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Abstract

This paper studies the optimal top income tax rate. Top income earners are
modeled as managers operating a span-of-control technology as in Rosen (1982). In
particular, managerial skills increase managers’ productivity through both supervision
and indivisible decisions, thus giving rise to a scale-of-operations effect (Mayer (1960)).
We provide a tax formula linking the optimal top marginal tax rate to primitives
of technology and preferences. The presence of a scale-of-operations effect prescribes
higher taxes than in standard linear productivity models. We show how technology
parameters can be identified using data on the elasticity of firm size with respect
to sales, and the elasticity of managerial compensation with respect to sales. We
estimate the technology parameters using U.S. firm level data from CompuTrsTaT and
the NBER-CES manufacturing industry database. Our quantitative results suggest
that even for high elasticities of labor supply marginal taxes at the top should be
substantially higher than those observed in the U.S. data.
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1 INTRODUCTION

Income taxation of top income earners is a controversial and recurrent topic in the tax
policy debate. This is due to two reasons: heightened concerns over an increasing
inequality of the income distribution;' and also for practical fiscal considerations.” At the
same time, the large literature in public finance provides an equally large range of values
on what the marginal top tax rate should be, which is partly attributed to the lack of
consensus on how to quantify tax responses.” The main result of this paper is that even
in the face of large labor supply responses, optimal marginal tax rates for high income
earners are substantially higher than what we observe in the U.S. economy.*

In this paper, in line with the empirical evidence, we model top income earners as
managers rather than workers as is standard in the public finance literature.””® Managers
operate a span-of-control technology similar to Rosen (1982) and exert effort which
combined with hired labor generates output. Managers in our model are heterogenous
in their skills, which increase both their effective effort and the overall productivity of
the firm: a scale-of-operations effect (see Mayer (1960)). In this sense, output exhibits
increasing returns with respect to managerial skills, unlike what is standard in the public
finance literature where production technologies display constant returns to skills. In
our environment, more productive managers will operate larger firms and receive larger
levels of (before-tax) income. In addition, as originally shown by Rosen (1982), the
scale-of-operations effect makes managerial rewards grow at a faster rate than managerial
skills. Thus, the distribution of rewards becomes skewed relative to distribution of talent.

We consider the case in which effort of the manager and her skill level are private
information. Firm size and output are observable. In this environment we characterize
the constrained efficient allocation and show that it can be decentralized as a competitive

equilibrium with taxes on income and firm size. Our analysis centers on the optimal

IShare of income going to the top 1% increased from 9% in 1970 to 23.5% in 2007 (Diamond and
Saez (2011)). From Piketty and Saez (2003), the top 1% accounted for 59.8% of average growth in income
compared to just 9% of average growth accounted for by the bottom 90% over this period.

2 Indeed in 2007 the top percentile paid 40.4% of total federal individual income tax revenues (Diamond
and Saez (2011)).

3 Mirrlees (1971) and Sadka (1976) prescribe a zero marginal tax rate at the top. Using different
assumptions on the skill distribution, Saez (2001), or Diamond (1998) call for for asymptotic top rates as
high as 80%. See Mankiw, Weinzierl, and Yagan (2009) and Diamond and Saez (2011) for recent surveys.

4 According to Internal Revenue Service tax tables, in the year of 2013, U.S. taxpayers at the top could
potentially face a tax bracket of 55.38% (including Federal, State and FICA taxes). Capital gains, interest
and dividends, are taxed at a maximum of 20%.

>Business owners or self-employed account for 81% of those at the top 1% of the wealth distribution.
See also Cagetti and Nardi (2006), Gentry and Hubbard (2004), Quadrini (2000).

®Diamond and Saez (2011) provide a recent survey on the standard public finance methodology.



marginal income tax at the top. We provide an optimal top tax formula and highlight its
dependence on the span-of-control technology parameters. We show that as the scale-of-
operations effect becomes more significant, taxes at the top should increase. This is due to
the key insight from Rosen (1982) which was described above: as the scale-of-operations
effect becomes larger the distribution of (before-tax) income becomes more right skewed.
In turn, progressively fatter tails leads to higher optimal marginal tax rates.”

The tax formula provides important insights on the forces at play that determine tax
rates but provides little guidance as to the magnitude of these effects. To quantify such
effects we calibrate our environment to U.S. data. A key challenge is to determine the
magnitude of the scale-of-operations effect, i.e. the marginal impact of managerial skill on
the overall productivity of the firm. We show how to identify this parameter by looking at
the elasticity of managerial compensation with respect to sales using firm level data from
ComrutsTAT and the NBER-CES manufacturing industry database. In our benchmark
environment we find optimal tax rate of approximately 65%, which is nearly 10% higher
than ignoring the scale-of-operations effect. Beyond the point estimate, we observe that
the top tax rate is relatively insensitive to the elasticity of labor supply. Indeed, even for
when the Frisch elasticity of labor supply is equal to 3 (as in Prescott (2004)) the optimal
top tax rate is still well above 60%, whereas a model without a scale-of-operations effect
(such as Saez (2001)) would prescribe optimal top tax rates close to the ones observed in
the U.S. data.

To summarize, this paper makes three contributions. First, we provide an optimal
top tax for a span-of-control environment as in Rosen (1982). Second, we show how the
determinants of such tax formula can be calibrated using readily available firm level data.
Finally, we show that even for high elasticities of labor supply marginal taxes at the top
should be substantially higher than those observed in the data for the U.S.

RELATED LITERATURE

To be completed.

