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Technical Change, Wage Inequality, and Taxes
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This paper considers the normative implications of technical change
for tax policy design. A task-to-talent assignment model of the labor
market is embedded into an optimal tax problem. Technical change
modiles equilibrium wage growth across talents and the substitut
ability of talents across tasks. The overall optimal policy response
is to reduce marginal income taxes on low to middle incomieite
raising those on middle to high incomes. The reform favors those in
the middle of the income distributioreducing their average taxes
while lowering transfers to those at the bott@aEL D31, H21, H23,
H24, J31, O38

Technical change is inherently redistributive, complementing the labor of some
whilst substituting for that of others. A large positive literature has analyzed its
impact on the wage distribution. This literature has emphasized skill-biased techni
cal change that favors the skilled over the unskilled and, more recently, has stressed
the role of technical change in replacing Oroutine laborO in the middle of the wage
distribution. However, while the positive literature documenting the redistributive
nature of technical change is extensive, normative work exploring the policy impli
cations of such change is foDur paper 1lis this gap. We explore how more than
30 years of technical change in the United States has affected the policy reeommen
dations that economic theory provides. Overall, we 1nd that such change creates a
rationale for a modest adjustment of optimal policy in a direction that favors middle
income earners, reducing their average taxes while lowering transfers to those at
the bottom. Optimal marginal taxes are reduced on incomes that afbubwot
the lowes} and raised on incomes that are hight not the highegtAlthough, the
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1For a historical account of the relationship between skill and technology see Goldin aritige8tzAutor,

Katz, and Kruegef1998, and the references therein. Bresnahan, Brynjolfsson, anBit®) look at 1rm level

evidence connecting technology and the demand for skills. Autor, Levy, and My@@08 argue that recent
technical change has led to the replacement of OroutineO labor in the middle of the wage distribution. Autor, Katz,
and Kearney2006 and Goos and Mannin@007) document Ojob polarizationO: growth in low- and high-skill
occupations.
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overall effects are moderate, they are the net effect of larger countervailing forces
stemming from technical change. First, such change directly modiles wage differ
entials across differently talented workers; second it alters the substitutability of tal
ent across occupations and, hence, the sensitivity of wage differentials to taxes. The
evolution of optimal policy depends upon the balance of these con2icting forces.

We make theoretical and quantitative contributions. On the theoretical side, we
embed a talent-to-task assignment model into an optimal tax framework. The former
has been used by labor and trade economists to analyze the implications of technical
change for the structure of wages and employment. We show how the technological
parameters emphasized in this work shape optimal tax formulas. On the quantita
tive side, we bring a parametric assignment model to the data; we estimate the key
parameters and derive the implications of technical change from the 1970s to the
present day for policy.

The normative tax literature largely focuses on the incentive to supply effort by
perfectly substitutable and privately informed workers. An exception is Stiglitz
(1982 who allows for imperfect substitutability between the effort of two different
talents? This assumption renders relative wages sensitive to the prolle of effort
across talents and, hence, tax policy. In particular, Stiglitz identiles a wage com
pression motive for subsidizing high and taxing low talents. By doing so the wages
of high talents are compressed relative to low and the formerOs incentive constraints
are relaxed. We begin our analysis with a Stiglitz-type environment in which the
production function is delned directly over the imperfectly substitutable labor input
of many different worker types. In this setting with minimal restriction on the pro
duction function, we derive a general formula for optimal taxation. The formula
provides a framework for interpreting subsequent results. Stiglit8®8 wage
compression channel remains operative, but now takes a more complex form: the
motive to tax a given talent typeat the margin depends, in part, on the elasticity
of the relative wages of all pairs of adjacent talent typedered by wageswith
respect tkOs effort. This setting suggests two ways in which technical change can
in2uence optimal policy. First, factor augmenting technical change that is biased
toward a subset of talents can do so by modifying relative wages and, hence, tighten
ing or relaxing incentive constraints. Second, technical change that alters the effect
of one talent typeOs effort on the relative wages of other talent types impacts policy
by strengthening or diluting the wage compression channel described above.

We next embed an assignment model into an optimal tax framéwmotke class
of assignment models we consider, talented workers have a comparative advan
tage in complex tasks and assortative matching of workers to tasks occurs. To such

20ther important exceptions include Lockwood, Nathanson, and (2@34); Rothschild and Scheug013);
Rothschild and Scheué2014); Rothschild and Chef2014); and Slav’k and Yazici2014).

3The assignment framework originated with RA®50. Versions with a continuum of tasks, single dimen
sional talent, and comparative advantage of talented workers in complex tasks were developed by($2ftihger
and Teulingg1995. Such models have proven to be a rich laboratory for analyzing the role of task-talentdistribu
tions and the productivity of task-talent matches in shaping the wage distribution. Recently, these models have been
used to explore the implications of technical change that attaches tqrethles than talentssee Costinot and
Vogel (2010; Acemogi lu and Autd2011); and Autor and Dori(2013.
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models we add an intensive effort margin, a societal motive for redistribution and
explicitly private talent

In the equilibria of our embedded model, workers sort themselves eflciently
across tasksonditional on the effort of other workerghis induces an indirect
production function over the effort of different talents of the sort that our earlier
analysis directly assumed. Technological parameters that determine relative task
demand and the productivity of task-talent matches in the assignment framework
are thus mapped to the variables and elasticities necessary for optimal tax analysis.
In particular, the pattern of comparative advantage of talents across tasks shapes
the sensitivity of relative wages to variations in the effort prolle and, hence, policy.
A local reduction in marginal taxes that induces a given talent type to increase its
effort, depresses thishadow price of the task to which the type is assigned and,
hence, the typeOs relative wage. Workers of this type offset this reduction by migrat
ing into neighboring tasks, mitigating the impact on their original taskOs shadow
price. However, the offset is partial since this migration erodes their productivity
relative to neighboring talents. The greater is the comparative advantage of talented
workers in complex tasks, the greater this erosion and the more sensitive-are rela
tive wages to task assignment. Thus, technical change that raises talent-complexity
comparative advantage enhances the policymakerOs ability to in2uence the wage
structure through taxation. It strengthens the wage compression force identiled in
the more reduced form Stiglitz settifg.

We take our model to the data and quantify the implications of 30 years of technical
change in the United States for optimal policy. We treat information on occupations,
incomes, and hours in the Current Population Suf@8S as if it was generated
by an equilibrium of our assignment model and use parametric assumptions and
equilibrium restrictions to recover estimates of key technological parameters for the
1970s and the 2000s. To relate empirical occupations to the ordered set of tasks in
our model, we order the former by the average wage paid. We recover an empirical
proxy for the assignment of tasks to talents from the distribution of workers across
occupations(ordered by wages The estimation of parameters determining the
demand for tasks is separated from those determining the productivity of task-talent
matches by assuming a Cobb-Douglas technology for 1nal goods as a function of
tasks. This enables us to identify the demand parameters with occupational-compen
sation shares. Parameters determining the productivity of talent-task matches and,
hence, comparative advantage are recovered from the empirical assignment function
and the distribution of wages across tasks using the envelope condition for wages
implied by the model. After obtaining these estimates and supplementing them with
calibrated preference parameters, we calculate optimal tax policies for the 1970s
and 2000s.

“Rothschild and Scheué2013 were the 1rst to consider the optimal tax implications of an assignment model.
They do so in the context of a Roy model, i.e., a model with two sectors and no explicit notion of comparative
advantage. We elaborate on the differences between their focus and approach and ours below.

SMigration of workers into neighboring tasks depresses the shadow prices of these tasks inducing the talents
occupying them to migrate as well. A ripple effect is created and, so, an adjustment in one talent typeOs effort can
induce reassignment of many types, affecting their relative wages and in the process relaxing and tightening many
incentive constraints. However, the greater is talent-complexity comparative advantage the more contained the
impact of a policy-induced effort adjustment.
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We 1nd evidence of relative reductions in demand for mid-level tasks and relative
increases in demand for low- and high-level tasks. We also 1nd eviderneasiiray
of the talent-task productivity function, with low-talent productivity catching up to
high talent in simple tasks and falling behind in more complex ones. The latter is
associated with signilcant increases in the comparative advantage of more talented
workers in more complex tasks. Moving from the 1970s to the 2000s, we 1nd that
under our benchmark estimatjgarameterization, optimal marginal tax rates rise
at the very bottom of the income distribution, fall on low- to middle-level incomes,
rise on higher ones before falling again at the very top of the income distribution.
This change in policy favors those in the middle of the income distribution who pay
lower average taxes; optimal transfers to workers at the 1rst and second income
deciles are reduced. The twisting of the productivity function is the main force at
work. It has two effects. First, it suppresses wage variation at the bottom of the
income distribution, while enhancing it at the top. This relaxes incentive constraints
on low incomes, while tightening them on high ones; it is a force for reductions in
optimal marginal taxes on the former and increases on the latter. These effects are
slightly enhanced by the relative reduction of demand for mid-level tasks populated
by mid-level talents. Second, there is a partially offsetting strengthening of the wage
compression channel. Higher comparative advantage of talented workers-in com
plex tasks increases the policymakerOs motive to apply high marginal taxes on low
talents. Such taxes deter low-talent effort, raise low-level task prices, and encourage
higher talents into these tasks. The relative productivity of these task migrants is
eroded, suppressing their wage premia and relaxing incentive constraints. A parallel
strengthening of the policymakerOs motive to reduce marginal taxes on high talents
occurs. Policy depends on the balance of these two forces. The 1rst dominates at
most incomes under our benchmark parametrizgganept those in the extreme
tails), but since the second dampens the 1rst, the overall effect is modest.

The equilibrium of our baseline model does not exhibit intra-task wage disper
sion or the payment of the same wage in multiple téSkgage overlapOrhus, it
cannot capture the policy implications stemming from these. At the end of the paper,
in Section VI(with details and elaboration in online Appendix Mie describe an
extension that permits nondegenerate and overlapping supports for intra-task wage
distributions. This extension incorporates a second talent dimension, which impacts
absolute advantage alone. We 1nd that our results concerning the implications of
technical change for policy are qualitatively robust to, but quantitatively dampened
by this extension. We use it to obtain a lower bound on the responsiveness of policy
to technical change.

The remainder of the paper proceeds as follows. After a brief literature review,
Section | provides motivating facts. Section Il gives optimal tax formulas for econo
mies with imperfectly substitutable labor types and provides an initial discussion of
the implications of technical change for policy. In Section Ill, an assignment model
is embedded into an optimal tax framework. An indirect production function over
worker effort is derived and the parameters of the assignment model are related to
the relevant terms of the optimal tax formulas from Section II. In addition, the impli
cations of technical change for policy in a simple two talent model are discussed.
Section IV describes how the assignment model is used to identify estimates of
technical change and reports these estimates. In Section V, optimal policy for the
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1970s and 2000s is computed and the implications of technical change for policy
recovered. The tax formula from Section Il is used to decompose and account for
changes to optimal taxes. Section VI describes a model extension that can accommo
date intra-task wage variation; Section VII concludes. Appendices contain proofs,

robustness checks, and extensions.

