Buar (0) 1 (0) - Z/ K, (0,0') Buy_r (0) I (0') 0,
(C]

which proves equation (22).
To show the uniqueness of the solution, suppose that g; (6) and go () are two solutions to (22).
Then A (0) = g2 (0) — g1 (0) satisfies the homogeneous integral equation

A (6) :/@Kl 0,0) A (0))do.

The Cauchy-Schwartz inequality reads

aoF<( [ moofa) ([ aere).

Integrating with respect to 6 yields

JNCR I NG
e ©

Assumption || K] < 1 then implies JolA (0)]*db, i.e., A(0) =0 for all § € ©.
[

In case the condition | K;||3 < 1 does not hold, there exist methods to express the solution to the
integral equation (21). Schmidt’s method consists of showing that the kernel of the integral equation
(21) can be written as the sum of two kernels, K1 (0,0") = K (6,0") + K. (6,6"), where K (0,0') is
separable and K. (0,6’) satisfies the condition HK€||§ < 1. This decomposition is allowed by the
Weierstrass theorem: by appropriately choosing a separable polynomial in § and ¢’ for K (6,6’),
we can make the norm of K. (6,6’) arbitrarily small. It is then easy to see that the solution to
(21) satisfies an integral equation with kernel K. (6, 6’), where the exogenous function on the right
hand side (outside of the integral) is itself the solution to an integral equation with separable kernel
K (0,6'). The former integral equation can be analyzed using the same arguments as in the proof
of Proposition 1. The latter integral equation can be analyzed using the arguments of the proof of
Proposition 3. We can then derive a solution to (21) of the same form as (22), with a more general

resolvent. This technique is detailed in Section 2.4 of Zemyan (2012).

B.3.3 Proof of Corollaries 1 and 2

We now derive the incidence of tax reforms on wages, utilities, government revenue, and social
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welfare.

Proof. First note that we can also write this equation as

(1 =T (w(0)1(0)) —y(0)
(1=1"(y(0))
=T () —y(O)T" (y(0)] 1.1~ (0)
1=T"(y(0)) +e1--(0)y(0) T (y(0))
El,1—- T()
C1-T'(y(9) +enir )y (0)T" (y(0))

210 (0) /@ 5 (0,0)dl (0, 1) dO' — 0., (6)

T (w () 1(60))] fo v (6,0") dI (8", h) d6’ = I (y (6))
W%&@ y (0)T" (w (6)1(6))

/ ~(0,0")dl (0, h) de’
S)

di(6,h) =

K (y (9))
h (y(6))
1=T"(y(9))’

which, along with (66), proves equation (26).

Next, the first-order effects of the tax reform h on individual 8’s tax liability are given by:

znm{;kumuwywmuam»—Twmmumn+Mwwﬂu@+umwm»@

#ﬁ@w»ywﬂdwm»yévwﬁvﬂwcmwﬂ+h@w»
0
)

7Oy )| (14 =5 ) a0 + LB LUOL ).

1
él,w (9)

The first-order effects of the tax reform A on individual welfare are given by

duu (y (8) = T (5 (8)) — v (1(0))) = [day (6) — AT (y (6)) — o (y (8)) — dyv (1 (8))] /' ()
= [ =T () y(0)ag (0, 1)~ 1(0) ' (1(8) Al (8, 1) ~ b (y (9))] w' (0)

(=T (5 (®)y(0) Kl + 51,:(0)) di (6,h) + E;;w}g) o ((ye)()g))} ' (0)

—1(0) V' (1(8))dl (8, h) ' () —h(y (6))u (6)

(=T O (6) | a0 + =S )

) ’ - o
57| v O~ hw e o).

The first-order effects of the tax reform h on government revenue are given by

d%cnh>=dh1£;r@<m>n<mdﬂ

=Lh@@uuww

o [ W 0) W (5 (0) L Vi
oo [ (g G0Ny om0
(Y

_ / €l, ) R ( ) 1 N
—/ﬂhh(y) fy (y) dy+/R+T (y) { sllu(y) =7 () + (1 + e (y)> dl (y,h)} yfy (y) dy
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The first-order effects of the tax reform A on the social objective are given by

x4d%<TJw::x*dh/gu<yw>—iwy<w>—v<ue»)m<9ww

:/@ {1;;((3/650))@/ (0)dl (0, h) + my O) K (y(0)) —h(y (0))} 96 () fo (6) df
=/]R+ [mdi(y,h) + mh’ )| vy W) fy (y) dy — . h(y) gy () £y (y) dy.

The first-order effects of the tax reform & on social welfare are finally given by
d# (T,h) = d% (T,h) + X\~ *d¥ (T, h)

:A(Lwﬂmh@hwwy

/ gl,l—T (y) ' (y) 1 7
+A+T“”[aw@>1—?@»*(**@ww0d“%“}”?@”y

1-T"@) 4 Ea-r(Y),/
+~/]R+ [ ELw () Ay, h) + o) h (y)} ygy () fy () dy.

This concludes the proof of equations (28) and (29).

B.3.4 Proof of Proposition 2

We now specialize the production function to be CES. In this case the integral equation (21) has a

simple solution.

Proof. If the production function is CES, the cross wage elasticities 4 (#,6’) do not depend on
0 (see equation (15)). Hence the kernel of the integral equation, K (0,6") = Ej., (6)7(6,6), is

multiplicatively separable, i.e., the product of a function of 6 only and a function of ¢’ only:

5 (0)
K 9 0/ = 75l,w( ~ 0 0/
1(’ ) 1_,?(9’9)517’“}(9)7(» )
1w (6) (L=p)a(@) L) :
- 50 =r (¢ 0).
1-~(6,0 élyw(e):|x[ f@a(ﬂf)L(x)pdm Kl()X/@( )
The integral equation (21) then writes, letting h' (y) = %,

di (0,h) = — Eyq_» () ' (y (0)) + 51 () /@ Ko (6') Al (6, h) do’

and can be solved as follows. Multiplying by &2 (6") both sides of the integral equation evaluated at
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0’ yields

ko ()AL (0", h) = — ko (0") Eva—r (0) 1 (y (0))

+ k1 (0") Ko (6) /@ Ko (7Y A1 (6", h)do".

Integrating with respect to 6’ gives

/52 (9’)di(9’,h)d9’:7/ ko (0") Epa—r (/)1 (y (0')) dO’
©

S}

n (/@ K1 (0) k2 () d@’) (/@ ko (07) AL (0", h) d9”) ;

o ra () Evar (01 (y (6)) dO’
1-— f@ K1 (9/) K9 (9/) de’

ie.,

/ Ko (0)dL(0',h) do’ =
(S]

Substituting into the right hand side of the integral equation (21) leads to

Jor2 (0) Eva—r (0) 1 (y (67)) dO’

Al (0,h) == v+ (0) ' (y () — 1 (6) 22— — Jor1 (0) ko (0)d0"
(_)

which implies equation (30).

Suppose in particular, as in Saez (2001), that the tax reform h is the step function h(y) =
I¢y>y~3}, so that A’ (y) = 0,~ (y) is the Dirac delta function (i.e., marginal tax rates are perturbed at
income y* only). To apply this equality to this non-differentiable perturbation, construct a sequence

of smooth funtions ¢, . (y) such that

52/* (y) = lim Py* e (y) )

e—0

in the sense that for all continuous functions ¢ with compact support,

lim RO (W) v (y)dy = (y"),

e—0

i.e., changing variables in the integral,

. ’ / dy(9/> o *
iy [ e ) {000 2 by ).

e—0

This can be obtained by defining an absolutely integrable and smooth function ¢,- (y) with compact

support and f]R @y (y) dy =1, and letting ¢y . (y) = 5_1@9* (%) We then have, for all ¢ > 0,

N F / gay*,g(y(e/)) /
/ - _F Py, (Y (0)) Jo k2 (0") Eya—r (6) ch
WOSyc) == B Oy O I L@ @) o
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Letting € — 0, we get

—1
0 ) E *
(2482) " 2 (6°) B (0°) =y

) = dy- (y (0))
dl(0,h) =—Ej 1 (0) —2—""L — — k1 (0 )

O == B Oy o)~ O o @ @) a0 )

Epqr (y (67)) 1 Epw(y(9)7(6,67)
= — 7 57 * 0)) + =
1w | T @ T B 007 @,0) a0
This formula will be useful for the proof of Corollary 3.
]

B.3.5 Proof of Corollary 3

Next, assume that the production function is CES and the baseline tax schedule is CRP, given by
(31) for p € (—o0,1), so that in particular, 1 = 7" (y) = (1 —7)y P and T (y) = p(1 — 1)y P~ L.
We start by deriving prelimilary properties of the labor supply and wage elasticities.