The remainder of the paper is organized as follows. In Section 2 we describe the
environment. In Section 3 we describe our notion of optimality, we study the decentralized

’The relationship between the “thickness” of the distribution of pre-tax income and its relationship
with optimal marginal tax rates is well understood. In a nutshell, fatter right tails in the pre-tax income
distribution imply that there is more individuals above any given level of pre-tax income. As a consequence,
more people are taxed inframarginally (without distortion) when marginal taxes increase above any given
level of pre-tax income, which makes higher marginal taxes more attractive. See, e.g., Mirrlees (1971) and
Saez (2001).



environment and compute optimal tax rates. In Section 5 we describe our identification
strategy and calibrate the environment. In Section 6 we display our quantitative results.

Section 8 concludes. All of the proofs are relegated to the Appendix.

2 ENVIRONMENT

The economy is static and it is populated by a unit measure of workers and a unit
measure of managers. There is a single consumption good. Workers and managers have
quasi-linear preferences over consumption c and effort n which can be represented by the
utility function:

U(c,n) =c—o(n),

where v’ and v” exist and are positive for all values of 7.

Workers are homogenous and supply labor inelastically. Managers are heterogenous
with respect to a productivity parameter § € © with ® = [§,6] C R, \ 0. Managerial
type, 0, is assumed to be distributed according to the cumulative distribution function
F:© — [0,1] with density function f : @ — R.

Following Rosen (1982), managers operate a span-of-control technology. Specifically,
managers of type 6 hire labor L(#) and exert managerial effort n(6) to produce final
output y(0) according to

y(n(6),L(6);0) = 67H (61 (9),L(6)), (1)

where v > 0, H is increasing in both arguments, has constant returns to scale and satisfies
neoclassical properties.”

Note that managerial skills enter (1) in two ways. First, § is managerial effort-
augmenting. Second, 0 is total-factor-productivity improving through v > 0. In what
follows, we refer to v > 0 as the scale-of-operations effect (see Mayer (1960)).” This
formulation is in line with the one in Rosen (1982) where -y captures the indivisibility of
managerial decisions. The idea is that managers” actions naturally affect the productivity
of all workers under their supervision (irrespective of their number). Our technological

specification is more general to that in Rosen (1982), as we also incorporate managerial

8Lucas (1978) presents a similar span-of-control technology, but with a counterfactual elasticity of
managerial rewards with respect to firm size which is crucial in our environment.

9 As we show in Section 5, ¥ must be strictly positive in order to match certain firm level elasticities in
the data. There is also a large literature connecting the skill of manager and the productivity and size of a
firm. See for example Bartelsman and Doms (2000) and references therein.



effort n as an intensive margin./lO

We assume that ¢(6), y(0) and L(0) are observable, while 6, n(6) and 6n(6) are each
agent’s private information. The assumption that 8 and 7n(6) are unobservable is common
in the Mirrleesian literature (see Mirrlees (1971)). In contrast to this literature, though,
we supppose that 6n(6) is not observable either. This assumption is natural in our
environment because, as long as 6 is TFP augmenting, 0n(6) does not correspond to
income or effective effort as in Mirrlees (1971).

An allocation in this economy is defined as a mapping (c,y,L) where c : @ — R,
n:® =Ry, y:0—[0,7],and 0 < § < c0.!' An allocation is said to be feasible if'”

[ c®ar®) < [yo)are), @)
®

®

and

/ L(8)dF(6) < 1. 3)

®

3 PARETO OPTIMALITY

In this section, we compute Pareto optimal allocations using a direct mechanism where
managers report their types 0 to a social planner and are assigned an allocation for
consumption ¢(6), output y(6) and labor L(6) accordingly. In what follows, we define
n(y(6’),L(0");0) as the level of effort exerted by a manager of type 6§ who mimics an
agent of type 6’

An allocation (c,y, L) is said to be incentive-compatible when truthful revelation is

optimal for the agents, that is:
c(0) —v(n(y(6), L(6);0)) = c(6) — v(n(y(6"), L(6");06)), (4)

forall 0,0’ € O.
Let ¥ : R — IR be an increasing and concave function. Then Pareto optimal allocations

solve

{c(G),y(rgl)jazig)}%@ @/‘F (C(G) - U(n(y(@), L(Q)} 9))) dF(Q), (PO)

190ur preferred interpretation is that 7 is related to supervisory effort.

1 The upper bound 7 makes the set of feasible allocations compact.

12Notice that we abstract from worker’s consumption in our definition of feasibility. This will not change
our results for optimal managerial taxation below, as long as the social welfare function is additively
separable between worker’s and manager’s utility.



subject to (2), (3) and (4).
The function ¥ summarizes social preferences for redistribution across different types.
Accordingly, we will refer to ¥/ (c(0) — v(n(y(0),L(0);0))) as the social marginal welfare

weight on f-managers.

31 FIRST ORDER APPROACH

Define M(0';0) = c(0") —v(n(y(6’),L(0');0)). It is clear that incentive compatibility (4)
requires that for all 6§ € ©, M(6';60) attain a global maximum at #’ = 6. We start by

characterizing local maxima of M(6’;6) at 6 = 6.

Lemma 1. Let M(6;0) = c(6') — v(n(6’;0)), where n(6’;0) = n(y(0'),L(0');0). Then
M(6’;0) attains a local maximum at 0’ = 6 if and only if

c'(0) —v'(n(6;0)) [ny(6;0)y'(0) +nL(0;0)L'(0)] =0, ®)
and
y'(0) [0 (n(6;0))ny(6; 0)ng(6;0) + ' (1n(6;0))nye(6;0)] + 6)
L'(8) [0" (1n(6;8))nL(8; 8)ng(6;8) + v/ (1n(6;8))n10(6;60)] < O.
Proof. See Appendix A.1. O

The next lemma shows that the local maximum conditions of Lemma 1 imply that (4)
holds.