Literature NA contribution of our paper is to bring together the normative-opti
mal taxation literature and a positive literature that analyzes the impact of technical
change on the wage distribution. Both literatures are large. Many contributions to
the latter have attributed increases in the skill premium to skill-biased technical
change formallzmg this insight in what Acemog lu and A0t 1) have called the
Ocanonical model,O i.e., a model with imperfectly substitutable skilled and unskilled
workers and factor-augmenting technical change directed toward the Skilled.
Recently, a more nuanced view of the labor market has emerged that emphasizes
growth in low- and high-wage occupations relative to those in the middle. It has
spurred the development of assignment models that endogenize the joint distribution
of workers across wages and occupations and in which technical change attaches to
tasks rather than worker types. Examples include Acemog@lu and(201dy and
Autor and Dorn2013).

Most contributions to the normative literature focus on the incentive to supply
labor in environments with privately known talent and perfectly substitutable labor.
Stiglitz (1982 was the 1rst to introduce imperfectly substitutable labor into such a
setting. Rothschild and Schey@013 (extended in Rothschild and Scheuer 2014
were the 1rst to introduce assignment. They show that a workerOs ability to select her
task mutes the regressivity of optimal taxes found by Stiglitz. They also show that
optimal tax formulas are substantially complicated by additional terms stemming
from wage overlap. The focus in Rothschild and Sché&@t3 is on economies
with two tasks and two dimensional talehts contrast, our baseline assignment
model features a continuum of tasks and one dimensional talent. In our model a more
talented worker is better at everything, but especially good at some things, with those
things interpreted as more complex tasks. The restriction to one dimensional talents
follows a tradition in labor economics initiated by Sattinge375 and adopted
recently by the positive literature described above. Its adoption allows us to make
contact with these recent contributions, to formulate the notions of talent and task
complexity in a parsimonious way and to develop a strategy for bringing our model
to the data. It permits a signilcant simplilcation of the tax formula in Rothschild
and Scheue(2013 (via the omission of wage overlppnd leads us to adopt a
substantially different approach to analyzing the problem than that in Rothschild
and Scheuef2013. However, it cannot accommodate intra-task wage dispersion
or wage overlap. In Section VI and online Appendix VI we provide an extension
that can. Lockwood, Nathanson, and W@014) also integrate tax considerations
into an assignment setting. They focus on the externadiissciated with certain

SExamples include Acemog@(R002 and Krusell et al(2000).
"This is generalized in Rothschild and Sche@e14) to K tasks an& dimensional talent.
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assignments and characterize the optimal structure of corrective Pigouvian taxa
tion.2 We abstract completely from this tax motive.

Slav’k and Yazici2014) apply the logic of Stiglit1982) to capital taxation. In
their paper they introduce two sorts of capital: buildings and machines. Following
the skill premium literature, they assume a machine-gkilmachine-talentcom
plementarity. Thus, machines raise the marginal product of the talented relative
to the untalented and, as in Stigl{tk982), this dilutes incentives. It is socially
desirable to deter the accumulation of machines. In quantitative work, Slav’k and
Yazici (2014 show that this creates a rationale for quite high ratésathing
capital taxation. Slav’k and Yazici@914) contribution is complementary to ours.
They endogenize technical change in the context of a two talent Ocanonical modelO
and develop policy implications. We treat technical change parametrically, but do so
in a multi-talenfmulti-task assignment setting.

Heathcote, Storesletten, and Violai#914 analyze optimal income tax pro
gressivity in a rich dynamic environment. They assume imperfectly substitutable
skills, but do not explicitly model tasks. Our model is static, but we add assignment
and, hence, endogenize the substitutability of skills and relate it to technical change.
In addition, Heathcote, Storesletten, and Viold@@l14) restrict optimal taxes to a
parametric class, we do not.

I. Evolution of the Occupational Wage Distribution: Stylized Facts

We 1rst document some stylized facts that motivate our analysis. Figure 1 dis
plays changes in average incomes acfoss-digij occupations from the 1970s to
the present.The 1gure indicates considerable variation in the experience of differ
ent occupations, with some exhibiting signilcant average income growth and others
stagnating. Moreover, occupations with slow average income growth were predom
inantly middle income in the 1970s, while fast growers were mainly low or high
income at that time. For example, precision production, craft, and repair workers
had a mid-level income of $33,109 in 19&H incomes are expressed in 2005-dol
lars) and negligible income growth subsequently. In contrast, the two occupations
with the fastest growing average incomes, services and managerial and professional,
had average incomes in the mid-1970s of $12,912 and $40,013, placing them at
opposite extremes of the income distribution. Such occupational polarization, with
the middle growing more slowly than the extremes, is not conlned to earnings; it is
also present in various measures of occupational size and demand. Figure 2 displays
changes in the share of employment of different occupations ovet%ime.

Here managerigprofessional and service related occupations that are con
centrated in the extremes of the income distribution are expanding in size, while
mid-income level occupations such as operators and fabri¢atostly employed
in manufacturinggwhose workers are shrinking over time.

8Rothschild and Scheué2014 also incorporate this motive into their theoretical work.

9The data is taken from the March CPS. See online Appendix IlI for additional details on the data and our
sample selection.

10See, inter alia, Goos and Manni(@007); Acemodlu and Autof2011); and Autor and Dorrf2013 for
related evidence.
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Overall, the picture that emerges from the GB& other data sourdeis one
in which high-wage and low-wage occupations are growing in size and in average
compensation relative to middle ones. If talent is imperfectly substitutable across
occupations, then these varied occupational fortunes suggest varied fortunes for
differently-talented workers. In the remainder of the paper we consider the optimal
policy response to such events.
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Il. Taxation with Imperfectly Substitutable Workers

Mirrlees0$1971) model of optimal taxation assumes that workers of different
types are perfect substitutes and that 1nal output is a weightedosuntegra)
of worker efforts, with the weights given by private productivities. Stigli€82)
allows for a more general production function. He assumes that workers are one of
two imperfectly substitutable types and interprets these types as OlowO and OhighO
skilled. In this section, we generaliggtiglitz 1982 to K-types, but place no inter
pretation on a workerOs tyftke nature of which is delned implicitly by the pro
duction function. In this(and compared to later sections reduced jaromtext we
discuss implications of technical change for tal}¥es.

A. Physical Environment

WorkersNA continuum of workers has identical preferences over consumption
c € R, and efforte € [0, €] described by a utility functiod:R, x [0,€] — R.
The functionU is assumed to be concave, twice continuously differentiable on the
interior of its domain, with for each € [0, €], U( -,e) increasing and for each
c € R, U(c, - ) decreasing and strictly concave. First and second partial deriva
tives ofU are denotetl, andU,, withx,y € {c, €}. U satisles the Inada conditions:
forall c > 0, limg Ug(c, - ) = 0 andlimg e Ug(c, - ) = —oo. In addition,U
satisles the Spence-Mirrlees single crossing propetti(c, y/w) /{wU.(c,y/w)}
is decreasing imv. Workers are partitioned across a 1nite number of Otypes@
with a fractionr, of workers being of typk € {1,...,K}. The fraction of workers
with type less than or equal kas denotedl, = Z}(:l Tij.

Workers sell their labor to 1rms and pay taxes on the income that they earn. Let
T:R, — R denote an income tax functidAA worker of typek receiving wagev,
solves the problem

(1) max _U(c, e) st ¢ < we — T(we).
R, x[0,€]

TechnologyNA representative competitive 1rm hires workers of all types. The
1rm uses a production functiéii RK — R, delned directly on the labor inputs of
the different types. The 1rm solves

K
r?&gXF(elﬁly o &TK) — kzl Wi Tk &,

1IMuch of the optimal tax literature is cast in terms of a continuum of types. This literature maintains the linear
production function assumption. Although versions of the results that we give below are available for continuum
economies, fogeneralconstant returns to scale production functions over worker effort allocations, their derivation
requires leaving the framework of optimal control and maximizing an inlnite-dimensional Lagrangian directly.
To avoid technical complications that do not generate additional economic insight we do not do this. In our later
assignment setting, optimal control techniques are applicable and we use them in online Appendix II.

12We restrict attention to non-stochastic tax functions. See He{R@g7) for suflcient conditions for such
mechanisms to be socially optimal in utilitarian settings.
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where g, is the common effort level of workers of tygeF is assumed to be a
continuously differentiable, constant returns to scale functionkilitipartial deriv

ative F. At this stage, we place no further restrictionsForin classical Mirrlees
modelsF(e rty, ..., &mK) = ZE:1 a.gm for some positive constan{s,} and
workers of different types are perfectly substitutable. However, we allow for and
focus upon worker types that are imperfect substitutes in production FSiledaes

what it means for a worker to be of one type or another, the economic nature of a
workerQOs type is for the moment left impftéit.

Tax EquilibriumNLet G € R, be a 1xed public spending amount. Gi@&na
tax equilibrium is an income tax functi@hR, — R, an allocatior{c,, g}k, and a
wage prollgwglk_; such thati) for eachk = 1,...,K, (¢, 8/ solves(1), (ii) for
eachk = 1,...,K,w, = R(emy,...,6&mk), and(iii ) the goods market clearing
condition holdsG + ZE=1 ok < F(eymy, ..., &mk). Let! denote the set of tax
equilibria(givenG), which we take to be nonempty.

B. Optimal Policy

A government attaches Pareto weighto workers of typé, with weights nor
malized to satisf;ZE:l o = 1. It selects a tax equilibrium to solve

K
(PP Supk; U (G 80k

Let T* and{cg, &, wi}_; denote an optimal tax equilibrium. Delne the correspond
ing (optimal) marginal tax rate at incontg := w; e > 0to be*

Tﬁ — 1 ‘l‘ Ue(CQ,eE) ]
wiUg(ck, &)

To characterize optimal tax equilibria, we follow the conventional procedure of
recovering optimal allocations from a mechanism design problem. Subsequently,
prices andoptimal) taxes are determined to ensure implementation of this alloca
tion as part of a tax equilibrium. The mechanism design problem associated with

(PP is

K
(MDP) sup Y U (G 806
{ek etiae{R, x [0, g€ k=1

13The 1rmOs problem determines relative levels of efforts across types. The scale of the representative 1rm is
determined in equilibrium.