The labor supply elasticities (7), (7), and (12) are given by

ir () =g e (—r)y” S
e =T (y)+eyT"(y) (L-7)yP+eyp(l—7)y P~ 1+4pe’
an(y) = LW =y ) =)y " —yp(l —ny " _(-pe
b 1=T'(y)+eyT"(y)  (A-7)yP+eyp(l—71)y ! 1+pe’
and ) . ® A .
El - (y) _ - L,1—7 ~ _ 1+4pe _
: _ (1—p)e —p
1-5(0,0)&,(0) 1+ s 1+pe+(1—-p)<
i (-
Bt G ® _ SE (-p)e
wl¥) =73 5 - (—pe — —p) e
1-70,0)a.0) 14+ 52 1+pe+(1-p)7

Note that all of these elasticities are constant. This is because the curvature of the CRP tax schedule
(captured by the parameter p) is constant. This feature allows us to simplify further equation (29)
to obtain (32), respectively.

We can now prove Corollary 3.
Proof. Suppose first that the baseline tax schedule is linear, i.e., p = 0 in (31). In this case we have

i 1
By (y (005 (0.0)do) = — /-o’e/de/: £ _x=
[ B @)y @00 = [ 5000 = s

o

Qo

where the last equality follows from expression (15) for the cross-wage elasticities 4 (6',68"). Thus

the integral equation (30) becomes

A1) == T e O - = (o f(“”)év&mwwwwwﬂ

C1-T1+ C1-7 1+ 2 g

o

64



Note that the first term in this expression for individual € is proportional to the exogenous marginal
tax rate perturbation at income y (#), and the second term is a constant independent of 6.

Now integrate this equation to get the effect of the perturbation on government revenue. Formula
(28) writes

4% (T, h)
[ rws s [ 7 | (Y aiun) uf, ) dy
[ v s [ @ (142) 7 [ diwne, wa

Ry Ry € R,

_ (c—-1)e 7 ,
—/RJFh(y)fy(y)dy—m“/ﬂhh(y)yfy(y)dy

c(l+e)e 71 B o ((dy(6) -1 ,
i 1_7/R+ /R+v(y,y)h(y)< 7 ) dy]yfy(y)d%

where the last equality uses a change of variables to rewrite the integral [o 7 (0,0")h (y (6))df'".

But using expression (64) to substitute for ¥ (y,y’), we obtain

/m l/nh Ty ) (dydf/) > B dy'] yfy (y)dy

_ _ LUH /
[/ﬂh(l D )

Ely] = (1-p) / W (9) vy (v) dy

Hence we obtain

dZ (T, h)

Z/Rh(y)fy(y)dy—wl_TT/Rh’(y)yfy(y)dy—G;fggliT/Rh’(y)yfy(y)dy

= /]R h(y) fy (y) W (y) yfy (y) dy,

which is exactly the partial equilibrium formula.

1—7'(S

Now suppose more generally that the baseline tax schedule is CRP with p € (—o0, 1). Consider
the Saez perturbation at income y*, ie. h(y) = Ify>,~y and h'(y) = dy~ (y). Substituting for
the labor supply elasticities and using the fact that the elasticities E~'l71_7 (0) ,ENLw (6) are constant,

equation (67) can be rewritten as

Eii_r (y(67)) dy (09)\ " B (y(09)7
[59*(1’)*( i) T Jo B (5(8)

B, dy (0 \" B .,
1T (y*) [5y* (y) + ( a0 ) 1_ El’w/a’y(yay )‘| .

(6,607)
7 (0",0") de’
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Substituting in the expression (28) that gives the revenue effects of the tax reform, we obtain:
dZ (T, h)
[ Tty s [ 7 |2 20 (1 Y] s, )
r, (EVHV R, Elw 1-T'(y) 5 i

Law
T’ (y) {51 1-r <
=1-F, (y" +/ = —
Yy ( ) ]R+ 1 _ T/ (y*) gl,w

T' (y) < 1 ) Ei1rErw (dy(e*))—l
_ 1+ _ Al ’ , * d )
~/]R+ 1=T"(y*) Elw/) 1— El,w/aﬂy AT vhy W) dy

1\ =
L+ Q) El} ufy (4) 8- () dy

ie.,

AR (1) =1 = F, (") = vy sty (0
- T :
R W T e ()
‘<”%>El’”1—ai;w [ o (%) s
=1 = F, (y") — Ei1r IE%/(;*) “Fo () = Brar (14 &) X

{_i 1 TIQE%/Z;*)ZJ*fy (y*) + (dyd(g*)>_ /]R 1 T;gzj(?y*)v(y,y*)yfy (v) dy} .

The terms in curly brackets are equal to

<dy(0*)) {/R ') ¥,y ) ufy (y) dy + W) W(y*,y*)y*fy(y*)dy(a*)}

df 1= (") =T ) da
() T (y(0) .
_< do ) {/el_fp,(y(m))v(y(ﬂ),y(ﬂ )y (0) fo (0)do
T (y (6"))

A A 6) ) 07) o 87

(O[T we) :
< do ) {/el_T/(y(e*))v(y(G),y(ﬂ ))y(@)fg(H)dG}

- (dyd(g*)) {/Dh 1 _T/T(/y()y*)w(%y*)yfy () dy}.

Thus we obtain

A% (T, h) =1 — F, (y*) — él,l_T%y*fy )
— B (L+ &) (dyd(g*))_ /]R+ 1 _T;F(,y()y)v (v, ") ufy (y) dy.
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Another way to write this formula is as follows: using the expression (64) derived above for the cross
wage elasticities and the fact that 7 (y,y*) depends only on y* (so that it can be taken out of the

integral), we get

(dy(ﬁ*)>_ W(yvy*)/ _T'(?!)yfy(y)der%v(y*,y*)y*fy(y*)

a T () )
:% fRy yf;y ) / Yy W) dy ilT/T(fJ(y))yfy (")
] )
so that we can write
AR (T.1) =L~ F, () = Euacr sy £ 1)
e TR IO,

We can rewrite this more concisely as

1

A (T,1) =1 = Fy (") = 1= 0y

Yyl (y7) .

T (y*) é11—r + %Em—r (1+ 5l,w)/R (T (y) = T' (y")) ]%dyl .
+ Ry Yy

Finally, the integral in the last expression can be easily calculated since the tax schedule is CRP.
We have

1 T’ (y) - T" (y*) _ 1 (y) " —y?

Je, vty () dy /]R+ 1=T"(y*) uly (W) dy = Je, vty () dy /R+ (y*) P uly (W) dy
1 o [ o e (B) TR W)
_fR+ Ao Mh yfy () dy — (y*) /ﬂhy Iy (y) dy] =1- W (f) T

B fR+ i%lg%gyy*);:’ Fy () dy - fR y*)) fy (y) dy
- Jo, Ef)dy fR+ y/y fy(y)dy

where ¢ = ¢(y) and ¢* = ¢(y*) are the consumptions (disposable incomes) of types 6 and 6*

respectively. Therefore

d% (T,h) =1 — F, (y*) — %éz,l_fy*fy (y")
— %El’lf'r (1 + él,w) y*fy (y*) (1 - E[S?é?]) .
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Finally, we derive the effects of the perturbation on social welfare. We have
A9 (T, h)

3 1—71 -7
= [ 0w lznh e [ a6 @+ Y

laow 51 W

iy, )] uf, (y) dy

gl,l—‘r 1- T/ (y) El,l—T

é’l,w 1-1 (y*) gl,w

:f/oogﬂ ) fy (v >dy+/ o ®) ufy ()6, (y) dy

* R+

1-T'(y) Eir Ejw_ o (dy (0)\ 7
—/]R+ 9y (W) T W) 1= Frojo 5l’w7(y,y )( =0 ) yfy (y) dy.

The second and third integrals of this expression are equal to

* -1 = o
(dycgg )) {El,l-r~ El,lfT 9y (y*)y*fe (9*)

Elaw

LEZ w /R 9y () 11__;/((2%7 (v, y") yfy (y) dy}

1—Elw/0'€lw

(dyd(g*)> {Ell 9y (¥ )1y fa (67) — El,“/mgy(y)l_TT//(())f—y( )yfy(y)dy}

=—Epi-r <dyd(g*)) /R+ 9y (y) 11_1?,/((%7 (v, ") yfy (v) dy

Using the fact that ¥ (y, y*) depends only on y* and equation (64), we obtain another way of writing

these terms:

)\ 1 _ v
Emf%gy W)y fy ) — Erai-r (dycgg )> 7(1/,1/*)/]R 9y () llg,(())yfy( ) dy

=Enaee 0009 1y 07) = Bace VO [ 00 0) f =gyl )

B W) [ (12 02T 0)e W)
o fR+yfy(y)dygy(y )/]R<+ <1 (1—T’(y*))gy(y*))yfy(y)dy

Therefore,
A1 (T, h)

=— /:o 9y W) fy () dy — Era—s ( ) B / ! _IT, ((y))v (v, y") ufy (v) dy

Y Evyr y'fy(y") . =T () g, )
—= [ s 2 e )/M(l ST e Y

Finally, the effect of the perturbation on social welfare is given by

d# (T,h) = dZ% (T,h) + X\~ 'd¥9 (T, h).
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We thus obtain

_ * o T/ (y*) ~ * * 1 * *
dw (T,h) =1 —Fy (y )/y 9W) fy (y)dy — w&,l—ry Ty (") — wy fy (W)
1.
e+ [ =T .
1.
# B [ 0T @)W -0 - T W a6 Wdy .
Reorganizing the terms easily leads to formula (32).
L]

B.3.6 Proof of Proposition 3

Suppose that the production function is Translog, as defined in Example 2, with the functional form
specification (19).