Proposition 1. Suppose that for all 8 € © (5) and (6) hold. Then (4) holds.
Proof. See Appendix A.1. O

Let U(0) = c(0) —v(n(0)) for all 6. Then by Lemma 1 we can write the planner’s problem
in (PO) as:

[U() 5(0).L(6) oco Z ¥(U(©))4F (), (PO-FOO)
subject to (6) and
u'(0) = —o'(n(y(6),L(0);0))me(y(0), L(6); 6), (7)
/ [y(6) — U(6) —v(n(y(0),L(60);0))]dF(6) = 0, (8)
(¢S]



/L(e)dF(e) <1 )
(C)]

In what follows, we will take a first order approach to problem (PO-FOC). That is, we will
ignore the second order condition for a global maximum (6) and verify it ex-post using
simulations. "

Before closing this section, we show that the second best features a production
inefficiency. More precisely, in the constrained efficient allocation workers” marginal
products are not equalized across firms. In the decentralization of section 4 this distortions

will map into a tax on firm size.

Proposition 2. Suppose (6) is satisfied. Then at any Pareto optimum {U*(0),y*(0), L*(0) }eco

workers” marginal products are not equalized across firms.

Proof. See Appendix A.1. O

4 DECENTRALIZATION

In this section we describe a decentralization for the constrained efficient allocations in
our environment and characterize the corresponding optimal income tax rates.

We begin with the definition of a competitive equilibrium with taxes.

Definition 1. A competitive equilibrium with taxes is an allocation (c,y, L), a wage w and a tax
system {T (), TF (wL)} such that:

1. Given {w, T(rt), TF(wL)} each 0-manager solves:

max ¢ —o(n(y,L;0)) (P1)
cy,L

subject to:
¢c=vy—wL—THwL) — T(y — wL — TF (wL)).

2. Goods and labor markets clear.

3. Government’s budget constraint is balanced.

Using standard arguments in the literature we can show that the constrained efficient
allocation can be achieved as the outcome of a competitive equilibrium with taxes. Notice
that our notion of a competitive equilibrium features a tax on firm size T (wL). This is
as a consequence of the results from Proposition 2.

13This approach is fairly standard in the dynamic public finance literature. See Golosov, Troshkin, and
Tsyvinski (2011), Pavan, Segal, and Toikka (2012) or Farhi and Werning (2013).

7



41 OPTIMAL INCOME TAXES

In what follows we center attention on the properties of the optimal marginal income

taxes. Assuming differentiability of T(-), from the first order conditions on (P1) we get

1=T'(7(9)) = o' (n(y(0), L(6);0))ny(y(6), L(0);0), (10)

where 71(0) = y(8) — wL(#) — TF (wL(#)) corresponds to managerial income for type 6.

The next proposition characterizes the optimal marginal income tax on managers.

Proposition 3. Suppose (6) is satisfied. Then at any Pareto optimum {U*(0),y*(6), L*(0) }eco,
T'(7t*(6)) satisfies:

Pl ) _1H0) (DO (0O @ml .00 _ 1l 0).10:0)
=T @) 70) * 0) )"

where D(0) = 1—% Jo ¥ (U*(0))dF(0), 7*(0) = y*(0) —wL*(0) and n*(6) = n(y*(9), L*(6);6).

Proof. See Appendix A.2. O
For the rest of the analysis we make the following assumptions on preferences and
technology.
. s L . _ pl+i
Assumption 1. The disutility for effort is isoelastic: v(n) = e

Assumption 2. The production function has constant elasticity of substitution:

y(n(6),L(6);6) = 07 [B(6n(6))° + (1 - B)L(6)'])7,

where the elasticity of substitution between On(6) and L(0) is given by o = ﬁ.
Under Assumption 1 and when taxes are linear, ¢ maps to the elasticity of managerial
income to the net-of-tax rate (1 — T”). Refer to Appendix B for details.

The next Corollary characterizes optimal income taxes under Assumptions 1 and 2.

Corollary 1. Suppose assumption 2 holds and that (6) is satisfied. Then at any Pareto optimum
{U*(6), 7 (6), L*(8) }oco, T'(1*(6)) satisfies

T(w'(6) 1-F(@) [, D(®)) (1 v (1.
T-T(x(8)  67(0) (1 D(Q))(€+1+1—K(9) (e“ ‘”‘“”))' (1D

where k(0) = yr.(0)L(0)/y(0) is the share of labor costs to total sales for managers of type 6.

8



Proof. See Appendix A.3. O

As in Saez (2001) tax distortions in (11) depend on labor supply responses, on the
distribution of skills, and on the welfare criterion. What is new in our environment is
that the tax formula also depends on technological parameters. In the next subsection we
explore the consequences of this novel determinants for optimal marginal tax rates at the
top.

42 ASYMPTOTIC INCOME TAXES

To highlight the properties of optimal top tax rates and their relationship with technologi-

cal parameters we introduce the following asymptotic assumptions:

Assumption 3. The skill distribution has a Pareto tail with parameter % > 0:

Assumption 4. There is zero marginal social weight at the top: limg_,, D(6) = 0.
We now derive the optimal marginal tax at the top.