14(PP does not uniquely determifie. However,T* may be chosen to be directionally differentiable in which
casedT*(qx) < Tk < ITi(gk), wheredT*(qs) anddT; (qx) are left and right derivatives @f atqs > 0. If T*
is (chosen to bedifferentiable aty, then its derivative at that point equajs
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st foreack,j € K:= {(ILbm) € {1,...,K}2 | # m},

Fj(elﬂl, ey Q(TTK)

(2) Nkj: UGe8a) > U( q’Fk(elﬂl,---,WﬂK)q)
and

K
(3 x: Fem, ..., &m) > G+ k;ckwk-

In (MDP) the government selects a report-contingent allocation of consumption
and effort{c, g}K_; that induces each worker to truthfully report its typand
produce the associated income= F(e;my,...,& ). Incentive constraints
that ensure the optimality of truthful reporting are givef2inwith corresponding
Lagrange multipliers), ;. If type k claims to be of typg¢ she must reproduce the
corresponding incomg = F(e 7y, ...,&mk)§. The effort cost to her of doing
H g. Thus, thegk, j)th incentive constrain2) depends upon the
entire prolle of worker efforts via thek,j)th shadow wage ratio. We refer to a
(k, j)-incentive constraint as localjif= k — 1 orj = k + 1, local downwards if
j = k— 1and local upwards if = k + 1. The 1nal restrictior§3) in (MDP) is
the resource constraint with corresponding multiplier

Toward understanding how technical change shapes policy, we give a proposition
that relates optimal taxes o This proposition is a consequence of a more general
result given in the Appendix. In the latter, we show that when worker types are ordered
consistently with optimal wages and incomes, then only local down\iiaids- 1)
or upwards(k, k + 1) incentive constraints bind. In the main text we follow the
common convention of assuming that only the former are binding and then verify
ing this assumption in numerical calculations as neéd@&d.state the proposition
(and its generalization in the Appengikis convenient to reexpress the constraints
in (MDP) in the formG({c, 6} ;) > 0, whereG:R* — RKK-D+1 combines
the constraint functions. ProblertMDP) satisles aMangasarian-Fromowijz
constraint qualilcation afc,g}f ., € R if there is anx ¢ R? such that

VG({o. 8l 1)x < 0, where VG ({c, 8}t 1) is the Jacobian of at {c,&}\ ;.
Let ni; and x* denote the optimalKarush-Kuhn-Tuckgr multipliers asse

ciated with the incentive and resource constraints. FinallyAlgi(c,€;9):

_ Uelowent 66) — U(ched denote a 1lnite difference approximation to the derivative of

U, with respect te at(c,€) and delne\ .U, analogously.

PROPOSITION1: Let T* and {c;, e, Wi }K_, denote an optimal tax equilibrium
with worker types indexed so thaf = F(e;ny,...,exmk) iS nondecreasing in
k. Assume that for eadhicy, € R, , andeg € (0, e), thatg satis!es the constraint

15A general formula with possibly binding upwards incentive constraints is supplied in the Appendix.
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qualilcation at {c, &, w;}_;, and that the local upwards incentive constraints are
nonbindingi.e.,

(NUIC)  U(ci, &) > U(Ciin, Oipa /W), wheredii, == Wi 161

Optimal tax rates then satisfy

* * K—1
Tk 1-— 11, AWk+l * ok %
(4) ¥ = Tk ¥ \Ilka + Z Mk,j(bk,jv
l_Tk 1 == wk+1-- $ Fly g
Mirrlees Wage Compression

whereAwy (= Wy — Wy_1,

X gj+1Uc(Cj111 Qil) Uc(CIZ &) Tl
Uy = N 1 - * * * '
Z k'J{ Tji+1X }( Ue(C1,8%1)) 1 - 1o

With NG = § 1y, SO G/ W)

UC(Ci*vq*> ,
] AeUq(Ck, & Ok /Wiy 1 — &)
H = e~c *
‘ Ud(Ce. &) &
AeUq(Cy, 8 Ok /Wiy 1 — €) W
+ * % Ak < + 11
Ue(ckvek) WI &
A ohe) (GO /Wi) g 1T
KT Ufenener UdclLg)  Wia M Tk
and cross relative wage elasticities
= e, ..., 65).
d)k,I \Nj*-&-l/Wj* aeK ( 1 eK)
PROOE
See the Appendix.

The right-hand-side of the optimal tax forma is the sum of two terms, which
we label OMirrleesO and OWage Compression.O We discuss each in turn below.

Mirrlees TermNThe Mirrlees term in(4) is quite standard in optimal tax anal
yses. We very brie2y review and interpret its four componérs, is a discrete

16For detailed discussion of these components in a continuous-type setting see(SadahiZ
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approximation to—where' cxand! ,  are, respectively, the compensated and

uncompensated Iabor supply elasticitiescgtey). If worker preferences are addi
tively separable, this reduces to one ghudiscrete approximation)tthe reciprocal

of the Frisch elasticity. Incentive-compatibility considerations require that if worker
typekreceives an incrementin consumption all higher type& + 1,k + 2,...,K
receive an increment in utility suflcient to deter them from reporting a lower type.
Wi captures the net societal cost of such a redistribution; it weighs the cost of
extracting resources from the population at large against the benelts of raising the
welfare of higher income typeila._TH" is the reciprocal of the type hazard. This
plays an important role in conventional optimal tax analysis since, if types have
compact supportas in the current 1nite settingt implies zero marginal taxes

at the maximal income. However, it is unaffected by technical change and, thus,
is less central to our analysis. In contrast, the wage gr(adioss typesterm

AWy, 1/Wg,1 is endogenous and important in what follows. To understand its role
consider the local downwards incentive constraint:

(5) U(Cer1r 8r1) = U(Co, BW/ Wi 1)-

As noted previously, the wage ratig, , /W, appears on the right-hand-side of this
inequality. Higher values of this ratio reduce the effort thattalth type worker
must exert to mimic &th-type. Consequently, they tighten the incentive constraint
and lead to greater distortions of allocations. Higher wage growth acro&s the
andk + 1 types is, other things equal, a force for higher marginal taxes ¢uhthe
typel’

Wage Compression TerlRiThe second term ir{4) doesnot appear in standard
optimal tax equations that are derived from models with linear production functions
and exogenous wages. In settings with nonlinear production functions, such as ours,
the effort of thekth worker type can affect the marginal rate of transformation and,
hence, the ratio of wages betweenjthadj + 1th types. Following the logic of the
previous paragraph, more compressed wage ratios relax incentive constraints and,
thus, to the extent that the effort of a given type increases wage differentials it should
be deterred. In particular, larger values of the cross relative wage-effort elasticities
ok are a rationale for higher marginal taxes on kite typeOs income. Stiglitz
(1982 identiles this wage compression channel in a two type model. In that
case there is only one binding incentive constraint and ; = ¢35, = 1/5
where £ is the elasticity of substitution between the two worker types i.e.,

Awg . Awg
17The termsﬂ andwfk+1 may be consolidated a%— " k1 In the continuous limit the latter

k+1 k+1
1-Z(w)

(Ww

the usage of Sag2001), Haz( w) is the wage hazard ratio. In the continuous setting, the impact of a change in

wage growth across Wpes*(—) 85}'(

an increase |r%— reducest(w*(k)) (the OfractionO who will be distorted by a margingl tabative to

1 — =(w*(k)) (the fraction who will be undistorted and will pay higher average }akes, therefore, a force for
higher marginal taxes at*(k).

reduces tdHaziw) = , where= and¢ are the wage distribution and density functions and, following

(k) on marginal taxes may be understood via its impact on Haz. Specilcally,
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“&fer oW,/ Wy
between the two typesequires that the effort of the highesp. low type should
be relatively encouragedesp. discouragedSince the 1rst term i) is zero for
k = K = 2, this translates into an optimal marginal income subsidy for high types
and an enhanced marginal income tax for low types.

(WZ/Wl 062/61) at theoptimum. Assuming this is positive, compression of wages

The Role of.NThe functional form forF plays an important role in shaping
wage growth across typeswg,1/W, 1, the cross relative wage-effort elasticities
okj and, hence, optimal taxes. Consider 1lrst some standard functional forms.
If Fis a weighted sum of type efforts, as in the classical Mirrlees model, then
Awg,1/Wiy 1 is treated as structural and invariant to policy, while egghs set to
zero and the wage compression channel is shut downisl more general CES
function, then, except in the limiting linear case, policy can affegt, , /wy,, and
the wage compression channel is active. However, the elasticity of substitution and,
hence, the relative wage-effort elasticities remain parametric and independent of
policy. The CES form also places strong restrictions on the latter requiring that they
equal

1.
By 1=k
(6) dkj = % j=k-—1
0 otherwise,

wheref is the elasticity of substitution between the effort of worker type pairs. Thus,
for each worker typg, the elasticitiesy ; are nonzero only locall§i.e., a variation

in a typeOs effort only affects its wage relative to others, it does not affect the relative
wage of other type paijrsind all elasticitie® x and ¢ _; take common values
independent ok. These features have led to some resistance amongst labor and
public 1nance economists to the use of CES production functions in modeling labor
demand. For example, Salar{@d11, p. 111 asserts: Olt is, unfortunately, quite
diflcult to specify a production function that models the limits to factor substitution
with an inlnite number of factors.O He emphasizes that the substitutability of similar
and dissimilar worker types may be quite different, but that such differences cannot
be accommodated under the CES assumption. In Section lll, we use an assignment
framework to micro-found a production functiéndelned directly over worker
efforts. In this setting the allocation of workers to tasks is eflcient given worker
effort andF is the upper envelope to a family of production functions indexed by
worker task choices. Relative wage-effort elasticitigsand the wage compression
channel are then shaped by both technology and policy and tied to the underlying
technological parameters that describe the productivity of differently talented work
ers in different task&®

18Rothschild and Scheug¢R013 and its generalization Rothschild and Sche@ét4 consider assignment
economies in which workers choose tasks as well as effort. In their setting a workerOs multidimensional type gives
his or her productivity in all tasks. If, in the latter paper, the distribution over worker types places all mass on types
that have positive productivity in only one task, then it reducesktdyae Stiglitz economy with workers effec
tively OlockedO into particular tasks. Consequently, results similar to Proposition 1 would emerge in Rothschild and



3074 THE AMERICAN ECONOMIC REVIEW OCTOBER 2015

Technical Chang&iThe formulas in Proposition 1 point to several channels
through which technical change can in2uence optimal policy. If such change raises
the return to effort of all workers equally at a given effort prolle, then it does not
directly affect wage growth over typeswy, ,/wg or the responsiveness of rela
tive wages to efforby ; in (4). Such Otype-neutralO technical change impacts pol
icy only insofar as it affects labor supply elasticities and relative marginal rates
of substitution across worket8.If, on the other hand, technical change augments
the effort of a subset of workers, then, in general, it does affect wage growth
over types. Specilcally, iF is a CES function of the formk(e;my,...,&mk)

&

= A[Zle Dkekg?_l]rl, then:

AW 1 - Wi\ Dy 1 &
(7) Wepr _09<Wk+1) - _IOQ( Di1) t ?|09<Q<_+1>'

and technically induced variations in the log relative CES Wei{glkugs%} addi
+

tively translate the map from efforts to wage growth over types. Such variations,
by modifying the productivity of one type of worker relative to another at a given
effort prolle, relax or tighten incentive constraints and, hence, elicit an optimal
tax response. They do not affect the responsiveness of relative wages to effort, i.e.,
they leave the elasticitiels ; unalteredat the 1xed values given {6)). For more
general production functior{such as the inducdg in the next section technical
change can in2uence the sensitivity of wages to the effort prolle as well-In par
ticular, by reducing substitutability between skills, technical change can enhance
the impact of variations in relative labor supplies on relative wages and, hence, the
policymakerOs in2uence over the wage distribution. This strengthens the wage com
pression motive and is a further channel via which technical change can in2uence
optimal policy(and a channel that is absent under the CES specilcation

lll. Taxation, Assignment, and Technical Change

We now consider optimal taxation in a framework with task assignment. As noted
in the introduction, assignment-based frameworks have been used in the positive
literature to formalize the impact of technical change on the distribution of workers
across wages and occupations. As we show below they imply and, hence, micro-
found an indirect production function over worker efforts. Consequently, we are
able to relate key elasticities in the optimal tax equatrto deeper structural
parameters that describe the relative demand for tasks and the way in which tasks
and talent interact. We interpret changes in these parameters as technical change and
conclude this section by deriving implications of such change for optimal policy in
a very simple assignment model.