Proof. A Taylor expansion of the right hand side of (19) as § — ¢’ writes

B(ﬁ,@’)za{l—oxp(—(@ o) )]:—azn'< 5 (0~ 9)>n+o(9—9’)2N“.

Ignoring for now the error term o (6 — 9’)2N+1 and denoting by Sy (6,60’) the first N terms of the

Taylor expansion, we get

e (0.0) = )+ — B (0.0) =3 (0)+ 3 E (0 )~ (0 = )
! x@ @ £ (0) 2 35l
N n4+1 2n
, « ( 1) 2n , 2n—

)+ 5 2 {;( ; ><9u9> O — o) }

2 N n+1
—x(0) + o U ( . ) (0= o) @ — o)™

X( )k:0n=max{l,’—§—| 2ns7n! &
a 2N .

—X(9)+mk:0Ak(9)(9_N9> )

where pg = [~ 09 (6) df and
N n+1
-1 2n n—k
A= 3 (z)nv< ) )w’—uef .
n:max{l,f%]}

We therefore obtain that 7y (6,6’), and hence the approximate kernel K; (6,6') = Ej ., (8) 7n (6,60")

of the integral equation (21), can be written as the sum of multiplicatively separable functions, which
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allows us to derive a simple closed-form solution for dl (0, h) at an arbitrary degree of precision.

Letting % (y) = 1&;?()7;)7 we can write the approximate solution to the integral equation (21) as

diy (0,h) = —E;1_. (0) 1 (y(0)) + /@

2N+1
{ > ki (0) ki (9’)} din (¢, h)de’, (68)

=0

where
ko1 (0) = Erw (0), Koz (0)) =x(0"),

and for all ¢ € {1,...,2N + 1},

_ Eiw (0)
x (0)

This equation can thus be rewritten as

ki1 (0) (0 — o) ™", Kia(0)) = A1 (0).

X ) X 2N+1
diy (0,h) == Ep1—- (0) 2 (y(0)) + Z aiki (0),
=0
where the constants (a;);-, are given by

a; = / Kio (0')dI (6, h)do'.
(C]

We thus obtain immediately that the solution to (21) is of the form

din (6,h) = — Eya—r () ' (y (9)) + By (6)

N
1
72 a1 (0 — 1g)™
dot x (0) nzoa +1(8 = po)

To characterize the constants (a;);5 in closed form, integrate over © both sides of (68) evaluated
at ¢’ and multiplied by x; 2 (6'):

ai:/ kio (07)din (9',h)d9’=—/ kio (0)) By, (01 (y(0'))do’
© ©
2N+1

+ > a4 / ki1 (0) k2 (07) df),
=0 ’®©
so that the vector a = (a;)y<;<on; IS the solution to the linear system
[12N+2 - A] a :h7

where Iy is the (2N 4 2) x (2N + 2)-identity matrix, and the matrix A = (A ;); <oy, and
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the vector h = (h;), ;<o are given by:

AiJ‘ :/@I{jJ (9) R4,2 (9) d@,
h; = / kio (0) Eri_r ()1 (y(0))d6.
(C]

We assume that the determinant det (Iayi2 — A) # 0, so that this system can be inverted. The
inverse matrix [Ioyi2 — A]_1 can be expressed as the transpose of the matrix of cofactors from
[Ian+2 — A], which we denote by C, normalized by the Fredholm determinant det (Iony42 — A).

Thus we have

2N+1
@i = det (I2N+2 - Z Ciihy.
so that the solution to the integral equation writes
R 3 R 2N+1 2N+1
diy (0,h) = — Er1—, (0)h' (y(9)) + ; W ; Cj,ih; | ki1 (0)
=~ Bl () 1/ (y(6))
2N+12N+1
+ /@ (M(IQT ; jz;) C;,z/‘% 1 /‘@j,2 (91) El,l—r (9/) iLl (ZU (9/)) d@’,

or, denoting by Ry (0,6’) the term in square brackets in the previous equation, or the resolvent

kernel of the integral equation,
din (6,h) == Ei1—- (0) W' (y(0)) +/ R (6,0') Eir (6") 1 (y (6')) d6.
S

Finally, we can show that

2N+12N+1
SN Chakia (0) k2 (') = —det (D (6,60))
i=0 j=0

With D1’1 (9,9/) = 0, Di,l (6‘,9/) = Kji,Q’Q (9’) fOI ) Z 2, Dl,j (9,9/) = Kjfg’l (9’) fOT _] Z 2, and
(Di,j (9, 9/))2§i,j§2N+3 = I2N+2 — 1&7 SO that

det (D (0,0"))

N —
R (6,67) = det (I, — A)

This proves the first Fredholm theorem with a separable kernel.
We now compute a bound on the error in the approximation of the true solution dl (6, h) by

diy (8, h). We have
|0 0/|2N+1

— / ~
17(8,6") = (6,6 < S s (N + 1)
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which implies, denoting K, v (6,6") = Ey., (0) 3 (6,6'),

B 6_0/‘2]\[-‘,-1
N / I < o /
L1 0.0) = Koy 0,001 < [ B0 0)] 5z T

o (8- )" supg | Eiu (0)
< ONHT2(N+1) (N + 1) =N

which converges to zero as N — co. Assume that ey (1 + My) < 1, where

My = Sup/ IR (60,6")]do’.
9co Jo

We then have (see Theorem 2.6.1 in Zemyan (2012) and Section 13.14 in Polyanin and Manzhirov
(2008)):
(1+ Mn)*supe |Ei1-- (6) W' (y (6))

1—en(1+ Mpy) '

i (0,h) — diy (9,h)| <en

Now consider the approximation of di (0, h) obtained from the third-order Taylor expansion of
3(6,0):

di(6,h) ~ = Ei1—~ (0) B (y (0)) + Evw () |a0 + ﬁ D ania (- M]
n=0

—— Bua e O R (4 (0) + Fra (0) [0 + 2+ (<9 o)+ (6~ mﬂ

x(0)  x(0)
B O (®) + Brw @) a0+ — (= B ) 1B ()
Sy e T @O\ T das) T " 2 |
Letting 0 = pg — 70 and recalling the approximation ¥ 0,60) =x(0) + %LX_(Z;) , we get

Al (0,h) ~ = Eyar (0) ' (y (0)) + B (6) % ...
0= 2200 (1) 4 (0= 12 )+ 2o (} (0) + o (0-))]
== B OF O+ Brn 0) o1 + -2 0 (00)]

which proves equation (33).

We can obtain (33) by computing the second-order approximation directly. We find

B 6.0) 230 (0) (0 — ) o (8) + 130 (60) 0 (8) (8 — puo)”
— g (6) (6 15) o (') (6" — o),
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so that

i=1
with ~
K11 (9) :El,w (0)
K21 (9) :El,w (0) igg)
a1 (0) =B ) 20 (0~ o)
ka1 (0) —El w (0) ;JZEG; (0 — ,Ue)Q
and
K12 (0') =x (0")
r20) =20 (0 —
K3.2 (9/) = — O;(SZ/) (9/ - 0)
a2 () =215
Thus 4
di(0,h) == Era— (O) 1’ (y (0) + ) airiia (6)
with - .
aq f@ k12 (0) f?l,l—T (9) i}, (y(0))do
@ | g, A Jo #2.2(0) Eva—r (0) W' (y (6)) dO
as f@ k32 (0) E:l,lf'r (9) {L’ (y(6))do
ay f@ K42 (9) Eq - (9) h' (y (9)> do

We can finally write

I (0,h) ~ — Era—r (0) W (y (0)) + By (6) {al L o) (a2 +as (0 — po) +as (6 — Mﬁ)]

x (0)
=~ B O 4 0) + B 0|01+ <P ar b s (0= + 2 0.
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The term in square brackets can be rewritten as

so that
AL (0,h) = — Erar (01 (y (0)) + Epo (6) [cl n cQXEZ; T (9,9)} ,
where ~ as
0 =po — E7

This concludes the proof.

B.4 Proofs of Sections 3 and 4

B.4.1 Proof of Proposition 4

We start by deriving the formula (42) for optimal taxes using mechanism design tools, i.e., by solving
the optimal control problem (37, 38, 40, 41).