Proposition 4. Suppose assumptions 2-4 hold and that (6) is satisfied. Then at any Pareto
optimum the marginal tax at the top T' (77" (c0)) satisfies:

T'(7*(c0)) = !

- Vb [ g (L1 pk(e))]

(12)

Proof. To show (12) we take limits of (11). Substituting Assumptions 2-4 and rearranging
the result follows immediately. O

Clearly, our environment nests traditional top tax formulas first derived by Diamond
(1998) or Saez (2001). This can be recovered by setting v = 0 in (12):

1

T/(ﬂ*(oo))Saez = 1_|_Q1L+€' (13)

The next Corollary shows that top taxes in our environment are, ceteris paribus, higher
that those in (13).

Corollary 2. T'(7*(c0)) > T'(71*(00)) s¢z-



Proof. Follows from the fact that since p = (0 — 1) /0 then p < 1 and also the observation
that x(0) € [0,1]. O

The upward pressure on taxation of the previous proposition is due to two effects:
The y-effect (or scale-of-operations effect) and the labor demand effect. We explain each of
these in turn.

The y-effect refers to the impact of ¢’ > 0 which is related to the indivisibility of
management decisions. This mechanism pushes optimal top taxes upwards. The intuition
behind this result can be easily grasped when the only input in production is managerial
effort, i.e. by setting B = 1 so that x(c0) = 0. Then we get from (12) that:

1
T (7-( (Oo))’)/*EffECi’ 1 + a €
14+v 1+e

In this particular case, one can interpret y(0) = g(0)0n(6) and g(0)0 as the before-tax
income and the (unobservable) wage of the manager, respectively. Clearly, the wage
differential across managers increases as ¢’ > 0, which generates fatter right tails in
the before-tax income distribution. Thus, given any income threshold, higher marginal
taxes increase tax revenues above such threshold (as higher marginal taxes act as an
infra-marginal tax for income earners on the right of the distribution). Using Saez’s
terminology, when g’ > 0 the “mechanical effect” on increasing the marginal tax rate is
larger, while the “behavioral effect” remains unchanged with respect to the case when
¢' = 0. Consequently, due to the y-effect one obtains higher optimal marginal taxes at
the top. Another way of seeing why the y-effect is pushing the top tax rates up is by
noting that high types will have stronger incentives to deviate when the wage differential
increases. In order to relax incentive constraints, it will be optimal to increase marginal
taxes at the top.'*

Now consider the labor demand effect, which arises when B < 1. This mechanism
reinforces the vy-effect discussed above as it also pushes taxes up. The simplest way to
illustrate this is by considering a Cobb-Douglas production function which corresponds

4Formally, take 6,0’ < oo at the right tail of the income distribution with § > ¢’. The incentive constraint

that prevents that the 6 type mimics 6’ is ¢(6) — v(n(6)) > ¢(6') — v(n(0’) Géggg/)) ). Here n(0") QEEES;) is the

required effort that the 6 type have to exert to replicate ' income, so given n(6’) such effort falls when
¢’ grows. In order to relax this constraint, it is optimal to increase n(6’) when g’ rises, which translates
into higher marginal taxes for #’. Since the same reasoning holds for any two types at the right tail of the
distribution, it follows that one will observe higher average marginal taxes at the top when g’ grows.

10



to p = 0. The optimal marginal top tax rate is now given by:

1

a__e -
1+1+ 1+

T/(N*(OO))Cobbeouglas = (14)

™

Compared to the case where B = 1, (14) shows that T'(7*(c0)) rises when f < 1. The
reason is that when B < 1 production not only depends on managerial effort but also
on labor demand. Hence, as marginal tax rates increase (and the marginal return on
managerial effort falls) managers will be willing to substitute out their own effort for
labor. As a consequence, when f < 1 income of the managers will not fall as much in
response to an increase in marginal taxes. In other words, the “behavioral effect” of an
increase in the marginal tax is smaller than in the standard Mirrleesian environment with
only effort in the production function.
We next proceed to quantify both effects and determine the optimal tax rates.

5 IDENTIFICATION AND CALIBRATION

This section describes the calibration of the parameters in our top tax formula in equation
(12). This includes two standard parameters which have already been identified in the
optimal taxation literature (the elasticity of labor supply ¢ and the tail parameter of
the Pareto distribution of talent a), two novel technology parameters (the degree of
substitutability between the types of labor inputs p, and the scale-of-operations parameter
7), and the endogenous labor costs share implied by the production technology «.
There is a vast literature estimating the elasticity of labor supply.'> We follow Chetty,
Guren, Manoli, and Weber (2011) and set € equal to 0.75. We also show the effect of a wide
range of labor elasticities comprising both micro and macro estimates. The distribution
parameter a is set to 1.5 which falls in the range of values used by Saez (2001) and
Diamond and Saez (2011). Finally for o we follow estimates of the team production model
of Adams (2006) (based on Holmstrom (1982)); it is determined that the substitution
between different groups in a CES production function features p € (.5,1). As such, we
set p = 0.75, implying ¢ = 4.'°
We require two additional parameters for the tax formula: {x,y}. Our strategy is

15 For prime age males MaCurdy (1981) and Altonji (1986) estimate an elasticity between 0 to 0.54. Saez
(2003) using the NBER tax panel from 1979 to 1981, estimates a labor elasticity of 0.25. Similar ranges are
estimated by Blundell, Pistaferri, and Saporta-Eksten (2012) and French (2005). Chetty, Guren, Manoli, and
Weber (2011) find values equal to 0.5 on the intensive margin and 0.25 on the extensive margin. In the
macro literature King and Rebelo (1999) and Prescott (2004) find values between 2 to 4.