Scheuer2014) under this restriction. Our analysis in Section Ill, however, shows that Proposition 1 is much more
generally applicable.
19n our later numerical work, we shut this channel down by restricting to utility functiamns:+ h(e).
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A. Physical Environment

As before, workers are partitioned across tyhes., K with a fractionr, being
of type k. Types are now explicitly identiled with talents. In addition, there is a
continuum of taskw € |v, v] differentiated by complexity. Workers can choose
which task to workexert effor} in; they cannot work in multiple tasks. They face
a schedule of task-specilc wages|v, V] — R, with w(v) the wage per unit of
effective labor paid in task A worker of talenk has productivityg(v) € R, in
taskv. If she exerts effoe in this task her effective laborag(v)e and her income is
w(V)a(v)e. The worker chooses her consumption, effort, and task to solve

(8) sup U(c,e) s.t. ¢ < w(v)a(vie — T(w)a(v)e).
R > [0, %] x [y, v]

The productivity functiongag}, a : [v, V] — R, play a key role in the subse
quent analysis. The following condition is imposed upon them.

ASSUMPTION1: The functions : [v, V] — R, ke {1,...,K} are continuous
and satisfy(i) (weak comparative advantagér eachk € {1,...,K — 1} and
V,v e [v, v] with V> v, loga. (V) — log a(Vv') > log a(v) — log a(v) and
(i) (absolute advantagdor eachk € {1,...,K — 1}, &, > a.

By Assumption i) a is a weakly log super-modular function of talent and task
and higher talents have a weak comparative advantage in more complex tasks.
In the subsequent analysis this assumption is often strengthened to strict log
super-modularity: fork € {1,...,K — 1}, and V,v € [v, V] with V >,

log a.1(V') — log &(Vv') > log a1(v) — log &(v). This stronger condition
ensures assortative matching of tasks and talents in equilibrium. Assum(itjon 1
implies that more talented types have an absolute advantage in all activities. It is not
essential for all of our results, but it guarantees that wages are strictly increasing in
talent. Hence, the orderings over talent and wages conform and there is no Owage
poolingQmultiple talents earning the same wage

REMARK 1 (Interpretinga): The functiora captures the idea that different workers
may be more or less effective at performing speci!c tasks or using task-specilc cap
ital. Combined with Assumptidhit formalizes the notions of talent and task eom
plexity. More talented workers are better at all tasks and are especially good at more
complex ones. Relatediyore complex tasks are more talent-intensive. The formu
lation of production here follows that in the assignment literateug, Costinot and
Vogel (2010, with the important addition of an intensive effiorargin2©

20The assignment literature refers to a workerOs innate productive attribute as Oskill.O Since skills are endog
enous, we prefer the word talent. Our model could be reinterpreted as one in which workers exert effort partly or
wholly in acquiring skills rather than working.
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Later we allow for the possibility thatmay change over time. We interpret such

change as technical progress and allow it to depend upon both worker talent and
task complexity. In particular if, for eachand k' > Kk, Iog% increases, then
technical progress is talent-biased; if for edciindv’ > v, Iog% increases, then
ak'(\/,) M) increases,
a(v)" a(v)

then it is biasedoward high-talent, high-complexity matches. In the latter case,

it enhances the comparative advantage of talent in complex tasks and reduces the
substitutability of talent across tasks.

it is complexity-biased and if for eakh > k, V' > v, Iog(

The task choices of workers imply a distribution of workers and, hence, effective
labor across tasks. Laj denote a distribution dfth talent workers over tasks with
density\,. If kth talent workers exert effog, then the supply of effective labor in
taskv is

K
> AV)adv)e.
=1

A representative 1rm hires effective labor to perform tasks and combines task
output to produce 1nal output. Lefv, v] — R, denote an allocation of effective
labor across tasks and létdenote tﬁ% set of such allocatigmsth £ restricted to
ensure the integrals delned below(®) are well-delned Output is assumed to
equal effective labor in each task=inal outputY is produced from task output and,
hence, from an allocation of effective labarsing a CES-technology:

Y Al b av) e e rE,

©)
Aexp{ , b(v)In I(v)dv} e = 1,

where A > 0 and b: [v,v] - R,, is a continuous function such that if
B(v) := [/ b(V')dv#thenB(V) = 1. Letw: [v, V] — R, be the wage per unit of
effective labor in each task The 1rm solves

(10) maxH(l) - I w1 dv.

REMARK 2 (Interpretingb): The functiorb weights task output in the !nal good
aggregator. Variations il may be interpreted as stemming from technological or
preference-based variations in demand for different task outputs. We do not explic
itly model capital. Howevethe model may be extended in this direGtinrwhich

case the production functions (8), under the assumptioB(v) € (0,1), can be
reinterpreted as indirect production functions for labor across tasks after the-substi
tution of optimal capital. The paramete(v) is then interpreted as the sensitivity of
Inal output with respect to the labor input in tagkt is in"uenced not only by vara
tions in demand for different tasksit also variations in the capitdbbor intensity

of tasks. Such variations are stressed by Acknasgl Autor(2011) who emphasize
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the automatization of middle complexity tasks. A further possibility isthap
tures the extent to which workers purchase task output in domestic mprédige

it at home or purchase it in foreign markets. Shiftb fior some tasks may re"ect
the substitution of market for home production as in Buera and Ka@&k?) or
domestic for foreign production as in Grossman and Rossi-Han$peos).

B. Tax Equilibria and the GovernmentOs Policy Problem

In the assignment setting, the delnition of a tax equilibrium is modiled as
follows.2%

Tax EquilibriumNLet G be a 1xed public spending amount. Gi@&ratax equi
librium is an income tax functiofi : R, — R, an allocation{l, {G, 6, \i}k_1} and
a wage prollev such thati) for eachk = 1,...,K, (g, &) andv in the support of
Ay solves thekth workerOs proble(®) at T andw; (i) | solves(10) atw; (iii) the
1nal goods market clears:

(12) G+ kgl G < H();

and(iv) labor markets clear, for all € |v, v],

(12) I(v) = kZ::lkk(V) a(V) &
and foralk = 1,...,K,
(13) M= [, Ndv)dv.

Again, let! denote the set of tax equilibria. Proposition 2 below characterizes
tax equilibria. It contains the simple, but important result ¢oaditional on effort
assignment in a tax equilibria maximizes output.

PROPOSITION2: Let Assumptiord hold. Let{l,{c, 6, N1} andw be respee
tively, the allocation and wage prolle of a tax equilibrium. Then there is a tuple of
threshold task$§v} {1 such that:

0 Ve [Vdvk— 1) U (Vi V]

(V) = wﬁk Ve (%1 W),

B((kal! vk) i

21As before, we constrain the set of mechanisms available to the government to ones that deterministically
condition upon worker incomes. This assumption is standard in the literature and to a 1rst approximation describes
current tax codes. In our setting, it implies that the government cannot observe the task a worker does or the amount
of task output. The former may reasonably re2ect the inherent diflculties in distinguishing between a workerOs
formal job description and the tasks that the worker actually performs.
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1
whereB (Vi1 %) = [, b(v)®a(v)* dv]". All workers of talenk earn a com
mon wagen, = w(V)a( ) v € [V_1, V. Relative wages are given by

(14) val _ ak+1~(\~/k) _ Ber1(Vio V+1)/{7Tk+1a<+l}%.
‘ ) BV 1, %)/ {m@d*

Conditional on the effort pro!lgg}, the equilibrium allocation of talent to tasks
maximizes output.

PROOE
See online Appendix I.

Eflciency of assignmeriin the sense of output maximizatjoconditional on

effortimplies that output is given by the following indirect production function over
efforts:

(15 F(miey, ..., k&) =

K - . 1 Eil ~ 3 - B
Sup{ A{ l;lBK(kaly Vk){aﬂTk}?} S.t.v < V1 <E < Vk —1 < V}} '

With F determined in this way, the environment effectively reduces to that in
Sectionll and the governmentOs problentR&). Recovery of an optimal tax egui
librium can be decomposed into two steps. The outer step is siPBlyat the
induced production functioi; the embedded inner step solves the assignment prob
lem (15) at each candidate effort allocatifg} and, hence, evaluatEsat {g.}.%?

In contrast to Section Il, the production functieis micro-founded; changes in
parameters of this production function can be related to changes in the demand for
tasksb and the productivity of task-talent matcHeg. The inner step assignment
problem is essentially the same as those considered in Te{dl#83; Costinot and
Vogel (2010); and Acemog lu and Aut¢2011) (with the distinction that the supply
of each talentOs labor is selected as part of an optimal tax equilibrium rather than
being pinned down parametricali§? Solving the assignment problem at an effort
prolle {g} reduces to 1nding a sequence of task thresHelis i satisfying the
discrete boundary value problem:

(16)

” oo 1
A1V Bera(Vio Vierr) /{mir181)F
~ - N B l H]
(% B(Vk 1, %)/ {mc@®
W|th VO = Mand\N/K = V

22|n a tax equilibrium, a worker reproducing the income and paying the taxes of a less talented type will exert
less effort in the task that pays her the best wage, she does not move to the task of the less talented whose income
she mimics. Thus, worker tagknd wagé choice is independent of the effort she exerts and the income she earns
in the task. The counterpart of this in the decomposition just described is the incentive constraint in the outer step
which depends on relative wages and only via them on task choice.

23|n fact the analysis on p. 758060 of Costinot and V(210 in which the labor input across OskillsO is
changed in particular ways represents a partial exploration of the indirect production function.
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An immediate consequence of Proposition 2 and the absolute advantage condi

e aka:(l(v)k) > 1. Consequently, talents are strictly
Vi

ordered by equilibrium Wages and Owage poolitiglpayment of the sameage to
different talent typesdoes not occui? Proposition 1 identiles relative wage-effort
elasticitiesd, ; as key determinants of the wage compression channel and, hence,
marginal taxes. If eaclog(a;/4) is differentiable, then in a tax equilibrium the
termsa, ; can be expressed as

tion Assumption {ii) is that—y

dlog(a.1/8) j_1<8logv|+1>c’)logvk C sk
|

17 - 0 log(Wy1/wW) B ~ Jlogv, dlogy, ] dloge, -
A0 o == dloge. ]| dlog(g,1/a) H( 2 logy, >a|ogvk,l . :
— N 2 > k

J logy, Ologvi,1/ Ologe -

Thus, elasticityh, ; depends upon the local comparative advantage of talant
j+1 w at the threshold, the sensitivity of thi& — 1th orkth taskthresh

Iogvk

old to the effort of th&th talent 058, and the sensitivity of thresholds intezdiate

|
betweerj andk to one anothe?%

Only under very special conditions is the induced production funEtiarCES

. dlo
function. One such case occurs when (lzg\l//a’) 0, dxj = O, talents are

perfectly substitutable across tasks &nib linear. Anothe%5 occurs when they
functions are indicators for the sub-intervalsv,|, (V4,Vsl, ..., (Vk_1, V]. Then
workers are as substitutable as the tasks in WhICh they are locked. For more gen
eral cases, however, relative wage-effort elasticities are functions of technological
parameters and the effort profkg} and, hence, indirectly policy. Thus, they are not
structural. In the Appendix, we prove:

dlogy; 0 logV, 0 logVy

Y dlogvi ;" 0 logy andc‘)log

If W > 0, thendy; < 0ifj > kanddg; > 0ifj < k. In addition
]

bk € [-1/e,0] anddy 1 = [0,1/¢].