Proof. The Lagrangian writes:

c- . U(V(G))fe(G)d9+A{9(-$) L@+ oao) fe(9)d9}

B ; w1 [0.100) f5(0), 2] + [10) £3(6) + b(6) fo (6)] w2 [0.1(6) fo(0)., ]
/@ (O (1(60)) 1(0) RO a6

/ 6)d6 — / 6)d6 — / o (6)1(6)do.

For simplicity of notation we denote

w(0) =2 16,1(6) fo(6), Z]
_ w1 [0,1(0)£6(0), L) + [L(0) £5(0) + b(6) fo(0)] w2 [0,1(8) f5(0), Z] (69)
- l .
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The first-order condition for V() writes:

u' (V(0)) fo(0) — Afo(0) — ' (6) = 0. (70)
The first-order conditions for b(6) writes:
— u(0)v' (1(6)) Z(Q)W —n(0) = 0. (71)

The first-order conditions for [(6) is obtained by perturbing . in the Dirac direction dy and evalu-

ating the Gateaux derivative of £ (i.e., heuristically, “%”):

dL (L, 6) =Mw(0) fo(6) — Mv'(1(6)) fo(6) — p(6)v"” (1(0)) 1(0)w(6) — p(B)v'(1())wb(6)

*/ p(")0"(1(6))1(6")dw (6", 39) " — 1'(0) = 0, (72)
e
where dw (¢, dy) (or, heuristically, ¢ 65%3;)”) is defined as:
1
Ao (6,80) = limy - (167, (1(0") + 100 (6)) £0(0), 2 4 o] =& 18'10) fo 0). 21} (73
"

Now, note that

0i(6) _ ws[0.1(6)fo(6). 2] fo(6) _ 3(0.6)
M)~ wOUOL0.L) 1)

where the second equality comes from the fact that, by definition of the own-wage elasticity,

w2 [97 l(e)fg(e),f} fG(e)
w (0)

7(0,0) = L(0) (74)

(intuitively, ¥ = L 2% keeping .# constant). Thus, we can rewrite (71) as:

which implies

n'(0) = — p'(0)v" (1(0)) 7 (6, 6) — u(0)0" (1(6)) I'(0)7 (6, 6) — u(0)o" (1(0)) 7' (6,06) -

Using this expression to substitute for n’(6) into (72) yields

0 =Aw(6) fo(6) — A’ (1(8)) fo(6) — u(O)v" (1(8)) 1(O)w(6) — u(0)v" (1)) ()
(
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We now analyze the last line of this equation. From (73), we have

da (6", 09) =2 (0",1(0") fo (0'), L) fo (6") de (6')
+ lim % {O[0/,1(0") fo (0/), L + ude) — & [0/,1(8) fo (0'), L1}
=0o (0',1(0") fo (0"),L) fo (0") 09 (6') + 3,0 [0, 1(0") fo (6'), £],

where we introduce the short-hand notation ws g in the last line for simplicity of exposition. Denote
by Wi3,¢ and Was3 ¢ the derivatives of W3 ¢ with respect to its first and second variables, respectively.
Now recall the notation (69) and note that

@@mmwnﬁn@=Wwwwﬁmﬁ””m%$¢MWM”ﬁ“”ﬂw)

[w + UO)S5(0) + b(O) o (0)) 2] Ji (6) 2
w(6) ’

so that, using the definition of w(6) and equation (74),

w12 fe( )UJQ l 0 / 0 b 9 9 w22 UA)
010010 0), 21 o 0) = 202 OB TIOROT 2 ) 010

Now, we have
(ﬁ (6,0) >/ _ {lwa1 + (1(0)f5(60) + b(0) f6(0)) waz] fo (0) + wafy (6)} w (6)
1(0) w? (0)
) + b(0) fo(6)) wo]

w2 fo (0) [wi + (1() ],

40
w? (0)
_Mﬁ%%mﬂ(>@+mm@wm
- w (6)

Therefore, the previous two equalities imply

a2 10.10)12 0). 2110 (0) = ( (77)

Next, from definition (69) we have (omitting the arguments (6, L(0"),.Z) on the right hand
side)

‘:/’3,9 [6‘/7 ! (6/) f9 (9/) ,f]
_wigg + (1(0") f5(0") + 0(6") f6(60")) wase  [wi + (1(6") f5(6") + b(6") fo(6")) wa] wa.p

w (6") w? (9") (78)
_wize + (U060 )fe(fu )(;/)b(@ )fo(0")) waze ul) ((g))7 @.0),
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where the second equality follows from the definition of @ (6") and of the cross-wage elasticities

70,0) = G x T {000 Jo (6). 2+ ]~ 0 0,00 fo (0). 21}

= (9/)w379 0,100 fo(0),2).
Note moreover that this equality implies

07(0,0) _, g w130 O 1O) Jo (6, 2) + (UO)J4(0) +0)fo0)) waso (0, 1(0') Jo (¢), 2)
o0’ w (07

=1(0

ws,o (0, 1(6) fo (0') ., 2)
—1() = W) X ...
w1 (0, 1(6") fo (0), L) + (L(0) f5(0") + b(0) fo () w2 (6", 1(6") fo (0") , L]

wiz,o + (L(0") fo(0") + b(6") fo(0")) was.6

and thus, from (78
( ) A / / / 1 8’7 (9/’ 9)
@300 10) 1o.0). 2] =7 =g (79)

Substitute equations (77) and (79) in (76) to get:

0 =Aw(8)fo(0) — A" (1(6)) fo(0) — p(O)" (1(0)) 1(0)(0) — u(O)v" (10
+u/(0)0" (1(0)) 7 (0,0) + u(0)v” (1(0)) I'(0)7 (6,0) + p(O)v
_ /@ (0 UONO) x ...

{@s (6,1(6") fo (6'), L) fo (6") 09 (6) + Q3,0 [0, 1(0) fo (¢) , £1} db
=w(0) fo(0) — A’ (1(0)) fo(6) — ()" (1(0)) 1(6)(6) — u(O)v' (I(8))b(6)
+ ()" (16)) 7 (6,0) + p(O)v” (1(6)) b (6) 7 (6, 0)

n {u(9)v 10) 205 0.0) + w(O)’ (100))1(0) o fo <0>}

\
—
=
=
B
=
=
Q2
— 5
—~
=
S
N

(0,0
b(6)
L(6)

O w0 0.160) 1 0). 2 50 0)+ [ o WO T
and hence,

0 =w(0) fo(0) — A’ (1(6)) fo(0) — u(O)v" (1(6)) L(B)b(6) — u(O)v' (1(6)) 1 (6)
+ 1 (0)v" (1(0)) 7 (6,0) + ()" (1(0)) b(6) 7 (8, 0) + u(0)v' (1(6)) 77257 (6,6)

- [ ey G . (50)

7



Using the definition of the labor supply elasticity (6), we finally obtain

a0 16D 30.0) 4 u0) (14 ) 0 10) 11517 6.6)

/ / / l(e/) a’? (9/7 9) /
—/@u(9 o' (1(0 ))mT‘w :

Moreover, defining the wedge (1 — 7(0))w(#) = v'(I(#)) and noting that

v (1(0)) + v (10)) 1(8) = (1 = 7(0))w(0) <1 = 1_17(9)) ’

we can rewrite (81) as

0 =N (6)o(6) ~ AL = (6 w(6)(6) D)1~ 7@)uo) (1+ ) a0
O = 70007 0.0+ 6) (14— ) (1= 7)) 17 6.0)
~ i Lo = ey

X))+ 1(6)1 ~ r(@)uo) (14 ) {57 0.0 - 00)}
O 0007 0.0 1 [ w01 =0 0) gD

Using the fact that w(6) = '“;/((g)) and dividing through by A\(1 — 7(6))w(6) fo(6) yields

o), w0 LN [10) g WO
o= * 3 (1 ) LT 0~ )
/’L/(e) = 1 / / / 8:}/ (9/50) /
S 0~ TR J, OO T

and hence, using the relationship between the densities of productivities and wages:

() _ 1 14(0) _ Lo () _
1-7(0) (1 " 51,1_7(9)) No(8) fu(w(0)) (1 —7(0,0) wioy | - AR

1 / i / "9 (9/7 0)
AT ORER® Jo 0 T g
Note that for a CES production function, we have Bﬁg(:ﬂ) =0.

(81)

Finally, an alternative optimal tax formula is given by integrating the previous equation by parts

(with the appropriate boundary conditions on u (6)):

!/ !/ / 8’7 (9/70) !/ = / d / / !/ /
[ @) =@y 5 = [ 50.0) 5 (@)1 = (0 )y(0)] '
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We therefore obtain

() _ (1+ 1 ) u(0)  Jo ln(@)' (1)) 1)) v (2, 6) da
1—7(0) et1-7(0) ) Aw(0) fu (w(8)) A1 —=7(0))y(0) fo(0)
(9)> n(0) U (9) . pe)
) AMo(0) 1(0) — Afo(0)
)

) _ 1 1(9) B l
1-7(0) <1 " 61,17(9)> Aw(0) fu (w(0)) AL —7(0))y(0) fo(0)

Note finally that the first-order condition (70) implies

p(0) = u' (V(0)) fo(0) — Afo(0),

so that, using p(f) =0,
0
p0) == [ [ (V@) o) = Afo(a) ] da
0 ’
o [1 ) Wum] folw)de =

&

Afo(
[l

This concludes the proof.