16The results for the optimal top tax rates reported below are not very sensitive to the value of p.

11



to estimate « directly from data and estimate the novel y-effect parameter using the
equilibrium restrictions generated by our decentralized environment. We next describe

our identification strategy.

51 FIRM LEVEL ELASTICITIES

In this section we follow Rosen (1982) and derive equilibrium restriction that relate 7y to
observables. Relative to Rosen’s derivation we include income taxation and an elastic
margin for effort. First note that given that the technology in (1) has constant returns to

scale, we can write

) = se)Lem (7). (15

where h (%”) =H <9T”,1), so that i’ > 0 and h" < 0.

Now consider a competitive equilibrium where the manager faces a linear tax T on her
income, pays a real wage w to each unit of labor L, and gets a fraction x € [0, 1] of total
profits. As a special case, if x = 1 there is no separation between ownership and control.
This is the case considered in Rosen (1982). We can write the 6-manager’s problem as:

max 77— v (n) (16)
Ln,t

subject to:
m=(1-1)x [g(@) Lh ((%n) —wL} :

The first order conditions of the problem in (16) are
On On , (On\|
gwﬂhcf>—fh(za}—w, (17)

=g @) o () = (. (18)

By manipulating (17) and (18) we can prove the following Lemma.

and

Lemma 2. Let {L(0),n(0),t(0)} solve the 6-manager’s problem in (16). Then the following
holds:

dinrm(6) 0%
dng LT Ty (19)

dinn(6) 0%
Y _8(1—'_1—1((9))’ 20)

12



dinL(6) yo 0%
dné _1+1—x(9)+5<1+1—x(9) ’ @D
dlny(0) y K(0)

=1 1 22

d1n 6 +7+€( T k@) T1=x®)"” @2)

where k(0) = wL(0)/y(0) is the share of labor costs to total sales, and o = ﬁ is the elasticity
of substitution between 6n and L.

Proof. See Appendix A 4. O

Equations (19)-(22) are instrumental in the derivation of our estimation equations
in the next Proportion. But Lemma 2 also reveals some key properties of the scale-of-
operations effect which are essential in our environment. In particular, equation (19)
shows that as long as v > 0, the distribution of rewards becomes skewed relative to
distribution of talent. Also, according to (21) and (22), an analogous relationship holds

for the distributions of firm size and and total sales, respectively.

Proposition 5. The following holds:

dinL(6) (1-x(0)(1+¢)+y(c+e) 23)
dlny(0)  (1—x(0))(1+v+e)+v(x(0)o+e)
dinm(6) 1—x(0)+ (4)

diny(0) (1—x(0)(1+v+e)+y(x(0)o+e)

The two equations above relate the elasticities of firm size and firm profits with respect
to sales to technology parameters. Our calibration of the key parameter -y relies on using
share of workers compensation (k) and elasticity of firm size with respect to sales Zﬁ—;((g))
which are easily determined in the data. To this end we will use the following result

derived from rearranging Equation (23).
Corollary 3. The vy-effect parameter satisfies,

(1- St} ) 1 =m) (1 +e)

Y= .
LS (1—k+xo+e) — (0 +e)

(25)

We now move to the estimation procedure.

52 ESTIMATING K AND 7

We first estimate the labor cost share x(6) directly from the data. Next we use the

above results to estimate 7y by matching the elasticity of firm size with respect to sales

13



Estimates of K by year
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Figure 1: Estimates of x by year.

dIny(8)/dInL(0) to data.

Throughout the remainder of the analysis we treat x(6) as being constant across 6.
This assumption is in part justified on the grounds that our estimates for x do not vary
much across industries or years (see below).

To estimate the share of labor costs x, we need compensation data for both production
workers and managerial employees. We take the NBER-CES Manufacturing Industry
Database. This dataset has annual industry-level data on output, employment, and
payroll for both production workers and non-production workers from 1958 to 2009. We
map the production workers to workers and non-production workers to managers in our

model.'”

We compute « as the faction of wages of production workers over total payroll:
Production workers wages / Total payroll. We estimate a value of ¥ = 0.640, with a confidence
interval of (0.580,.702).

Figure 1, plots the time trend of x estimates by year. The-small-declining trend is
consistent with the stylized fact that labor share is declining over time.'® The estimate
is also quite stable across industries, as shown in Figure 2. Textile and Lumber displays
the highest values of « close around 0.74, whereas Measuring, Chemicals, and Machinery
Computer display the smallest values.

Next, we use firm level data from CoMPUSTAT to estimate the elasticity of firm size

17From Berman, Bound, and Griliches (1994), production workers are defined as “workers (up through
the working foreman level) engaged in fabricating, processing, assembling, inspecting and other manu-
facturing." This excludes supervisors above the line-supervisor lever, clerical, sales, office, professional,
and technical workers. Non-production workers are defined as “personnel, including those engaged in
supervision (above the working foreman level), installation and servicing of own product, sales, delivery,
professional, technological, administrative etc.”

18Gee, Samuel and Gilles (2003) and Karabarbounis and Neiman (2014).