LEMMA 1:Each

is positive. Each— is negative.

PROOF
See online Appendix .

The economics behind Lemma 1 is straightforward. Consider a small increase
in g (perhaps in response to a policy changéis raises output in taskg_,, ¥/,
placing downward pressure ¢ _4, Vi]-shadow prices and, hence, the wagef

24pssumption i) (i.e., global absolute advantage of more talented types across the entire tajsis spéte
cient, but not necessary for this result. Local absolute advantage of successivk talémtseach task boundavy
is enough.

25Although, this case is not consistent with talent-complexity comparative advdataget wherk = 2),
smoothness or continuity of tlagfunctions.
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talentk workers. These workers respond by populating tasks that are bothelow

and above,. This task migration moderates, but does not fully offset the impact of
the increase i® onw,. As k-talents move into less complex tasks in which they
have a comparative disadvantage relativk to 1-talents and more complex tasks

in which they have a comparative disadvantage relatikettd-talents sov,/wi_1

falls andw, 1 /W rises. Moreover, ds-talents spill into neighboring tasks, output of
these tasks increases, depressing their shadow prices and inducing neighboring tal
ents to migrate into new tasks. Workers of talest 1 move into tasks abovg, 4,

while workers of talenk — 1 talents move into tasks beldayy ;. A ripple effect is
created with each task thresh@dbovek rising and each threshold belévalling.

Since relative wages between adjacent talents are determined by productivity ratios
at thresholdsi.e., by 1(V;)/a(V)), an effort change by talektvorkers can affect
relative wages across the whole spectrum of talents and be a motive for encouraging
or discouraging that talentOs effort.

. . ..0logV: O logv: 9 logV . .
Expressions for the threshold elastlc%qasl—J, 3 lggiv“, and8 log‘;': are giverin
j+1 i

the proof of Lemma 1. They point to the role of the parambtansla in in2uencing

the sensitivity of task choices and, hence, relative wages to a given talentOs effort.
Suppose that workers of talgmhigrate into more complex tasks either because they
have increased their effort or because the tasks that they originally performed have
been encroached upon py- 1 talents. If there is much demand and, hence, high
b-values for tasks immediately aboyethen these tasks will soak up this migration
with little change in the thresholgl Conversely, ifo-values in this neighborhood

are low, then talentworkers will migrate further up through the task set push

ing v, to a new possibly much higher level. In the former case, the impact on the
w1/ W wage differential will be muted; in the latter case, it will be enhanced. Turning
to thea function, an increase in the comparative advantage of talent in complex

. Olog(a,./a i .
tasks,ralsesw and, hence, the sensitivity of relative wages to task thresh
]

old adjustment. The resulting upwards pressure)gnis dampened by the deter
renceto task migration and task threshold adjustment and, hence, lower values for

0 logy, logV . .
92 and?%%  created by higher comparative advantage.
0 logy, 0 loge,

C. An Example: Technical Change in the Two Talent Model

We now make some of the preceding observations more precise in the context of
a simple two talent example. For concreteness, we label these talei(ks 4oW)
and high(k = H) rather than 1 and 2. We restrict preferences to be quasi-linear in

. 1ty . ~
consumptionlJ(c, e) = ¢ — % with~ > 0and denote the governmentOs Pareto

weights byg,, k € {L,H}. To create a motive for redistribution to low skills, we
assume, > m. In this case, the Mirrlees and Wage Compression components can
be consolidated to give ti8tiglitz) optimal tax functions:

T (% 1 1
9 T >{1_(W*) ey 70
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x w Ly
™o _ (%) 1 & 1
9 r s o YGve =0
whereW" = = is the optimal talent premium and the substitutability of talents

at the optlmum is completely descrlbed by the elasticity of substitftiom the
assignment setting, botly” and€” are endogenoul. Assumption 1 is maintained,
then in an optimal tax equilibrium the set of tasks is partitioned at a thr&shwith

low talents working in tasks below and high talents working in tasks above. The

talent premium satisled)” = 2’:(()) while the elasticity of substitution between

the labor of the two talents is given ﬁy E(V*; a,b), where

. owgd 1 b b
(20) £(wab) = oo™ 8Ioga<’i\/H/aLE 5 (B0 TRm <o
B.(V): = [V b(v)ca (v)* 'dv, By(v): = [Yb(v)*ay(v)* 'dv and fork € {L,H},

h(V): = b(V)a (V)= . Equatlon(ZO) makes epr|C|t the role of task migration in
raising this elaticity of substitution above, the elasticity of substitution between
task outputs. Specilcally, the teaIog (a4/ ) V) is the local comparativedvantage

of high talents in the nelghborhood of the threshold ¥askthis term equalso,

then workers are as substitutable as the interval of tasks into which they are locked.
Otherwise, their ability to migrate across tasks enhances their substitutability.
Equation(20) highlights the dependence of the elasticity of substitution on techno
logical parameters and itsnplicit) dependence on policy.

The workersO equilibrium 1rst order conditions in this setting togethefiwjth
gives
V) _ B¥) T i e
* ay v* B vt e ™ Trve 1-— TH +ne
@y W =T T (gen () (T

Equation(21) gives the threshol@* and relative wages as functionsafndb

and relative marginal taxes. Substituting for optimal marginal taxes (i@n
and(19) reduces the system of equilibrium equations to a single equation in one
unknown,V*:

AW) _ B() T i
22 & = (B@) (%)

a (V) (14+)(e-1) (I+)e 1
gH - (NH - < V ) <BL(V > g*
X

- Ly *
a (V") & -1
l g — (o — WL)<3H(V*)> (")

1
Lt+ne
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It follows easily from(22) that ife > 1 (so that goods, and, hence, efforts of dif
ferent talents are gross substitytesd ifE( -;a, - ) is (locally) constant, then com
plexity-biased perturbations bfthat raiseB, /B, lead to increases Wi andWw".
Intuitively, increases in the relative demand for more complex tasks raise the relative
shadow price of such tasks and encourage less talented workers to migrate into them
(V* riseg. However, such task-upgrading erodes the comparative advantage of low
talents and the talent premiufy") rises. These effects are mitigated by adjust
ments in relative efforts that occur in response to wage adjustments and that are
reinforced by changes to tax policy. Overall, a risB{pB,( - ) is associated with a
higher talent premium, a tightening of the incentive constraint between low and high
talents and higher marginal taxes on low talents.

Suficient conditions for the elasticity of substitutién to be constant in
response to a shift in task demand are rather strif§éntgeneral, it may rise or
fall as a direct effect of the changeliror the indirect effect of changes ¥h on
310G a:/aL { ;:((\\:; ;LL((X;} in (20). These changes may reinforce or offset the
—y V)
responses just described. To the extent&hi increased, the governmentOs ability
to compress wage differentials and relax incentive constraints is reduced. 4t is cor
respondingly encouraged to reduce relative taxation of low talents and to permit a
further increase in the talent premium. The reverse is tdiefélls.

a4(v)

Turning next to the consequences of variationajnsuppose thatog Al
= oy + ay(V — V) so thaix, controls the absolute advantage of high taléntthe

lowest task anda, controls their comparative advantage in more complex tasks. If
by(v) | b(V)

£>1 a”d{ B(V) | B(V)

increases imx, will, from (22), both raise the talent premium arediuce the elas

ticity of substitution€”.2” Low-talent marginal taxes; will rise both becausg)”

rises and because the wage compression channel is enhanced via the reduction in

&": as workers become less substitutable, the government is encouraged to offset

the rise in the talent premium by discouraging low-talent effort through taxation.

Increases imy; work in a related way, but absent any reinforcing adjustmefit.in

As in the case of complexity-biased perturbations irbthunctions, adjustments in

the ;E\\;; + g:?\;g term (either direct through changes to tihdunctions or indirect
through adjustments #0) may work to reinforce or dampémese effects.

} is locally constant, then small tealogically induced

SummanyNTechnical change that increases the talent wage premium and reduces
the substitutability of talents is associated with higher optimal marginal taxes on low
talents. Change that increases both the talent income premium and the substitutabil
ity of talents is associated with lower marginal subsidies on high talents. In general,

26For example, it = 1, bis constant and equal to one and the remaining parameters are suich=haf 2,
then&” is locally constant.

27|n this case the task threshefdfalls: the increased productivity of high talents in complex tasks reduces the
relative shadow price of such tasks and encourages high talents to downgrade their tasks. Despite some erosion of
their comparative advantage, their relative wages rise.
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the technical parameteasandb in2uence both talent premia and talent substitut
ability directly and indirectly through endogenous task assignment. The analysis
is more complicated in settings with multiple talents. Such settings are, however,
essential for exploring the policy implications of recently documented polarizing
shifts in the pattern of wages and employment across occupations.

D. Comparison to Rothschild and Sche(2013)

We brie2y describe the connections between our model and that of Rothschild
and Scheuef2013. Our model features a continuum of tasks and a 1nite set
of talents, but it is readily reformulated as one with a continuum of tasks and
talents(see online Appendix JI In both formulations our assumptions ensure
that the ordering over talents translates directly into an ordering over wages.
Consequently, the pattern @bcal) binding incentive constraints over talents is
easily inferred and consumption and effort allocations can be solved directly as
functions of talent. We use our approach to relate optimal taxes to the indirect pro
duction functiorF, relative wage elasticities and, hence, properties of the task-tal
ent productivity functiora.

In contrast, Rothschild and Scheu@013 consider an environment with a
1nite number of tasks in which an agentOs type is her productivity in each task and
is, thus, multidimensional. In this case, the structure of binding incentive-compat
ibility conditions across allocations expressed as functions of type is complicated.
However, such conditions become quite standard if consumption and effert allo
cations are reformulated as functions of wages. The cost of this reformulation is a
rather complicated joint restriction on allocations and #melogenousdistribution
over wages. To solve such a problem Rothschild and Scli20#8 propose a
quite different inner-outer method than that used here. In the inner step the alloca
tion of labor across tasks and, hence, the wage distribution is 1xed and an optimal
incentive-compatible consumption-effort proll®ver wages consistent with this
allocation is found. In the outer step, the labor allocation and the wage distribution
are determined. Rothschild and Sche@®13 use this approach to relate optimal
taxes to the impact of effort on the wage distribution. Their formula, thus, provides
an alternative perspective on the forces shaping tax policy in an endogenous wage
environment to ours.