We now derive optimal taxes using the variational tools introduced in Section 2, i.e., we tackle
problem (34, 35, 36) directly. We start by deriving the expression (48) for the counteracting pertur-
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bation hs.

B.4.2 Proof of equation (48)

Proof. Consider the perturbation hy defined by hy (y) = Iy>,+} and b (y) = d,+ (y). As usual,
denote by 6* the type such that y(6*) = y*. We impose that h; + ho has the same effects on
labor supply as those that hy induces in the partial equilibrium framework. The general equilibrium

response to hy + hs is given by the solution to the following integral equation: for all § € O,

) €1+ (0) {hll (y (0)) + hy (y (9))}
dl (0, hy + hy) = — — —
N (O R 010) s
Elw (9) / ~ N 17 (0! /
+ — 0,0")dl (0", hy + ho) db".
T3 0.0z, @) Jo ! @7
The partial equilibrium effect of i1, on the other hand, is given by: for all § € O,
; - hi (y ()
dlpg (0,h1) = —é11-+ (0) {1
’ 1-1 0
(v(®)) s

— _ S (0*) )
1T (y(0%) Fear (07)y (0%) T (y (67)) by~ (y (0)) .

In particular, note that in partial equilibrium, we have dipp (0,h1) =0 for all 6 # 0*, i.e., the only

individuals who respond to a change in the marginal tax rate at income y* are those whose type is
0* (and hence whose income is y*). Substituting for (84) in the left hand side and under the integral
sign of (83) yields:

. gl,l—T (0) . _ 1 él,1—7' (0)
o) YO ST T ) 15 0.0) a0 0)
l

;W (9> _ / él,1—‘r (9/) / /

{04+ (y () + R (y (0))}

i.e., after changing variables in the integral in the second line of the previous expression,

€117 () ha(y(9)  _ (- R ) dy- (y (9))
1=5(0,0) &0 (0) L =T (y(0)) <EZ’I_T =1z 7(0,0) €1 (9)>

This implies

hy(y(9) - - oy~ (y (0))
1—T (y(0) 70,08 0) 7 (y (0))
1 Elw (0)Erar (0%) [dy (0" _ .
1T (y(6%)) g1+ (0) ( do ) 70,6%),
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which can be rewritten as

hy(y(0)  _ Ew (0) &1~ (07) |~ 1 . e
1—T’( (6)) _1—T/y(9*))l gl’li(g) [7(‘9’9)511*(9(9))4-( 0 ) 7(9,9)1

1
(
- ty(ﬁ*)) e »(j)il(é; ( d( > [3 (6",67) do- (6) + 7 (6,67)]

or

ooy T (©) v O T @) 1 (0)

O == =T OO S ) e 0y O (00
LT O) e Oy OT 0 (0) e (0) (dy@))

TGO O ey () 700

a7 (07)  (dy(07) , , )
- 171}’(34(9*)) ( 20 ) X (L=T"(y(0)) —y (0)T" (y (9))) v (6,07).

This proves equation (48). Note that h} (y (6)) is a smooth function, except for a jump (formally,
a Dirac term) at = 6*, which adds to the jump in marginal tax rates defined by the tax reform
hy at 6* so that the total response of labor supply of individuals with income y* is equal to their
response to hy in the partial equilibrium environment.

Now, integrate this expression from 0 to y (letting ho (0) = 0) to get ho (y):

ha (y (0)) = —

51,177(9*) dy(e*) - Y / / ealld / ok /
1_T/(y(9*))< 20 ) /0(1—T(y)—yT W)y y*)dy'.

The integral in this expression can be rewritten as

[ a-rw -y enaean (22 ) b w
* /y 1-T')—yT" ()7 y")dy,
0
and hence

el (®) = - - O T ) - T DA ) T

* (dyd(g*)>_1 /Oy A=-TW)=-yT" N7 y") dy'}.

(Note that we could have obtained this expression by integrating over § € © rather than y € Ry,
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the expression

dha(y(6) _ Eaor (6) (dy Ga
db LT (y (%))

do ))_ (1=T"(y(®) ~y(O)T" (4(6))

x (7(6,07) +7(67,67) G- (6)) x (dlﬁl?) 7

and and using a change of variables in the integral.) This concludes the proof.

We now derive the effects of the combination of perturbations h; + ho on social welfare.

B.4.3 Proof of Proposition 5

Proof. We start by deriving the effect of the perturbation » = h; + ho on the tax liability of any
individual #. We have, to a first order as y — 0,

QT (w (0)1(8)) ~ =" {T (@ (6) (1(6) + pdl (6, 1)) — T (w (6)1(6))} + hy (i (6) (1 (8) + pudly))

pn—0

_ { [ 2@.00ai@.mar+aie h)} Y (O)T (5(8)) + ha (y (6)) + ha (4 (6))

This can be rewritten as

Ei—r (07
dnT (y (9)) =Ly0)2y+1 — 1I_1T/((y))

Sy (9*))) {(1 T (") =y T" (")) A " 5") Ly 207

1T (y(6%))
+ <dyd(g*))1 /Oy 1-T () —y'T" (y/))ﬁ’(y’,y*)dy’},

{ /@ 2 (0.6)5, (4 () d6 + 5, (y <0>>} y(O) T (4(9))

e T'(y(0) - .
ng,l—T (0 ) Y (9) 531* (y (9))

e (0) (AN
l)){v(&@)(de) VO ((6))..

1T (y (0
+A=T (") =y T ()T Wy Loy >y <dyd(g))

dnT (y (0)) =Liy(o)>y+y —

n /ZI (1 _ T/ (y/) _ y/T// (y/))ﬁ/ (y/’ y*> dy’},
0
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ie.,

G (674 6) 8, (4 6)

* * -1
1 EZ’IT’Ey(?oz)) (dyd(g )) {7(979*)y(9)T’ (y(0))-..
+/O A=T()—yT"(y) 7 (y,y") dy }

dnT (y (0)) =Ity@0)>y1 —

Next, we derive the effect of the perturbation h; 4+ ho on the aggregate tax liability. We have,
to a first order as u — 0,

/ T (y) [y (y) dy
Ry

<[ + {T' W)y o)y + / "U-T ) -y <y'>>v<y’,y*>dy'} f, () dy

dp

=1 F, (") - T;f’;;*) Euimr (5) 5y (57)
- ) (dy(e*) T () (0,0 v, () dy

s () / =T =T ) ) 1 ) e

where we obtained the expression in the last line by switching the two integrals. Hence we get

d% (T, h)
) ) )

Ea-r (07)  (dy(6)\ " : ]
- 1_ZT,(y(9*)) < 70 > /R+T W) (W y") ufy (y) dy

57 -7 (9*) dy (9*) - > / / e aldd / / * / /
_1“T'(y(9*))< a6 ) /y,zo(l—T(W—yT Ny 1= Fy () dy

=1- Fy (y*) %gl,l—r (y*) y*fy (y*) _ 51,177— (0*1 dy (0*) -
L=T"(y") =T (y(67)) \ a8

=1-Fy(y7) -

/ (1T () —yT" () (1 — F, @) + T’ ) ufy (1)} 7 (v 0") ds.

But by Euler’s homogeneous function theorem, we have

Ear (07)  (dy(O)\TT[* _
—1_lT,(y(9*))< 20 ) /Ow(y,y)yfy(y)dy—O,
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so that substracting this (zero) term from the previous equation, we can write

T (y)
1=T"(y*)

A% (T, h) =1 — F, (y*) 11 (") (dy(e*)>1...

1-=T"(y(6%)) do

<[ TLA T W) — T ) (1= Fy @) — (1= T () ufy )}y (3 w™) dy.

Ei1-7 (y*) y*fy (y*) -

Now note that

Q=T () —yT" (W) A=F, () — Q=T () yfy ) =[1-T" )y 1 - F, ()],
so that we finally obtain

- T Y A 0

Ea-r (07)  (dy(0)\ : S
- 1_IT/ (y (6%)) < 40 ) /R+ (A=T"(y)y(1 = Fy (y)] v(v,y") dy.

A% (T,h) =1 - F, ()

Note that using (11), this equation can also be expressed as

A% (T,h) =1 — F, (y*) — %s},” W)y fy (")
51,177 (9*) / *\ = * * / W(y7y*)
—I_T,(y(e*)){w W)y y") + ]Rer(y) Y (6%) dy}v

where we denote ¢ (y) = (1 —T"(y))y (1 — F, (y)) and ¢ () = di’i—(:).
Next, we derive the effect of the perturbation h = h; + he on the utility of any individual 6.