14



K estimates by industry, 1958-2009
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Figure 2: Estimates of x by industry.

with respect to sales dIny(0)/dIn L(#). Our sample is constructed from U.S. COMPUSTAT
tirms that have non-missing values for sales and employee numbers between 1950 and
2012. Specifically, data of firm sales is taken from Gross Sales in the Income Statement;
data on the total number of employees is taken from the Employees item. We restrict firms
to have size not smaller than 30 employees so that there a sizable team for each manager
to supervise. The total firm-year observations is 284,396. Among the sample, the average
tirm employee size is 9,326. We assume that the average size of managerial workforce
is of 20 individuals.'"” Hence firm size in terms of number of non-managerial people
(corresponding to our model L(6)) is defined as L = Total number of employees - 20. We

estimate the following linear model:

lnyt(Oi) = qp + 7 In Lt(gl) + €t (26)
We estimate a value of ay = jﬁ:—%((zg = 902 (.899, .904). The estimated elasticity is

consistent with the known making-do-with-less effect which implies a coefficient smaller

19 According to Bureau of Labor Statistics, U.S. Department of Labor, Occupational Outlook Handbook,
2014-15 Edition, Top Executives, the number of employment for company chief executives with SOC 11-1011
is 330,500 in the year of 2012. Since we only focus on public firms, and suppose that the private firms and
public firms share the same number of top executive positions, we estimate that per firm number of top
executives is approximately 330,500 /2 /8250 = 20. For example, from the company annual reports, General
Motor has 29 officers and directors in total; Amazon.com has 17; and Bank of America has 20. In addition,
note that any proportional value of the managerial size relative to the workforce, will not bias the estimates.

15



than one.”’ The estimates are robust if we run the estimation by year and/or by industry.

Figure 3 shows the estimates by year.
Estimates of y—L elasticity by year

12

0.4
{950 1960 1970 1980 1990 2000 2010
Year
Figure 3: Estimates of % by year.
Next we back out v using Equation (25).
dInL(® -
( - #y(&);) (1-%)(1+e)
¥ =—= = 0.101. (27)
dinL(g PO
d;y((e))(l —K+ko+e)— (c+e)

Under the above estimated values of {x, v}, we match the estimated elasticity of firm
size with respect to sales in Equation (23). Plugging into Equations (23) and (24), we
obtain the implied elasticity of managerial compensation with respect to size as

—_— 1 _ R /\

KAy — 0.415. (28)

dinm(0)
(1 —=-%)1+4+e)+7(c+e)

dInL(0)
In our environment, firm profits (or a fraction of them) are mapped to managerial

compensation. In this way, our estimates are consistent with micro-level evidence that the

elasticity of CEO pay with respect to firm size is approximately 0.30.”'
Lastly, we estimate  from the definition of x(6).

20Gee Tazear, Shaw, and Stanton (2013)

21 Roberts (1956), Fox (1978), Baker, Jensen, and Murphy (1988), Frydman and Saks (2010)); See also
Lewellen and Huntsman (1970) and Conyon and Murphy (2000). Gabaix and Landier (2008) use ExecuComr
data from 1992 to 2004 and find Elasticity of CEO pay to firm size estimates of approximately equal to 0.33.
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wL(9) MPreL(0) 1
0) 0 B 6)°
y(0) y(0) 14 % (T)
From NBER-CES Manufacturing Industry Database, the average team size defined

= 0.64. (29)

by the number of production worker per non-production worker is estimated to be 3.58.
We normalize the managers’ effective effort level n = 1, i.e. the data counterpart of ”TG
is 1/3.58. Equation (29) thus implies a unique value g = 0.594. Table 1 summarizes the

parameter calibration of the benchmark model.

Table 1: Benchmark Parameter Calibration.

Parameter Symbol Value
Frisch Elasticity 3 0.75
Inverse of Pareto tail parameter of 6 a 1.5
Degree of substitutability of inputs 1Y 0.75
Scale-of-operations effect 0% 0.101
Share of labor costs to total sales K 0.640
Labor share parameter in production B 0.594

We next compute the values for optimal taxes.

6 OPTIMAL TOP TAX RATES

Plugging in the parameters of the benchmark calibration from Table 1 into our top tax

formula (12), we obtain that the optimal tax rate implied in our environment:

. 1
7= — = 65.52%. (30)

Ta b1+ 7% (L1 - pR) |

Table 2 presents results of implied optimal tax rates for v = % in our environment. Under
different key parameter values of a and & which are common in the literature.”” For
comparison, we also include the case when 7y = 0, which corresponds to the tax formula
in Saez (2001). Notice that the impact of the scale-of-operations effect is large: optimal

top tax rates are nearly 10% higher with respect to the case where v = 0.

22Note that for any choice of ¢ the parameter  needs to be recomputed as discussed in the previous
section.
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Table 2: Top Tax Rates.

a=15 a=2.00

€ 0.75 1.00 0.75 1.00
v>0 0.65 0.62 059 0.55
v=0 0.61 057 054 0.50

y>0/y=0 108 108 1.09 1.10

Top Tax Rate Varying: e Top Tax Rate: Varying a

Benchmark
09} = = =Saez | 0.9
\ 0.8f
0.8 ¢ 1
o\ 0.7}
0.7¢ s 1
N 0.6}
Y
0.6 Se g - | 051 Benchmark -
Rl R - = =Saez S~
0.5 : : : : : 0.4 : ‘ : : :
0 0.5 1 1.5 2 2.5 3 0.5 1 1.5 2 25 3
€ a
(a) Varying e. (b) Varying a.

Figure 4: Comparative Statics of Optimal Top Tax Rates: Benchmark Environment (y > 0) vs. Saez (2001)
(r=0).

Figures 4(a) and 4(b) expand the analysis of Table 2 regarding the effect of ¢ and a. For
expositional purposes, we identify the case of v = 0 with Saez (2001). First, we observe
that differences between our benchmark environment and a standard environment with
v = 0 increase as ¢ increases. In particular, consider a value of ¢ close to 3 as in Prescott
(2004). In this case, the v = 0 tax approaches optimal tax rate observed in the U.S. while
the environment with a positive scale-of-operations displays marginal rate well above
60%.