Rothschild and Scheuer@813 model permits intra-task wage dispersion and
task-specilc wage distributions with overlapping support. It thus allows the impli
cations of these things for policy to be explored, ours does not. On the other hand,
our model connects directly to the technical change literature in labor economics.
It underpins an empirical strategy for quantifying the effect of technical change
on optimal policy described in Sections IV and V. Thus, the models are eompli
mentary. In online Appendix VI, we present a general formulation that nests our
model and that of Rothschild and Sche{#913 and makes transparent the alter
native approaches taken. It then specializes that formulation to one intermediate
between our model and theirs. This formulation incorporates intra-task wage dis
persion and wage overlap, while preserving our approach to formalizing the impact
of technical change.
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IV. Measuring Technical Change

In this section, we measure the extent of technical change in the United States.
Our data source is the Current Population Suf@®S.2® We proceed as if this
data was generated by(ossibly suboptimaltax equilibrium and use parametric
assumptions and equilibrium restrictions from our model to identify and estimate
the technological parameteaasandb in the 1970s and 2000s. In Section V, we cal
culate optimal tax equilibria at these estimated parameters.

A. Determining Types and Tasks

Mapping Empirical Occupations to Ordered Sets of TafKse CPS catego
rizes workers into distinct occupations; our sample conhMins 302occupations.
The CPS also provides information on worker earnings and hours worked from
which a measure of wages can be imputed. Our model involves an interval of tasks
ordered by complexity. We identify tasks with empirical occupations and use the
average wage paid in each occupation to infer its complexity. In so doing, we utilize
the modelOs implication that task wages are rising in task complexity. We normalize
the task space t, v] = [0, 1] and subdivide this interval intel subintervals of
length Av = ﬁ V= [vm,l, V. We calculate the imputed average wage in each
occupation using 19700s data and rank occupations according to this wagé. The
ranked occupation is then mapped tortitle subinterval),,2°

We use data on the skill content of occupations contained in‘tMEeTOdatabase
to corroborate our inferred complexity ordering over occupations. TREDdata
base provides a detailed description of the $BH distinct skills are considergd
and ability (52 distinct abilities are considenedontent of each occupatidiwe
recover from the QNET a single index describing the importance of each skill and
ability for each occupatio® We then calculate the correlations of these /iil-
ity indices with our wage imputed rank. We 1nd that the three most correlated skills
(correlation in parenthesigire:complex problem solvin(.66); critical thinking
(0.62); andjudgment and decision makiri@.61). The three most correlated abili
ties arexdeductive reasoning.63); inductive reasoning0.60); andwritten com
prehension(0.57). The least correlated skill Bsquipment maintenande-0.07),
while the least correlated abilities astamina(—0.33) andtrunk strength(—0.37).
These correlations suggest that the average wage paid in an occupation is- informa
tive about that occupationOs complexity.

28King et al.(2010. Further details of our use and treatment of the data are given in online Appendix II1A

29We keep this ranking over occupations 1xed. In doing so, we follow the precedent of Acemodgilu and Autor
(2011). Fixing the ranking allows us to unambiguously identify an indexh a physical occupation and to inter
pret variations in the parameterandb as occurring in a given physical occupation rather than at a given cemplex
ity index whose physical interpretation is shifting. However, there is some reranking of occupations over time in the
data. In online Appendix IIIC we describe the implications of using current rather than the 1970s wage ranking for
our estimates of the andb functions and for optimal taxes.

30The ONET database contains 974 occupations. We relate these to the occupations contained in CPS in two
steps. We 1rst map the occupations in our sample to the Standard Occupation Classilcation of the 2000 census. We
then map these occupations to those in the nineteenth release 6N&E€ @ small number of occupations are
recoded manually. We thank Giovanni Gallipoli for directing us toward thé&eD.

3135pecilcally, the index is the product of the importance and level measurd$Ei.O
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Recovering the Empirical Assignment FunciiddThe model in Section Ill fea
tured a 1nite number of talents; this facilitated the derivation of analytical results.
However, for the remainder of the paper we 1nd it convenient to treat worker tal
ent symmetrically with task complexity and to assume that workers are distributed
uniformly across an interval of talenks ¢ [k, ¥4.32 Thus, a workerOs talent should
now be interpreted as an mc{emd a ran}g tt% implications of which for productiv
ity are captured by the functioa: | ¥ — R,.Although the distribution
over the(ordinal) talent index is ur%orm th% dlstrlbutlon oveardina) productiv
ities is not: it is induced endogenouslydgnd by the assignment of talent to tasks.
The setk, & is normalized td0, 1.

The c%ntmuous analogue of the task threshfidsis a task assignment func
tion v: wj. This function is strictly increasing in our model. Denote its
mverse%yk Un? er the assumption that workers are distributed uniformly across
talent indicesk is the distribution of workers across tasks. Consequently, we treat
the distribution of workers across ordered occupations as the empirical counterpart
of k andv to be the inverse of this.

B. Estimatingb

It is well known that the elasticity of substitution between goods and facter aug
menting technical progressandb in our casgcannot be separately identiled from
data on outputs, inputs, and marginal productsNan observation that goes back to
Diamond, McFadden, and Rodrigug®78. In our baseline case, we restrict the
elasticity of substitution between task outputsto be ongso that the 1nal good
production function is Cobb-Douglgand identifyb(v) with the share of total com
pensation paid to workers in tagk® Thus, estimates df may be calculated from
compensation shares independently of knowledge adigh8pecilcally, under the
Cobb-Douglas restriction, the 1rmOs 1rst order conditions from the continuous-tal
ent version 0f10), imply for almost allk, v):

(23) wkv) =Y

In the continuous talent setting, task output is givem(lay = a(k(v), v)e(k(v))k,(v),
with k, the derivative ok. Combining this with(23) and integrating ovey, gives
total labor income in occupationin terms of thé-function:

j;m w(k(V), V)e(k(v))ky(v) dv = Yf

32The convenience is two-fold. First, since occupatidtesk data is discrete, assuming a continuous set
of talents avoids having to deal with talent groups that are distributed across adjacent occupations. Second, it
allows us to apply numerical optimal control methods to solve the problem. A formal statement of the continuous
talent-continuous task model can be found in online Appendix II.

33The quantitative implications of alternative assumptions fare considered in online Appendix I1B.
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Average income in occupatian, iy, is then obtained by dividing both sides by the
mass of workers in the occupati;

i é | k), ve(kv), Vkv) dv = % fv b(v) dv.

Thus, the average valuelofn occupatiomm, b, Av .= V‘:{?_l b(v)dy, is
_ Saim _
(24) b= Apyr YmM=1...M

We identify Y with per capita labor incom&.A smooth estimate of thefunction

is obtained by 1tting & OWESSmodel to{v, log h,} data3® Figure 3 displays
estimates ob for the 1970s and the 2000s. The 1gure showsbthaes(slightly)

for low and(signilcantly for highv-occupations, but falls for intermediate ones.

34n 2005 dollars we havé, = $36,998andY,, = $45,260 M is 302. In aggregate data using GDP de2a
tor (Table 1.1.9 in NIPAand total nonfarm payro(BLS) we get a value of real compensation per worker equal
to Yoo = $37,114and Yy, = $53,304 However de2ating using CPl we get values consistent with our sample:
Y;0 = $37,966andYy, = $45,151

35The LOWESSscatterplot smoothing builds up a smooth curve through a set of date points by 1tting simple
linear or quadratic models to localized subsets of data. We use a smoothing parameter of 0.4.
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Notes:Histograms: shares of occupations owePlots: smoothed values for I0(v)) overv and across decades.

The picture is consistent with the phenomenojobfpolarizationas discussed in
Section I. This polarization feature is robust to different sample selection assump
tions, see online Appendix IllA for details.

Figure 4 sharpens intuition concerning the relation of diffeverto the data.
The 1gure overlays the valueshif- ) with a bar graph displaying the employment
shares of occupations belonging to particular sectors. Figure 4, panel A does this for
services and Figure 4, panel B for manufactufftiihe service sector is associated
mostly with extreme and, especially, Olowazcupationgthe bar on the right in
Figure 4, panel A refers to managers and administrative sypwbite manufactur
ing is mostly middles occupationgalthough with a wider range

C. Estimatinga

The envelope condition from the task choice component of the workerOs- equilib
rium problemw(k) = max., vy w(k,v), implies that

dlogw, . dloguw(k,v(k))  dlogalk,v(K)) 9o, -
(25 k) = T = TR = SRky(k),
wherea(k,v) := log a(k,v). An empirical counterpart f(}d% is constructed in

three steps. First, information from the CPS on weeks and usual hours worked in
the previous year and self reported yearly labor income is used to impute work
ersO average hourly wages. Second, wages are averaged over occupation to con

struct empirical counterparts @f(k(v)). Third, a LOWESS smoother is applied
to the log of this series and tq derivatives of each function are calculated

36Not shown are occupations that constitute less than 2 percent of the workforce of each sector.
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anddlog(‘;vk(k(v)) = dlog;‘\'/(k(v))/agsl) is found. Figure 5 displays the empirical-val
uesfor (smoothed log w(k) for the 1970s and the 2000s. From the twentieth to

the eighieth talent percentile, this function is roughly lineakim the 1970s and
remains so in the 2000s. In the 1970s, it steepens over the top talent decile, while
in the 2000s, it steepens over the twp deciles. In addition, for both decades, but
especially for the 1970s, the prolle is steeper over the bottom two deciles.

The evolution ofog w(k) shown in Figure 5 suggests that between the 1970s and
the 2000s the wages of low-ranked talents caught up with mid-ranked talents, while
the wages of mid-ranked talents fell behind those at the top. These developments are
qualitatively consistent with a fall in the returns to talent in simpler tasks combined
with an increase in talent-complexity comparative advantsge¢hat talent premia
rise in the most complicated tasks and occupatidrigs motivates us to select:

(26) %(k,v) — oy +ag- V.

Here, o, captures the return to pure talent, whilecaptures comparative advan
: . dlogw(k
tage3” We recover estimates af, anda, by regressmgw onto a constant

and the task index The regression is weighted by the share of workers inveach

370Online Appendix IIIE considers a case in which comparative advantage is increasing with task complexity.



VOL. 105NO. 10 ALES ET AL.TECHNICALCHANGE, WAGENEQUALITY, ANDIAXES 3089

T)'$ 1NE(.-61.-/% /5 P#/+"&.-4-.7 F"%&.-/%

Qg Qp
1970s 1.07(0.25 1.71(0.28
2000s 0.42(0.32 3.01(0.22

Notes:N = 302. Estimation ofy; anda, from (25). Standard errors in parenthesis.

Source:AuthorsO calculations.

Results are reported |in Table 1. They show a signilcant increase in the compara
tive advantage parametey between the 1970s and 2000s. Loosely, this is driven
by the increase in wage growth over high talents occurring between the 1970s and
the 2000s%® In online Appendix 111D, we look outside of the CPS for corroborat
ing evidence of increasing comparative advantage. Specilcally, we use data on the
change in the skiflability content of occupations contained in different editions of
the ONET database. We 1nd evidence that the use and importance of skills and
abilities associated with complex tasks has increased in high-wage occupations rel
ative to low.