First, the change in individual consumption due to the perturbation is

ATy (6) — T (y (6))] = du [y (6)] — du [T (3 6))]
e O 000 WD 0 )}y 1T )
—ha (5(0) — e (5 (0))

i 0)) . % 3 1—71 0* dy (6" -
=~ Ly)>y-y — lle:%y(*)))El,l—T (07) y (0) 6y~ (y (9)) — 1 iLT/ (y( (91)) ( yd(g )> T

x {(1 ST @)y 0200 - [ Q=T ) -y T D) dy'} |
0

where the last equality follows from the same steps as those of the derivation of d,T (y (8)) above.
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Thus the change in individual utility due to the perturbation is

dp [u(y (0) =T (y(0)) — v (1(6)))]
v (1

=(dn [y (0)] —dn [T (y (0))] =" (1(0)) dnl (0)) u' (y (0) = T (y (9)) — v (1(9)))
{ Liy0)>y+y — El — T,((z*)) (=T (y(0)y () —1(0) v (1(6))] 6, (y (9))}1/ )
- (M) o {a-rwenyeree..

—/ A=T"@)—yT"(W))v ¥y )dy}
0
Using the individual first-order condition (1), this can be rewritten as

dn fu(y (0) =T (y (0)) — v (1(0)))]

Ear (07) (dy(0)\ ™
== Oz ~ T o770 < 0

{(1 ST (0)y (0) 1 (0.67) / AT )~y T W) W) dy/} i (0).

which is a manifestation of the envelope theorem. The first term in this expression is the PE term,
the second is the GE welfare effect.

Finally we derive the effect of the perturbation h; + ho on the social welfare. Summing the
previous expression over all individuals using the density function fy 0) = fy (y) d%—(:), and defining
the marginal social welfare weights as g,(y (0)) = %, we obtain that the change in the
government objective due to the perturbation h (-) = hy (+) + ha () is

=AY (T, h) = —A7'dy, [/O uly (0) =T (y(6)) —v (1(6))) fo (6)db

[l 20 )
o {y(8)>y*} 1_ 7" (y*) d6

-/ LT )~y T W) Wy dy

=0

(1=T"(y(0))y (0)7(0,6)...

}Alu' (0) fo (0) dO
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Switching the two integrals in the last line of this expression implies that —\A~*d¥ (T, h) is equal to

/ ]I{yZy*})‘_lu/ (y) fy (y) dy
R

i~ (¥7) (dy G

) - / * -1 7 3
T T )\ as ) {/R+(1—T(y))yv(y,yM u () fy (y)dy.-..

- /: /:O (1= ') —yT" )y () XN () fy () dydy’}

[e%e} _ ) ) »
[ 0 (47)

—/y A=T"(") = yT"(y) v (', y") [/jgy W) £y (v) dy} dy’},

'=0 Y=y

But note that
(L=T"(v)ygy () fy (v) — (1 =T" (y) = yT" (y)) (/oo 9y (V') fy () dy’)

__ {(1 ~T' (y)y (/yoogy (') fy (y/)dy/ﬂ,'

Thus, we obtain

1 _ > 51,1—7(?4*) dy(e*) o
-2 d%(T,h)—/y* gy(y)fy(y)dy—l_T/(y*)< 9 )

o /
< = (o) @ )| 0
Therefore, the normalized effect of the perturbation on social welfare is finally given by:
AW (T,h) = d% (T, h) + X\~ *d¥Y (T, h)
=R ) = [ o0 fy s - s 0 0)

T’ (y*)
Sar (07) (dy(0)\" : '
B 11}’ (y (%)) ( df ) /R+ (A =T"()y (1= F, ()] 7 (y,57) dy

P o (W) Jo-rons ([T awn )] .
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But note that
[(1=T () y(1—F, ()] - {(1 T )y (/yoo 90 W) fy (W) dy/ﬂ/

_ [(1 ~T' () y (1 - F, (y)) <1 - /:o 9 ) %dy/ﬂ :

so that, using the definition of g, (y), we get

AW (T,h) =1 — /0o 9y (y ]%él,l—r (") y* fy (v°) x

€17 (07) y (67) / _ ) .
- 1_ZT/( (6%)) < > /1R+ (A=T"(y)y (1*Fy(y))(1*9y(y))] v (Y, y") dy.

dw (T,h)

Now, at the optimum we must have = 0, therefore

1-F(y*)
T/ * * *
0=1-gy(y")— 1—T(%/()*)§l’17 (y*) %

v (y,y") dy,

A - @)A-T )y (- F, ()]
‘5““(‘“/& 0T (y(6) (1 F, (5) o/ (6")

which leads to the optimal tax formula (49).
[

We now prove that the optimal tax formula obtained by the variational approach coincides with

the formula obtained by solving the mechanism design problem.

B.4.4 Proof of the equivalence of (42) and (49)

Proof. Substitute for u(6) = A fe (1 —g(x))dFy(z) in the optimal tax formula (42) evaluated at 6*
to get:
T () _ 6)

L=T"(y(6%)) 1-7(6%)

:<1+ 1 )fg (1—go(@))fo(z)dz Jo [ a@Ni@) (21 = go(a)) fo(a')da’) | A(w,07)da
eLi-r (07) ) fu(w(07))w(07) (1= 7(67)) y(6%) fo(6%)

- 1 1—F9(9*) g _ r fg(w) "
=(* o) mEE </9 (=l ”1—F9<9*>d>

o[0T @) @) (1 = Faw) ([0 - g0 25 )| (0,00
=T (y ) y(0) o () ’

where the last equality uses individual z’s first order condition (1). Using the definition of the

fo(z)
1—Fy(0

average marginal welfare weight go () = |, 3 go(x)) dx and multiplying and dividing the first
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term on the right hand side by w’(6*)/w(6*), we can rewrite this expression as

) _ 1 W(O) ey L= Fe(0%)
e v el Cve o) e o XA w e

(
Jol1=T"(y () y(8) (1 — Fy(6)) (1 —go (6))) ~(6,6%)dé
(1 =T (y (6%))) y(0*) fo(6*)
We now change variables from types and wages to incomes in each of the terms of this equation.
First, recall that Fy(0*) = F,, (w (0*)) = F, (y (8*)), and

o (6) = £, (w (6)) x 20
Second, we can rewrite the integral as
[ 510 =T ) 5(6) (1 = Fo#) (1= 30 0))] 1 (0.6%) 9
— [ ]a=Twen-vO T wE) @ - Fao) 0 - 0) L
=T ) 8 (100 o )] (6,67 a9
- [la=mwen-vo 1" 6 o) - Ry - a6 e)

(=T () 0) 1= 0, (0D £y (0 0] 7 (0 0) 67 a9

-/ [(1 ST () — T @) (1 - Fy() (1 — gy (1))
—(1=T W)y —gy W) fy (y)] v (y,y*) dy

:/ di (1 =T"(y)y (1 = Fy(y) (1 = gy (¥)] x 7 (4, y") dy,
R, @Y

where the second equality uses

o @) 1 60) 7 X f (0)

= 9o (0)7

and v (6,0%) = v(y(0),y(0%)), and the third equality follows from a change of variables in the

integral. Third, we have

w'(6)

w(0%)  1-Fp(07)  _ w'(0°)1-Fp(07) _ ) 1-Fy (y(6))
w(0*) folw(0*)w' (0%)  w(@*)  fo(6*) w03 y(0) fy (y(67))
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To compute y((O))/ w((g)), note that the first order condition 1(0) = w(#)® (1 — T"(y(0)))® implies

o) _ . (w’(Q) y’(O)T”(y(9))>
w(®)  1-=T'(y(0)) )

Using (8), we can write
1(0) — w(9)y(OT” (y(6)) N
1(8)F +ew(9)y(O)T" (y(6))

él,w(o) =

These two equations imply that ll/((g)) / qu;((g)) is equal to

(1 _ w(0) y'(O)T"(y(0)) €

w'(0) 1—T'(y(h)) ) €= l(@)% +ew(0)y(0)T" (y(0)) { |:l(9)g - w(@)y(@)T” (y(@))} .

[+ o won - HEEOT (10w wo)] }
o (0) {1 . (1+&) w(O)y(O)T" (y(9)) — o) LOT W) (1(9)% + ew(0)y(6)T" (y(t‘)))) }
=€lLw .