In Figure 4(b) we look at the effect of a4, the tail of the Pareto distribution on optimal
rates. Analogously to the comparative statics for ¢, we observe that the tax witha ¢ > 0
displays somewhat slightly less sensitivity than for the v = 0 case. For instance, for
a = 1.5 a model in line with Saez (2001) would prescribe a top tax rate equal to 60%. On
the other hand, such tax rate is only optimal in our environment with a = 1.8, i.e. with a
thinner tail of the skill distribution.
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Figure 5: Comparative Statics of Optimal Top Tax Rates: Benchmark Environment (y > 0) vs Saez (2001)
(r=20

Finally, in Figures 5(a) and 5(b) we consider the sensitivity of our tax rates to the

technological parameters y and «, respectively. Note that tax rates are increasing in these

parameters. Also, optimal tax rates are particularly sensitive to small variations in x and

v around our benchmark estimates.

6.1 ROBUSTNESS AND COUNTERFACTUALS

To be Completed.

7 SIMULATIONS FOR THE ENTIRE TAX CODE

To be Completed.

8 CONCLUSION

The title of this paper is a reference to the tough provoking novel of Rand (1957).”” In

this dystopian novel what we would call “top income earners” reduce their labor effort

in response to high taxes. In the novel, this action is described as having dramatic and

long lasting effects for the economy. In this paper, we quantify such effects. Top income

23The excellent survey of Slemrod (2000) also features a similar title.
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earners are modeled as managers whose effort and skill contribute-together with hired
labor—to generate output. Our key finding is that tax rates should be substantially higher
than what we see in the data as well as in previous estimates in the literature. This
result is robust to a large range of parameter specifications. Methodologically this paper
highlights how to consider firm level data to determine key parameters relevant for
income taxation. There are two logical next steps. The first one is to determine the impact
of a hierarchical organizations rather than a single manager technology for optimal taxes.
The second step is to push further in identifying the distribution of managerial skill given

the observed distribution of firm size.
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APPENDIX

A PROOFS

Al PROOFS OF SECTION 3.1
We begin with the proof of Lemma 1.

Proof. The first order condition for 6’ = 6 to be a local maximum of M(6’;8) is M;(6;6) =
0. This is equivalent to (5). Differentiating the first order condition M;(6;6) = 0 with

respect to 0 gives
M11(9,' 9) + M12(9;9) =0.

Hence, the second order condition M71(6;0) < 0 can be written as —M7,(6;60) < 0, which
gives (6). ]

We now look at the proof of Proposition 1.

Proof. We want to show that if (5) and (6) hold, then M;(6’;6) has the sign of (6 — ¢’).
This obviously implies that M(6’;0) attains a global maximum at 8’ = 6 so that (4) holds.
First note that

M;(636) = ¢'(8') — o/ (n(68;0)) [, (6/;0)y/ (&') + ni.(6/;0)L'(6')] (31)
We also have that (5) at 6’ gives
¢(0) =o' (n(630)) [ny (036)y/(6') + i (6/;6)L'(0")] (32)
Using (32) into (31) gives
M, (6%0) = J(6";0") — J(6';0), (33)
where J(¢';0) = o' (1(0';6)) [n,(6";0)y(6') +np(6";0)L'(¢")]. Clearly
J2(0':0") = y/(8") [0 (n(6';6) )y (676" g (6";6) + 0" (n(6";0) )y (67 6") | +
L'(0') [0 (n(6';6"))nL(6;6")ng(6';6") + 0/ (n(6';6'))nio(6';6)] ,

so that (6) gives that J,(6’;6') < 0. Then (33) implies that M;(6’;0) > 0 if and only if
6’ < 6, which completes the proof. O

Finally, we present the proof for Proposition 2.

Proof. To be Completed. O
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A2 PROOF OF PROPOSITION 3

After integrating by parts, the Lagrangian to the planner’s problem can be written as

L= /‘I’(U(@))f(@)d@
©

— [ [UOW (©0) — 102 (n(0:6) 0(6;0)] do
(€]

ARC ( [ wie) ~ue) - v(n(9;9))]f(9)d9)

e

e - L(9)f(9)d9),
[

/\RC /\LM

where 11(6) is the multiplier on (7), is the multiplier

on (9). First order conditions are

is the multiplier on (8) and

W (6) = (¥'(U()) =A%) (), (34)
u(0) [0 (n(0;0))ny(6;6)ng(6;0) — ' (n(6;0))ng, (6;60)] = AR [1 - U'(”(Q;Q))”y(";@)ég)(@)f
(0) [0 (1(0;0))n.(6;0)110(6;0) — 0’ (n(6;0))mor.(6;0)] = —AR%%n(e;e>>nL<e;e>f<(e3>6; AFME ().

Integrating (34) between 6 and 6 and using the transversality condition u#(6) = 0 we get

0
uo) = [ (AR —¥'ue)) re)ae. 37)
0
Evaluating (37) at 8 gives
ARC _ / ¥ (U(8))(6)d6. (38)
(€]

So using (38) into (37) we obtain
u(0) = (1—-F(0)) (D) —D(0)), (39)

where D(0) = ﬁ(g) fo ¥ (U(6))dF(6). Also, (35) can be written as

V" (n(6;6))

u(0)0' (n(6;6))n,(6;0) —an(e;e) gy (6;0)

ny(6;0)

So using (38), (39) and (10) into (40) gives the result.