Finally, the parametek is given by the ratio of per capita income to the approx
imation of the CES aggregatexp{ .’ b(v) log{y(v)} dv}.

V. Quantitative Implications for Policy

In this section, we compute optimal policy responses to the technical change esti
mates derived in Section IV. Calculation of policy requires a specilcation of worker
and societal preferences and the amount of resources devoted to public spending.
We brie2y turn to this and then give our quantitative results.

A. Selection of Other Parameters and Computational Method

We assume that worker preferences are giveblfigje) = logc — % Note
that the choice ob) has no impact on the estimationtgf/) anda(k, v). We fol

low Chetty et al(2011) and set the Frisch labor supply elasticitylfoy = 0.75

We identify the share of output allocated to public spending with the aggregate tax
to income ratio in our CPS sample. On this ba$isY);, = 16.2 percent and
(G/Y)oo = 14.0percent; we set th8/Y ratio to the intermediate value b5 per

cent3° Finally, in our benchmark calculations a utilitarian government is assumed:
o« = m for all talentsk.

38Kaplan and Rauli2013 emphasize the rise of OsuperstarO pay across a variety of high-income occupa
tions. In our empirical strategy OsuperstarO workers belgngeésurepl occupations inhabited by much lower
paid workers. It is arguable that these different workers trade in distinct task-markets with distinct shadow prices.
The implication of this is a downward bias in the estimate of comparative advéntag8iven the evolution of
inequality in the United States, this bias is likely to be more signilcant for the 2000s.

S9NIPA data(Table 1.1.§ gives(G/Y)7;o = 23.9percent andG/Y)q = 19.3percent. However, since we are
concerned with spending 1nanced out of income taxggiaitl by our subsample of labor income earmess use
the alternative CPS-generated estimates.
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Percentiles of income

Decade 10th 25th 50th 75th 90th 99th
Averages 1970s —-11.9 -7.3 6.9 22.3 26.1 22.3
2000s -2.3 -1.1 5.6 19.9 26.1 21.9
Marginals 1970s 20.3 34.1 44.3 40.3 23.9 -0.6
2000s 15.3 25.4 39.7 42.2 27.4 —2.2

Source:AuthorsO calculations.

To calculate optimal policy at our selected and estimated parameters, we-1rst for
mulate the governmentOs optimization as an optimal control problem. Details of this
formulation are given in online Appendix Il. We then solve the problem numerically
using the GPOPS-II softwafé.

B. Optimal Tax Results

Table 2 reports optimal average and marginal tax rates as a function of income
percentiles for the 1970s and the 2000s. Over this time period, average rates rise at
low incomes and fall at high and, especially, middle incomes. Transfers to the lowest
deciles are reduced. Overall, the reform favors those in the middle. Marginal rates
fall at low to mid incomes and rise at higher incomes. In the extreme tails they move
in the opposite directions: rising in the very lowest and falling in the very highest
(where marginal subsidies are incregseercentiles. To understand the evolution
of optimal tax reported iffable 2, we return to the tax formyky derived earlier.

Accounting for Optimal Taxd$Tax formula( ) allows us to decompose opti
mal tax rates into OMirrleesianO and OWage CompressionO components. In partic
ular, lett) denote the OMirrleesianO marginal tax rate in the absence of the wage
compression terrfit

AWgiq 1 — HkH vy
= Ve
14 AWl Hka\IIk
Wiy 1

The tax rater)! is that which an optimizing government would apply if wages
were 1xed at their optimal levelai}. Delne the wage compression component of
taxes to be the residual’® = 1 — . In|Figure 6, we plot the Mirrleesian tax
ratet}! and the overall optimal marginal ratgat each income percentkeand for
each decade. Figure 6 shows that technical change deforms the Mirrleesian tax rate

40GPOPS-Il is a 2exible software for solving optimal control problems, see Patterson a2 R0
“That is, set the wage compression term to zefé)iand rearrange. For convenience, we continue to state tax
formulas and their components in their discrete, rather than continuous forms.
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pushing it to the right except at the lowest and highest talent. In addition, it raises
the wage compression component at lower incomes and reduces it at higher ones.
Overall the wage compression component becomes quantitatively more important.

Evolution of the Mirrlees TerifiWe further decompose the Mirrlees term into
its redistributivel and wage growth parts|in Figuré%The main impact of techni
cal change is upon wage growthith some slight reinforcement from the redistrib
utive termU*). This is largely driven by shifts to tlagunction. As noted previously,
our estimates suggest that the productivities of low talents catch up with high in less
complicated tasks and fall behind in more complex ones. At any effort prolle and,
in particular, at the optimal one, this shift compresses wage differentials at-the bot
tom and expands them at the top. Shifts inktifignction and in task demand from
the middle to the extremes slightly reinforce the effect. The impact of the latter is,
however, surprisingly small. This is largely because, in relevant areas of the task
space, modest adjustments in the tasks of wotKease consistent with quite large
variations in the density of workers across tdgk€Consequently, increases in the
demand for low and high tasks are met with increases in the number of workers per
forming these tasks, but relatively little adjustment in task assignment and, hence,
relative productivities and wages. For more details see online Appendix IV. The
overall effect of thesa andb changes is to relax incentive constraints and reduce
marginal taxes at the bottom, but to tighten them and raise marginal taxes at the top.

Evolution of the Wage Compression TéYiidjustment of the wage compression
terms is in the opposite direction to the adjustment of the Mirrlees term previously
described. Figure 8 displays this adjustment.

It shows that the wage compression tesasat low incomes anfalls, becoming
more negative, at higher ones. These changes are largely attributable to adjustments
in the relative wage elasticitieg ;. Thekth talentOs wage compression term is given

42The other components are constant over time under our assumptions.
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by & = sz1le,] dkj- This equation expresseg as a weighted sum of relative

wage elasticities, with the weights depending upon the marginal incentive bene
1t of adjusting each pair of relative wages. Mechanically,is positive ifj > k

and negative otherwise, so thatajl; are positive ik = 1 and all are negative if

k = K. For some intermediate positive and negative terms cancel and the wage
compression term is zero. An increase in the lowest talentOs effort pushes all higher
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talents upwards through the task spectrum, raising the relative wages of all adjacent
talents. This tightens all incentive constraints and is undesirable. Consequently, the
lowest talent has the highest wage compression term and that talentOs effort should
be deterred at the margin. For the highest talent, this argument is reversed. An
increase in the highest talentOs effort pushes all lower talents downwards through the
task set, compressing relative wages. This relaxes incentive constraints and should
be encouraged at the margin with lower marginal taxes on high-talent incomes. For
intermediate talents these effects wholly or partially offset, leading to wage com
pression terms that are smaller in absolute value. Figure 9 shows the impact of
technical change on relative wage elasticitiesrmalized by population shajes
okj/™ ] = 1,...,K for low, mid, and high talentdabeledL, M, andH).* It
indicates that almost all, ; rise in absolute value. This is largely a consequence

of the rise in the comparative adjustment parametavhich, although it dampens

the assignment response to adjustments in effort, raises the sensitivity of relative
wages to any reassignment that occurs. Changes lirftimetion have only moder

ate effects on these elasticities, see online Appendix VI.

$10 ° $10°

— — 2000s 1970s |
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Combining Term&lThe Mirrlees and wage compression terms evolve in eppo
site directions. Of the two, it is the adjustment to the Mirrlees term that is largest
over most incomes. Consequently, marginal tax rates fall gtotinot the lowest
and rise at higtibut not the highegtincomes. These adjustments are signilcantly
muted by changes to the wage compression term and at the extremes of the wage
distribution changes in this term predominate.

“3Note the global impact of relative wages to an effort adjustment, an example of the ripple effect described
previously.
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VI. Extension: Intra-task Wage Dispersion

This paperOs online appendices contain various robustness checks, extensions, and
optimal tax calculations under alternative parameterizations. In the remainder of this
section we focus on a specilc extension that can accommodate intra-occupational
wage dispersion. Recall that in the equilibrium of @@nchmarkmodel, differently
talented workers partition the task space and all workers within a task receive the
same wage: there is no intra-task wage dispersion. Our empirical strategy identiles
tasks with occupations and uses dispersion in occupational average wages to deter
mine thea function. It makes no use of measured intra-occupational wage dispersion.

Simple regressions suggest that between one-third and one-half of wage disper
sion can be attributed to occupation. Mouw and Kallelj2@d.0 impute wages
using income and hours data in the CPS and regress this on three digit occupation
dummies. They obtain @’ of 39 percent in the 1980s rising to 43 percent in 2010.
Lane, Salmon, and Spletz&007) using OES microdata from 199601997 1nd that
one digit occupational dummies account for 28 percent of wage variation rising to
54 percent when three digit occupational data is used. Overall, although occupations
account for an important part of wage variation, signilcant residual wage variation
remains. However, the identilcation of this residual variation with intra-task wage
dispersion must be qualiled in two ways. First, the residual absorbs measurement
error in incomes and houffom which wages are imputetf* Second, it absorbs
occupational misclassilcations and, more generally, unmeasured variation in task
complexity. Several occupational categories within the CPS have fairly -expan
sive delnitions(e.g., some managerial occupations include managers of small,
simple organizations, as well as managers of large complex andst is likely
that different workers sharing such occupational classilcations perform different
complexity-ranked activitie® It is notable that when Lane, Salmon, and Spletzer
(2007 introduce establishment dummies on top of occupational ones and inter
act these dummies th®? in their regressions rises to 88 percent. While establish
ment dummies may capture many things, it is plausible that they help further relne
the task performed by a workéespecially when interacted with occupajiomo
address this issue requires further unbundling of measured occugétions.

Notwithstanding the preceding concerns, intra-task wage variation is present and
does contribute to measured intra-occupational wage dispersion. We consider the
extent to which it qualiles our results in online Appendix VI. We do so by extending
the model and numerically parameterizing it to enhance intra-task wage dispersion.
Our goal is to provide a lower bound for the responsiveness of policy to technical
change. In the extended model, there are two aspects of talent: one captures compar
ative advantage in complex tasks, the other the ability to do all things well. Similar
to our baseline model in the main text, comparative advantage pggpi#son the

44Bound and Kruegef1991) 1nd that measurement error accounts for 27.6 percent of total variance of CPS
earnings, while Bound et dl1994) 1nd that it is more severe for hours and wages.

“4SRelatedly, OsuperstarO workers belofimeasurefloccupations inhabited by much lower paid workers. It is
arguable that these different workers trade in distinct task-markets with distinct shadow prices.