1) —w(O)y(0)T" (y(6))

But the second term in the curly brackets is equal to zero; to see this, note that its numerator is

proportional to

(1+2)y(6) - (1_T,é;$§)) gy O + cw@y(@)T” (y(e)))

o (14¢)w'(9)(0) — (1 +ey(0) TH (9) ) y'(

where the last equality follows from the fact that y'(0) = w'(0)1(0) + w(6)!'(f) and the expression

above for TH)) Therefore, we finally obtain

y' (0) () 1
v(6) 00 dlnw(0) dlnil(9) .
w’(6) L+ w'(0) L+ ( do do =1+ 5l,w(0)-
w(0) w(6)
This implies
L-F,w(8?) 1 1-F,y(6")
w(0*) fw (W(0*)) 14 E,w(0%) y(0%) fy (y(67))
Finally, note that
1-T'(6)
! _ T O OO T @) b7 ) 1 __&1-+(9) LI
1 + Elw (0) 1 + = T’1(9)T+(5?)1 T((QG))E(O()QT)“”(O) El1—1 (9) S (9) 1 + S (9) El1—7 (9)
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Collecting all the terms, we obtain

T (0%) | - 1 a0\ 1-F, ((6")
Ty (67) (1 - <e*>) (=00 (67)) <ém R <e*>) YO, (9(67)

Jo, a [(L=T (1)) y (1= Fy(y)) (1 = g, ()] x 7 (4, 5") dy
AT GOy ) f, @) <y )
1B 0Y)
“as o ) LG @)
fo, 10T )y (L= Fy () (1 — 3 )] % 7 (55" dy
AT GOy ) f, @) <y ) ’

which is exactly formula (49).

B.4.5 Optimum Characterization and Proof of Corollary 4
Here we show how to rewrite formula (49) as an integral equation.

Proof. The idea is to integrate by parts the last term in equation (49). Let

(=g, (W) =T (y)y (1 - F,(y))
YW =T Ay a- Py

so that optimal taxes satisfy

" (y*) . Yy ') Eier (07)

1-T'(y 1-F

y (y7) ' (6% R+¢ () (v, y") dy.

0=1-g, (y*) —

Disentangle the Dirac and the smooth part of v (y, y*), i.e., the own- and cross-wage elasticities. We

get:
0=1-gy(y") - 12{?(;*)@,17 (v") %
- M O W) s y") + 3 W5y Y (07) 8y (y)] dy
y () Jr,
— * T/ (y*) ~ * y*fy (y*)
=1-gy (y") 1—T’(y*)“_T(y)W

i () () () ﬂy(a(e)) [ iy

Assuming that y — 7 (y, y*) is continuously differentiable for each y*, we can integrate by parts the
last term of this equation. Using  (0) = 0 and ¢ (7) = 0 yields

T (y*) . v fy (v°)

T VT gy T O 6

teu ) [ 0w [(dy;g”)‘ il (jy’y*)] .

90

0=1-g,(y")
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Now, since the marginal social welfare weights g, (y) sum to 1, we have
(10,0 0~ F @) =1~ F,0) - [ 0,6)f0)dy
Y

_ / "0 ) £ (W) dy — Fy (1) = Gy (5) — Fy ().
so that [(1— g, 1) (1~ Fy 1)) = (g, (4) — 1) f, (3) and thus

W () = A-T")ylgy (W)~ fy () + A= T"(y) —yT" (y)) 1 — gy () (1 — Fy (y))
(1=T"(y*)) (1 = F(y*))

Hence (85) can be rewritten as

T (y") 1 1-F{y)

ST B ) vk )

CLI-F ) A-T(y) -y T (y*) (L —gy (y") 1 - Fy (y ))ﬁ(y* )
v fy () (1=T"(y*) (1= F(y)) ’
C1-F ) -T )y (9 (W) 1) fy (y )i(y* o)
v fy () (1=T1"(y*) (1 - F(y)) ’

1-F,(y) 1=g,W)A=T @) y(1—F, ) | (dy®)\ " d7(y.y*)
* y* fy (y*) /R+ (1=T"(y*) (1= F(y)) l( > ] i

The right hand side of this expression is equal to

1 [1 =Ty 1y§/"(( )))61,1—T (y*)v(y*,y*)}

. S (1-g, ) (1 =T" )y (1= F, () (dy(®)\ " d7(y,y")
) =030 + [ BB S () w
L— & (Y°) 7 (y*,y%)

*)

+ (1 =g, (¥ )7 W y")

1Ty 1-Fy ) () i)
*/Rfl W) T ) g, ) ( a6 ) @y W

We thus get
Tl(y*> _ 1 = * 1_Fy(y*) o ®) =/ % %
=) B Y () w03

! / o) (ly*_fj ?y(*%/))) (11—_ z?’/<(yy*)>) ﬂi,(i’éf)* i

Denoting by ITT(y( )) the first line in the right hand side of the previous equation, and changing

variables from incomes y to types 6 (using the identities f, (y*) %&9)*) = fo (0%), Fy (y(9)) = Fy (0),
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_ * ~ * -1
and dw(é}i;y ) _ d’Y(gée ) (dz(;)> ), we obtain

Ty ) T () / (1= 50 (8) (1-T"(y(9)y(0) 1-Fy(09)dy(6.0) .,

L=T"(y(0) 1-T"(y(0%) Je (L =T"(y(0%)y(0") fo(6)  db
Equation (52) follows immediately from this expression since %ﬁ = 0 when the production
function is CES.

Multiplying both sides of the previous equation by 1 — 7" (y (6*)), we then get

T’ (y (6%))

:T(y(é*)) (1- T (y (07)))

o (13 (6) (1L~ Fy (0)) d7 (0.67)
+ [ a=Twenye 2@ -

which leads to the following formula for the optimal net-of-tax rate 1 — 7 (6*) =1 — 1" (y (8*)):

(= 0) = [1- [ (= oy L2 O U= B DT g
0

T (y (67))

de,

L+ 159

—a-r@n{i- [ |a-wo) (S ) v @7 6.6 o - o))

This is now a well-defined integral equation in (1 — 7" (y (6))), so that we can use the mathematical
apparatus introduced in Section 2 to characterize its solution, i.e., the optimal tax schedule. Similar
to the integral equation (21), it can be solved in closed form if 5’ (6, 8*) is the sum of multiplicatively
separable terms. We can use the same techniques as in Section xx in the Translog case to get a

separable kernel.

]

B.4.6 Proof of Corollary 5

We now derive the formula for the optimal top tax rate when the production function is CES.

Proof. Assume that in the data (i.e., given the current tax schedule with a constant top tax rate,

assuming that the aggregate production function is CES), the income distribution has a Pareto tail,

. F(y®)
so that the (observed) hazard rate — m fd )

assumption, the income distribution at the optimum tax schedule is also Pareto distributed at the

converges to a constant 1/a. We show that under these

tail with the same Pareto coefficient 1/«. That is, the hazard rate of the income distribution at the
top is independent of the level of the top tax rate. At the optimum, we have
1-Fyy®)  1-F0) 1-F(0)0y(0) 1-F(0)

vOLO) g0 L0 yO)  0h) " (86)

where we define the income elasticity €, 9 = dIlny(f) /dInf. To compute this elasticity, use the
individual first order condition (1) with isoelastic disutility of labor to get 1(8) = (1 — 7(0))° w(6)=.
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Thus we have

w(0) 1—7(0)

_dlnl(9) _ dln(1—1(0)) dlnw(0) (0w (0) 07'(0)
WO="0me o ding “Tdme = °© '

But since the production function is CES, we have, from equation (14),

dlnw(f) dlna(0) dln L (0)
dmg ~ ame Y T
_dlna(9) 1dll(0) 1dnfy(6) _0a'(6) 1_  10f;(6)
T dlng o dlnd o dn®  a(®) o o f(0)°
Ow’(0)

Thus, substituting this expression for w(0) in the previous equation, we obtain

a0 o T e ) 1-7(0)

- <9a' ) 1 16f(0) 676 >

Moreover, since we assume that the second derivative of the optimal marginal tax rate, T" (y),

converges to zero for high incomes, we have limy_, o, 7/(6). Therefore, the previous equation yields

(1. 0a’ () 11. 9]‘}5(9)).

6500 a(f) o bone fo(0)

lim g9 =
f—oo 1+§

Note that the variables 02&5? and 9}3; "((90)) are primitive parameters that do not depend on the tax
rate. Assuming that they converge to constants as # — co, we obtain that limg_, £;,¢ is a constant

independent of the tax rates, and hence

1
Ey,0 = €10 + Ew,0 = (1 + 6) €1,0

converges to a constant as § — oo. Therefore, the hazard rate of the income distribution at the
optimum tax schedule, given by (86), converges to the same constant 1/« as the hazard rate of
incomes observed in the data.

Now let y* — oo in equation (52), to obtain an expression for the optimal top tax rate T,y =
limy« o T (y*). Since the production function is CES with parameter o, and the disutility of labor

is isoelastic with parameter €, we have

~ 9
im Eyq_, (y) = ———.
A B 07 = 77

Furthermore assume that limy+_,o g, (y*) = g, so that lim,«_, g, (y*) = g. Therefore (52) implies

Tto l+efo, 1 §g—1 1-g 1-§ g—1
1tp _l+e/ Q_gplpd=t_1-9 1-5 9-1
— Ttop € « o aE ao o

This concludes the proof.
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B.4.7 General equilibrium wedge accounting

We finally propose a decomposition into several components of the difference between the partial

and general equilibrium optimal taxes, respectively given by formulas (54) and (52).