= ARC[1 -0/ (n(6;0))ny(6;0)] £(0).
(40)
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A3 PROOF OF COROLLARY 1

First note that given Assumption 2 we have

o) 2] e

Taking derivatives from (41) we obtain

vk~ () o) -5 @) ) o5 )

(42)
o[ a) SO )
o= () 5o alo) [ al) 5" G
: E (%Y d+7) - % <§ p} (44)
- g E (9;{9))” - ;ﬁ <§>p] . % (%)p (1+7)

S0 ) 45
and ( )p
oy (y, L;6) 1 g(Le) (14+79)—1-p)LP
. g |10 +o(1+7)]|. (46)
ny(y, L; 0) 0 { (ggjg))p T
Now notice that by Assumption 2 we have
y(0)\* _
(g(—9)> = B(6n)P + (1 — B)LP.
Then ( )p
) A+ —(1-p)Le N
8(6) i1y 1 p(L )
(¢fn) — 1 -pie 7( B <6n) > (47)
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Also notice that Assumption 2 implies

yL(0)L(6)/y(0) _1-p ( L )P

y@nen/y(6> B .B On
> )  1-B(L\°
) B
-8~ B (EJ ’ #5)

where x(0) = yr(0)L(6)/y(0) denotes the share of labor costs to total sales for manager 6.
Using (48) in (47) gives

(i) A+7) -1 -pr
() — (1 —py1e

So using (45), (46) and (49) into the formula from Proposition 3 gives the result.

:1+7<1+T§%§>' (49)

A4 PROOF OF LEMMA 2

We start with some preliminary results. Using (17) and the definition of k we can write

on it
1—k= f”ﬁ. (50)

Also, let f (0n,L) = Lh (6n/L). Define the elasticity of substitution between 6n and L as

_ dIn(L/6n)
~dIin(fa/fi)’

By definition of f we have fi = ' and f, = h — %1 which implies % = I, — 8 Therefore

(51)

1 . _dln(fz/fl)

c  dln(L/6n)

Straightforward algebra leads to:

1 on\ n’ onh'\
o (f) 3 (1 a Tﬁ) ' (52)
So combining (50) and (52) we obtain
1 On\ b1
2= (F)x (53)



For now on we will work with (53) for the elasticity of substitution.

We now move to the proof of Lemma 2. First we look at equation (19). Let M (6) be
the value function to problem (16). Applying the envelope theorem we get:

=(1-7)x[¢ (0)Lh+g(0)W'n],

so that
L Ly @ ih+g@wn
_g(O)Lh [g/(6),  nk
=& [gw)“fﬂ

by definition of ¥ and using (50) we get % = 1= (7 +1—«) which gives (19). We now

move to equation (20). Differentiating the system defined by (17) and (18) we get

dinL dinn ¢ (L1 on
dn  dIn6 _1_9§ (%) W(h_fh)' 54

no _,dInL n v on ] dlnn
L8 dine [9(1—’()){ 8 dne T 55
g'on' + gh' + gh” nf@ (56)

Combining (54) and (55),
n o dnn nb , Yo\

5(1—T))(dln9+fgh (1+1—K) B ©7)
¢'On + gh' + gh”n—LQ, (58)

where we used (50), (53) and the definition of o on the last term. Further rearranging
using (50) and (53) gives

v ndlnn 0%
(1-7)x6dIn6 = gh (1+ 1—K>'

Using the first order condition (18) we have

dlinn v’ 0%
dlnf — v'n (1+ 1—K> '
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From Assumption 1 we derive (20). For Equation (21), using (20) into (54) gives

dinL v L\?1 on

o —8(1+—1_K) “—7(%) W (h_fh)'

Then applying (50) and (53) and rearranging gives (21). Finally for equation (22): by (15)
we have

dlny_dlng(9)+dlnL dlnh <9Tn>
dln6 dln6 dln6 dln6
:,Y+C”LL+9_nh_/ <1+dlnn_dlnL)
dln6 L h dln6é dInf

Using (50) gives

dlny_ dinL

Ly +(1—x) 1+dlnn
dime " ine dlno

Plugging in (22) and (21) gives the result.

B ON THE ELASTICITY OF MANAGERIAL INCOME

In this section we derive an expression for the elasticity of managerial income 77 with
respect to the after-tax top rate (1 — 7).

Proposition 6. Let ¢ = %. Thene=1+e.

Proof. By definition 7t we have that
om ,0n oL , on
30 —7) =x|[gLh —wL]+ (1 —1)x [gh—ghf—w} a(l—_l_)—i—(l—r)xgﬂh =)
(59)
Differentiating the first order conditions from the manager’s problem in (17) and (18)
with respect to n, L and (1 — 7) we get

on n dL
-7 Lod—-7) (60)
and 0" 0 h'” on Onh” oL
wor VOt samn YU Y T b (61)
Combining (60) and (61) we obtain
oL L xgon
o1—1) n o’ (62)
on  xgon
-1 o (63)
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Using (62), (63) and (18) into (59) gives

om___ |gLh — wL] + x [ghL — gh'0n — wL] v + Gh’v—/
a(l—T) _X g X g g U”n Xg ,0//’

or
o7

(1 —1)

Rearranging gives

= x [§Lh — wL] + x [ghL — gh'6n — wL] e + xgOh'en.

omr
aa—o Xl

So using the definition of 71 once more gives

gLh —wL) (1 +¢).

ot 1—r71

Il—1) = =1+e

as we wanted to show.
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