46\We use the ONET to provide some very preliminary results in this direction in online Appendix VII. There
we report summaries of survey results that indicate disagreement as to the knowledge requirements of occupations
(amongst workers employed in or 1rms employing workers in these occupalibase disagreements are greatest
in occupations paying higher wages.
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ordered space of tasks amongst themselves. Wage variation within these partitions
(and, hence, within taskss created by dispersion in the secdabsolute advan

tage component of talent. Such dispersion weakens the link between wages and
tasks. It diffuses the impact of technical change and of taxes targeted at-a partic
ular income across the wage distribution. Thus, it dampens the responsiveness of
policy to technical change. In taking the model to the data, we assume a coarse
set of comparative advantage types and attribute all measured residual wage vari
ation (about 75 percent of the total in our CPS sainfilevariations in absolute
advantage. Since the set of comparative advantage types is coarse, the partitions
of the occupation space are large. Hence,(dediberately attribute some mea
suredinter-occupational wage variation to absolute advantage as discussed
above measured inter-occupational wage variation may understate inter-task wage
variation and the contribution to overall wage dispersion created by the interac
tion of talents and tasksAs expected, the impact of technical change on marginal
taxes is smaller than in our baseline case: the largest adjustment is about 2.5 points
as compared to about 8.5 points before. Again, this adjustment is the net effect of
countervailing changes to the Mirrlees and wage compression terms. We interpret
this number as a lower bound on the responsiveness of policy to technical change.
Moreover, while the quantitative response is more muted than in the benchmark
case, the broad policy prescription of modest marginal tax reductions over a band of
low- to mid-level incomes combined with an increase over higher incomes is robust.

VIl. Conclusion

We relate the positive literature on technical change to normative work on optimal
taxation by embedding an assignment model into an optimal tax framework. The
assignment component induces an indirect production function over worker efforts
enabling us to map technical parameters determining the productivity of task-talent
matches and the demand for tasks to the variables and elasticities relevant for opti
mal tax analysis. We investigate the implications of changes in these parameters for
optimal taxes, measure the extent of this change in US data and evaluate 4ts impli
cations for optimal policy.

The impacts of technical change on wage growth across talents and the substi
tutability of talents across tasks emerge as key drivers of policy. The twisting of
the task-talent productivity function with low talents catching up in simple tasks
and falling behind in more complex ones compresses wage differentials at-the bot
tom, while expanding them at the top. It is a force for reduced marginal taxes on
low incomes and increased marginal taxes on high incomes. On the other hand,
increased complementarity between talent and task complexity reduces the substi
tutability of talents. In particular, the highest talents become increasingly locked
into the highest tasks. Migration to lower ranked tasks to avoid lower task shadow
prices entails greater erosion of productivity. This gives the government more tax
leverage over the wage distribution. It is a force for higher marginal tax rates at
the bottom. A key message of this paper is that policy depends upon the balance
of these forces. Models that treat wadges even the elasticity of substitution
between talenjsas exogenous omit the latter. We 1nd its impact to be moderate,
but nonnegligible.
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Our paper takes a 1rst step in integrating a task-based model of technical change
into a normative public economics framework. We conclude by describing four
extensions that we leave for future research. First, our model focuses on the inten
sive margin of labor suppfY/. It abstracts from indivisibilities in labor supply. If
working at a given task requires a mininf@sk specilgeffort, then some work
ers may choose inactivity under the optimal tax code. As @882 shows such
modeling of the worker extensive margin can signilcantly affect optimal tax results
at the bottom. However, its implications for the impact of technical change on tax
design are less clear. Second, our model assumes that the matching of talents to
tasks is frictionless. Thus, our quantitative work is best viewed as capturing the
long run policy response to technical change after(plossibly slow reassign
ment of workers to tasks following such change. The role of income taxation in
supplementing other sources of insurance during transitions is omitted. Third, our
model omits accumulation of experience or skill within tasks that can impede or
promote transitions to other tasks. Fourth, we abstract from the endogenous nature
of technical change. Relaxing these restrictions remain important topics for further
research.

A00$%+-9

It is straightforward to verify that any allocation that solves the mechanism
design probleniMDP) is implementable as part of a tax equilibrium. On the other
hand, the allocation from a tax equilibrium is feasible(lDP). Consequently, an
optimal tax equilibrium may be constructed from a solutigfMDP) {c;;, e;}K_; by
associating with it the wages and taxes needed to implement this solution.

We make two preliminary observations on solutiongM®P). First, given a
solution{cg, e5}K_1, worker types may be ordered according to their optimal shadow
wages{w; 1K 1. Types whose wages are tied may be further ordered by their pre-tax
incomesg; = wgeg. Types may then be relabeled accordinghth ties between
both wage and income ordered arbitragriljhus, thekth worker type has a wage
that is weakly greater than the wages of typask — 1 and if thekth typeOs wage
ties with thek — 1th type, then its income is weakly greater. We impose this-label
ing below. Second, only a subset of incentive constrgjtbind. Recall that a
(k,j)th incentive constraint is localjfe {k — 1,k + 1} N {1,...,K} ; otherwise
it is non-local. A well known consequence of the Spence-Mirrlees single crossing
property and the structure of the incentive constraints in settings with exogenous
wages is that non-local incentive constraints do not bind at an optimum. This result
continues to hold in the present setting under our ordéfidée record this fact in
Lemma 2.

4However, our model admits an alternative interpretation in which workers exert effort in skill accumulation
rather than market work. Our theoretical insights are applicable to this interpretation.

48We omit the proof. It follows from a slight modilcation of Theorems 3 and 4 in Milgrom and Shannon
(1994. In our setting it is possible for two worker tygeandk + 1 to have the same wage, but different efforts,
incomes, and consumptions at the optimum. Ifktietype has a higher income than the 1th type, then it is
possible that thénonloca) (k — 1,k + 1) and(k, k + 2) incentive constraints bind. Thus, ordering of worker types
with tied wages by income is necessary to ensure only local incentive constraints bind.
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LEMMA 2: Let{c;, e:}K_; denote a solution ttMDP) with corresponding shadow
wages {WiH1, wi = F(eim,...,eink) and incomesy; = wie; and types
labeled consistently with their ranking in the wa@and when wages are tied
incomg distribution then(i) ¢, > ¢¢ andqgg,; > qg, and(ii) nonlocal incen
tive constraints do not bind.

As in the main text, we gather the constraint functions from the incentive and
resource constraints into the single functiGnR?¢ — RXK-D and say that
{o,adk1 € R satisles the constraint qualilcation if there isxan R? such
that VG ({c, adk_1)x < O.

PROPOSITION3: Let T* and {c;, e, Wi }K_; denote an optimal tax equilibrium
with worker types indexed so thgt = F(e; 7y, . . ., ex k) is non-decreasing ik.
Assume thafcy, ef, WK ; is interior (i.e, in R2X) and thatG satis!es the con
straint qualilcation at{c;, &}, w;}_,, then optimal tax rates satisfy:

2 —
(21 %
K=1
1- 11, AW@,]_ « * AWQ< « * .
T { Wi, Vi1 i1 — Wi, ‘Ijk,klek,kfls}B + ZMk,j ks
1 = == # - === = s
Mirrlees Wage compression

Ue(Ckr &) Mksk Ue(Ci, €)  Mk-1.k
1-1h X 1-Ih X
are normalized optimal multipliers on thg + 1,k)th and (k — 1,k)th incentive
constraints,

whereAwy = Wy — W 1, Ui i1 = and Wy ;1 :=

Aeuc(clze:; ql:/Wj* - e:) %

N VG

A U C*, *’ * W'* _ a* *
ee(kekflk/*J ek)ﬂielr_'_l’
Ue(ckaek) WJ

My =
UC(C;’eﬁ) nj*+1’jI ¥ qj* qj* _nij""lu * % qj*-‘rl i
Ucogeil X" 07 wia) Wi x5 T w) wi] T
* " 8W* 1/Wl* * *
andoy; = = L (el ).

Wi /W O&
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PROOE

By the preceding discussion {iT*,{c;, ef, w1} is an optimal tax equi
librium, then {cy, q}k 1 solves(MDP) Since G satisles the constraint quali
lcation at{c, e}k 1 and{c;, e}k, is interior toR3X, then{cy, ei}k_, satisles
Karush-Kuhn-Tucker conditions with multipliess andvy ; on the resource and
incentive constraints(and zero multipliers on the nonnegativity conditions
Ck,ex > 0). Also, since worker types are indexed so that shadow wages
wy = FR(einy, ..., e mg) are non-decreasing knand if wages of different types
are tied so that incomes are non-decreasiikgtimen by Lemma 2, only local incen
tive constraints are potentially binding and, hence, only|the; andny 1 multi-
pliers are potentially nonzero. The 1rst order conditiorefaeduces to

—Ue(ci, &) = X" Wi me/ Dy,

where:

Ue(Ci, Ok /Wir1) W, _n Ug(Ck, Ok /Wi-1) W
Ug(cx, &) Wk k=LK Uy cre)) wig

Tk and

Dy = + Migk1 — T]fi+1 K
4 X T

— 2 X _ P
Ulcr &) K T Uenep

( )

of = Uc(clf,e; i Mita,j U (C] o /Wj+l) wi'g
X° o Ueleg ) Wihae

d)kj;

and

.. Ckek an 1 Ge(G 0 /W) Wt
T = * *
“ j (Ck’ek) Wi 16 ¢

The 1rst order condition fag; reduces to

X Tk
UGk Ok /Wi n) o UG, O /Wi 1)
—‘l_ K —1 K %—i_ - — C 1 (A~ ok
G * Mk-1 — MktLk e o) Mkt = M1k (cf, o)

Ue(Ck. &) =

~ Wile(ek, &)

Delne the consumption-effort Wedg?— Ud(cr &)
e\ ks

expressions gives

— 1. Combining

T Ul ®)  Mienk Ue(C O /Wics)  Ue(Cii O/ Wicrn) Wi
1— Tk T {ox { Udon &) Ue(ck &) Wicea)

M-tk UG O /Wicn)  Ue(C, O /Wier) Wi

+ * ¥ K - ¥ ok *
XU Uk &) Us(ci &) Wi} }

+ O + Y.

The formulas in Proposition 3 then follow immediately from the delnitions,of
Yk, Hf;j, Mﬁj andoy ; after substitution into and rearrangement of the preceding
expressionn
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The terms on the right-hand-side of the optimal tax formula in Proposition 3
are generalizations of the OMirrleesO and OWage CompressionO terms obtained in
the main text. These terms incorporate the impact of bintegl) upwards con
straints as well as downwards constraints. In standard models upwards constraints
bind when it is optimal to pool agents widistinct wagesat acommon consump
tion-effort allocation In the more general problerthey may also bind when it is
optimal to pool distinct types wittlistinct allocationsat acommon wageRothschild
and Chen(2014 provide an example in which such wage pooling octuGur
later assignment model micro-founds the production funétidn that setting, the
induced production function does not feature wage pooling. This motivates us to
consider situations in which the local upwards incentive constrdirkst 1) are
strictly non-binding at the optimur?:

(NUIC) U(Ck, &) > U(Cicrn iera/ W) -

In such cases, the optimal tax form({®&) reduces to that given in Proposition 1.
The latter is obtained as a simple corollary of Proposition 3.

PROOFOF PROPOSITIONI:

The optimal tax formula4) in Proposition 1 follows directly from that in
Proposition 3 after setting all_, « equal to 0, using the modiled delnitions in
Proposition 1 and expanding the recursionrfigr;  implied by the 1rst order cen
dition forcg, 4 :

Micrtk 1_ Ok 1Ye(Cct 1, B1) Tkl Micr 2,k Ye(Cicy 12 Ok 1/ Wiy 2)
*

x| X Tt 1 ) U(Cii1, €6:1) X Ue(Cki 10 &11)

W|th 7]?2+1,K = O [ |
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