Proposition 6. The optimal marginal taz rate of type 6 in general equilibrium can be expressed

as a function of Tpr(0) and three additional terms:

7'(9) - TPE(Q) + gg(g) — 1
1—7(0) 1—7‘pE(9) o
“F®) (1Yo (Ease6)
RO <1 * > (1 =5(8) (EMT(@) 1)
1 _ 1— Fu(w(0)) 11— Fj(wa(0))
’ <1 +2) 0-200) (s} ~ o) a
PT’OOf Adding and substracting from equation (52) the partial equilibrium tax ;722 (9()9) constructed
n (54), we find
() _ 71pe(0) 4 90 (0) -1
1—7(0) 1—7pg(f) o

L (1SR wEY) ) es®)
T B 9 ))<y(9*))fy(y(9*))> E—rt

Substituting for 7= ,ED(EG()g) in the second line of this expression using the definition (54), we obtain

7(9) _{ TpE(0) N 99(9)—1}

1—7(0) 1—71pp(0) o
_# _ 1 Fy((ﬁ* _ } ldewd ) .
“Fe I ”(( N, (0" ) (1%) Fllwa(®))wae) - I

w(0* — Fl(w
:~1*(1—g(9*))(1+él,w(9*))( @ ))7]’;:(126(91)0 (1+1>W(1 3(0)),

where the second equality follows from a change of variables from incomes to wages in the hazard
rate, and the fact that

L= Fy(y(67) _y'(07) 1=F,(y07)) _ y'07) 1-Fyw"))
y(0) fy (9(6%))  y(07)) y'(0°))fy ((67))  y(6%)) w'(6*)) fu (w(67))

1— Fy (w(6"))
w(0*)) fw (w(6%))

(we showed the last equality above). Now, note that

- 1—7(0)—y(0)7'(8)
L+é&,(0) L+ 1= T(e)+;;(e)rf(e)5 1+¢

= 1—7(6
=0 e :
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so that

()  7pr(0) ge (0) — 1

1—-7(0) 1-71pr(9) o
_aamr ) gy (14 D) (Ao Fu @) () 1) Lo Fawa®)
=2 090 (142) (Gai) ~ (1 2) a0

Adding and subtracting

yields the result.
O

The first correction in formula (87) is the cross-wage effect (g(y*) — 1)/ (see (52)). It is
always negative for a Rawlsian planner, and hence pushes in the direction of lower tax rates. The
second correction is due to the own-wage effect, and is captured by the adjusted elasticity E1,1—T
vs. €1,1—,. It is always positive, and hence pushes in the direction of higher tax rates. Finally the
third correction is due to the fact that (54) and (52) are evaluated at different wage distributions. In
(87), this is accounted for by the difference between the hazard rate of the wage distribution at the

general equilibrium optimum, f,, (w(6)), and that of the wage distribution inferred from the data,
d

w

forces.

(wd(9)).56 Figure 10 decomposes quantitatively the relative importance of each of these three

C Numerical Simulations: Details and Robustness

C.1 Details on Calibration of Income Distribution

We assume that incomes are log-normally distributed apart from the top, where we append a Pareto
distribution for incomes above $150,000. To obtain a smooth resulting hazard ratio 1;]5”?753)’),
decrease the thinness parameter of the Pareto distribution linearly between $150,000 and $350,000
and let it be constant at 1.5 afterwards (Diamond and Saez, 2011). In the last step we use a standard
kernel smoother to ensure differentiability of the hazard ratios at $150,000 and $350,000. We set the

mean and variance of the lognormal distribution at 10 and 0.95, respectively. The mean parameter

we

is chosen such that the resulting income distribution has a mean of $64,000, i.e., approximately the
average US yearly earnings. The variance parameter was chosen such that the hazard ratio at level
$150,000 is equal to that reported by Diamond and Saez (2011, Fig.2). The resulting hazard ratio

is illustrated in Figure 6.

56With endogenous marginal social welfare weights, there would be an additional correction term
to account for the fact that the welfare weights are endogenous to the tax schedule.
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Figure 6: Calibrated Hazard Ratios of the Income Distribution

C.2 Additional Graphs for Benchmark Specification

Figure 7 illustrates optimal marginal tax rates as a function of income in the optimal allocation.
Marginal tax rates in this graph reflect the policy recommendations of the optimal tax exercise which
is to set marginal tax rates at each income (rather than unobservable productivity) level. A general
pattern is that the marginal tax rate schedule is shifted to the left because individuals work less for
optimal taxes than current taxes. This is visible most clearly for the top bracket and the bottom of
the U that start earlier.
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Figure 7: Optimal Marginal Tax Rates as a Function of Income

C.3 Utilitarian Welfare Function

We here consider another often used social welfare function, namely the utilitarian welfare function.

This implies we set f(0) = f(0). To obtain a desire for redistribution, we assume the utility function
1-kK

to be ﬁ (c . / (1 + %)) . Thus, k determines the concavity of utility and therefore the

desire for redistribution. Figure 8 illustrates optimal Utilitarian marginal tax rates for two values
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of k (1 and 3). As in the Rawlsian case, the optimal U-shape of marginal tax rates is reinforced.
Given that low income levels now also have positive welfare weights, the cross wage effect here is a
force for higher marginal tax rates for low income levels. Thus, the result that marginal tax rates
should be higher for low income levels is stronger than in the Rawlsian case in two ways: (i) the size
of these effects is larger and (ii) it holds for a broader range (up to $50,000).

Figure 8: Optimal Utilitarian Marginal Tax Rates (CRRA = 1 in left panel and CRRA = 3 in
right panel)
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Next we ask how the results about tax incidence are differ in the Utilitarian case. In contrast to
the Rawlsian case, the policy implications of the optimal tax schedule are not necessarily overturned.
For a relatively low desire to redistribute (k = 1, see the left panel of Figure 9), the welfare gains
of raising tax rates on high incomes are muted due to general equilibrium. For a stronger desire to
redistribute (k = 3, see the right panel of Figure 9), general equilibrium effects make raising top tax
rates more desirable. How can that be explained? General equilibrium effects make rising top tax
rates more desirable because the tax revenue increase is higher. At the same time the implied wage
decreases for the working poor make them worse of. In case of very strong redistributive tastes, the
tax revenue get a stronger weight (as they are used for lump-sum redistribution at the margin). In
case where relatively richer workers (for whom the lump-transfer is less important relative to the

very poor) still have significant welfare weights, the wage effects dominates.
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Figure 9: Tax Incidence Utilitarian for 0 = 1.4 (CRRA = 1 in left panel and CRRA = 3 in right
panel)
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C.4 General Equilibrium Wedge Accounting

Figure 10 decomposes quantitatively the relative importance of each of the three forces highlighted
in Proposition 6, for ¢ = 0.33 and ¢ = 1.4. The partial (resp., general) equilibrium optimum is
represented by the black dashed (resp., red bold) curve. The black dotted, blue dashed-dotted, and
diamond-marked curves illustrate suboptimal tax schedules where each of the three elements of the
decomposition (87) (respectively, the cross-wage term, the elasticity correction term, and the hazard

rate correction term) are ignored. This graph shows that the hazard rate correction term (iii) has a
minor quantitative importance.
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Figure 10: General Equilibrium Wedge Accounting

C.5 Translog Production Function

First we again look at tax incidence but change the parameterization of the Translog production
function such that J(y*,y*) = —1 for y* = $80,000 instead of $250,000.
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Figure 11: #(6,0%) with y(0*) = $250,000 (left panel) and the implied tax incidence
(right panel)
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Figure 11 illustrates the distance dependent wage effects for these Cases 3 and 4. The tax
incidence results are illustrated in the right panel. Here the best comparison level for y* to under-
stand the effects of distance dependence is $80,000. In line with the results in the main body of the
text, the general equilibrium effects on tax incidence are increased in magnitude through distance

dependence.

Figure 12: Optimal Marginal Tax Rates for Translog Production Functions
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Figure 12 illustrates the resulting optimal marginal tax rates for all 4 cases. As cases 1 and 3
are more similar to Cobb Douglas than cases 2 and 4, not surprisingly, marginal tax rates are closer
to the Cobb Douglas counterpart. These results can be best interpreted by looking at Figure 13
where the own-wage effects are illustrated.”” For Cases 1 and 3, ¥(y,y) is relatively flat and close
to -1 (as in Cobb Douglas). For Case 4, the wage effects are generally a bit larger in magnitude and
still relatively flat (magnitude varies by a factor 2), which explains why the CES effects are mainly
increased in magnitude. For Case 2, the magnitude of the wage effects strongly increases and varies

5TThey are illustrated for the current tax system but do look very similar for the respective
optimal tax system.
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by a factor of up to 6, which explains why the shape of marginal tax rates is more different from

CES than in the other 3 cases. Finally, welfare gains in consumption equivalents are 1.09%, 0.31%,
1.85% and 2.53% respectively for these cases.
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Figure 13: Tlustration of the own-wage effect for current policies
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